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Awards 
 

BrMass Manuel Riveros Medal 

Manuel Riveros is one of the great pioneers in mass spectrometry in Brazil, 

as well as a world-renowned researcher, enthusiastic and active contributor 

to the Brazilian Society of Mass Spectrometry, as our president for several 

years. 

The BrMass Medal – Manuel Riveros was established by the Brazilian 

Society of Mass Spectrometry – BrMass at the beginning of its creation with 

the aim of honoring the great names of mass spectrometry that contribute to 

mass spectrometry in Brazil. 

 

2022 Winners: 

 

Lidija Nikolaevna Gall (Russian Society for MS - RUSSIA) 

Julia Laskin (Purdue University - USA) 

Daniel Martins (University of Campinas - BRA) 

Claudia Moraes de Rezende (Federal Univeristy of Rio de Janeiro - BRA) 

Rosa Erra-Balsells (University of Buenos Aires - ARG) 

 

Past winners: 

 

Rodinei Augusti – Federal University of Minas Gerais 

Ênio Frota da Silveira – Pontifical Catholic University of Rio de Janeiro 

Gilberto Domont – Federal University of Rio de Janeiro 

Juarez Araújo Silveira – Shimadzu do Brasil 

Luiz Bravo – Nova Analítica 

MSc Larry Burchfield 'In memory' 

Noberto Peporine Lopes, University of São Paulo – Ribeirão Preto 
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Mário Sérgio Palma, São Paulo State University – Rio Claro 

Maria Fernanda Georgina Gine Rosias – Center For Nuclear Energy In 

Agriculture - University of São Paulo 

Carlos Henrique de Brito Cruz – University of Campinas 

Marcos N. Eberlin – University of Campinas 

Francisco Radler de Aquino Neto – Federal University of Rio de Janeiro 

José Manuel Riveros Nigra – University of São Paulo 

Conchetta Cacheres – University of São Paulo 

Lauro Mohry – University of Brasília 

Luiz Juliano Neto – Federal University of São Paulo 

Jorge Guimarães – Coordination of Superior Level Staff Improvement 

President 

Antonio Jorge Ribeiro da Silva - University of São Paulo – Ribeirão Preto 

Edson Rodrigues Filho – Federal University of São Carlos 

Ernesto Sens - Sens Advanced MS Thermo Fisher 

Hélio Ventura - Varian 

Raimundo Braz - Federal Rural University of Rio de Janeiro 

Joerg Von Helden - Waters 

Koji Kawashita - University of São Paulo 

Cláudio Rodrigues – Nuclear and Energy Research Institute - University of 

São Paulo 

Cláudio Rodrigues - Nuclear and Energy Research Institute - University of 

São Paulo 

Louis Green - University of São Paulo – Ribeirão Preto 
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Nico Nibbering Student Travel Awards 

Prof. Nicolaas (Nico) Martinus Maria Nibbering (1938-2014) was a Dutch 

chemist and pioneer of international mass spectrometry. In a career spanning 

over 40 years, Prof. Nibbering published more than 400 research articles 

making seminal contributions to our knowledge of ion chemistry and the 

development of instrumentation; including the design and construction of the 

first Fourier transform ion-cyclotron resonance mass spectrometer in 

Europe. Prof. Nibbering was a champion for mass spectrometry science and 

was central to forging an international community around this emerging 

discipline. Throughout his career he, along with his wife Tini, travelled 

extensively attending mass spectrometry conferences and workshops 

throughout Europe, Asia, Australia and the Americas. His international 

network was central to the establishment of the International Mass 

Spectrometry Foundation and is the reason the foundation is registered in the 

Netherlands. Prof. Nibbering was a passionate advocate for young scientists 

and supported the education and career-development of mass spectrometrists 

from many countries around the world through his mentorship and the 

delivery of education and workshop programs. The Nico Nibbering Student 

Travel Awards serve to honor his many contributions to international mass 

spectrometry and build on his legacy of supporting young scientists in this 

field. 

 

2022 Winners: 

 

Oscar Enrique Silva Rodriguez - Argentina 

Federico Martin Ivanic - Argentina 

Adriana Pereira do Nascimento - Brazil 

Ana Carolina Santos Luz - Brazil 

Hélio Danilo Quevedo - Brazil 

Taynara Simão Matos - Brazil 

Guilherme Perez Pinheiro - Brazil 

Gabriela Ferreira Silva - Brazil 

Marcos Venicius Nunes - Brazil 
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Raúl Alcalde-Vázquez - Mexico 

Cinthia Pendás Custodio - Uruguay 

David Menchaca - Uruguay 

María Victoria Panzl - Uruguay 

Betzabeth Pereira – Venezuela 
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JMS Awards 

 

2022 Winners: 

 

Bradley Smith - Brazil 

Emerson Marques - Brazil 

Raul Alcalde-Vázquez - Mexico 

Cinthia Pendas - Uruguay 

Germano A. Ferreira - Brazil 

Pimpernelli J. Dos Santos - Brazil 
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Gilberto B. Domont award for Young Investigator 

It is with great pleasure that BrProt Society established the Gilberto B. 

Domont award for Young Investigator to honor his significant contribution 

in developing and consolidating Proteomics in Brazil and bringing Brazilian 

proteomics to world-recognition. Gilberto B. Domont is one of the pioneers 

of this area in Brazil and a co-founder of the Rio de Janeiro Proteomics 

Network and the Brazilian Proteomics Society (BrProt) in 2012, being the 

president nowadays and during several other years. He has a young mind 

with enthusiasm for science, being responsible for the formation of 

exceptional scientists spreading worldwide. 

 

2022 Winner: 

 

Livia Rosa Fernandes 

 

2022 Honorable mentioned: 

 

Abigail Moreno Pedraza 

Hellen de Paula Valerio 

Vitor Batista Pinto 

Juliana Silva Cassoli 
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Best Posters Award 

The poster evaluators committee have considered posters' design, clarity of 

the presentation, authors´ discussion skills, and the scientific content. Each 

large area had an evaluator committee, composed of IBERO 2022 speakers. 

First to third position winners have received prizes besides best poster 

certificates. Other winners are listed randomly – not according to merit 

position. 

 

2022 Winners: 

 

 1st position - Sample preparation and LC-MS/MS for metabolomic 

analysis of plasma and leukocytes from patients with COVID-19 

Paulo Emílio Pereira Barci, Yingying Zheng, Patricia Palmeira and Alvaro 

Santos-Neto 

 2nd position - Analysis of fungal co-culture metabolites using both 

classic and imprinting Mass Spectrometry Imaging 

Tallyta Santos Teixeira, Jorge Candido Rodrigues Neto, Aparecido Almeida 

Conceição, Patrícia Pinto Kalil Gonçalves Costa, Félix Gonçalves de 

Siqueira and Patricia Verardi Abdelnur 

 3rd position - Urine metabolites enable fast detection of covid-19 using 

mass spectrometry 

Alexandre Varão Moura, Danilo Cardoso de Oliveira, Álex Aparecido 

Rosini Silva, Jonas Ribeiro da Rosa, Pedro Henrique Dias Garcia, Pedro 

Henrique Godoy Sanches, Kyana Y. Garza, Junier Marrero Gutiérrez, Nicole 

Marino Granado, Lisamara Dias de Oliveira Negrini, Marcia Aparecida 

Antonio, Marcos Nogueira Eberlin, Livia Schiavinato Eberlin and Andreia 

de Melo Porcari. 

 Imaging Mass Spectrometry of lipids in brains of the offspring of 

pregnant female mice infected with Zika virus and chronically exposed to 

saxitoxin  

Tiago Gomes, Raissa Rilo Christoff , Patricia Pestana Garcez , Cristiana 

Santos de Macedo e Flavio Alves Lara 

 Protein arginylation: A new key player in SARS-CoV-2 infection 

Janaina Macedo da Silva, Lívia Rosa Fernandes, Vinicius de Morais Gomes, 

Verônica Feijoli Santiago, Deivid Martins Santos, Catarina Maria 

Stanischesk Molnar, Bruno Rafael Barboza, Rodolfo Ferreira Marques, 
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Silvia Beatriz Boscardin, Edison Luiz Durigon, Cláudio Romero Farias 

Marinho, Carsten Wrenger, Suely Kazue Nagahashi Marie and Giuseppe 

Palmisano 

 Exploring the Oxidative Stress Implications on Cardiac Cells: a 

Multiplatform Metabolomics Study 

Alan Gonçalves Amaral, Monica Força Lima, Isabela Aparecida Moretto, 

Flávia da Silva Zandonadi, Hans Rolando Zamora Obando, Francisco Javier 

Rupérez, Coral Barbas, Regina Vincenzi Oliveira, Aline Mara dos Santos 

and Ana Valéria Colnaghi Simionato 

 Plasma Metabolomic Profiling of Patients with Wilson Disease 

Thais de Assis Lopes, Juliana Magalhães de Oliveira, Juliana Goldbaum 

Crescente, Eduardo Luiz Rachid Cançado and Regina Vincenzi Oliveira 

 Assessment of environmental contamination by sewage using LC-

MS/MS for analysis of sediments from the Ipojuca River, Pernambuco – 

Brazil 

Ana Flavia Barbosa de Oliveira, Bruna Ramos de Souza Gomes, Rebeca dos 

Santos França, Giovana Anceski Bataglion, Alex Souza Moraes and 

Jandyson Machado Santos 

 Spatial detection of cyclic dimeric guanosine monophosphate in 

bacterial biofilm colonies using imaging mass spectrometry 

Catherine S. McCaughey, Michael A. Trebino, Allyson McAtamney, Fitnat 

H. Yildiz and Laura M. Sanchez 

 SandPaper Spray Mass Spectrometry (SPS-MS): a new technique for 

direct analysis of polishable matrix 

Diego Magalhães Costa and Rodinei Augusti 

 Assessment of exposure to organochlorine pesticides in Cidade dos 

Meninos, Duque de Caxias city, Rio de Janeiro, by gas chromatography with 

tandem mass spectrometry 

Tatyane Pereira dos Santos, Heldis Beloni de Oliveira, Sergio Rabello Alves 

and Ana Cristina Simões Rosa 

 Molecular characterization of Calu-3 cells from submerged to Air-liquid 

interface culture: an in vitro model for lung infections 

Deivid Martins Santos, Simon Mule, Claudia Blanes Angeli, Antonio 

Moreira Marques Neto, Vinicius de Morais Gomes, Janaina Macedo da 

Silva, Cláudio Romero Farias Marinho, Lívia Rosa Fernandes and Giuseppe 

Palmisano 
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 Zebrafish Water Tank model as a tool to evaluate phase I and II 

metabolites of Methyltestosterone  

Beatriz Hoffmann de Souza, Marcio Vinicius da Silva Gomes, Isabelle 

Karine da Costa Nunes, Monica Costa Padilha and Henrique Marcelo 

Gualberto Pereira 

 Evaluation of yellow fever influence on patient’s protein profile by 

Trapped Ion Mobility Mass Spectrometry 

Marcia Helena Borges, Diego Magno Assis, Jaqueline L. Santos, Juliana R. 

Moraes, Patrícia Cota Campos, Elizabeth Gordon, Marcos V. F. Silva, 

Marluce A. A. Oliveira, Begoña Lopez and Matthew Willetts 

 Hyperglycemia leads to aberrant N-glycosylation in colon cancer cells 

by increasing the pool of activated monosaccharides. 

Hector Franco Barbosa Rhault Loponte, Isadora Araújo Oliveira, Bruno 

Costa Rodrigues, Rodrigo Nunes da Fonseca, Ronaldo Mohana-Borges, 

Frederico Alisson Silva, Wagner Barbosa Dias and Adriane R. Todeschini. 

 LC-Orbitrap MS targeted analysis of urinary glycosaminoglycans 

combined with untargeted metabolomics for the investigation of 

mucopolysaccharidoses. 

Clarisse Lacerda Torres, Fernanda Bertão Scalco, Maria Lúcia Costa 

Oliveira and Rafael Garrett. 
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Conference Venue 
 

Located between trendy Barra da Tijuca and the famous Ipanema beach, our 

extravagant, full-service resort offers extensive business facilities in a 

tropical setting. Let our complimentary shuttle service take you to the 

region's beaches, Leblon and the shops of Rio Sul. The renovated Sheraton 

Grand Rio Hotel & Resort is the only beachfront resort in the city, with an 

extensive leisure area, spa and amenities. Its lush and landscaped gardens are 

situated above a white sand beach, facing the tropical South Atlantic and 

flanked by imposing mountains. The 538 rooms and suites offer comfortable 

Sheraton Signature Sleep Experience beds, as well as private balconies 

overlooking the sea. 
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General Program 
 

Saturday – December 10th, 2022 – Short Courses 

Room Copacabana Ipanema Leblon Leme Urca Vidigal 

9:00 

a.m. – 

12:30 

p.m. 

Course 1: 

Fundamentals 

of Mass 

Spectrometry 

 

Marcos 

Nogueira 

Eberlin and 

Alex 

Aparecido 

Rosini Silva 

Course 3: 

Hands on 

Metabolomics 

(GNPS) 

 

Anelize 

Bauermeister 

and Tiago 

Leão 

Course 4: 

Top Down 

Proteomics 

 

Rafael D. 

Melani 

Course 6: 

Data science 

& artificial 

intelligence 

application 

in health 

science 

 

Patrick 

Mathias and 

Aline M A 

Martins 

Course 7: 

Proteomic 

Data Analysis 

with Patternlab 

 

Paulo Costa 

Carvalho, 

Marlon Dias 

Mariano dos 

Santos, Milan 

Avila Clasen 

and Louise 

Kurt 

Course 8: 

The 

Metabolomics 

Workflow 

 

Marina F. M. 

Tavares and 

Daniel 

Rossado 

Oliveira 

2:00 – 

5:00 

p.m. 

Course 1: 

Fundamentals 

of Mass 

Spectrometry 

Course 3: 

Hands on 

Metabolomics 

(GNPS) 

Course 4: 

Top Down 

Proteomics 

Course 6: 

Data science 

& artificial 

intelligence 

application 

in health 

science 

Course 7: 

Proteomic 

Data Analysis 

with Patternlab 

Course 8: 

The 

Metabolomics 

Workflow 
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Sunday – December 11st, 2022 

9:00 a.m. – 

12:00 p.m. 

Course 6: 

Data science & artificial intelligence application in 

health science 

 

Patrick Mathias and Aline M A Martins 

Users Meeting 

1:30 – 5:00 

p.m. 
Users Meeting 

5:30 p.m. 
OPENING CEREMONY 

José Manuel Riveros medal award 

6:30 p.m. 
PLENARY LECTURE: "Mass spectrometry in research of chemical reactions" 

Jana Roithová , Radboud University - Faculty of Sciences 

7:30 p.m. OPENING DINNER (Carioca Salon) 
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Monday – December 12nd, 2022 

9:00 – 

9:50 

a.m. 

PLENARY LECTURE: “Medical Mass Spectrometry: Enabling molecular-based clinical 

decisions through intuitive mass spectrometry Technologies” 

Livia Schiavinato Eberlin - University of Texas, Austin 

Room Gavea Vidigal Copacabana Leme Ipanema 

10:00 – 

12:00 

a.m. 

10:00 

a.m.– 

12:00 

p.m. 

M01 - MS 

Analysis of 

Forensic 

Scientific 

Evidence 

 

Chair: Jose Luiz 

da Costa 

Keynote: Tiago 

Franco de 

Oliveira 

M02 - Clinical 

Research 

 

Chair: Valdemir 

Melechco 

Carvalho 

Keynote: 

Jennifer Van 

Eyk 

M03 - 

Metabolomics 

of Plants and 

Microorganisms 

 

Chair: Patricia 

Verardi 

Abdelnur 

Keynote: Guido 

F. Verbeck 

M04 - Multi-

omics 

 

Chair: 

Alessandra 

Sussulini 

Keynote: Gabi 

Kastenmuller 

M05 - Covid-19 

 

Chair: Andreia M. 

Porcari 

Keynote: Leonardo 

S. Santos 

1:00 – 

3:00 

p.m. 

 

M10 - 

Outstanding 

poster session 

 

Chair: Ana 

Valéria 

Colnaghi 

Simionato 

  

CC01 - Introduction 

of High Resolution 

Mass Spectrometry 

for Qualitative and 

Quantitative Analysis 

 

Michael Murgu and 

Viviane Nascimento 

3:30 – 

5:30 

p.m. 

M06 - Human 

Proteome 

Project 

 

Chair: Gilberto 

B. Domont 

Keynote: 

Gyorgy Marko-

Varga 

M07 - CE-MS 

 

Chair: Ana 

Valéria 

Colnaghi 

Simionato 

Keynote: 

Guinevere 

Lageveen-

Kammeijer 

M08 - Clinical 

Diagnosis 

 

Keynote & 

Chair: Livia 

Schiavinato 

Eberlin 

M09 - MS tools 

in doping & 

toxicology 

 

Chair: Monica 

Costa Padilha 

Keynote: Carina 

Anselmo 

WM01 – Workshop: 

Sportomics 

 

Coordinator: 

Henrique Marcelo G. 

Pereira 

7:0 0 

p.m. 
Hospitality suite 
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Tuesday – December 13rd, 2022 

9:00 – 

9:50 

a.m. 

PLENARY LECTURE: "Life of an ion in mass spectrometry: a saga of survival against losses and 

discrimination" 

Alexander A. Makarov, Thermo Fisher Scientific 

Room Gavea Vidigal Copacabana Leme Ipanema 

10:00 

a.m.– 

12:00 

p.m. 

T01 - Food 

additives & 

contaminants 

 

Keynote & 

Chair: Renato 

Zanella (UFSM 

- BRA) 

T02 - Major 

Ionization 

Techniques: 

Advances and 

New 

Applications 

 

Keynote & 

Chair: Rosa 

Erra-Balsells 

(BAU - AR) 

T03 - MS-

imaging 

instrumentation 

and applications 

 

Chair: Demian 

Ifa 

Keynote: Pierre 

Chaurand 

T04 – 

Petroleomics 

 

Chair: Alberto 

Wisniewski 

Júnior 

Keynote: 

Lidya Cardozo 

da Silva 

T05 - Clinical and Pre-

Clinical Proteomics 

 

Keynote & Chair: 

Daniel Martins de 

Souza 

1:00 – 

3:00 

p.m. 

Poster session – Carioca room 

CC01 - Introduction of 

High Resolution Mass 

Spectrometry for 

Qualitative and 

Quantitative Analysis 

 

Michael Murgu and 

Viviane Nascimento 

3:30 – 

5:30 

p.m. 

T06 - Safe & 

Valuable Food 

 

Chair: Marcos 

Albieri Pudenzi 

Keynote: 

Horacio 

Heinzen 

T07 - 

Translational 

Research and 

Data Integration 

 

Chair: Aline 

Martins 

Keynote: 

Thomas 

O’Connel 

T08 – Biofuels 

 

Chair: Debora 

de Almeida 

Azevedo 

Keynote: Nelson 

R. Vinueza 

T09 - 

Metabolomics/

Lipidomics 

 

Chair: 

Alexandra 

Sawaya 

Keynote: 

Michal 

Holčapek 

WT01 - Workshop: 

Application of Mass 

Spectrometry in 

Chemical Ecology 

 

Coordinator: Norberto 

Peporine Lopes 
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Wednesday – December 14th, 2022 

9:00 – 

9:50 

a.m. 

PLENARY LECTURE: "The Human Proteome Project" 

Dr. Charles Pineau (Research Director Inserm - France) 

Room Gavea Vidigal Copacabana Leme Ipanema 

10:00 

a.m.– 

12:00 

p.m. 

WW02 - 

Workshop: 

Mass 

Spectrometry 

evolution and 

recent 

applications. 

 

Coordinator: 

Maciej 

Bromirski 

W02 - 

Qualitative 

Proteomics 

 

Chair: 

Alexandre K. 

Tashima 

Keynote: 

Kathryn Lilley 

W03 - Natural 

Products 

 

Chair: 

Christopher 

Thibodeaux 

Keynote: 

Francisco 

Fernadez-Lima 

W04 - Ion 

Mobility Mass 

Spectrometry: 

New 

Developments 

and 

Applications 

 

Chair: Roy 

Martin 

Keynotes: 

Matt Bush & 

Karl Jobst 

W05 - BrProt Young 

Investigator 

 

Chair: Magno 

Rodrigues Junqueira 

Chair: Graziella E. 

Ronsein 

1:00 – 

3:00 

p.m. 

Poster session – Carioca room 

3:30 – 

5:30 

p.m. 

W06 - Nico 

Nibbering 

Student Travel 

Awards 

 

Chair: Rosa 

Erra-Balsells 

W07 - 

Proteomics in 

Brazil 

 

Chair : Marcelo 

Valle de Sousa 

Keynote : 

Carlos André 

Ricart 

 

W09 - FTMS 

and innovative 

methods for 

(bio)analysis 

 

Chair: Fábio 

C.S. Nogueira 

Keynote: 

Alexander 

Makarov 

WW01 - Workshop: 

Peer Production of 

Hardware and 

Software (Non-

commercial MS 

Prototypes and 

Software) 

 

Coordinator: Robert 

Winkler 

6:00 

p.m. 

General meeting 

- BrMass 

General meeting 

- BrProt 
   

7:00 

p.m. 
Theme party "Botequim Carioca" 
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Thursday – December 15th, 2022 

9:00 – 

9:50 

a.m. 

PLENARY LECTURE: Ambient Mass Spectrometry Imaging: Recent Developments and 

Opportunities - Julia Laskin - Purdue University (USA) 

Room Gavea Vidigal Copacabana Leme Ipanema 

10:00 

a.m.– 

12:00 

p.m. 

Th01 - 

Environmental 

MS 

 

Chair: Oscar 

Vega 

Keynote: 

Elena 

Stashenko 

Th02 - MS 

Analysis and 

Hyphenated 

Techniques 

 

Chair: Clécio 

Klitzke 

Keynote: Dayane 

Magalhães 

Coutinho 

Th03 - Ambient 

MS and New 

ionization 

Methods 

 

Chair: Rodinei 

Augusti 

Keynote: Robert 

Winkler 

Th04 - 

Bioinformatics 
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Plenary Speaker: 

Expanding the universe of high-resolution accurate-mass analysis 

applications with a compact Orbitrap platform  

Alexander Makarov 

Thermo Fisher Scientific, Bremen, Germany 

alexander.makarov@thermofisher.com 

Keywords: Orbitrap mass spectrometry, high resolution, accurate mass, robustness 

Introduction:  Rapid  proliferation  of  high-resolution  accurate-mass  (HR/AM)  methods  

in analytical laboratories has fueled demand for instruments that combine high 

performance and reliability  with  small  size  and  enhanced  ease-of-use.  Here  we  present  

the  major  design principles  for  a  quadrupole-Orbitrap  instrument  platform  intended  

to  advance  towards  a “commodity” product used by a wider range of researchers for 

diverse applications.  

Methods: A single, purpose-developed, six-stage turbopump evacuates the entire path 

from the ion funnel or S-lens to the Orbitrap analyzer. Based on an improved 

understanding of ion dynamics, both ion optics and instrument control software were 

extensively refined to reduce spectral noise and the influence of ion optics contamination. 

The new instruments of this platform, of which the Orbitrap Exploris 480 MS is the most 

advanced representative, feature different ion source modules for liquid or gas 

chromatography, different  pumps,  etc.  Instrument  performance  was  characterized  in  

a  broad  range  of environmental, -omic, and food safety applications.  

Results:  The new design allows at least a 2x reduction in the volume and footprint of the 

instrument relative to the previous Q Exactive platform. All instruments feature a compact 

high- field Orbitrap analyzer compatible with UHPLC and GC separation time scales. 

Replacing the oil-sealed fore vacuum pumps by a customized dry fore vacuum pump was 

demonstrated on a prototype instrument, with >4x volume reduction and 2x reduced power 

consumption. As established by LC/MS/MS and GC/MS/MS experiments, the analytical 

performance and long-term  stability  of  the  Orbitrap  Exploris  platform  are  at  par  with  

or  exceed  high-end instruments of Q Exactive series. Examples of new methods of small 

molecule and -omics analysis were demonstrated on real-life samples.  

Conclusions: In addition to improving performance, the new platform also enables better 

usage of physical space and facilitates access for service, flexibility in performance via 

modularity of design at the hardware and software levels, and the harmonization of 

interfaces with other devices in analytical workflows.  

Acknowledgments: The presenter is very grateful to all colleagues in Bremen and San 

Jose factories who made this new platform a reality.  
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Keynote Speaker: 

Elucidating the Distribution of Plant Metabolites from Native Tissues 

with Laser Desorption Low-Temperature Plasma Mass Spectrometry 

Imaging 

Robert Winkler1 

1UGA-Langebio, Center for Research and Advanced Studies Irapuato, Km 9.6 Libr. 

Norte Carretera Irapuato-León, 36824 Irapuato, Guanajuato, Mexico 

robert.winkler@cinvestav.mx  

Keywords: ambient ionization, open hardware, natural products, biosynthesis, alkaloids 

Introduction: Natural products of plants have essential biological functions and serve as a 

source for human pharmaceuticals. Knowing the localization of metabolites of interest in a 

tissue supports biosynthesis and ecological/chemical studies, and has practical 

pharmaceutical applications. 

Method: We mounted a UV laser for desorption and a 3D-printed low-temperature plasma 

(LTP) probe for postioization on a custom-built robot, the “Open LabBot” [1]. The system 

is controlled by our open-source software “RmsiGUI.” Plant samples were cut and measured 

without physical or chemical pretreatment. 

Results: The ambient ionization mass spectrometry imaging (AIMSI) platform allowed the 

fast scanning of untreated tissues with a lateral resolution of 50 μm. We analyzed the 

alkaloids atropine and scopolamine from jimsonweed fruits, mescalin from a San Pedro 

cactus, and nicotine in intact tobacco seedlings. In the later experiment, measuring 14,043 

pixels took 117 min (~500 ms/pixel) [2]. The probe design is tolerant against uneven 

surfaces.  

Conclusions: The AIMSI system makes the direct detection of relevant plant metabolites 

from native tissues possible. The modular structure of the platform facilitates the building 

of custom prototypes. The ambient imaging system was built with open hardware and 

software components. Its analytical performance is comparable to commercial platforms. In 

addition, the method is reproducible with relatively low cost and allows modification by the 

community.  

Acknowledgments: We thank Thermo Mexico for excellent technical support. CONACyT provided 

funding by the grants Fronteras 2015-2/814 and CONACyT-DFG 2016/277850, and scholarships. 
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Keynote Speaker: 

Cyclic ion mobility mass spectrometry: A novel platform that enables 

the discovery of unknown persistent organic pollutants 

 
Karl J. Jobst1, Amber MacNeil1, Xiaolei Li1, Meera Bissram1, Mahin Hashemihedeshi1, 

Katherine L. Steeves1, Jake Breen1, Olivia Critch-Doran1, Frank L. Dorman2,3 

 
1Department of Chemistry, Memorial University of Newfoundland (NL), St. John’s, 

Canada 
2Department of Chemistry, Dartmouth College, Hannover, NH, USA 

3Waters Corporation, Milford, MA 

 

kjobst@mun.ca 

 

Keywords: Environmental mass spectrometry, Persistent organic pollutants, 

Perfluoroalkyl substances 

 

Introduction: Concerns regarding the persistence, bioaccumulation, and toxicity of 

perfluorooctanoic acid (PFOA) and perfluorosulfonic acid (PFOS) have resulted in the 

creation of thousands of replacement perfluoroalkyl substances (PFAS). Detection of trace 

concentrations of PFAS demands the exquisite sensitivity of mass spectrometry. However, 

recognizing unknown PFAS is challenging because 19F exists as a single stable isotope, 

unlike other persistent organic pollutants (POPs) containing Cl or Br that produce telltale 

isotope patterns. Ion mobility is a promising approach for the discovery of unknown PFAS 

[1].  

 

Methods: Experiments were performed using a Waters Cyclic IMS ion mobility-mass 

spectrometer coupled to an Agilent 8890 gas chromatograph (GC-cIMS). Collision cross 

sections (CCSs) were predicted using machine learning for a set of circa 20,000 industrial 

chemicals. Sample extracts were obtained from 15 indoor dust and 37 industrial 

wastewater samples collected from St. John’s, Newfoundland and four municipalities in 

Ontario, Canada.  

 

Results: Computational modelling suggests that any ion characterized by a CCS value 

less than the sum of 100 Å2 and one fifth of its mass is likely either a polybrominated 

flame retardant or a PFAS. When this filter is applied to ion mobility-mass spectrometry 

data collected from a set of indoor dust samples and industrial wastewater samples, novel 

PFAS were discovered, including a series of fluorotelomer ethoxylates (FTEO), as well 

as mixtures of chlorofluoro alkanes that are suspected POPs [2]. The elevated 

concentrations of FTEO in dust collected from hospitals and other medical facilities is 

consistent with their use in anti-fog products popularized during the Covid-19 pandemic 

[3]. They are also likely used as stain repellents, as witnessed by elevated concentrations 

in wastewater effluent from linen cleaning facilities. 

 

Conclusions: This contribution demonstrates the successful application of a novel 

approach to identify unknown persistent organic pollutants and PFAS using GC-cIMS.  
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Acknowledgements: This work is supported by the Natural Sciences and Engineering 

Research Council, Canada Foundation for Innovation, and the NL Dept. of Industry, 

Energy and Technology.  
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Keynote Speaker: 

Environment, plants, insects, and intoxications distinguished by 

mass spectrometry  

Elena E. Stashenko 

Chromatography and Mass Spectrometry Center, CROM-MASS, CENIVAM, 

Industrial University of Santander, Bucaramanga, Colombia  

 elena@tucan.uis.edu.co  

Keywords: alkaloids, flavonoids, MSPD, orbitrap, SPME 

Introduction: A tropical garden in our research center occupies barely 0.3 hectares, but it 

is full of wonders and surprises. It has more than 500 plant species, including aromatic, 

medicinal, ornamental, edible, toxic, and magical-religious plants. There is a biological and 

chemical life in the garden that is incessant and varied, very intense and of co-evolutionary 

relationships and survival among plants and between plants and insects. Plants are sessile 

organisms; many plants manage to survive, fight, and develop different mechanisms to avoid 

being devoured by insects and other herbivorous animals, to overcome infections by fungi, 

bacteria, and viruses. Some plants have thorns, others have rough bark or, on the contrary, 

a very smooth sliding surface, but the main weapons of plants to survive are their secondary 

metabolites, substances of great biological importance that participate in the ecological 

adaptation of plants, their resistance against herbivores, as a protection against biotic and 

abiotic stresses, or, on the contrary, in attracting pollinators or other insects that are natural 

enemies of herbivores.   

Methods: Analytical and instrumental methods that allow to isolate the volatile and non- 

volatile secondary metabolites of plants and analyze them sensitively despite their ultra-

small amount  will  be  discussed.  Matrix  solid-phase  dispersion  (MSPD)  is  one  of  the  

sample preparation techniques which stands up for its quick and effective procedure with a 

very small amount of solvent involved for analyte elution. Extraction, concentration, and 

clean-up can be combined in one step.  

Results: Examples will be given of the transfer of substances from plants to visiting insects 

or pollinators, and to some herbivores. The journey through the tropical garden will be a 

chemical tale full of surprises, smells, aromas, sounds, and many colors. Several MSPD 

applications will be shown, among them, the alkaloid and flavonoid compounds extraction 

from plants, the isolation of metabolites from insects after the plant ingestion, as well as the 

extraction of different emerging contaminants from aquatic plants.  

Conclusions: Examples of volatile substances that plants emit to attract or repel insects will 

be offered; examples will also be given of different types of alkaloids, some of them toxic, 

that the plant bio-synthesize for its defense, but also flavonoids and anthocyanins will be 

mentioned as antioxidants with different functions in both flowers and leaves. Some insects 

receive molecules from  plants  as  precursors  for  biosynthesis  of  their  pheromones,  
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others  consume  these substances for "recreational" purposes, such as some tropane 

alkaloids from coca plants or Datura species.  

Acknowledgement:  This  research  was  funded  by  the  Ministry  of  Science,  Technology  

and Innovation; the Ministry of Education; the Ministry of Industry, Commerce and Tourism; 

ICETEX, Programme Ecosistema Científico-Colombia Científica; and the Francisco José de 

Caldas Fund, Grant RC-FP44842-212-2018 
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Keynote Speaker: 

Capturing cellular re-localisation of RNA and protein in response to 

stress 

Kathryn S. Lilley 

 Cambridge Centre for Proteomics, Department of Biochemistry, University of 

Cambridge, Cambridge, UK  

k.s.lilley@bioc.cam.ac.uk 

Keywords: subcellular proteomics, subcellular transcriptomics, mass spectrometry, unfolded 

protein response  

Introduction The complexity of living organisms does not scale with the predicted number 

of protein coding genes.  The location of protein synthesis plays a key role in expanding 

protein functionality, with aberrant spatial translation being a driver in multiple diseases. 

How RNA and protein re-localise in response to any perturbation is orchestrated is poorly 

understood and to date there have been no methods available to chart their co-ordinated shift 

in location on a cell-wide scale.  

Methods We developed methods to capture the spatial proteome on a cell-wide scale 

(LOPIT – localisation of proteins using isotope tagging) [1] [2] based on physicochemical 

fractionation of cellular components [3] [4]. It requires robust computational workflows [5] 

and can be coupled with post translation modification analysis [6].  We have further adapted 

this method to allow the simultaneous mapping of the both the spatial proteome (LOPIT) 

and spatial transcriptome on a cell-wide scale LoRNA (the Localisation of RNA) [7] using 

the same set of samples. 

Results LOPIT and LoRNA are applied together to determine the orchestrated re-

localisation of the spatial transcriptome and proteome downstream of the unfolded protein 

response (UPR). These data reveal that ER-localised transcripts are more efficiently 

recruited to stress granules than cytosolic RNAs. Furthermore, the data show that eiF3D 

mediated translation is key to sustaining cytoskeletal function during cellular stress. These 

data also give insights into how post transcriptional modification of tRNA modifications 

through interaction with RNA binding proteins [8] may impact codon usage bias within the 

subset of the transcriptome recruited to stress granules upon UPR  

Conclusions The application of LOPIT and LoRNA on cells undergoing UPR give great 

insight into the orchestration of protein and RNA dynamics. The proteome changes centre 

round proteins involved in stress granule formation, whereas the transcriptome relocalisation 

gives unprecedented insights into the rules that govern RNA recruitment to stress granules 

and persistent translation of key protein during this stress response.   

Acknowledgments This work was funded by the Wellcome Trust 110170/Z/15/Z and 

110071/Z/15/Z  
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Keynote Speaker: 

The Pursuit of Single Cell Glycomics by CE-MS 

Wenjun Wang1, Manfred Wuhrer1, Guinevere S.M. Lageveen-Kammeijer1,2 

1  Leiden University Medical Center, Center for Proteomics and Metabolomics, Leiden, 

The Netherlands 
2  University of Groningen, Analytical Biochemistry, Groningen Research Institute of 

Pharmacy, Groningen, The Netherlands 

g.s.m.kammeijer@rug.nl, g.s.m.kammeijer@lumc.nl  

Keywords:  Single Cell Analysis, Glycosylation, CE-MS, High Sensitivity 

Introduction: While more and more single-cell proteomics studies are performed, the 

analysis of their post- translational modifications (PTMs) in a single-cell manner remains 

limited, as high-resolution and high sensitive platforms are required. Moreover, high-

throughput approaches to profile one of the most abundant PTMs (glycosylation) of minute 

amount of cells or low abundant proteins are scarce. This is unfortunate as there is a need 

for more in-depth studies to investigate the associations between glycosylation and various 

diseases, including cancer. In this study, to enhance the release efficiency and sensitivity, 

we further developed the release of N-glycans which would require only minute amounts 

with a 96-well polyvinylidene difluoride (PVDF) membrane-based approach. The optimized 

sample preparation was combined with a highly sensitive, capillary electrophoresis-mass 

spectrometry (CE-MS) platform [1].  

Methods: Several steps in the PVDF membrane approach were evaluated, such as 

membrane blocking and the N-glycan release conditions. By implementing the release on 

PVDF membrane as well as  using  a  hydrazide  labeling  procedure,  no  additional  

purification  steps  were  required. Analysis  was  performed  on  a  CE-MS  platform  and  

the  complete  workflow  was  further evaluated by its application for the characterization of 

the N-glycome from total plasma and a two cell lines (PaTu-S and JY) using various amount 

of lysed cells (5 – 5000 cells).   

Results: As the cell lines do not express a high abundance of sialylation, the ability of the 

CE-MS platform for isomeric separation was investigated using N-glycans released from 

total plasma. This analysis revealed the coverage of a highly diverse N-glycome as well as 

the ability to separate and identify differently linked sialic acids. It is important to note that 

this workflow does not require a specific sialic acid derivatization step as well as no further 

purification was required after eluting the N-glycans from the PVDF membrane. A total of 

58 N-glycans could be relatively quantified from 5000 PaTu-S cells using the optimized 

PVDF membrane-aided protocol. The five most abundant N-glycans could still be detected 

using ~1 cell after cell lysis (only a fraction of the sample was hydrodynamically injected 

using 90 nL).   

Conclusions: In this study we achieved an exceptional sensitivity for glycomic analysis. 

Future endeavors will focus on optimizing the CE-MS conditions to gain even more insights 
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in the N-glycome using minute amount of samples and maintaining isomeric separation. 

Finally, we envision to use laser-capture microdissection to define the minimal amount of 

material that is required to obtain a representative N-glycome profile of a specific area of 

interest in tissues and providing an in-depth insights about the role of glycosylation in tumor 

progression.  
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Keynote Speaker: 

picoPPESI-MS. What is new? 

Rosa Erra-Balsells1, Hiroshi Nonami2, Hiroshi Hiroshi Wada2 

1Dep.of Organic Chemistry, FCEN, University of Buenos Aires, Argentina 
 2Graduate School of Agriculture, Ehime University, Japan. 

 
erra@qo.fcen.uba.ar  

Keywords: in situ analysis; intact single cell; 3D tissue analysis. 

Introduction. Since the introduction of ionization methods based on desorption (Fast Atom 

Bombardment, FAB, and Secondary Ions Mass Spectrometry, SIMS) the possibility of 

analysis of surface of vegetable/animal tissues by Mass Spectrometry (MS) became 

practicable.  Thus, the images of tissues by MS became a reality and started the Image Mass 

Spectrometry (IMS) area. But, the MS images providing information about intact molecular 

ions came at the end of the 80’ together with the introduction of a softer ionization method 

called MALDI (Matrix Assisted Laser Desorption-Ionization). It experienced a quick 

development and became a useful analytical tool in the animal tissue area (e.g., clinical 

diagnostic of cancer tissue), although is of use in plant tissue studies, information is not 

completely accepted in the field of plant physiology-plant production. Both areas demanded 

MS direct analysis at real time on alive plants while conducting controlled growing 

experimental conditions. For these and other reasons, several MS research groups paid 

attention to these requests and face the problem with a different concept of approaching to 

plant material for phenomenon MS.    

Methods. Now the intact single cell of the plant tissue became the straight objective for the 

analysis. Instead of induce desorption-ablation on cell surface the new idea was to suck the 

cell content with a slim glass capillary, based on by simple capillary effect and /or lo punch 

the individual single cell with a very sharp metal needle (e.g., acupuncture needle) “fishing” 

the cell content (Probe Electro Spray, PESI). Both do not allow to control the volume sucked 

and to select the cell layer sampled. This limitation was totally overcame introducing the 

quartz capillary of the well know cell Pressure Probe (PP) for selected sucking (precise 

selection of location in tissue, volume control, etc.) [1].   

Conclusions. After experiencing the benefits of intact single cell sucking with the PP, the 

electric conductivity of the quartz capillary normally filled with an inert silicon was 

improved adding ionic liquid commercially available and the PP quartz capillary became 

the real capillary electrode (pushing electrode) of the Electro Spray Ionization (ESI) 

chamber [2,3]. This dual behavior of the peculiar PP quartz capillary combined with a MS 

analyzer (Orbitrap) is the key of the home made called pico Pressure Probe Electro Spray 

ionization chamber (pPPESI) ready to suck from intact cell from picoLiter to fentoLiter 

volume for straight analysis [4,5].  
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Keynote Speaker: 

Proteomics of Trypanosoma cruzi cell division 

Carlos André Ornelas Ricart1 

1 Laboratory of Protein Chemistry and Biochemistry, Department of Cell Biology, 

Institute of Biology, University of Brasilia, Brasilia, Brazil.  

ricart@unb.br 

Keywords: Trypanosoma cruzi, cell cycle, epimastigote, amastigote 

Introduction: Trypanosoma cruzi is the causative agent of Chagas disease which affects 6-

7 million people worldwide, mostly in Latin America. T. cruzi life cycle occurs inside insect 

and mammal hosts leading to stages that may be non-replicative (metacyclic and 

bloodstream trypomastigotes) or replicative (epimastigote and amastigote). T. cruzi 

proliferation uses closed mitosis, a process where the nuclear membrane remains intact 

during cell division. T. cruzi gene expression is post-transcriptionally regulated, leading to 

a poor correlation between mRNA and protein levels. Several T. cruzi proteomic studies 

have been performed before, including global proteomic analysis, proteomic changes during 

cell differentiation and analysis of subproteomes. In the present work we are going to present 

proteomics studies related to T. cruzi cell division, i.e. epimastigote nuclear proteome, 

proteomic and phosphoproteomic analysis of epimastigote cell  cycle  and  proteome  

analysis  of  amastigote  isolated  from  infected  cells  as  well  as amastigotes from axenic 

cultures in replicative and non-replicative conditions.  

Methods: Isolation of epimastigote nuclei, validation and LC-MS/MS is described in [1]. 

Cell synchronization, flow cytometry, microscopy, iTRAQ labelling, phosphopeptide 

enrichment and LC-MS/MS analysis of G1, G1-S, S and M epimastigote cell cycle phases 

are described in [2]. Intracellular amastigotes (AI) were obtained by mechanical disruption 

of T. cruzi-infected Hela  cells  followed  by  centrifugation  and  DEAE-cellulose  

chromatography.  Axenic amastigotes were prepared by differentiation of trypomastigotes 

after 9 h of incubation in DMEM pH 5.0 (AD5) Then, AD5 amastigotes were incubated in 

LIT (AL7) or DMEM (AD7) both with pH 7.2. Proteins from AI, AD5, AD7 and AL7 

amastigotes were extracted, trypsin digested and subjected to label free LC-MS/MS 

quantitative proteomics.  

Results Analysis of T. cruzi epimastigote nuclear subproteome enhanced the concentration 

of nuclear proteins that would be underrepresented in whole cell proteome analysis. 

Quantitative proteome analysis of T. cruzi cell cycle provided the identification of 597 

regulated protein groups  and  94  regulated  phosphopeptides.  Comparison  with  previous  

transcriptome-wise analysis of epimastigote cell cycle showed 16 sequence entries in 

common, with the highest mRNA/protein  correlation  observed  in  transcripts  with  peak  

abundance  in  G1-phase. Amastigote proteomic analyses identified 3134 protein groups, 

and abundance profile revealed remarkable difference between non-replicative and 

replicative conditions. Cluster with higher abundance in non-replicative amastigote was 

related to microtubule and dynein complex.  
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Conclusions: Our data show that proteins known to be associated with specific events in 

the process of cell division in eukaryotes also had their expression regulated in the T. cruzi 

cell division proteome.  

Acknowledgments: This work was supported by CNPq, FINEP and FAP-DF  
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Keynote Speaker: 

Application of different data-acquisition scan modes in Q-Exactive 

Orbitrap mass spectrometer to analyze doping agents  

Carina de Souza Anselmo1, Renan Moret Aquino1, Maria Elvira Poleti Martucci2, 
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2 ProAmb/UFOP, Minas Gerais, Brazil 
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Keywords: LC-HRMS, SWATH-type DIA, ethylmorphine, zebrafish, metabolism 

Introduction:   Ethylmorphine  (ETM)  is  a  3-ethoxy  derivative  from  morphine. 

Differently from morphine, the administration of ETM by athletes is allowed. In humans, 

ETM is metabolized to nor-ETM and morphine, via N-demethylation and O-deethylation 

pathways, and can be followed by O-glucuronidation. Different in vitro and in vivo models 

have been used to study the ETM metabolism. Zebrafish Water Tank (ZWT) is an in vivo 

experimental model that has already been successfully applied with different substance 

classes, such as anabolic steroids, cannabimimetics and stimulants. In this work, the 

metabolism of ETM was investigated using ZWT model applying several acquisition modes 

in Q-Exactive Orbitrap mass spectrometer.   

Methods: ZWT model experiments were performed with eight fish placed in 200mL glass 

tanks fitted with a heating device set to 32 ± 0.5ºC for 12h, in triplicate. Samples were 

aliquoted every hour until the final of the experiment. ETM standard in methanol was 

evaporated and resuspended into ultrapure water to a tank final concentration of 1μg/mL. 

Negative control was performed with the fish without ETM, and stability control with the 

presence of only ETM in the tanks. ZWT samples were treated by both solid- phase 

extraction (SPE) and the dilute and shoot techniques, followed by analysis with LC-

HRMS/MS  (ESI,  positive  mode).  Regarding  MS/MS²  analysis  three  different strategies  

were  applied:  (i)  Parallel  Reaction  Monitoring  analysis  (PRM),  (ii)  Data- dependent  

Acquisition  (DDA),  and  (iii)  Sequential  Window  Acquisition  of  All Theoretical 

Fragment Ions Data Independent Acquisition (SWATH-type DIA).   

Results: In the ZWT samples, three metabolites common to the human model were 

identified: nor-ETM (N-demethylation), morphine (O-deethylation) and morphine 3β- 

Glucuronide (O-deethylation + O-glucuronidation). Due to the fact that zebrafish do not 

have an ortholog to the CYP2D family, which is responsible for carrying out mainly O- 

deethylation reactions, the identification of morphine as an ETM zebrafish metabolite was 

interesting. DDA acquisition was compared to SWATH-type DIA based on the spectra 

obtained by PRM for ETM and its metabolites. Some characteristic fragments of ETM 

metabolites, such as m/z 165.06988, 183.08044 and 201.09101 (error <5 ppm) were 

observed in all MS2 methods. The spectra obtained by DDA showed low intensity than 

SWATH-type DIA. Meanwhile, DIA results in a signal intensity similar to PRM. Higher 

signal intensities confer greater sensitivity to SWATH-type DIA, compared to DDA.  
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Conclusions: Through the ZWT model, three main metabolites found in the human model 

and in in vitro models were identified, demonstrating the potential of ZWT for metabolism  

studies  of  narcotics.  SWATH-type  DIA  showed  a  higher  sensitivity compared to DDA 

for the untargeted acquisition of ETM zebrafish metabolites. SWATH- type DIA MS/MS² 

analysis is a promising tool to be applied in future metabolomics investigations for narcotics.  
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Introduction:  While lignins and carbohydrates  are being explored widely  for new plant-

based materials, their intersection—the lignin-carbohydrate complex (LCC)—is vastly 

under-investigated. A covalent combination of lignin derivatives and carbohydrate units, the 

LCC can be found in all/the majority of biomass byproducts. Their presence is mainly 

ignored, but this blind eye can cause processing problems for biorefineries,1-5 resulting in 

decreased efficiency and inconsistent outputs. To gain insight into the structures of these 

complexes, chloride doping and tandem mass spectrometry were used to identify and 

elucidate these complexes.  

Methods: All samples were analyzed using an Agilent Technologies 6520 Accurate-Mass QTOF 

LC/MS (Agilent, Santa Barbara, CA) equipped with an ESI source, operated in both positive and 

negative ion mode. The QTOF was operated in high resolution mode (4 GHz) with a resolving power 

ranging 10,700 for 100 m/z to 24,000 for 1600 m/z. The sample solution was injected into the ESI 

source using Harvard PhD 2000 Infusion syringe pump at a rate of 6 µL/min. The operating 

conditions for optimized high molecular weight ion formation consisted of nitrogen drying gas at a 

temperature of 355 ºC and a rate of 8 L/min, 60 psig nebulizer, 110 V fragmentor voltage, 65 V 

skimmer voltage, 750 V octopole voltage, 4000 V Vcap voltage, and 0.029 µA capillary current. An 

injection time of one minute was used. After being tentatively assigned, the Cl-adduct anions in the 

LiCl-doped samples were subjected to collision-activated dissociation (CAD). CAD experiments 

involved isolation of the suspected Cl-adduct by using a narrow (~1.3 m/z) window and acceleration 

of the anion to collide with nitrogen gas with collision energies 18–38 eV as defined by the 

MassHunter LC/MS Data Acquisition Workstation Software Version B.05.01 for 6200 series 

interface. Spectra were analyzed in profile mode with MassHunter Qualitative Analysis Workstation 

Software Version B.06.00 interface.  

Results: Our results showed complexes of ions with mass-to-charge ratio (m/z) ranging from 

326 to 714. These complexes exhibited evidence of terminal xylose and glucose units. 

Further analysis of the proposed complexes revealed lignin-like ratios of double bond 

equivalence to carbon number.   

Conclusions: These results show the complexes contain terminal carbohydrate units, their 

primary structures are closer to lignin compounds than carbohydrates. In addition, they 

provide a glimpse into the structures of lignin-carbohydrate complexes and can aid structure 

elucidation by tandem mass spectrometry.  
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Introduction: Volatile  organic  compounds  (VOCs)  serve  for  long-distance  

communication  between organisms, advising them of a risk or an opportunity [1]. Volatiles 

also represent a characteristic phenotype  of  an  organism  under  different  environmental  

conditions.  Understanding  the dynamics of VOCs in biological systems helps to establish 

their ecological roles [2,3]. This field, however, remains poorly understood, mainly because 

of technological limitations.  

Methods: We assembled a Modular Biological Mass Spectrometer (MoBiMS) for 

monitoring VOCs under ambient conditions in real-time [4]. The MoBiMS is based on a 

residual gas analyzer and adapted to a closed chamber that allows experiments under 

controlled conditions. The system consists of a gas dose valve, a gas-tight ion source, a 

quadrupole mass spectrometer coupled to a continuous secondary electron multiplier 

detector (C-SEM), and a turbomolecular vacuum pump.  

Results: The MoBiMS system can detect up to 300 ions simultaneously. In the performed 

tests with standards, we could detect different chemical classes of both inorganic and organic 

volatiles, such as alcohols, ketones, and esters. The 70 eV electron impact ionization source, 

makes it compatible with large MS databases; for example, NIST Standard Reference 

Database. We also analyzed  the  behavior  of  some  volatiles directly  from  their  biological  

source.  These experiments showed the online monitoring of VOCs for  several days with 

high temporal resolution  (500  ms).  The  modular  system  is  of  relatively  low  cost  and  

allows  custom adaptations.  

Conclusions: The analytical performance of the MoBiMS demonstrates great utility for 

research on volatile- mediated interactions in biological systems under ambient conditions. 

The modular design of this system allows the coupling of different ionization sources (such 

as a low-temperature plasma or electron impact source) and/or separation gadgets (e.g., an 

ion mobility cell) to further improve its spectrum of applications.  
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Introduction:   Spatially  resolved  ambient  mass  spectrometry  imaging  methods  have  

gained popularity to characterize cancer sites and their borders using molecular changes in 

the lipidome. A comprehensive characterization of the molecular and architectural 

heterogeneities of cancer, however, is best enabled by multimodal mass spectrometry 

analyses utilizing complementarity of information available through different ionization 

mechanisms. Here, further integration with other imaging modalities capable of providing 

complementary architectural information could significantly enhance the ambient 

(multimodal) MS analysis workflows.    

Methods: A laser desorption imaging interface comprised of add-on components that adapt 

a commercial Desorption Electrospray Ionization Mass Spectrometry (DESI−MS) interface 

for dual imaging with Picosecond Infrared Laser Mass Spectrometry (PIRL−MS) and DESI-

MS was built [1] and integrated with wide-field tissue polarimetry [2,3] for efficient 

simultaneous (as well as targeted) analysis of cancer architectural and molecular 

heterogeneities. In anticipation of the growing need for cancer characterization tools capable 

of in vivo analysis, through integration of the  hand-held  PIRL-MS  sampling  probe  with  

surgical  navigation  and  tracking  technologies, spatially encoded mass spectrometry 

pathology classifiers were made available in real time, further visualized through augmented 

reality[4]. We subjected patient derived and murine tissue models of breast, skin and 

pediatric brain cancers to multimodal polarimetry, DESI-MS, PIRL-MS and spatially 

encoded in situ analyses on a Waters Xevo-G2-XS QTOF. Laser capture microdissection of 

key areas on the tissue surface allowed robust identification of cancer classifying 

metabolites with accurate mass and MS/MS analysis on a Waters ACQUITY UPLC / Synapt 

G2-S Q-TOF- MS[5].  

Results: Wide field tissue polarimetry efficiently guided MS sampling to areas of 

architectural heterogeneity for accelerated multimodal imaging [2,3]. A distance-dependent 
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gradient of cancer- like metabolic profiles in the brain tissue within ~1.2 mm of the cancer 

border was observed, and combined  imaging  and  cell  line  studies  suggested  sensitivity  

to  ~2%  cancer  infiltration  for assessment of positive margins with PIRL-MS[6]. Spatially 

encoded mass spectrometry provided real  time  cancer  margin  information  through  

augmented  reality  visualization[4],  and  high- resolution MS provided robust identification 

of metabolic markers of the cancer heterogeneities observed[5].   

Conclusions: Molecular borders are not as sharp as morphometric borders, and mass 

spectrometry imaging can reveal molecular nuances not observed with morphometric 

microscopy.   
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Introduction:The systemic inflammatory response is a syndrome (SIRS) characterized by a 

non-localized  response,  usually  exaggerated,  that  escapes  inflammation  regulation 

mechanisms. It often evolves to severe clinical conditions as septic shock or multiple organ 

dysfunction, with high mortality rates. SIRS is associated to many clinical conditions, from 

cancer  to  trauma  and  has  been  studied  since  World  War  II,  with  much  progress  in 

understanding its pathophysiology, but to date no effective way to prevent or treat it has been 
found.  

Methods: In that sense our research group started studying one of the key players in SIRS, the 

neutrophil, using proteomics as a major tool to analyze changes in the abundance of multiple 

proteins to reveal new diagnostic and therapeutic targets. We first described a 2-D reference  

map  of  the  human  neutrophil  [1],  identifying  granular,  structural  and  signaling proteins, 
that were compared to proteins from trauma patients who presented SIRS, in a later study [2].   

Results: Such comparison indicated that proteins involved in cell motility, apoptosis, granule 

transport and signaling by phosphorylation were regulated by SIRS in neutrophils. Further 

studies were conducted in a murine model of SIRS, the ischemia/reperfusion model (I/R), that 

also allowed the analysis of a preventive approach, the ischemic preconditioning (IPC). In such 

conditions, we noticed a progressive increase in the number of circulating neutrophils and NLR 

after surgical trauma and I/R, that was prevented by IPC [3]. That same profile was found for 

537 proteins [4], being 393 proteins regulated by surgical trauma [5] and 417 by I/R [6]. The 

proteins responsive to IPC were strongly correlated to metabolic, migration and regulation 

processes and, in particular, to catalytic activity of transferases and hydrolases, suggesting  a  

relevant  role  for  kinases  and  phosphatases.  A  further  study  of  the phosphoproteome of the 

neutrophil using the same model [7] revealed that most regulated phosphopeptides and 

phosphoproteins follow the same profile found for cell count and for protein abundance. Such 

phosphoproteomics analysis also shows modulation of cell adhesion, endocytosis, chemokine, 

PKC and mTOR signaling.   

Conclusions:  These  results  led  us  to  evaluate  the  glycoproteomics  of  the  neutrophil,  as 

adhesion  and  endocytosis  are  closely  related  to  glycoproteins  and  to  test  the  functional 

consequences of specific inhibitors to some phosphatases and kinases identified, but these 
studies are still in progress.  
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Introduction: Polycyclic Aromatic Hydrocarbons (PAHs) comprise a group of compounds 

with two or more condensed aromatic rings, being the result of the incomplete combustion 

of organic material and recognized as carcinogenic and mutagenic compounds [1]. Due to 

the lipophilicity of the PAHs, they can accumulate in the edible tissues of aquatic organisms 

and consequently be incorporated into the human diet [2]. In this way, shrimp, which are the 

most consumed seafood in the world, can be a source of environmental contaminants, 

including PAHs [3]. Thus, the evaluation of the concentration of PAHs in shrimp is 

important for ensuring safe food consumption. For this purpose, an analytical technique able 

to perform the extraction, clean-up, and pre-concentration before the determination is 

demanded. Therefore, this study aimed to develop an analytical method for extracting 16 

priority PAHs using Vortex-Assisted Matrix  Solid-Phase  Dispersion  (VA-MSDP)  with  

determination  by  Gas  Chromatography Tandem Mass Spectrometry (GC-MS/MS).  

Methods: In order to obtain high recoveries for the extraction of PAHs from shrimp 

samples, the extraction solvent (acetone, acetonitrile, ethyl acetate, hexane) and solid 

support (C18, reused C18, silica, florisil, sea sand, mussel shell) were evaluated. The best 

conditions were as follow: 0.5 g lyophilized shrimp were transferred to a mortar and blended 

for 5 min with 0.5 g of reused C18. The mixture was then transferred to a 15 mL 

polypropylene tube and 5 mL hexane was added, being vortexed for 1 min and centrifuged 

for 5 min at 7,000 rpm. The extract was evaporated to dryness, reconstituted in hexane and 

PAHs were determined by GC-MS/MS [1].  

Results: The extraction solvent was evaluated in terms of recovery and precision, by using 

C18 as solid support. Recoveries ranged between 84 and 129%, with relative standard 

deviation (RSD) ≤ 17% for all the PAHs with all evaluated extraction solvents. Hexane was 

chosen as the extraction solvent because it presented better recoveries (85 to 113%), lower 

RSD (≤ 3.8%), better  peak  shape,  and  higher  chromatographic  response.  Regarding  

solid  support,  silica, florisil, sea sand and mussel shell presented lower recoveries than 

C18.  A reused C18 was also evaluated and recoveries were not statistically different from 

the regular C18. Additionally, the reused C18 showed higher interference removal when 

compared to sea sand and mussel shell. Finally, the method was further validated and the 

results are in agreement with the validation data guidelines [4].  
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Conclusions: A simple and cheap method was developed for the extraction of PAHs from 

shrimp by VA-MSPD. This method used a reused solid support, small amounts of reagents 

and samples, and it is carried out in a reduced number of steps, being easily reproduced in 

every laboratory with simple infrastructure. This method will be further applied to the 

determination of PAHs in other shrimp and fishery samples.  
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Introduction: Volatile organic compounds (VOCs) is a group of substances with 

different structures presented in a wide variety of products of domestic and industrial use, 

therefore people are frequently in contact and have easy access [1]. Inhalation or 

prolonged exposure could lead to poisoning, and its lipid solubility and volatility enhance 

their toxicity, presenting harmful effects mainly for lungs, heart, and neurological system, 

having great importance for forensic analytical toxicology [2,3]. In addition, these types 

of substances are also attractive as they are legal, cheap and the effect occurs and 

disappears quickly. Several countries report the abuse of inhalants among children and 

adolescents to produce effects  including pleasure, disinhibition, euphoria, and 

hallucinations [4,5].    

Methods:  Authentic  samples  were  analyzed  by  the  Sao  Paulo  State  Police  to  

evaluate intoxication cases according to laboratories standard operational procedures and 

the SWGTOX recommendations. Reports are entered into the GDL system (Sistema de 

Gestor de Laudos, in Portuguese) and data from the first half of 2021 were evaluated. The 

GC-MS system utilized was an Agilent ® 5975 MSD With 7890 GC with the column HP-

5MS 5% Phenyl Methyl Silox (30 m x 250 μm x 0.25 μm). Vials containg blood or 

fragments of lung or brain, were submitted to headspace sampling (80°C/300 sec) with 

GC oven temperature at 35 ºC for 2.5 min, then 70ºC/min to 150ºC for 2.86 min. Injection 

port and syringe temperature at 290ºC and 85ºC, and split injection mode (1:20) was 

selected. Helium was used as carrier gas at 1.0 mL/min (linear velocity 36 cm/sec). The 

injection volume was 250 μL and the total run time was 10 min. The MS  was  operated  

at  full  scan  mode  (29  to  200  m/z)  with  electron  ionization  at  70  eV.        

Results: More than 11,000 cases were registered in the period, with 382 (3.5%) of the 

reports positive for VOCs used as inhalants. Five different substances were identified: 

trichlorethylene (63.5%), chloroform (30.6%), dichloromethane (5.2%), toluene (0.5%) 

and benzene (0.2%). In 46.1%  of  the  cases,  more  than  one  compound  was  detected,  

being  the  most  frequently combination trichlorethylene with chloroform (94.1%). 

Prevalence of abuse is most common in males (63%) and aged between 15 and 24 years 

old (60%). The toxicological analyzes positive for inhalants were requested mainly by the 

city of São Paulo (68.6%) and those belonging to the metropolitan region (22.5%).       

Conclusions: The use of inhalants is most common among males, being most prevalent 

in young population. This data showing the consumption profile of this group of 
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substances could help to alert judicial authorities and guide them to take measures aimed 

to reduce the access and  consumption  of  these  substances,  especially  among  young  

population.  
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Introduction: Bipolar disorder (BD) is a mood disorder characterized by the occurrence 

of depressive episodes alternating with episodes of mania, and major depressive disorder 

(MDD) is characterized by persistent sadness, hopelessness and irritability. Both 

psychiatric diseases can lead to a high rate of suicide and economic burden in terms of 

public health. Up to now, the molecular bases of BD and MDD are not completely 

established; therefore, the accuracy in diagnosis and treatment for these illnesses remains 

a challenge. Since omics data integration is an outstanding opportunity to design a reliable 

picture of the biochemistry and dynamics of biological systems, as well as prioritize 

strategies for biomarker discovery [1], metabolomics and other omics strategies were 

employed to study BD and MDD.  

 

Methods: Serum samples from BD treated patients and healthy controls were compared, 

and proteomics and metabolomics data were integrated using partial correlation analysis 

in order to observe the interactions between altered proteins and metabolites, as well as 

proposing a potential metabolite marker panel for the disease [2]. For MDD studies, an in 

vitro model employing astrocytes was used to investigate the potential of ayahuasca as an 

alternative treatment.  

 

Results: From our results, we concluded that several metabolic processes are related to 

BD and MDD, as well as their treatment. Proteins related to the lipid metabolism, 

complement and coagulation cascades and hemostasis, as well as glycerophospholipids 

and fatty acids were the biomolecules that presented more relevance in relation to BD. 

Considering the MDD in vitro study, BCAA metabolism, and vitamin B6 and B3 

metabolism were the main pathways associated to the treatment with ayahuasca.  

 

Conclusions: The combination of metabolomics and other omics data is an essential 

strategy in systems biology to unravel the molecular bases of psychiatric diseases, thus 

allowing the development and improvement of treatments through the determination of 

altered molecular targets, which is important within the context of personalized medicine.  
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Introduction: Snake venoms are biological weapon systems composed of secreted proteins 

and peptides used for immobilizing or killing prey. Although post-translational 

modifications are widely investigated due to their importance in biological phenomena, we 

currently still have little understanding of how protein glycosylation impacts variation and 

stability of venom proteomes. Furthermore, it is unclear to which extent intrinsic proteolysis 

affects toxins and snake venom phenotypes upon ontogenesis.  

Methods: To address these issues, we characterized the proteomes of eight Bothrops 

venoms using a shotgun proteomics strategy. Further, we compared the electrophoretic 

profiles of native and deglycosylated venoms and, in order to assess their subproteomes of 

glycoproteins, we  identified  proteins  with  affinity  for  six  lectins  of  different  

carbohydrate  specificities. Desialylation with neuraminidase was used to evaluate the role 

of sialic acid in the functional activities of venom proteases. We explored the natural N-

terminome of B. jararaca newborn and  adult  venoms  and  the  degree  of  N-terminal  

protein  truncation  in  ontogenetic-based proteome  variation  using  the  Terminal  Amine  

Isotopic  Labeling  of  Substrates  (TAILS) technology to characterize venom collected in 

the presence of protease inhibitors.  

Results: The lectin capture strategy using ConA, WGA, PNA, PHA-E, SNA and MAA 

generated venom fractions enriched with several glycoproteins, including metalloprotease, 

serine protease, and L- amino acid oxidase, in addition to various types of low abundant 

enzymes.  Removal  of  sialic  acid  of  proteins  of  Bothrops  venoms  altered  the  pattern  

of gelatinolysis in zymography of most venoms, reduced the gelatinolytic activity of all 

venoms, decreased the proteolytic activity of some venoms on fibrinogen and the clotting 

activity of human plasma of all venoms, and altered the proteolysis profile of plasma 

proteins by B. jararaca venom. We identified natural N-terminal sequences in the newborn 

(71) and adult (84) venoms. Truncated toxins were found in higher number in the newborn 

(212) than in the adult (140) venom. Sequences N-terminally blocked by pyroglutamic acid 

were identified in the newborn (55) and adult (49) venoms.  

Conclusions: Bothrops venom proteomes and glycoproteomes contain a core of components 

that markedly define their composition, which is conserved upon evolution in parallel to 

other molecular markers that determine their phylogenetic classification. The different 

contents of lectin-enriched  proteins  underscored  novel  aspects  of  the  variability  of  the  

glycoprotein subproteomes of Bothrops venoms and pointed to the role of distinct types of 

glycans in generating different venoms by related snake species. Sialic acid plays a role in 

the interaction of proteases with their protein substrates. Truncated sequences from at least 

ten toxin classes were detected, however the catalytic and Cys-rich domains of 

metalloproteases were the most prone to proteolysis.  
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Introduction: Complex samples,  such  as  bio-oils,  are  commonly  analyzed  under  

conventional  two- dimensional gas chromatography (GC×GC) conditions [1]. Owing to the 

increased requirement in terms of control criteria, it is important to adopt fast GC×GC 

chromatographic techniques (F- GC×GC). In order to ensure adequate detection of the 

extremely narrow peaks obtained with F- GC×GC, fast detectors with small internal volume 

and a high data acquisition rate are required. An important type of mass spectrometer 

detector used in GC×GC is the time-of-flight mass spectrometer (TOFMS). This work aims 

to evaluate the effects of different acquisition rates on the bio-oil chromatographic 

separation via F-GC×GC/TOFMS.  

Methods:  Coconut fiber bio-oil was produced by intermediate pyrolysis as described in a 

previous study [2]. The F-GC×GC/TOFMS analysis of the different acquisition rates (30, 

50, 100, 200, and 300 Hz) was carried out following analytical parameters cited in previous 

study [3].   

Results: A  bio-oil  of  coconut  fiber  sample  was  analyzed  using  Fast-GC×GC/TOFMS  

system working with different acquisition rates in order to evaluate the effects of this 

parameter in the chromatogram data quality. The tentative identification of the compounds 

was performed by mass spectra comparison using NIST library. Thus, compounds with 

similarity lower than 75%, column bleed, solvent peaks and peak tails were considered as 

unidentified peaks. To perform accurate qualitative  and/or  quantitative  analysis  of  bio-

oils  using  a  F-GC×GC/TOFMS  system,  it  is important  to  choose  an  appropriate  

acquisition  rate  to  avoid  loss  of  the  information.  For quantitative analyses, it is possible 

to work with lower acquisition rates (respecting the appropriate data point per peak number 

of each analyte) mainly because the peaks have high intensities when compared to higher 

acquisition rates. In the case of qualitative analysis, it is important to consider the S/N ratios. 

Despite higher signal intensities, lower acquisition rates result in inappropriate S/N ratios 

for qualitative analysis, mainly due to the higher noise signal obtained. Higher co-elution 

degrees were found at 30 Hz mainly due the lower peak reconstruction capacity of the 

analysis, indicating that higher acquisition rates are required. Consequently, in bio-oil 

qualitative analyses, it is important to work with acquisition rates greater than 200 Hz 

because it is necessary a better peak reconstruction in order to properly identify its 

composition   
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Conclusions: Using low acquisition rates was possible to identify some compounds with 

lower amounts in bio-oil, mainly due the higher peak signals found in such acquisition rates. 

However, a lower number of identified compounds was found due coelutions caused by 

lower data points per peak. Higher acquisition rates have more spectral deconvolution power 

and better peak shapes, mainly due a better peak reconstruction and should be considered in 

bio-oil analysis via F-GC×GC.  
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Introduction:  Mass  spectrometry  is  a  versatile  and  rapid  analytical  technique  of  high 

sensitivity and selectivity, and therefore it has been used successfully in the analysis of food 

products and medicinal plants [1].  

Methods:  This  work  aims  to  apply  mass spectrometry-based untargeted  metabolomics  

for screening metabolites of tomatoes varieties, bushy cashew, cupuassu, and Orchidaceae 

species through high-resolution mass spectrometry combined with in silico fragmentation 

tools and GNPS platform tools such as Molecular Networking, Feature-Based Molecular 

Networking, Network  Annotation  Propagation,  Dereplicator+,  Moldiscovery,  MS2LDA  

and MolNetEnhancer  to  improve  the  metabolite  annotation.  The  phytochemical  extracts  

were analyzed by Paper Spray Ionization Mass Spectrometry (PSI-MS) and LC-MS/MS 

using a Q- Exactive hybrid Quadrupole-Orbitrap high-resolution mass spectrometer.  

Results: It was determined the metabolic profiling of tomato varieties by PSI-MS and the 

samples were grouped according to the variety using PCA. The fruits from the 31 tomato 

varieties were classified into five groups. The observation of the loading plots  from PCA 

indicates the most intense ions that contributed more to separation and differences between 

tomato groups. Twenty-eight compounds were annotated, including organic acids, 

flavonoids, simple phenols and lipids. Our findings showed the annotated compounds that 

contributed more to  the  separation  and  differences  between  tomato  groups.  Concerning  

the  bushy  cashew profiling,  fifty  metabolites  belonging  to  different  classes  of  secondary  

metabolites  were putatively  annotated, including terpenes, steroids, flavonoids, tannins, 

quinones, alkaloids, coumarins, phenolic acids, and simple phenols.  The phenotypes 

showed variation only  in metabolite  concentration.  Regarding  the  LC-HRMS/MS-based  

metabolomics  approaches applied to the detection of antifungal compounds and a metabolic 

dynamic assessment of Orchidaceae, among the fifty compounds annotated, 38.9% 

metabolites were annotated as flavonoids and 22.2% were annotated as terpenoids. The two 

set plants shared about 75% of their  metabolome.  Healthy  plant  species  exhibited  a  

richness  of  secondary  metabolites (approximately 60% of hits) compared to fungal-

infected plants (approximately 40% of hits). The putative metabolite annotation from 

cupuassu fruits showed a large production of terpenes, mainly oleanane triterpenoids 

derivatives (22 oleanane triterpenoids derivatives). More than 50% of the putatively 

annotated metabolites belong to the terpenoid derivative class. Due to its predominantly less 

polar characteristic, pure acetonitrile was the most selective solvent in the extraction of these 

metabolites.  
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Conclusions: The application of metabolomics approaches and the combination of 

structural annotation  and  data  mining  tools  provided  critical  insights  into  the  

characterization  and quantification of constituents of the healthy diet and has potential for 

application in food chemistry.  
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Introduction: Somatic embryogenesis is an in vitro morphogenetic process linked to plant 

totipotency, in which isolated, or a small group of somatic cells alter their gene programming 

and give rise to somatic embryos. Somatic embryogenesis stands out for having a high 

potential for application in the clonal micropropagation of elite varieties on a large 

automated scale, in the production of disease-free plants, as an essential part of genetic 

transformation protocols and in the preparation of synthetic seeds [1]. Therefore, the  

elucidation  of  both  the  biochemical  and  molecular  processes  is  important  for 

understanding the mechanisms by which a single somatic cell becomes a whole plant. 

Modern proteomic approaches rely on an alternative method for the identification and 

quantification of proteins with differential accumulation in embryogenic cell cultures or 

somatic embryos and enable the identification of specific proteins related to somatic 

embryogenesis development.   

Methods:  Comparative  proteomic  studies  were  performed  to  address  key  proteins 

associated with the development and differentiation of somatic embryos during somatic 

embryogenesis of sugarcane (Saccharum spp.) using the HDMSE workflow. HDMSE 

combines multiplex high-resolution mass spectrometry in data independent (MSE) and ion 

mobility (IMS) modes of acquisition, improving the identification and quantification of 

complex samples and generating highly reproducible data for thousands of proteins.  

Results:  In  sugarcane,  14-3-3,  arabinogalactan,  germin-like,  heat-shock,  IAA-amido 

synthase,  late  embryogenesis  abundant,  peroxidase,  catalase,  6-phosphogluconate 

dehydrogenase,  histone  and  ribosomal  proteins  are  regulated  during  somatic 

embryogenesis [1]. In addition, the proteins P-H+-ATPase and H+-PPase were quantified in 

microsomal fractions of sugarcane embryogenic callus and were found to be related to 

embryogenic competence [2]. Additionally, it was possible to associate embryogenic 

competence with the phosphorylation of regulatory proteins such as ABA-responsive 

element binding factor 1, histone deacetylases 6 and 9, TOPLESS, argonaute 1b and SNF1 

kinase homolog 10, a subunit of SnRK1. The enhancement and prediction of interactions 

among proteins involved in energy metabolism, such as proteins related to the  

photosynthetic  apparatus,  were  observed  during  the  differentiation  of  somatic embryos. 

In contrast, the maintenance of embryogenic competence during multiplication is related to 

transcriptional control exerted by proteins with repressive activity, which inhibits the 

differentiation program [3].   

Conclusions:  Comparative  proteomics  is  an  important  approach  to  elucidate  the 

molecular aspects of embryogenic competence and the differentiation of somatic embryos 
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in sugarcane. These results have been useful for functional genetic studies to validate new 

players in somatic embryogenesis.  
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Introduction: Many BVOCs are chiral, meaning they exist in two non-superimposable 

mirror image forms termed enantiomers. Enantiomers have identical physical properties, 

such as boiling point, density, and reactivity to atmospheric oxidants; however, they differ 

in  their  specific  biological  activity.  Since  most  monoterpene  measurements  do  not 

distinguish  enantiomers,  relatively  little  is  known  about  the  natural  abundance  and 

behavior of the chiral speciated molecules. Previous studies have reported regiospecific 

patterns across Tropical and Boreal ecosystems for α-pinene [1] and have used them as 

tracers of secondary processes in air and soil [2][3], highlighting the potential use of chiral 

compounds in air to decipher processes linking the biosphere with the atmosphere. To better 

understand the sources, dynamics and sinks of BVOC in the forest environment we have 

investigated chiral BVOC in the pristine Amazonian rainforest environment  at Amazon Tall 

Tower Observatory (ATTO) is located 150 km from Manaus/BR and in Atlantic Forest 

located in the Ecological Immigrant Park (PEI) at São Paulo/BR in 2019.  

Methods: Samples collected in 2019, were thermally desorbed, separated and analyzed 

through a Bench-TOF select (TD-GCxGC-TOF/MS tandem ionization-14eV and -70eV) 

from Markes International, UK. First, all samples through to Thermo-Desorption, that one 

we separated in two desorption: Primary one we use at the cartridges during 10 min in 250°C 

and in the second one is for trap during 10 min with 250°C. In the GC the column is Dimethyl 

TBS Cyclodextrin based so the oven was settled in 5 min at 40°C and 1.5°C/min during the 

temperature increase from 40°C until 150°C and then 30°C/min from 150°C until 200°C.  

Results: The VOCs and their chirals analyzed are: (-/+) - Pinene, (-/+) Camphene, (-/+) - 

Pinene, (-/+) Limonene, these chiral are of extreme importance because the fact of obtaining 

the same chemical composition, but different geometries the (-) and (+) differ in nature in 

their function/aroma, for example the ( -) - Pinene is found in pine and (+) -  Pinene is 

found in  eucalyptus, such as (-) Limonene emitted by orange and (+) Limonene emitted by 

lemon. The separation method was specifically designed for the separation of chiral 

monoterpenes (C H ) and sesquiterpenes (C H ). A chiral column is therefore needed to  

separate the two enantiomers, standard columns for GC-MS, comparing to an online PTR-

MS would not allow enantiomeric separation. 

Conclusions:  It  was  concluded  that  the  ratio  between  the  pairs  of  enantiomeric 

concentrations  show  a  temporal  and  spatial  variability.  In  forests  not  disturbed  by 

humans, was found a significant amount of (-) -Pinene, and due to human interference 

located in the metropolitan region of São Paulo, (+) Limonene was the BVOC with the 

highest concentration.  
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Introduction:  Cadmium  is  a  potentially  toxic  element  for  living  organisms  and 

ecosystems. Once absorbed by the plants, cadmium induces oxidative stress with adverse 

consequences[1]. The abiotic stress caused by cadmium induces plant defense responses, 

such as immobilization in the cell wall, exclusion in the plasma membrane, chelation, 

compartmentalization in vacuoles, and peptide synthesis[2]. The analysis of plant tissues by  

DESI-MSI  allows  for  the  identification,  visualization,  and  spatial  distribution  of 

metabolites via a direct analysis with minimal sample preparation. The present study aims 

to evaluate the plant's ability to defend itself after cadmium exposure by applying DESI- 

MSI to acquire images of possible defense metabolites.  

Methods: One fresh leaf of each contaminated plant was washed up carefully with hexane 

to remove the natural lyophilic cuticular layer and positioned with the abaxial side facing 

the substrate (porous PTFE and TLC). A sandwich was made with fresh leaves and the 

substrate for imprinting. Uniform pressure was applied to the sample material for 10 s. Each 

fresh imprinting was immediately placed in the ionization source for analysis. A Thermo 

Scientific Q Exactive mass spectrometer (Thermo Fisher Scientific, Darmstadt, Germany)  

fitted  with  a  DESI  source  Omni  Spray  IonSource  2D  mobile  platform (Prosolia,  

Indianapolis,  USA)  was  used  for  the  imaging  experiments.  The  leaves imprinting was 

fixed onto the 2D moving stage of the mass spectrometer using double‐ sided tape. The 

analyses were scanned over a mass range of m/z 100–1100 in the positive ionization  mode.  

Methanol  (5  µL  min-1)  was  the  spray  solvent,  and  the  operating conditions were as 

follows: spray voltage 5 kV, spatial resolution 200 μm, capillary temperature 300 °C, S-lens 

RF level 70 and voltage 25 V, resolution 70,000, and scanning rate 740 μms−1.  

Results: The imprintings of basil leaves contaminated with cadmium under hydroponic 

cultivation were analyzed on different substrates (PTFE membrane and TLC plate) for 

metabolites detection by Desorption Electrospray Ionization Mass Spectrometry Imaging 

(DESI-MSI). The TLC plate was the best substrate since the images showed a superior 

definition,  with  lower  extract  scattering  and  mass  deviations,  providing  excellent 

reliability  in  the  analytes'  spatial  distribution.  DESI-MSI  analysis  identified  several 

images of metabolites in the basil leaves, which were putatively identified. The images 

showed that some metabolites, such as amino acids and sugars, accumulated in basil- 

contaminated leaves as a defense mechanism to respond to cadmium stress.   
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Conclusions: The results demonstrated that DESI-MSI is a valuable tool for metabolomic 

studies  in  plants  exposed  to  toxic  metals  and  potentially  submitted  to  other  stress 

conditions.  
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Introduction: Changes in lipid metabolism can provide information about differential 

patterns in healthy and diseased cells/tissues, such as in cancer or in infertility conditions. 

Once the lipids play a key role in cellular metabolism the lipid differentiation between 

healthy and cancer tissues could be important to predict biomarkers candidates and improve 

the diagnosis system. Regarding Oral squamous cell carcinoma (OSCC), many efforts have 

been made to enhance a fast, accurate, and cheap diagnosis, to detect the presence of OSCC 

in the preliminary stages providing better chances of success in cancer treatment. Another 

health condition, infertility, has been researched the subject in many scientific fields. Among 

men, the sperm present in semen is responsible for fertility, and the lipids classified as fatty 

acids are responsible for structuring the cell membranes as well as improving sperm motility 

in semen, which improves fertility. Therefore, it is extremely important to purpose analytical 

methodologies capable of performing and evaluating fatty acids content in semen matrices; 

this could lead to a better understanding of the infertility condition. Furthermore, studies for 

the lipid profile of OSCC in gingiva samples and also fatty acids in semen samples were 

studied, aiming to contribute to health studies.  

Methods: All the samples were homogenized and submitted to liquid-liquid microextraction 

using chloroform as an extractive solvent. The extracts were evaporated and resuspended in 

a mixture of isopropanol: acetonitrile: methanol: water (3: 3: 3: 1), adding ammonium 

formate at 5 x 10-4 mol L-1. Analytical curves were performed for both methods (gingiva and 

semen). Intra- day and inter-day precision, accuracy, absolute recovery, and matrix effect 

were evaluated in three concentration levels (n=5). Cryosections of gingiva tissue (healthy 

and cancer ones) with 10  µm  thickness  were  analyzed  by  matrix-assisted  laser  

desorption/ionization  mass spectrometry imaging (MALDI-MSI).  

Results: Limits of detection and quantification were estimated in the order of ng mL-1 with 

good linearity (r² > 0.99), precision and accuracy (< 15%), and absolute recovery values 

ranging from 90 to 110% for both evaluated methods. For OSCC patient samples the partial 

least-square discriminant analysis (PLS-DA) was performed, and all samples clustering, the 

healthy samples and separating from the cancer ones. The PLS-DA revealed that 15 lipids 

were responsible for describing the healthy group in the positive ion mode, while 8 lipids 

described cancer one. Furthermore, MALDI-MSI revealed differences in the distribution of 

lipids responsible for OSCC classification in tumor and healthy tissues.  
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Conclusions: The methodologies presented here proved to be a potential approach to a fast 

and direct evaluation of lipids in gingiva and semen samples, which could lead to a new 

horizon concerning the clinical evaluation of infertility conditions and also to OSCC studies.  
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Introduction: Metabolomics enables the identification of putative biomarkers for 

numerous diseases including many cancers. A number of recent studies have shown promise 

for early detection,  therapy  monitoring,  disease  recurrence  and  risk  prediction,  including  

our  own focusing  on  colon  cancer.  However,  the  influence  of  many  confounding  

factors  such  as genetics, environmental conditions, and lifestyle can affect metabolite 

levels and poses a major challenge in moving forward with such metabolite biomarkers for 

reliable clinical applications.  

Methods:  Advanced machine learning methods and quantitative metabolomics approaches 

can be used to identify and validate promising biomarker candidates as well as to evaluate 

and even  model  the  effects  of  confounding  factors  with  the  goal  of  improving  

biomarker performance. Here, we applied these methods to targeted mass spectrometry data 

obtained from human serum obtained from cancer patients and healthy controls.   

Results: Our results show that demographic covariates, such as gender, BMI, and smoking 

status, as well as collection site exhibit significant confounding effects on metabolite levels 

which can be modeled effectively.   

Conclusions: These results not only provide new insights into addressing the major issue 

of confounding  effects  in  metabolomics  analysis,  but  also  shed  light  on  issues  related  

to establishing reliable biomarkers and the biological connections between them in a 

complex disease.   
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Introduction: Marine biotoxins are often produced by harmful algae. These toxic 

compounds can reach the food chain accumulating in bivalve mollusks and fish. The 

consumption of these contaminated seafood, several health damages can occur, from slight 

diarrhea cases until death, depending on the nature of the toxin involved. Thus, the 

occurrence of the harmful algae blooms and the levels of the toxins in seafood must be 

constantly monitored. To this purpose, our laboratory uses distinct strategies: one for well-

known marine biotoxins, such as diarrheic, amnesic and paralytic toxins groups, which are 

under permanent monitoring [1], and other approaches for emergent toxins like ciguatoxins, 

palytoxins and other analogues.  

Methods: Sample preparation methods were mainly based on solid-liquid extraction, 

associated with other techniques such as solid-phase extraction. Several mass spectrometry 

methods were used, such as: full scan (Q1), precursor ion, product ion, MRM, enhanced 

resolution, IDA-EPI, in LC- MS/MS instruments associated with LC-qTOF analysis.   

Results: The  official  program  of  marine  biotoxins  monitoring  in  oysters  and  mussels  

is  weekly performed  in  our  laboratory  based  on  target  analysis  [1]:  Firstly,  with  a  

fast  and  simple screening method, followed by confirmatory and quantitative methods, 

using MRM analysis. On the other hand, emergent biotoxins, potentially involved in toxic 

syndromes, must be investigated using alternative non-target analysis, due to the absence of 

available analytical standards. This kind of approach is based on mass spectrometry data, 

chromatography behavior and literature information. Regarding Haff’s disease, our results 

suggest that one or more palytoxin-like molecules plays a major role in the toxic effects. 

However, the occurrence of a marine toxin cocktail is not discarded.    

Conclusions: Mass spectrometry with MRM analysis is very useful for the so-called classic 

marine biotoxins for which analytical standards are commercially available. Moreover, for 

emergent biotoxins investigations, the use of alternative strategies based on mass 

spectrometry combining high resolution instruments with high sensitivity systems are the 

most adequate tools.  
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Introduction: Sugarcane is a well known source or raw material to produce sugar, alcohol 

and bioethanol. Brazil is the world’s largest producer of sugarcane (Saccharum sp.), 

followed by India, China, and Bangladesh, all of which generate significant amounts of 

bagasse as a by-product of their sugar and bioethanol mills in each of these countries.1 

The sugarcane bagasse (SCB) is a fibrous material remaining after the plant's stalk 

pressing process used to extract the sweet juice used for the industrial production of 

sugar and alcohol. SCB is one of the most economically viable and readily accessible 

agro-industrial residues in the world, particularly in tropical regions.2 Recently SCB has 

taken attention in scientific community, manly in chemistry, because exhibits strong 

biosorption capabilities, which are defined as the passive sorption of organic and inorganic 

substances in soluble or insoluble forms from an aqueous solution utilizing decomposing 

biological materials. Sarker at al. published a comprehensive study of the SCB biosorption 

properties and their application.3 The purpose of this work is to demonstrate the continued 

applicability of SCB as SPE biosorbent bed for extracting synthetic hormones 

(ethynylestradiol, drospirenone and levonogestrel) from pharmaceutical industrial effluent 

prior LC-MS/MS quantitative analysis. 4 

Methods: SPE: SCB 75 µm bed at a concentration of 50 mg was used to pack empty 1 

cc (mL) SPE cartridges containing retained frits. To compare the outcomes of the 

recoveries, the following commercial (cSPE) were used: Oasis HLB 30 mg, 1 mL; 

Discovery DSC-18 50 mg, 1mL and Sulpeclean Envi-Carb, 100 mg, 1 mL. Conditioning: 

1 mL of methanol and 1 mL of water; Load: 1 mL of sample; Wash: 2x 0.75 mL of water; 

Dry cartridge: under synthetic air flow; Elution: 2x 0.3 mL MeOH. Prior to LC-APCI-

MS/MS analysis, the MeOH extracted sample residue was dried in 10 mL class assay tube 

under N2 gas flow at 40 ºC using and dissolved in 1 mL of 50% acetonitrile/50% water (v/v) 

solution. 

Results: The sorption effectiveness of the SCB bed was evaluated using the following 

experimental parameters in comparison to existing and commercially available SPE 

(cSPE) cartridges: (i) SCB re-use (recycling); (ii) load concentration variation; (iii) 

breakthrough (mass/volume capacity); (iv) pH variation; (v) extraction solvents variation 

(vi) particle size; and (vii) suitability for use in industrial effluent. The SCB SPE results 

(accuracy data ranged from 99% to 120%) were significantly acceptable for all the synthetic 

hormones compounds tested and analyzed in industrial effluent samples and comparable 

to Oasis HLB (benzene copolymer) SPE  material and  the others. 

Conclusion: Our overarching objective for developing SCB as SPE sorbent material for 

the analysis of synthetic hormones from industrial effluents has expanded the 
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research area and/or application of SCB, which the biomass is often burnt to generate 

energy in the sugar and alcohol mills. 
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Introduction: This article aimed to identify biomarkers and find their correlations with the 

athletes characteristics, intensity, and type of training. These biomarkers were identified 

using gas chromatography coupled with mass spectrometry (GC-MS) applied to previously 

prepared serological  tests.  Correlations  between  different  metabolites  were  produced  

by  applying multivariate statistical methods,  

Methods: A group of 16 military pentathlon athletes, belonging to the delegation of elite 

athletes of the Brazilian military pentathlon team of the Brazilian Army, of both sexes and 

aged between 22 and 32 years, was selected. The IPCFEx collected the athletes blood in the 

three collections and blood serum separation was performed on the same day as collection 

and kept under  refrigeration  at  -30º  C  until  analysis.  The  biomarkers  were  identified  

using  gas chromatography coupled with mass spectrometry (GC-MS) [1,2] applied to 

previously prepared serological tests [3].  

Results: Correlations between different metabolites were produced by applying multivariate 

statistical methods, Principal Component Analysis (PCA) [4], Partial Least Square (PLS) 

[5] and using a Matlab platform to create the codes, with the peak information obtaining by 

the chromatograms.  The  results  of  the  Military  Pentathlon  improved  Lactic  Acid,  L-

Alanine, Palmitic Acid and Oleic Acid as biomarkers and the results of the Modern 

Pentathlon. Conclusions: The results of the Military Pentathlon improved Lactic Acid, L-

Alanine, Palmitic Acid and Oleic Acid as biomarkers and the results of the Modern 

Pentathlon. The men tended to be more homogeneous among themselves than women.  
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During the last few decades, mass spectrometry (MS) has been playing a critical role in the 

petroleum industry, more particularly in the field of Organic Geochemistry. The focus, in 

this case, is the support to the geochemical characterization of fluids, aiming ultimately the 

complete characterization of petroleum systems. Two kinds of MS approaches can be 

distinguished here, the molecular and the isotopic composition evaluation. In the former, the 

so called “petroleum biomarkers” are the main targets; in the latter, carbon, hydrogen and 

sulfur isotopic composition of groups of compounds or specific molecules can be 

determined. In both cases, the results can be used as proxies for the origin of crude oils, 

extent of their thermal evolution or even the presence of secondary alteration processes, like 

biodegradation or mixing.   

In this presentation, the analytical systems used at PETROBRAS labs for both biomarkers 

and stable isotopes analyses will be shown, as well as examples of analytical traces and 

some of the main applications using these geochemical tools. Finally, some of the state-

of-the-art analytical techniques will also be presented, giving a perspective view of the 

on-going and future directions and challenges in this field of knowledge.  
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Introduction: During pregnancy, the vertical transmission of Zika virus (ZIKV) can cause 

Congenital Zika Syndrome (CZS) to the infected fetuses [1]. This syndrome is characterized 

by a series of pathologies, including several brain malformations such as microcephaly [2]. 

Nowadays,  the  molecular  mechanisms  behind  ZIKV-induced  microcephaly  are  mostly 

uncharted [3]. Here, we conducted integrated proteomics and glycoproteomics analyses to 

characterize microcephaly development in in-vivo models.  

Methods: To study ZIKV-induced microcephaly development, mice embryo brain 

ventricles were injected with ZIKV/MOCK at E15.5 (embryonic day 15.5) and collected at 

E18.5 and P7 (postnatal day 7). Mice brain samples were analyzed by bottom-up proteomics. 

Three hundred micrograms of brain proteins were digested with trypsin by S-Trap 

methodology. Tryptic peptides were separated into two aliquots for glycopeptide and 

phosphopeptide enrichment – the flow-throughs were used for global proteomics-. 

Glycopeptides were enriched with HILIC matrix and then digested with PNGase-F in heavy 

water. The peptide mixture was separated and analyzed by an nLC Easy-1000 (Thermo 

Scientific, USA) coupled to a Q Exactive Plus mass spectrometer (Thermo Scientific, USA). 

Raw data was analyzed with Fragpipe v18.0 search engine. The False Discovery Rate (FDR) 

was < 1% at the peptide, PSM, MBR, and protein levels using the PeptideProphet 

ProteinProphet, and IonQuant [4,5]. For localization site probability calculation was 

employed PTMProphet algorithm, considering only glycosite with a probability > 75% [6]. 

Quantitative proteomics analysis was done comparing each ZIKV infectious state with the 

corresponding MOCK (control group, noninfected).  

Results: A total of 5,362 proteins, 898 glycoproteins, and 2,075 N-linked glycosites were 

identified in this study. Integrated analysis of CZS progression showed a drastic impairment 

in brain development, observed by the negative regulation of axon guidance, neuron 

projection development, and cell adhesion biological processes. Furthermore, pathways 

such as neutrophil degranulation, mitochondrial metabolism, chylomicron assembly, and 

amino acids metabolism were found activated during microcephaly development.   

Conclusions:  Our  study  demonstrates  that  ZIKV  chronic  infection  compromises  brain 

development even in neurogenesis advanced stages. Glycoproteomics analysis allowed us 

to identify cell-adhesion process dysregulation, findings described in previous human 

studies [7,8]. Here, we found altered metabolic pathways that could be explored to develop 

novel treatments.  
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Introduction: Bipolar disorder (BD) is a mood disorder characterized by the occurrence of 

depressive episodes alternating with episodes of elevated mood (known as mania). There is 

also an increased risk of other medical comorbidities in BD patients such as obesity, type 2 

diabetes, metabolic syndrome and cardiovascular diseases. The underlying biochemical 

mechanisms of BD per se and the high occurrence of comorbidities in BD patients are still 

unclear, where systems biology approaches have been rising as a novel way to tackle this 

question. Although multi-omics  works  are  constantly on the rise in  the last years, works  

that truly integrate proteomics  and  metabolomics  data  from  the  same  individuals,  from  

acquisition  to  data processing and interpretation are scarce, especially regarding psychiatric 

disorders.  

Objectives: This work uses a systems biology approach to compare BD treated patients with 

healthy controls (HCs), integrating proteomics and metabolomics data using partial 

correlation analysis in order to observe the interactions between altered proteins and 

metabolites, as well as proposing a potential metabolic signature panel for the disease.  

Methods: Data integration between proteomics and metabolomics was performed using 

GC- MS data and label-free proteomics from the same individuals (n = 13; 5 BD, 8 HC) 

using generalized canonical correlation analysis and partial correlation analysis, and then 

building a correlation network between metabolites and proteins. Ridge-logistic regression 

models were developed to stratify between BD and HC groups using an extended 

metabolomics dataset (n = 28; 14 BD, 14 HC), applying a recursive feature elimination for 

the optimal selection of the metabolites [1].  

Results: Network analysis demonstrated links between proteins and metabolites, pointing 

to possible  alterations  in  hemostasis  and  neuroinflammation  of  BD  patients.  Ridge-

logistic regression model indicated a molecular signature comprising 9 metabolites, with an 

area under the receiver operating characteristic curve (AUROC) of 0.833 (95% CI 0.817-

0.914), where the selected metabolites are mainly related to energy production processes, 

such as TCA cycle and β-oxidation of long chain fatty acids. The presence of p-cresol as 

one of the selected metabolites also points to possible alteration in the gut-brain-axis.  
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Conclusion: From our results, we conclude that several metabolic processes are related to 

BD, which can be considered as a multi-system disorder. We also demonstrated the 

feasibility of partial correlation analysis for integration of proteomics and metabolomics data 

in a case- control study setting and the use of a logistic regression model to differentiate BD 

patients from healthy controls. Moreover, the entire workflow was processed using open 

source platforms, which are accessible without any cost, showing the importance of the 

development of open science in systems biology.  
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Blood Proteoform Atlas and the discovery of biomarker candidates in 

liver transplanted recipients using proteoform-reaction-monitoring 

(PfRM)  

Rafael  D. Melani1,  Che-Fan Huang1, Fernanda Negrão1, Graeme McAlister5, Christopher 

Mullen5, Micheal Goodwin5, Jesse Canterbury5, Xiao Wang5, Raman Mathur5, David 

Bergen5, Romain Huguet5, Mike Lee6; Helena Svobodova6; Gary Valaskovic6; Amanda 

Berg6; Emily Ehrenfeld6, Matthew Robey2, Ryan Fellers2, Paul M. Thomas1, Luca 

Fornelli3, Mike Senko5, Josh Levitsky4, Neil L. Kelleher1,2  

1Department of Molecular Biosciences, Northwestern University, Evanston, Illinois, USA 
2National Resource for Translational & Developmental Proteomics, Northwestern 

University, Evanston, Illinois, USA 
3Department of Biology, University of Oklahoma, Norman, Oklahoma, USA 

4Comprehensive Transplant Center, Feinberg School of Medicine, Northwestern 

University, Chicago, Illinois, USA 
5Thermo Fisher Scientific, San Jose, California, USA 

6New Objective Inc. 

rafael.melani@northwestern.edu 

Keywords: Blood Proteoform Atlas, Top-down Proteomics, Proteoform, Transplant Rejection, 

Biomarker  

Introduction: Acute rejection after liver transplantation is the leading cause of mortality 

among liver transplanted recipients (LTRs). Unfortunately, patient prognosis is based on 

invasive procedures. Therefore, MS-based top-down proteomics (TDP) can be used to 

detect differentially expressed proteoforms from LTR’s blood cell samples. At Blood 

Proteoform Atlas, we performed a TDP quantitative analysis of peripheral blood 

mononuclear cells (PBMCs) from LTRs and validated a set of 24 proteoforms in a second 

cohort. Here we describe the development of a targeted quantitative assay named 

proteoform reaction monitoring (PfRM) and its optimization to analyze a validation cohort 

of samples collected longitudinally over a year.  

Methods: We analyzed 100 samples from 25 LTRs collected at four time points over a year. 

Patients were divided into three groups: transplant excellent (TX); acute dysfunction, no 

rejection (ADNR); and acute rejection (AR). Standard proteins and the 0-30 kDa PBMCs 

fraction were analyzed using a newly developed PfRM method using a C4 FlowChip (New 

Objective) column, on an Orbitrap Eclipse (Thermo Scientific). The PfRM method captures 

24 immunoproteoforms from 23 proteins in a time-scheduled fashion. The obtained data 

were analyzed using Proteoform Finder.  

Results: We developed a PfRM approach that alternates SIM mass spectra with 

proteoform fragmentation via HCD, increasing specificity and confidence in proteoform 

identification. The PfRM assay leverages improved ion transmission in the newer Orbitrap 

tribrids, with faster data acquisition cycles for high sensitivity and quantitation precision.   
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Data collected on standards demonstrate that the PfRM method improves quantification 

metrics compared to the SIM-only assay while providing the fragment ion specificity 

required for multiplexing the assay to include closely related, co-eluting proteoforms. All 

proteins were quantified in the low femtomole range utilizing the Proteoform Finder 

software, recently developed for proteoform-level targeted LC-MS/MS experiments. After 

protein extraction, the same amount of protein was fractionated using PEPPI, and the 0- 

30kDa fraction was submitted to targeted LC-MS/MS. Using the immune-PfRM assay in its 

current state of development, we analyzed a new cohort of 25 LTRs to rigorous quantify 

proteoform targets in 100 patient samples. We could reliably detect the 24 proteoforms from 

23  proteins,  including  platelet  factor  4  and  profilin-1  proteoforms  that  were  previously 

identified as upregulated in TX recipients. Several proteoforms showed differential 

regulation over the time course samples, with a set of proteoforms remaining high in patients 

with healthy liver transplants and going down in patients that had an AR.  

Conclusions:  PfRM  will  improve  the  creation  of  high-value,  portable  assays  to  

monitor proteoform biology and biomarkers for future diagnostic purposes in clinical 

research leading to a minimally invasive, fast, and sensitive assay.   
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Introduction: Worldwide estimates of snakebite envenoming reach 5 million cases every 

year, resulting in more than 100,000 deaths and around 400,000 people with permanent 

disabilities. The severity of the problem and the shortage of antivenoms in some regions of 

the world lead the World Health Organization to add snakebite envenoming to the list of 

Neglected Tropical Diseases in 2017. Antivenoms produced in serum of immunized 

animals as horses are the only effective  and  scientifically  validated  treatment  for  

snakebite  envenoming.  Despite  the paramount value of antivenoms, there is a need for 

improvements.  

Methods: Bothrops jararaca venoms and bothropic antivenoms were provided by Instituto 

Butantan. Bothropic antivenom was purified by affinity chromatography using CNBr-

activated Sepharose 4B resin (GE Life Sciences). Crude and purified bothropic antivenoms 

were reduced, alkylated, digested with trypsin and submitted to LC-MS/MS analysis. 

Digested peptides from each sample were applied to UltiMate 3000 RSLCnano liquid 

chromatography system (Thermo Scientific) coupled to an Impact II mass spectrometer 

(Bruker Daltonics). LC-MS/MS data were acquired using data-dependent acquisition 

selecting the 8 most abundant precursor ions for fragmentation. Raw data were processed 

in PEAKS Studio 7.5 software (BSI) and searched against  a  database  of  B.  jararaca  and  

horse  sequences.  Molecular  interactions  among  B. jararaca venom toxins and antivenom 

immunoglobulins were assayed by surface plasmon resonance (SPR) on a Biacore T200 

(GE Life Sciences). Neutralizing efficacy of antivenoms were assayed in vivo by the median 

effective dose (ED50) using male Swiss mice, provided by Instituto Butantan. This study 

was approved by the Ethics Committees on the Use of Animals of the Federal University 

of São Paulo and of Instituto Butantan.  

Results: Quantitative proteomics showed that 67% of the bothropic antivenom proteins 

were immunoglobulins, while in the affinity purified antivenom, the proportion increased to 

95%.  The  results  obtained  indicate  that  the  bothropic  antivenom  is  composed  mostly  

of immunoglobulins  that  are  non-specific  to  neutralization  of  venom  toxins.  In  vivo  

assays indicated that purified bothropic antivenom was 2.8 times more effective than the 

original antivenom to neutralize lethal activity of B. jararaca venom.  

Conclusions: Considering the significant enrichment of specific immunoglobulins and the 

higher capacity of purified bothropic antivenom to neutralize the venom of Bothrops 

jararaca in vitro and in vivo, enriched antivenoms can be considered as an alternative to 

reduce the  
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necessary doses of antivenoms per individual and possibly reduce the frequency of side 

effects.  
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Introduction: Cardiovascular disease (CVD) refers to any disorder that affects the 

cardiovascular system. [1] Risk factors related to CVDs increase the generation of reactive 

oxygen species (ROS), leading to a biological condition known as oxidative stress (OS) (an 

imbalance between ROS and antioxidant species), which causes damage to important 

biological molecules.  [2] However, information about the implications of OS on CVDs are 

still scarce, and methodologies like metabolomics have been applied to investigate the causes 

and consequences, as well as to find out  new  ways  of  diagnosis  and  treatment.  [3,  4]  This  

work  presents  data  obtained  by metabolomics analysis of in vitro H9c2 differentiated 

cardiac cells induced to oxidative stress by H2O2 aiming to provide new insights into the 

comprehension of CVDs related to OS. 

  

Methods: Cells of the H9c2 strain were grown in vitro and differentiated by addition of 

retinoic acid. The optimum conditions of H2O2 concentration and time of exposition to stress 

the cells were assessed by the MTT assay. Afterwards, two groups were assembled for 

metabolomic analysis, namely:  healthy  cells;  and  cells  during  oxidative  stress.  The  

intracellular  contents  were extracted and analyzed by RPLC-MS, HILIC-MS and CE-MS, 

in both positive and negative ESI modes. After statistical analysis using MZmine software 

and MetaboAnalyst, annotation of the significant metabolites (p value and FDR < 0.05, and 

VIP score > 1.0) was performed with the aid of CEU Mass Mediator, followed by biological 

interpretation of the impacts generated by metabolite changes on their respective pathways. 

In parallel, morphological and immunofluorescence  analyses  were  performed  to  

complement  or  to  reinforce  the  results obtained by the multiplataform metabolomics 

analyses.  
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Results: 97 significant molecular features were obtained, however, no significant features 

were found on  RPLC-ESI(+)-MS  and  the  only  one  found  on  RPLC-ESI(-)-MS  was  

not  possible  to identified. Within the identified ones, 10 features were obtained by HILIC-

ESI(+)-MS, 23 by HILIC-ESI(-)-MS, and 4 by CE-ESI(+)-MS. Significant alterations were 

found in pathways such as ‘alanine, aspartate and glutamate metabolism’, leading to the 

hypothesis of a link between OS and nitric oxide (NO) levels. The presence of ROS may 

chemically inactivate NO, leading to the formation of peroxynitrite anion with subsequent 

oxidation of proteins. [5]  

Conclusions: Our results indicated that LC-MS and CE-MS methods are effective and 

complimentary for studying OS metabolism in cardiomyocytes,  generating excellent 

predictability (Q2 > 0.8) values. New information regarding alterations heart can suffer when 

it undergoes OS were obtained, being possible to observe an exponential increase in ROS 

synthesis and adaptations in cells energy production. Such results may indicate new 

hypotheses about the relationship between OS and CVDs and, in the future, may corroborate 

to new studies to be applied in regenerative medicine.  
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Introduction: Desorption Electrospray Ionization – Mass Spectrometry Imaging (DESI-

MSI) has been  extensively  explored  as  a  fast  and  accurate  technique  to  provide  brain  

tumor  diagnosis. Classification models aiming at glioma classification were reported with 

sensitivities and specificities higher than 93.2% and 96.6%, respectively, based on the 

investigation of adult subjects [1].   

Methods: Herein, we investigated if children's gliomas have the same molecular signatures 

found in adults and whether a model built using adult samples could be employed to predict 

pediatric glioma diagnosis. For this purpose, we investigated pediatric gliomas and normal 

tissue from 34 patients using DESI-MSI and applied the sparse version of the PLS (sPLS-

DA; Partial Least Squares - Discriminant Analysis) [2] to build classification models. We 

also used the data available from adults [1] to compare pediatric and adult results.   

Results:  Our  preliminary  data  indicate  that,  although  there  are  similarities  between  

adults  and children, the adult model presents a lower performance in classifying children's 

glioma, and the same was observed when the pediatric model was used to classify adults' 

glioma.   

Conclusions:  Although  we  minimized  experimental  differences  that  would  impact  the  

model's performance, we found consistent differences between the associated molecular 

signatures of each age group that might be exclusive.  
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Introduction:  Snake  venoms  comprise  a  rich  source  of  biomolecules.  Their  thorough 

characterization can unveil lead compounds for developing new drugs and diagnostic kits 

[1- 3]. The in-depth determination of venom composition could also provide insights into 

the pathophysiology of snake envenomation, leading to improvements in antiophidic 

therapies. We  have  devised  a  large-scale  approach  for  deep  proteomics  and  

peptidomics (proteopeptidomics) and applied it to the venom of a Brazilian pit viper [4]. 

The unexpected richness detected in the venom's peptidome led us to hypothesize that such 

diversity could enclose  cryptides,  whose  potential  bioactivities  remain  undetermined.  

We  tested  this hypothesis through connectivity map analysis [5] and in vitro biological 

validation.  

Methods:  B.  jararaca  venom  was  initially  fractionated  by  OFFGEL  

isoelectrofocusing. Each of the 24 fractions was either enriched by reversed-phase tip 

columns (peptidomics) or by  size-exclusion  spin-columns  plus  trypsin  digestion  

(proteomics).  All  samples  were analyzed  by  reversed-phase  nanochromatography  

coupled  with  high-resolution  mass spectrometry.  For  the  connectivity  map  and  the  

biological  assays,  the  peptidome  was obtained following centrifugal filtration (3 kDa 

cutoff) of the venom; the flowthrough was then  desalted  and  concentrated  by  

semipreparative  C  reversed-phase  chromatography followed by lyophilization. 

Peptidome was initially assayed on MCF7 cells, followed by gene  expression  (microarray)  

and  bioinformatics  (C-map  software  build  2)  analyses  [6]. Peptidome was assayed on 

Trypanosoma cruzi trypomastigotes (Y strain) [7], Plasmodium falciparum W2 strain ring 

forms [8], and Swiss mice macrophages.  

Results: Our approach identified 46 protein classes (with several uniquely assigned 

proteins per class) comprising eight high-abundance bona fide venom components and 38 

additional protein families. Furthermore, we reported an unexpectedly diverse snake 

venom peptidome, both  in  the  number  of  peptides  and  in  the  variety  of  unique  

proteins  that  could  have originated them. Connectivity map analysis of B. jararaca's 

venom peptidome pointed to molecules  with  potential  antihypertensive,  antimalarial,  

antibacterial,  and  antitumor activities, among  others.  Biological validation (in vitro) 

against the  etiological agents of Chagas disease (T. cruzi) and malaria (P. falciparum) 

demonstrated that the peptidome was effective against both parasites without, most 

importantly, being cytotoxic to a mammalian cell lineage (murine macrophage).  

Conclusions:  Our  proteopeptidomic  strategy  yielded  unprecedented  insights  into  the 

remarkable diversity  of B.  jararaca  venom composition, both at the peptide and protein 

levels. As a bioactive peptide library, we propose that the peptidome represents a promising 

source for designing alternative antiparasitic and antitumoural drugs, analgesics, 

anesthetics, antibiotics, and drugs to treat neurological disorders.  
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The  evolution  of  HPLC-MS/MS  systems  for  food  multiresidues  pesticides  analysis  

was accompanied by the need to evolve the dynamics of methods validation and the 

statistical data treatment, making this great analytical capacity in terms of numbers of 

analytes compatible with a more objective data treatment and a greater efficiency in 

researcher hours consumption, thus optimizing time spent at processing data and at results 

discussion.  

First multiresidue methods were validated in mid-2009, statistical data analysis took place 

in detail, all calculated by eletronic spreadsheet, there was one spreadsheet for each 

parameter evaluated by concentration level, the procedure was the same regardless of 

whether the method was multiresidue or not. In this context, 98 pesticides were validated 

for the high-water matrix group.  

Chromatography conditions and detection by M-SRM optimization were performed 

manually by infusing each pesticide and subsequently identifying the RM transitions. 

SciexTM API5000 system enabled the acquisition of 200 transitions simultaneously with a 

dwell time of 5 ms.  

Demand for new matrices and new pesticides increased over time, new matrices groups were 

validated, low water content, high acid content and the special group of garlic. The number 

of pesticides  increased  from  98  to  120.  It  was  necessary  to  divide  mass  acquisition  

into  4 monitoring ranges. Satistical data treatment had an evolution, now a single 

spreadsheet file per pesticide contained several tabs in which various validation parameters 

were estimated.  

Method was then extended to animal origin matrices for five groups: bovine, equine swine 

and poultry muscle (muscle group), milk, eggs, honey and fish muscle for 175 pesticides. 

Matrices already validated had it scope increased from 120 to 175 pesticides, all in a new 

LC-MS system (6500 triploquad, SciexTM).  

The new 6500 system already had the “Schedulle” function, which made it possible to 

optimize the monitoring of transitions around the analyte retention time, thus enabling an 

optimized Dweel Time speed throughout the chromatographic run. Validation data treatment 

has become too long and exhausting, some changes to optimize this process was urgently 

necessary.  

One way to quickly and objectively process multiresidue validation data is then developed. 

Spreadsheet for two main validation steps were presented: first one for linearity study and a 

second one for precision / accuracy study (selectivity, repeatability, internal reproducibility, 

LOQ, LOD and uncertainty estimation) in which all pesticides data are simultaneously 

analyzed the way they are extracted from the equipment.  

mailto:nelio.fleury@agro.gov.br
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The so-called “express validation” considerably optimized all data processing work in the 

results insertion stage and then in results discussion, meeting the constant demand for new 

pesticides and complementing the range of possibilities of multiresidue methods provided 

by the most recent and advanced MS techniques. 
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Introduction: Omic approaches have been studied in order the trace the physiological 

changes derived  from  the  use  of  veterinary  drugs  in  food  producing  animals.1  

Metabolomics strategies that discriminate treated from control animals based on a global 

fingerprinting are promising alternatives for the evaluation of the steroid profile.2 In this 

work multivariate strategies were employed in order to highlight new potential biomarkers 

of interest to detect the exogenous treatment of steers intramuscularly treated with 

boldenone undecylenate.  

Methods: Serum samples collected from treated (n = 4) and control (n = 8) crossbred 

animals of varying ages and weights were extracted using a simple sample preparation 

procedure based on salt assisted liquid-liquid extraction. Data acquisition was performed 

using liquid chromatography  and  Q-ExactiveTM  Orbitrap  mass  spectrometry.  Data  

processing  and treatment were performed using two non-targeted workflows: 1) Compound 

Discoverer software  and  2)  XCMS  package  on  the  open-source  R  software  combined  

with MetaboAnalyst. A robust statistical model to predict the boldenone treatment was 

further developed based on the weighted abundances of the selected biomarkers, which was 

further compared with the weighted abundance of the know metabolite 17β boldenone in a 

targeted perspective.   

Results: Three potential biomarkers were highlighted, for which predicted formulas based 

on mass  accuracy,  structural  composition  and  spectra  similarity  were  proposed.  A  

robust statistical model to predict the boldenone treatment was further developed based on 

the weighted abundances of the selected biomarkers. The requirements for screening 

methods were successfully fulfilled, together with a wider detection window in comparison 

with the monitoring of the metabolite 17β boldenone.  

Conclusions: A screening panel was established in order to detect drug treatment, in which 

a superior performance was obtained in comparison with the individual monitoring of the 

metabolite 17β boldenone using a targeted approach.   
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Introduction:  Primary  biliary  cholangitis  (PBC)  is  an  immune-mediated  liver  disease 

characterized by the progressive destruction of interlobular bile ducts leading to bile duct 

injury, ductopenia, and cirrhosis [1]. The etiopathophysiology of PBC is still poorly 

understood, although the disease is more common in Caucasian middle-aged women and, 

without treatment, it progresses to end-stage liver disease demanding liver transplantation. 

In most cases, patients experience pruritus, fatigue, decreased bone mineral density, 

hyperlipidemia, and xanthelasma, which can be also associated with other immune diseases, 

including Sjogren’s syndrome, Hashimoto’s thyroiditis, and/or rheumatoid arthritis [2]. The 

serological hallmarks of PCB are the  anti-mitochondrial  antibodies  (AMA),  which  are  

detected  in  78-90%  of  patients  [3]. Contradictorily, AMA can also be detected in 0.1-

0.5% of supposedly healthy subjects or in patients with other autoimmune liver diseases, 

mostly autoimmune hepatitis (AIH), leading to potential misdiagnosis and under-treatment 

of the actual disease [3]. Therefore, improvement in the diagnosis and detection of early-

stage disease is essential to reduce disease burden and complications. In the present study, 

we applied a liquid chromatography-high resolution mass spectrometry (LC-HRMS) 

metabolomics approach to identify distinctive signatures in plasma and urine samples from 

PBC versus healthy patients.  

Methods: Plasma and urine samples of PBC patients (n=30) and healthy controls (n=20) 

were analyzed using an untargeted LC-HRMS metabolomic profiling approach. LC 

metabolomics analyses  were  performed  on  an  Agilent  1290  Infinity  II  UHPLC  (Agilent  

Technologies) coupled to a high-resolution time-of-flight (QTOF) Impact HD mass 

spectrometer (Bruker Daltonics).  Chromatographic  separation  of  metabolites  was  

performed  by  reversed-phase (RPLC) and Hydrophilic interaction chromatography 

(HILIC) elution modes, using ESI(+) and ESI(-). A dynamic stepping was used for data-

dependent acquisition (DDA) MS/MS mode.  
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Results:  The  results  showed  the  identification  of  50  plasma  metabolites  and  52  urine 

metabolites that differed significantly (p≤ 0.05 and VIP values > 1) between PBC and the 

control group. Among them, 16 metabolites showed the highest contribution with an area 

under the curve (AUC) > 0.90 representing a high range of sensitivity (50 -96%) and 

specificity (85 - 100 %). Classification analysis using supervised hierarchical clustering was 

able to distinguish the metabolic profile of patients with 95% accuracy, reflecting lipid 

metabolism as the main contributor.  Metabolites  related  to  the  metabolism  of  

glycerophospholipids,  fatty  acids biosynthesis,  pyruvate  metabolism,  bile  acids  

biosynthesis,  porphyrin,  and  pyrimidine metabolism were identified as discriminating 

metabolites.   

Conclusions:  In  this  study,  identified  PBC-related  metabolites  could  advance  disease 

biomarkers and assist in understanding the potential pathogenic mechanism of PCB.  
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Introduction:  Proteins  are  pivotal  macromolecules  that  mediate  all  known  biological processes. 

Their functions are intrinsically related to the interaction partnerships, making the study  of  protein-

protein  interactions  (PPI)  in  the  native  environment  one  of  the  biggest challenges in molecular 

biology and biochemical fields [1]. Cross-linking mass spectrometry (XL-MS) has become a great 

tool for studying protein structure and complexes, however, the development  of  robust  workflows  

that  allows  the  capture  of  dynamic  protein-protein interactions (PPI) in their native environment 

remains a challenge [2]. Due to recent advances in XL-MS, such as crosslinkers with a cleavable 

space arm and dedicated data processing, large- scale studies in the cellular environment have 

become a reality [3]. Here, we used an MS- cleavable cross-linker (disuccinimidyl Sulfoxide - 

DSSO) followed by peptide enrichment, to develop a methodology that aims to investigate PPIs in 

cells.   

Methods: The cross-linking reaction was carried out with Disuccinimidyl Sulfoxide (DSSO) in a 

cell lysate of Escherichia coli (K12) at 27°C for 30 min. Samples were digested using trypsin, 

followed by a fractionation step using strong cation exchange (SCX) chromatography. The peptides 

were analyzed in a Q-Exactive Plus coupled to an Ultimate 3000 nanoLC. Data were processed using 

MS Scout for crosslinking identifications and Cytoscape for interactome visualization.   

Results: We found 9700 cross-linking spectrum matches (CSM) representing 440 inter-protein 

interactions. Additionally, to protein-partnership determination, our approach enables a depth 

coverage of the spatial location of the interaction, which is determined by distance constraints of the 

XL. As proof of concept regarding the potential of our method to determine E.coli interactome, it is 

noticed the interaction between the 30S and 50S protein complexes of the E. coli ribosome [4].  

Conclusion: Cleavable XL-MS allows the investigation of cellular interactome through the direct 

determination of PPI and spatial localization of the interaction. This large-scale approach is a 

remarkable avenue to unveil protein function and structure and is crucial for the discovery of disease 

and drug mechanisms.  
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Introduction: Woods are materials considered abundant and renewable, having great 

relevance for different industrial segments.1 As a result, the exploration, reduce native 

species, principally of that Brazilian mahogany, that producing high commercial value wood 

could cost more than US$2000 per cubic meter.2,3 Some characterization techniques have 

been used to identify and differentiate this material to reduce illegal exploration and 

commercialization. However, these analyses can generate inconclusive results.4-6 Therefore, 

applying methodologies like Mass Spectrometry is possibly a robust identification of wood 

by its molecular profile.7  

Methods: The analyzed samples of Andiroba (Carapa guianensis), Cedar (Cedrela 

odorata), Cedrinho  (Erisma  uncinatum),  Jatobá  (Hymenaea  courbaril)  and  Brazilian  

Mahogany (Swietenia macrophylla), without pre-treatment, on the positive mode in the LTQ 

XL mass spectrometer (Thermo Scientific, Massachusetts, United States) equipped with the 

MasSpec Pen source (Eberlin Lab, Texas, USA). The mass spectra were obtained in the m/z 

range of 50 to 2000 Da, at 400°C of capillary temperature in full scan mode. The extraction 

process performed by MasSpec Pen was set to 5000 ms, using methanol (Sigma-Aldrich, 

HPLC grade) with 0.1% of form acid (Sigma-Aldrich).   

Results: In this study, the mass spectrum obtained by MasSpec Pen provides a clear visual 

comparison of the molecular profile of the wood samples, demonstrating characteristic ions 

in a range of m/z 400-950. These ions represent a group of limonoid molecules. The Brazilian 

mahogany exhibited a unique mass spectrum that could be characterized by a ion of m/z 

911. African mahogany shows some more common molecules of m/z 493 and 567.  

Conclusions:  The  MasSpec  Pen  is  an  easy  and  fast  tool  for  wood  analysis  with  

Mass Spectrometry, making a more precise differentiation possible.  
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Facilitated Sexual Assault (DFSA); Chemical submission (CS). 

Introduction: DFSA are defined as the CS of an individual who becomes vulnerable and prone to 

sexual assault after ingesting drinks spiked with doping substances. Toxicological analysis is often 

used as evidence, however other types of samples may also be collected and analyzed. Forensic 

protocols require a multi-tiered analytical strategy to increase the reliability of the results,  with  the  

prevalence  of  time-consuming  GC-MS  and  LC-MS  methodologies.  The strategic coupling of 

emerging analytical techniques has proven to be a promising solution for the major problem of 

backlog of evidence in queue for chemical analysis. Herein, preliminary, and confirmatory analysis 

are integrated on a single substrate used on SERS and PS-MS analysis for the fast recognition of 

DFSA.[1]  

Methods: To simulate a DFSA situation, 4 alcoholic beverages (beer, Catuaba, gin tonic and Coca-

Cola zero sugar and vodka) were prepared (30 mL) and spiked using approximately 5 mg of 

zolpidem; 1 mg of clonazepam; 5 mg of valium and 5 mg of ketamine powder. A simple clean-up 

step (LLE-LTP) was performed as follows: equal volumes of the spiked drink and acetonitrile 

(extraction solvent) were mixed, and the solution was frozen. All analyses were carried out with 10 

L aliquots of the liquid supernatant extract. A  single  strip  of  the  commercial  pSERS  paper  

substrate  printed  with  gold  nanoparticles (Metrohm) was divided in half. The half treated with Au-

NP coating, was used for SERS analysis  (Horiba  T64000  spectrometer  with  a  Ti:sapphire  laser  

source  — =785nm).  In sequence, PS-MS was performed as a confirmatory analysis by cutting 

the non-SERS portion of the paper substrate into a triangular shape where each sample extract was 

deposited, and high voltage was applied through a metal clip. All mass spectra were recorded with a 

Thermo LCQ Fleet MS operating in the positive ion mode on a manufactured PS-MS source. CID 

spectra of selected molecular ions were collected to confirm analyte identification.  

Results: The LLE-LTP proved to be a suitable clean-up step, efficiently decreasing matrix effects 

for both SERS and PS-MS analysis. This step can be performed using liquid N2 to reduce even more 

the methodology’s runtime. As a preliminary analysis, Raman spectra provided sufficient 

information to further investigate the samples. The protonated species for all analytes were readily 

identified in every mass spectrum and confirmed by MS².  

Conclusions: A fast, sensible and complementary 2-step analytical strategy using a single 

commercial pSERS substrate for SERS and PS-MS analyses was developed for the irrefutable 

identification of psychotropic substances added to alcoholic beverages — simulating a DFSA 

situation. The proposed methodology suits forensic demands and can be taken to the point of in situ 

analysis with the use of portable instrumentation.  
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Introduction: Cronotanatognosis is a part of forensic medicine, which is conceptualized as 

the determination of the time interval that elapses between the moment of death and the 

moment the corpse is found, also known as the post-mortem interval (PMI) [1]. One way to 

determine the PMI has been through entomology and forensic chemistry [2] [3]. In this work, 

chemical fingerprint of three larval instars of scavenger flies was obtained. Given this, 

studying the metabolite profile of the different larval stages can lead to correct 

chronotanatognosis and, thus, a more reliable estimation of the postmortem time interval 

(PMI).   

Methods: Metabolites from the larval stages of Chrysomya albiceps, Lucilia cuprina, 

Fannia pusio, and Piophila casei were extracted in 70% ethanol for two weeks. The extracts 

were centrifuged, diluted (1:15), and analyzed by direct infusion in LC 2020 Mass 

Spectrometer (Shimadzu Corporation, Kyoto, Japan). The analysis was performed in 

positive mode using a mass range of m/z 50-1000. The average mass spectra of each sample 

were obtained and normalized by TIC in R Studio. The resulting data were centered on the 

mean and decomposed by Principal Component Analysis (PCA) in Matlab®.  

Results: Mass spectrometer analysis provided chemical fingerprint for the fly species as 

well as their respective stages. For larval instar 1, the ions that most contributed to the 

differentiation were m/z 284, 301, 409, 425, and 453. The larval instar 2 was mainly 

represented by ions of m/z 309, 360, 409, 425, and 471. Finally, the ions of m/z 284, 300, 

425, 453, and 675 were most representative of the larval instar 3. Regarding the PCA, the 

data showed that the first two principal components allowed to explain 68.24% of the 

variance contained in the original variables. It is noteworthy that the species L. cuprina,  

F. pusio, and P. casei showed different positions in the PCA diagram in relation to the larval 

instars. The species C. albiceps showed larval instar 1 and 2 in the PCA diagram close to 

each other, however, larval instar 3 formed a distinct grouping by the PCA. Furthermore, in 

the third larval instar, the ion m/z 675 was specific for C. albiceps and may be a chemical 

fingerprint at this stage, as was the ion m/z 453 for F. pusio and m/z 300 for L. cuprina.  

Conclusions: Mass spectrometry, as well as PCA, proved to be valuable techniques in 

distinguishing the larval instars of the evaluated species of necrophagous flies, being 

mailto:jez@unb.br
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identified several chemical fingerprint for each stage, contributing to a more accurate 

estimation of chronotanatognosis and PMI.  

Acknowledgments: MACKENZIE PRESBYTERIAN UNIVERSITY, CAPES, UNB.  
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Introduction: The constant increase of offshore oil production in Brazil has resulted in the 

necessity of a chemical characterization of these oils using faster and more reliable 

techniques. According to Tissot and Welte [1], one classification of crude oils is based on the 

paraffin content (n + iso), cycloalkane (naphthene), and aromatic compounds (aromatic 

hydrocarbons). Thus, crude oils are classified as paraffinic when containing mostly normal 

and iso-paraffins or as paraffinic- naphthenic oils when both linear and cycloalkane 

compounds are present in near-equimolar amounts. Two-dimensional gas chromatography 

with time of flight mass spectrometry (GC×GC-TOFMS) has great prospects in the 

investigation of complex mixtures of hydrocarbons such as petroleum. Therefore, the 

relevance of this research is obtaining information about presalt samples, because it is an 

analytical challenge due to the strategic and economic issues of the oil sector, as well as the 

high complexity of the matrix. Thus, the detailed and accurate characterization of oil is 

important for proper planning oil exploration, transportation, and refining.  

Methods: Three oils from the Santos and Campos Basins, originating from the pre-salt, with 

API ranging from 26.4 to 29.4 were evaluated by GC×GC-TOFMS and GC×GC-FID for 

qualitative and quantitative molecular chemical analysis, respectively. The oils were 

solubilized in carbon disulfide followed by the addition of deuterated standards for further 

identification and quantification of hydrocarbon classes.  

Results: The identification of the analytes was performed by mass spectra analysis, while 

the quantification was performed using the results obtained by GC×GC-FID. For the oils a 

homologous series of linear paraffins ranging from C20 to C60 carbon atoms was observed. 

The obtained concentrations ranged from 47.1 to 57.7 mg g-1 for n-paraffins, from 33.7 to 

42.4 mg g-1 for iso-paraffins and 45.6 to 70.3 mg g-1 for naphthenic hydrocarbons. Among 

the three oils studied, two were classified as paraffinic oils and one corresponds to 

naphthenic paraffinic petroleum due to their close concentrations of paraffin and naphthenic 

compounds (Figure 1).  
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Figure 1. (a) Proportion of paraffin and naphthenic fractions in oils; (b) GC × GC–TOFMS 

total ion chromatogram of the SAN-07 sample; (c) EI mass spectra of selected components 

identified.  

Conclusions: Although these oils have close API values, there are significant differences in 

their molecular compositions.  This  behavior  corroborates  the  need  for  the  use  of  

advanced  analytical techniques, with the use of a fast acquisition mass analyzer such as 

TOFMS. In addition, it provides important information on pre-salt oils as these are not often 

reported in the literature due to confidential industry issues.  

Acknowledgments: CNPq, FAPERJ, ANP  
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Introduction: In recent years, attention has been focused on the technology of metabo- 

lomics, which is defined as the comprehensive analysis of metabolites in vivo. The appli- 

cation of metabolomics technology to food is called “food metabolomics” and is used for 

various purposes on the food industry. Food contains many metabolites and previous re- 

search has revealed many of the metabolites involved in flavor, quality, and functional 

properties1.  

Beer is made mainly from fermented malt and contains compounds derived from malt and 

compounds produced during fermentation. Some of these compounds affect the taste and 

flavor of beers and it is important to analyze these compounds comprehensively for 

evaluation. This work describes the profiling of oligosaccharides and polysaccharides in 

alcoholic beverages.  

Methods: Six types of beer (A-F) were analyzed. Beer A is a lager beer and beer B is an ale 

beer. Beer C is a low-malt beer and beer D is made from soy protein. Beer E and F are non-

alcoholic beers, and their manufacturing process is different. All beers were di- luted 10-

fold in water.  

LC/MS analysis was performed using a NexeraTM XR HPLC system coupled with an 

LCMS-2050 single-quadrupole mass spectrometer (Shimadzu Corporation, Japan) oper- 

ated with DUISTM (dual ion source) on the negative ion mode.   

An amino analytical column (Shodex Asahipak NH2P-40 3E 250 mm X 3.0 mm X 4.0 µm) 

was used and the injection volume was 5 µL. Mobile Phase A contained 2.5 mmol/L 

NH4HCO3 in water while the Mobile Phase B was constituted by 90% acetonitrile and 10% 

of a solution containing 25 mmol/L of NH4HCO3.  
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Results: The highly sensitive mass spectrometer made possible to detect trace amounts of 

oligo and polysaccharides. Good coefficients of determination (r2), and repeatability were 

obtained for all concentration ranges of calibration curves.  

For the beers A, B, D and F, 36 compounds were found. Beer C presented 4 compounds and 

beer E, 15 compounds. In beer A, B and F, polysaccharides are detected in addition to 

various malto-oligosaccharides such as maltose.   

Principal component analysis (PCA) was conducted by Multi-omics Analysis Package 

(Shimadzu Corporation, Japan) using the peak area of each compound. From the score plot, 

it was found that the beers A, B, C and E had similar tendencies.  

Beer A and Beer B contained a lot of oligo and polysaccharides which seemed to be derived 

from malt. Beer E had less oligo and polysaccharides. Glucose and maltose were more 

abundant in F. It is considered that glucose and maltose remain undecomposed due to the 

manufacturing method that suppresses alcoholic fermentation.  

Conclusion: An easy and comprehensive method to simultaneously analyze oligosaccha- 

rides and polysaccharides using a single quadrupole LC-MS was developed. The profiling 

of oligosaccharides and polysaccharides in alcoholic beverage was successfully per- 

formed.  
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Introduction: Pesticides are widely employed in pre- and post-harvest control to improve the yield 

and quality of crops [1–4]. An example is thiabendazole (TBZ), a systematic pesticide employed 

for pre- and post-harvest treatment of diverse crop diseases, such as mold, rot, and blight  caused  

by  several  fungi  [5–7].  Measurements  of  pesticide  residues  are  generally performed  by  

conventional  methods,  such  as  LC-MS  and  GC-MS.  On  top  of  that,  Laser ablation  

electrospray  ionization  (LAESI)  is  a  technique  developed  to  access  the  analytes' spatial  

distribution  in  biological  surfaces  without  sample  preparations  with  high  resolving power and 

mass accuracy [8, 9]. The present report applied LAESI as a new tool for rapid, simple, and sensitive 

detection of TBZ in guavas and apples.   

Methods: The solution of TBZ was prepared using the commercial TBZ diluted in water. All fruits 

were submerged for 5 min in 2.0 L of the pesticide solution. The fruits were dried under natural 

ventilation. For LAESI imaging experiments, fruits were sliced manually (11x5 mm) using a sterile 

knife. These experiments were conducted individually for each fruit on days 0, 1, 3 and 6. The 

LAESI system has been described previously [9]. All analyses were performed using the selected 

ion monitoring (SIM) as acquisition mode and the scan range of 201–203 Da.   

Results: Slices of guavas and apples were prepared and analyzed by LAESI imaging. The 

experiments were separated into control (no treatment), Day 0, Day 1, Day 3, and Day 6. TBZ was 

confirmed in all samples by comparing the m/z value and the MS/MS profile with the results 

obtained after applying the standard to the sample. TBZ was undetectable in the control samples. 

On Day 0 (30 min after application), TBZ was predominantly detected in the peel and not across 

the inner fruit pulp. From the first to 6th day, the content of TBZ across the pulp region gradually 

increased over time. The images of the guava section three days after TBZ application  showed  that  

even  though  the  compound  remained  concentrated  in  the  peel,  it started penetrating toward 

the pulp region. On Day 6, the MSI results showed that TBZ spread more regularly throughout the 

fruit area. LAESI imaging was also applied in the analysis of TBZ in apple samples, showing similar 

performance with the complete distribution of TBZ toward the peel to endocarp on Day 6.  

Conclusions: LAESI imaging was helpful for the visualization of TBZ penetration in guava and 

apple fruits. Based on the results of the presented experiments, TBZ easily penetrates apple and  

guava  samples  and  disseminates  the  whole  fruit,  demonstrating  the  risk  of  residual pesticides 

in fruits, even though using household washing procedures.  
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Introduction: Since the 1950's plastics materials are widely used in the industry, in applications  

like  packaging,  automotive  industry  pieces,  consumer  goods  products, piping, hospital solutions, 

in such a wide variety of uses of plastics. During the COVID- 19 pandemic, the demand and use of 

plastics articles increased, even in bought products from consumers and equipment for self 

protection. Although it is important and needed to employ recycled materials in daily life, it is also 

essential to understand the difference of  polymers.  The  recycling  chain  and  understand  its  

behavior  after  the  process  are fundamental for a safe use. A safe material in contact with milligrams 

of toxic substances can contaminate tons of products by mass transfer process. Polycarbonate (PC) 

can be produced  from  Bisphenol  A (BPA), a  chemical  compound  known for its endocrine 

disrupting  properties,  that  can  cause  cancer  and  other  huge  health  damages  on  the organism. 

Polyethylene Terephthalate (PET) is not produced by a dangerous raw material and can be safely 

recycled, but if in touch with PC for a long time, in adverse weather and temperature conditions can 

be contaminated with BPA, becoming a non safe material. Polyolefins  like  Polypropylene  (PP)  

and  Polyethylene  (PE)  are  more  likely  to  be contaminated, because of its recycling chain and 

material properties, that’s why migration analysis are indispensable, to observe possible levels of 

contamination and understand the safety of using recycled plastics material. In this work an 

evaluation of potential extracting  solvents  were  conducted  to  understand  more  about  the  PCRPE  

potential migrants substances and its extraction properties  

Methods: For semi-volatile analysis, solutions were extracted pH 2.5; 9.5 and IPA:UPW by liquid-

liquid extraction with Dichloromethane. The 10 mL volume of each extract was transferred to 

separatory funnels, then extracted with two 10 mL portions of DCM. The extracts were combined 

and concentrated to 1 mL in a nitrogen concentrator (TecVap), and following for GC/MS analysis. 

The statical analysis were carried out in JMP 16.2 software  

Results: Despite the difference in polarity, the profile of the most intense ions observed in the 

extractions were quite similar. In this case, the principal component analysis may show that the 

differences were not seen at first and that could go unnoticed. Low intensity ions were essential for 

group differentiation.  
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Conclusions: The results demonstrated that solvents can lead to different extractable profiles and 

for these reason, choose one would not represent the full potential of the migration substances. New 

experiments to elucidate the compounds will be carried out.  
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Introduction: Mycotoxins are secondary metabolites synthesized by certain species of fungi that 

can provoke toxic responses in both humans and animals. Wheat is one of the most important 

grains in the world and its production can be reduced by fungal infections, one of the most 

damaging being Fusarium head blight (FHB) caused by species belonging to the Fusarium 

graminearum species complex.[1] The objective of this work was to develop analytical strategies 

for the determination of FHB- associated mycotoxins (type B Trichothecenes and Zearalenone) 

by tandem MS using a multi- analyte approach. The method was applied to wheat samples to 

evaluate the strain/antifungal treatment pairs and to field samples under production conditions.  

Methods: A hybrid triple quadrupole linear ion trap mass spectrometer (4000 QTRAP LC- 

MS/MS,  SCIEX  Instruments,  Foster  City,  CA)  was  used,  operating  in  both  positive  and 

negative electrospray (ESI) ionization modes. Chromatographic separation was carried out using 

an LC system (Agilent Series 1200) with an Eclipse XDB-C-18 (150 × 4.6 mm x 3.5 μm) column 

(Agilent Technologies, Santa Clara, CA). A modified QuEChERS was used for the extraction of 

the mycotoxins to detect simultaneously five  mycotoxins  Deoxynivalenol  (DON),  15-acetyl-

deoxynivalenol  (15ADON),  3-acetyl- deoxynivalenol (3ADON), Nivalenol (NIV) and 

Zearalenone (ZEA) . [2] For the validation of the method, the criteria according to the European 

Union guidelines for mycotoxin analysis were used. Reproducibility, repeatability, recoveries, 

quantification limit and matrix effect were evaluated. The matrix effect was quantified with a 

matrix calibration curve, resulting in low values that would allow the use of solvent calibration.  

Results: The method was applied to samples obtained from experiments in which wheat were 

inoculated with a pool of species that cause FHB, to evaluate the interactions between wheat 

cultivars and antifungal treatments, as well with samples obtained from different production areas 

within the country collected between 2018 and 2019.  

Conclusion:  The  method  allows  for  the  simultaneous  detection  and  quantification  of  the 

mycotoxins.  
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Introduction: Food security and sustainable agriculture are currently one of the goals of the 

United Nations to transform the world [1]. Fruits and vegetables are one of the most important 

sources of nutrients in the diet and their quality in relation to the quantity of pesticide residues 

have received increasing attention. Diverse food safety programs around the world are designed 

to help ensure production of safe food. In order to meet this need, the implementation of faster and 

more effective analytical methods to monitor pesticide residues in food is important.  

Methods: The Pesticide Explorer Solutions, a database developed by Thermo Scientific was used 

for the quantification of 182 pesticides in vegetable samples. This tool contains optimized 

precursor ion, product ion, collision energy (V), RF lens (V) and can be used without the necessity 

of the infusion optimization of each product separately. The QuEChERS EN 15662 [2] sample 

preparation method was used. The AccucorTM aQ C18 column (2.1 x 100 mm, 6 µm) and Mobile 

Phase A (Water: Methanol 98:2) and B (Methanol: Water 98:2) were used both with 5 mM 

Ammonium Formate and 0.1% Ac. Formic for the chromatographic separation. The Vanquish™ 

Flex Binary UHPLC System coupled to TSQ Quantis™ Plus mass spectrometer was  used  for  

the  detection  and  quantification  of  the  pesticides  using  the  TraceFinder™ Software.  

Results: The total run time was 15 minutes. The method was verified in banana, sugar, orange, 

potato, and avocado samples at 50 µg/kg with 5 replicates, and 70–120% recoveries with RSDs 

≤20% were achieved for 91% of the analytes in LC. The LOQs were below the 10 µg/kg for all 

pesticides studied. The high MS scan speed is important for ensuring data quality. From the 

proposed instrumental method, it was possible to obtain at least ten reading points for each 

chromatographic band, working with polarity switch (positive and negative) and about 606 

transitions.  

Conclusions: The use of the Pesticide Explorer Solutions database made it possible to transfer the 

multiresidue analysis method quickly and easily to a new equipment. Furthermore, the use of 

mobile-phase methanol instead of acetonitrile promoted optimal separation and reduced costs. The 

method was used in Proficiency Test (EP/INCQS) banana samples with 100% satisfactory results.  

Acknowledgements: Thermo Fisher Scientific Brasil and Nova Analitica Imp Exp Ltda  

References:  



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

115  

1. NAÇÕES  UNIDAS  BRASIL.  Sobre  o  nosso  trabalho  para  alcançar  os  Objetivos 

de Desenvolvimento Sustentável no Brasil. <https://brasil.un.org/pt-br/sdgs>.  

2. Anastassiades M. prEN 15662: Determination of pesticide residues using GC-MS and/or 

LC-MS (/MS) following acetonitrile extraction/partitioning and cleanup by dispersive SPE - 

QuEChERS  method,  2007,  Brussels,  Belgium,  European  Commitee  for  Standardization. 

https://www.eurl-pesticides.eu/docs/public/home.asp?LabID=100&Lang=EN 

 

https://www.eurl-pesticides.eu/docs/public/home.asp?LabID=100&Lang=EN


III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

116  

Speciation of Methyl Mercury and Mercury in Honey using High Performance 

Liquid Chromatography hyphenated with Inductively Coupled Plasma Mass 

Spectrometry  

Giselaine Alves dos Santos1, Amol Shinde2, Mangesh Pawar2, Sampada Khopkar2, Jitendra 

Kelkar2, Pratap Rasam2  

1Shimadzu do Brasil Comércio Ltda. 2Shimadzu Analytical (India) Pvt. Ltd. Gis 

elaine.santos@shimadzu.com.br 

Keywords: speciation, mercury, honey, HPLC, ICP-MS. 

Introduction: Mercury is a major environmental pollutant on a global scale. Its toxicity is further 

enhanced by bio-methylation carried out by microorganisms in air, water, and soil. The resultant 

product  of  bio-methylation  is  methyl  mercury.  Due  to  environmental  pollution,  it  can  enter 

human food items like honey. Food Safety and Standards Authority of India (FSSAI) has laid down 

maximum permissible limits for methyl mercury and mercury in honey: 0.25 and 1.0 µg g-1,  

respectively  [1].  The  analytical  techniques  that  are  frequently  employed  for  mercury speciation  

involve  a  chromatographic  separation  system  and  an  element  selective  detection system. High-

performance liquid chromatography and capillary electrophoresis are the prevailing separation 

techniques and have been widely  used for mercury speciation analysis in  various matrices. HPLC 

offers several advantages, including comparatively simple sample pretreatment, ease of interface to 

spectrometers, and the capability to analyze organic and inorganic species. Inductively Coupled 

Plasma Mass Spectrometry is used most frequently for elemental detection due to its ultra-trace level 

detection capabilities. The present work, a method involving aqueous extraction  of  mercury  species  

with  subsequent  separation  on  HPLC  followed  by  ICP-MS detection was developed to determine 

methyl mercury and mercury in honey.  

Methods: 1000 ppm methyl mercury stock and calibration standards were prepared. About 0.5 g of 

honey sample was weighed into a volumetric flask. The content was diluted up to the 10 mL mark 

with mobile phase (0.1% of L-cysteine with pH adjusted to 2.5), then homogenized and heated. Before 

the analysis the samples were cooled, filtered, and transferred to an HPLC vial. The analysis was 

performed using Shimadzu Inert LC coupled with ICPMS-2030.  

Results: The calibration standards showed good linearity with a correlation coefficient ≥ 0.999. The 

peaks of methyl mercury and mercury were well resolved. The accuracies of calibration checks were 

between 90 to 100, showing the robustness of the plasma over a long period while analyzing honey 

samples. All recoveries were between 80 to 120% with RSD of less than 5%, showing the efficiency 

of the extraction procedure.  

Conclusions:  The study proves the applicability of the developed speciation method for the 

determination  of  methyl  mercury  and  mercury  in  honey  samples  as  per  FSSAI  guidelines. 

Accurate quantification of both forms of mercury was performed at low-ppb concentration levels 

using  the  Shimadzu  Inert  LC  system  coupled  to  ICPMS-2030.  Complete  separation  of  both 

species was achieved in less than five minutes. The content of the methyl mercury and mercury in 
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sample was less than 4 ppb. The excellent recoveries at lower concentrations demonstrated the 

accuracy and precision of the method. The proposed method can be used for routine monitoring of 

toxic forms of mercury in a widely consumed product like honey.  
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Introduction: Macrolides are an important class of antimicrobials widely used in several 

production animals, including lactating cows. Metals, on the other hand, are elements that can be 

present in the environment, through natural origin or through anthropogenic action. The purpose 

of this study was to evaluate the presence of residues and contaminants in milk based infant  

formulas  by  mass  spectrometry  and  the  principal  component  analysis  (PCA)  was applied to 

evaluate trends and interactions between samples of different brands, expiration dates and origins.  

Methods: 21 samples from two different brands and with expiration dates between 2019 – 2022 

were obtained in Brazil. In this study, a simple analytical method, that was previously developed 

and validated in our laboratory using a modified QuEChERS alkaline extraction and liquid 

chromatography–tandem mass spectrometry (LC–MS/MS) was employed for the detection of 

macrolide residues [1]. For the analysis of inorganic contaminants, the samples were digested in 

a closed high pressure system microwave. As, Cd and Pb concentrations were determined with 

inductively coupled plasma mass spectrometry (ICP-MS) [2]. To assess the  method’s  accuracy  

and  precision  recovery  control  samples  were  used  during  all  the experiments. The principal 

component analysis (PCA) was conducted to explore potential correlation  relationships  between  

the  presence  of  macrolide  antibiotic  residues,  inorganic contamination concentration, brand 

and expiration date.  

Results: Macrolides were detected in 29% of the samples,  and the highest concentration reached 

0.58 µg L-1 in ready-to-eat infant formulas. More than one macrolide was found in 19% of the 

samples. The levels found in the samples were between <0.003-0.066 mg kg-1 for As, <0.003-

0.063 mg kg-1 for Cd, <0.003 mg kg-1 for Pb. The first two PC accounted for 75% of  the  total  

variance,  which  is  a  representative  and  sufficient  value  to  explain  the  data obtained for 

contamination and infant formula samples. In PC1 the variables related to the concentration of As 

(0.577) and brand (0.582) have positive and correlated weights, showing a trend between both, 

furthermore in PC2, the variable identification of the type of veterinary drug residue present in 

samples (0.867) is dominant, with greater positive weights.  Conclusions: Macrolides residues 

are not allowed in infant formulas according to Brazilian regulations,  therefore  were  considered  

non-compliant.  For  inorganic  contaminants,  all samples were considered compliant.   
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Introduction: A multiclass analytical method to determine pesticides and mycotoxins in beer- related 

matrices based on the dilute and shoot approach was optimized and validated according to the 

European guidelines SANTE/12682/2019 [1] and EC/401/2006 [2].  

Methods: Extraction used acidified acetonitrile at 1% (v/v) acetic acid, followed by horizontal 

shaking homogenization, centrifugation, freezeout step for cleanup, another centrifugation, and 

injection into a high-performance liquid chromatography−tandem mass spectrometry system.  

Results: Linearity, detection and quantification limits, accuracy, and measurement uncertainty were 

evaluated, and 201, 184, and 176 analytes were validated for malt, beer, and brewers’ spent grain, 

respectively. The limits of quantification ranged between 1 and 200 μg kg−1 and between 5 and 1000 

μg kg−1 for beer and malt, respectively, and expanded uncertainties ranged between 9.7 and 50%, 

meeting the legislation requirements. A total of 40 samples have been analyzed thus far, and 36 of 

them exhibited the presence of some of the analyzed substances.  

Conclusions: The validated method is reliable and easy to apply for mycotoxin and pesticide 

determination in complex matrices.  
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Introduction: Coccidiosis is a frequent disease in poultry production caused by Eimeria spp. 

which is responsible for important economic losses [1]. Toltrazutil (TOL) is an anticoccidial agent 

widely used as strategy of disease control and a MRL of 100 µg/kg for TOL and metabolites 

(TOL-sulfoxide, TOL-sulfone) in poultry muscle is established [3]. In this work, we used a dSPE-

LC-MS/MS method to determine TOL and metabolites in poultry breast and join wing samples 

with new proposed formulations treatments.  

Methods: Sample extraction and clean-up were performed based on Moloney et al. [4] with some 

modifications. The samples were quantified based on a matrix-matched calibration curve (1- 500 

µg/kg). Analyses were developed in a LC (Surveyor Plus, Thermo) with a C18 column. Two 

mobile phases A (MeOH) and B (H2O) both with 0.1% formic acid were used. MS measurements 

were done after optimization on a QQQ (Quantum Access Max, Thermo) in ESI(-)  mode.  The  

following  MS/MS  acquisition  parameters  of  mass  spectra precursor>quantification ion (m/z) 

and collision energies (eV) used were: TOL 424.5>42.6 (63 eV); TOL-sulfone 456.5>42.7 (68 

eV); TOL-sulfoxide 440.5>42.7 (65 eV) and TOL-d3 (65 eV).  

Results: Only TOL-sulfone was detected. In T1, T2 and T7 the amounts of TOL-sulfone found 

were not detected. In T5 and T6 the amounts varied between 47.9 to 87.6 µg/kg. In T3 and T4 the 

amounts varied between 126.6 to 147.6 µg/kg, which are concentrations above the MRL. These 

>MRL amounts found are explained once, in this study, different TOL formulations [5] were used 

and the recommended withdrawal time (18 days) was not followed, so a higher concentration was 

already expected. Excellent linearity was observed (R2 > 0.99) for all analytes. Limits of detection 

(LDs) and limits of quantitation (LQs) were determined as 0.5 and 1.7 µg/kg respectively.  

Conclusions: The  developed  dSPE-LC-MS/MS  method  for  TOL  and  metabolites  analysis  

was suitable to measure the target analytes in poultry breast and join wing samples treated with 

new formulations, which can be very useful to reduce antibiotic consumption in poultry 

production.  
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Introduction: Wine is one of the most consumed beverages in in the world and viticulture 

occupies a prominent place in the socioeconomic and cultural field in several countries [1]. 

With a globalized market and the need for quality production, it is common to use pesticides 

in grape crops to avoid the attack of parasites and fungi [2]. Consequently, pesticide residues 

are frequently  found in  wine [3], making an in-depth assessment essential to minimize the 

risk of consumer exposure. Thus, the present study carried out the quantification and 

evaluation of the stability of pesticides from the pyrethroid and anilinopyrimidine groups in 

wine samples.  

Methods:  Three  pesticides  from  the  pyrethroid  class  (Bifenthrin,  Cypermethrin, 

Deltamethrin) and two from the anilinopyrimidine class (Cyprodinil and Pyrimethanil) were 

selected. Organic red and white wines were purchased, subjected to analysis to ensure the 

absence of study pesticides and fortified with standard stock solutions of pesticides. The 

samples were exposed to different conditions: refrigeration at 3 - 8 °C, room temperature, in 

a clear and amber glass bottle, to verify the effects of temperature and light. The matrix 

effect was also verified, using matrixed (red and white wine) and non-matrixed (solvent) 

analytical curves. The stability of these pesticides in red and white wine is being analyzed 

by performing analyzes every 45 days, for a period of 1 year. The procedure for the 

preparation and analysis of the samples was an adaptation of the QuEChERS method [4,5], 

using 5 mL of wine. Quantification was performed by LC- MS/MS, using methanol and 

0.01 mol.L-1 ammonium acetate with 0.1% formic acid as mobile  phase,  gradient  elution,  

Shim-pack  XR-ODS  II  column,  at  60°C.  A  triple quadrupole mass spectrometer with 

electrospray ionization source was used, detection in positive mode, 13 minutes of run.  

Results: The temperature effect was more pronounced in chilled red wines, which had a 

greater  degradation  of  the  analyzed  pesticides,  with  the  exception  of  Pyrimethanil; 

refrigeration of white wines resulted in greater degradation only of the anilinopyrimidine. 

The effect of light on red wines resulted in greater degradation of pyrethroid in transparent 

bottles; white wines, on the other hand, had greater degradation of the two classes of 

pesticides in amber bottles. Regarding  the  matrix  effect,  red  wines  had  different  results  

from  pyrethroid  and anilinopyrimidine when analyzed in white wine and non-matrixed 

curves. White wines also had different results for pesticides when not analyzed in their 

original curve, the anilinopyrimidines  only  showed  no  difference  for  Pyrimethanil  when  

varying  the analytical curves.  

Conclusions: Until now, it was possible to verify that the pyrethroid are more susceptible 

to degradation than the anilinopyrimidine class, suffering interference from the variation of 
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temperature and light. The matrix effect has an important influence on the analysis of red 

and white wine.  
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Introduction: Glyphosate is one of the most used pesticides in the world (65.8% of 

herbicides consumed  in  Brazil).  The  chemical  specificities  of  glyphosate  preclude  its  

inclusion  in multiresidue  methods[1].  Thus,  the  study  aims  to  determine  parameters  

for  validating methodologies for the analysis of ionic residues, such as glyphosate and its 

main degradation product, aminomethylphosphonic acid (AMPA), in foods. This study will 

bring technical and scientific contributions to the area of food analysis through the study of 

linearity and limit of quantification- LQ of method.  

Methods: The extraction of components in papaya was performed by QuEChERS 

method[2], followed by derivatization of analytes with allyl chloroformate. Ionic pesticide 

residues were analyzed  by  Liquid  Chromatography  Coupled  to  Triple  Quadrupole  Mass  

Spectrometry, electrospray ionization mode (LC-ESI-MS/MS) and C-18 column (Ace 3, 

15cm x 2.1mm x 3.0µm). The optimization of the chromatographic conditions in the Mass 

Spectrometer was performed for each component, through direct infusion-DI of individual 

standard (10 mg. L-1), in positive and negative modes. A quantitative and qualitative ions 

were used to determine the validation parameters, in the selected reaction monitoring (SRM) 

mode[3]. Analytical curves were classified as heteroscedastic or homoscedastic [4].  

Results: Different proportions of analyte/derivatizer reactions were used in the experiments, 

in which the 1:50 ratio showed greater stability of the formation of the derivatized 

compound. The DI data of the derivatized compounds in MS showed the precussor and 

product ions m/z 252.1→m/z 194.0 for glyphosate and m/z 225.1→m/z 285.1 for AMPA. 

The best conditions were: negative mode, capillary voltage at 2500V, source temperature 

270°C and nitrogen as desolvation gas (100 L.h-1) in full scan mode. Selectivity was 

evaluated only for glyphosate, as no adequate proportion of mobile phase was identified to 

the derivatized AMPA. Linearity was evaluated based on the analytical curve (20-200 µg.L-

1) prepared in solvent (R²=0.989) and matrix-matched (papaya) (R²=0.986). Glyphosate was 

considered heteroscedastic (Fcal>Ftab). The LQ obtained (0.02 mg.L-1) for the pesticide 

glyphosate was below the LRM (0.1 mg.L-1) for the papaya matrix.  

Conclusions:  Spectrometric  information  of  the  glyphosate  compound  was  obtained  by 

individual ID into the MS, using ESI ionization, which glyphosate demonstrated sensitivity 

to ionization and fragmentation in the negative mode. The evaluation for the validation of 

the method was considered satisfactory, with the exception of the recovery tests that need to 

be optimized. It was selective and showed good linearity within the applied concentration 
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range, being classified as heteroscedastic. The LQ was below the MRL for glyphosate in 

papaya. Therefore,  further  studies  are  recommended  to  adapt  the  conditions  of  the  

QuEChERS extraction method and the LC-MS/MS.  
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Introduction: Over the past few decades, olive oil has emerged as a super functional food 

which is prized due to the proven health benefits in reducing the risk of obesity, cancer and  

cardiovascular diseases [1]. Widely used in  the Mediterranean diet, this product has become 

more and more frequent on the Brazilian consumer's table. Although per capita consumption 

is still small, the country stands out on the international scene as the second largest importer 

of olive oil. In recent years, olive tree cultivation has been growing in Brazil, mainly in the 

state of Rio Grande do Sul [2]. However, there is still no well-established legislation for 

olive growing and only maximum residue limits have been set for nine pesticides on olives. 

Consequently, unauthorized substances are end up being used to combat pests [3]. 

Therefore, the development of an analytical method that allows the determination of 

pesticides of different classes in olive oil is essential to ensure that the product is safe for the 

consumer. Sample treatment is undoubtedly the most important step in the analysis of olive 

oil, because small amounts of lipid residues present in final extracts can harm analytical 

columns, detectors or cause signal suppression [4]. Thus, the aim of this study was to 

develop and validate a simple sample preparation strategy  based  on  QuEChERS  method  

(unbuffered)  and  ultra-performance  liquid chromatography coupled with triple quadrupole 

mass spectrometry (UHPLC-MS/ MS- QqQ). To expand the range of evaluated compounds, 

the samples were analyzed in a non- targeted mode by UHPLC-Q-Orbitrap.  

Method: The extraction method was based on 1 g of olive oil, 5 mL of water, 10 mL of 

acetonitrile and 4 g of NaCl, followed by manual agitation for 1 min and centrifugation for 

5 min at 5000 rpm, to the partition step. The upper layer phase was frozen for 1 h at - 18 ºC. 

After another centrifugation step, an aliquot of 6.5 mL was transferred to a 15 mL 

polypropylene tube containing 800 mg of MgSO4, 150 mg of C18 and 150 mg of PSA. The 

tube was centrifuged again and the extract filtered before chromatographic analysis.  

Results: The method was validated according to the SANTE Guide [5] for 80 compounds 

using the UHPLC-MS/MS-QqQ technique. Most of the analyzed compounds showed 

recovery range between 70 to 120% with RSD <20%. The limit of quantification (LOQ) 

ranged from 8 to 170 µg kg-1 and the limit of detection (LOD) from 2.4 to 51 µg kg-1. The 

proposed method was applied to more than 20 samples of olive oil produced in Brazil. From 

these samples, 6 showed the presence at least one of the pesticides evaluated, such as 

difenoconazole, tebuconazole, trifloxystrobin, in the concentration range between 164 to 

949 µg kg-1.  
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Conclusions:  The  results  demonstrate  that  the  proposed  method  is  suitable  for  the 

determination of pesticide residues in olive oil.  
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Dilute-and-shoot Analytical Method for determination of multimycotoxin in liver 

and meat products 
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Introduction: Mycotoxins are natural substances produced by different fungi species and can be 

present in agricultural goods during production, harvesting and storage. Known as secondary 

metabolites, mycotoxins have no direct influence on fungal growth, although they provide cultures 

with the necessary conditions for their growth against competing organisms such as other  fungi,  

bacteria  and  yeasts.  Mycotoxin  contamination  of  food  has  been  reported worldwide, mainly 

in foods susceptible to fungal growth [1]. Optimization and validation of a multimycotoxin  

method  in  liver  and  meat  products  was  developed,  according  to SANTE/12089/2016 [2], 

EC/401/2006 [3] and the Analytical Quality Assurance Manual of MAPA [4].  

Methods: Sample extraction using acetonitrile:water:acetic acid (78:20:2, v/v/v), followed by 

shaking,  centrifugation,  filtration  with  0,22µm  hydrophobic  PTFE  syringe  filter  and 

determination by high-performance liquid chromatography−tandem mass spectrometry system 

(LC–MS/MS).  12  mycotoxins  were  tested:  Aflatoxins  B1,  B2,  G1  and  G2;  ochratoxin  A; 

fumonisins B1 and B2; deoxynivalenol; zearalenone; citreoviridin; T-2 and HT-2 toxins. Liver 

samples of pig, poultry, equine and beef, and dry-cured meat were fortified with standard (3 levels, 

n=6) and analysed in different days.  

Results: The results were evaluated in terms of: trueness (recovery %); standard deviation; 

linearity;  selectivity;  robustness;  limits  of  detection  and  quantification  (LD,  LQ);  and 

uncertainty measurement. The performance of the proposed method was evaluated for the 12 

mycotoxins. Recovery ranged from 70-120% and precision was assessed by repeatability and 

intra-laboratory reproducibility with standard deviations smaller than or equal to 20%. All figures 

of merit were found to be in accordance with the performance criteria used.  

Conclusions: A fast, green and easy to perform method was successfully validated for analysis of 

mycotoxins in meat products and liver.  
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Introduction: The use of β-agonists as growth promoters in pigs and cattle is banned in several 

countries due to the potential risk, of some of them, to human health. In Brazil, ractopamine 

(RAC), clenbuterol (CLE) and zilpaterol (ZIL) have maximum residues limit established by 

ANVISA IN nº 162 of 2022. Seeking to increase the food security of the population and in order 

to attend the PNCRC – Brazilian Residues and Contaminants Control Plan a method for 

simultaneous determination of five beta-agonists (cimaterol - CIM, CLE, RAC, salbutamol - SAL 

and ZIL) in liver was developed and a validation according to the recent commission 

implementing regulation EU 2021/808 was planned.  

Methods: The analysis started with an enzymatic hydrolysis using β-glucuronidase overnight at  

37°C  in  the  processed  liver.  The  sample  extraction  was  conducted  by  a  modified 

QuEChERS extraction using acetonitrile, MgSO4 and Na2SO4, followed by a clean-up using 

MgSO4, PSA and C18. Chromatographic separation was performed by HPLC (1200 Agilent) 

using Ascentis Express C18 column with a mobile phase consisting of 0.1% formic acid in 

ammonium acetate 5mM and methanol: 0.1% formic acid. The mass analysis was performed in 

a triple quadrupole mass spectrometer (API 5000 – Sciex) with an ESI in the positive ion mode. 

Level of interest (µg/kg) was established for each compound being 0.5 and 3.5 for ZIL, 0.5 for 

SAL and CIM, 0.1 for CLE and 0.5 and 40 for RAC.  

Results: During the development, the extraction and clean-up were optimized evaluating the 

better proportion of the reagents to get an improvement of the signal towards achieve the 

established  limits.  The  chromatographic  separation  was  optimized  to  achieve  a  good 

selectivity using MRM where two fragments for each protonated molecule of analyte were 

selected. The final goal of this work was the validation of a confirmatory quantitative method 

according  with  commission  implementing  regulation  (EU)  2021/808.  As  it  was  for  the 

Decision 2002/657/EC, in this new validation protocol the specificity, calibration curves, 

repeatability, within-laboratory reproducibility, trueness and ruggedness must to be evaluated. 

Additionally,  a  new  performance  parameter,  the  relative  matrix  effect,  was  evaluated. 

Moreover, to  unauthorized  pharmacologically active substances the repeatability, within- 

laboratory reproducibility and trueness were performed by fortification of blank materials at 

concentrations  of  0.5,  1.0  and  1.5  times  the  established  limits  while  in  the  Decision 

2002/657/EC approach this levels used to be of 1.0, 1.5 and 2.0 times the established limits.  

Conclusions: A method for analysis of beta-agonists in liver was developed according with the 

maximum residues limits established by European community and the ANVISA IN nº 162 of 

2022. The validation plan was constructed based on the parameters of the commission 

implementing  regulation  (EU)  2021/808  and  the  tests  for  relative  matrix  effects  and 

reproducibility were done successfully.  
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Life Sciences - Natural Products 

Comprehensive Metabolome Analysis of Fermented Aqueous Extracts of 
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Introduction: The European hemiparasite mistletoe (Viscum album L.) is a perennial, evergreen 

plant. It grows on several host trees and, depending on the host, different subspecies have been 

described [1]. Since its introduction in contemporary medicine, it became one of the most 

commercialized vegetal extracts in complementary medicine for cancer treatment [2]. Commercial 

preparations are heterogeneous and dosed on lectins and/or dry/fresh plant extract, being 

viscotoxins and lectins considered the main active substances [2,3]. Nevertheless, as a complex 

extract, small molecules could also contribute to its anticancerogenic properties. In this study, a 

LC-HRMS based-metabolomics  approach  was  used  to  investigate  the  composition  and  

variations  of samples of fermented aqueous extract of V. album (FAEVA) from two different 

hosts (Malus domestica and Pinus sylvestris) and manufacturing process (anthroposophically 

processed V. album extract (APVAE) and manually mixed V. album extract (VAE)).  

Methods: 300 µL of FAEVA were added to 900 µL of acetonitrile, mixed for 1 min and incubated 

at - 20°C for 20 min. Then, samples were centrifuged, the supernatant were dried and stored until 

analysis. Dry extracts were suspended in 250 µL of ACN:H2O 15:85 % (v/v). 10 µL of each sample 

was removed and mixed to generate a pooled QC samples. All samples were analyzed by LC-

HRMS/MS. Datasets were pre-processed using the MS-Dial software and the resulting data matrix 

was submitted to Unscrambler X for the multivariate analysis (PCA and PLS-DA) and for GNPS 

for molecular networking.  

Results: 212 metabolites were putatively annotated by MS and MS/MS, including primary 

metabolites (e.g. amino acids) and secondary metabolites (e.g. polyphenols). Molecular 

networking analysis showed a complex chemical space of small molecules. Furthermore, a clear 

separation between FAEVA samples according to the host tree species, but not manufacturing 

processes, were observed by PCA and some key metabolites responsible for such discrimination 

were assessed by PLS-DA. This study described the first comprehensive LC-HRMS analysis of 

fermented aqueous extract of V. album from different host trees and manufacturing processes. 

Although belonging to the same plant species, V. album growing on different host trees is used for 

different clinical applications.    

Conclusion: A comprehensive metabolome profile of FAEVA was obtained by an untargeted LC-

HRMS analysis.  Discrimination  of  FAEVA  preparations  according  to  host  tree  rather  than 

manufacturing process was observed by PCA and PLS-DA and 212 compounds were annotated, 
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including those responsible for the group separation. This could lead to an effective tool for quality 

control of commercial samples.  
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Introduction: Quillaja brasiliensis (St.A.-Hill. & Tull) Mart (Quillajaceae) is a species native to 

South America, which is rich in saponins. Saponins are used in different industries, so there is a 

constant demand for this type of compound. Base on the wide range of applications for the 

saponins found in this species, notably as immunoadjuvants, we conducted a comprehensive study 

of this tree and its saponins, both in adult and juvenile individuals. We have already characterized 

the immunoadjuvants saponins from the leaves and bark in adult individuals [1, 2]. The purpose 

of this work is the characterisation of saponins from the roots in juvenile trees.  

Methods: Roots  of  Q.  brasiliensis  were  collected  from  two-year-old  plants  produced  by  

seed germination in the nursery. The seeds were collected from adult trees growing in the northern 

of Uruguay. The aqueous extract of the roots was subject to a separation on an SPE column to 

remove non-saponin components and the fractions containing saponins were reunited and named 

FB. This fraction was investigated by liquid chromatography/electrospray ionisation ion trap mass 

spectrometry in negative ion mode.  

Results: Fifty saponins were tentatively identified according to their molecular mass, 

fragmentation pattern and cromatographic behaviour.   

Conclusions: This study represents the first investigation of saponins from the roots of Q. 

brasiliensis. Further work will be necessary to  fully  characterize all these saponins present in  the  

Q. brasiliensis species.  

Acknowledgments: Funding  from  INIA  (award  L4-FO-21-0-00),  ANII-
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Structural characterisation of phenolic compounds in Quillaja brasiliensis 
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Introduction: The genus Quillaja is rich in triterpenoid saponins with several described biological 

activities, especially  as  an  immunoadjuvant.  Comprises  two  species  of  trees  from  South  

America: Quillaja  saponaria  (Qs)  and  Quillaja  brasiliensis  (Qb)  [1].  Quillaja  commercial  

and experimental extracts  generally contain significant  residual phenolic compounds  [2] since 

their complete purification is a very elaborate process. However, these compounds can affect the  

properties  of  the  final  product.  At  the  same  time,  its  presence  may  be  desirable  for 

particular applications due to its antioxidant and potentially health-promoting properties [3]. The  

objectives  of  this  work  are  a  preliminary  structural  characterization  of  phenolic compounds 

in an enriched extract obtained from Qb leaves, not reported so far. This species is a potential and 

renewable source of natural products with high added value.  

Methods: The phenolic-rich extract of Qb leaves was subjected to separation on a Sephadex LH-

20 column to remove non-phenolic components. The selected fractions were analyzed by direct 

infusion  and  liquid  chromatography/electrospray  ionization  ion  trap  multiple-stage  mass 

spectrometry in negative ion mode (DI-ESI-IT-MSn and LC-ESI-IT-MS2). These compounds were  

identified  according  to  their  mass  spectra  (MS2  and  MS3  of  the  [M-H]-)  and  by comparison 

with bibliographic data.  

Results: According to their [M-H]- ions, characteristic product ions and retention times, 30 

phenolic compounds,  were  identified.  Piscidic  acid  was  identified  as  the  main  compound  

of  the enriched extract obtained from tree leaves of Qb.  

Conclusions: This is the first detailed report about the structure of Qb leaves phenolic compounds. 

Some phenolic compounds were found that were reported in Quillaja saponaria [2] Further work 

will be necessary to isolate and fully characterize all these compounds present in the Qb species.  

Acknowledgements: Funding from ANII-FMV_3_2018_1_149104 and the PEDECIBA is greatly 

acknowledged. 
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Introduction: Salvia rosmarinus Spenn (until 2017, it was known by the scientific name of 

Rosmarinus officinalis), also known as rosemary, belongs to the Lamiaceae family. It is an 

aromatic  plant  cultivated  worldwide.  The  essential  oil  (EO)  of  S.  rosmarinus  possesses 

antioxidant, anti-inflammatory and antimicrobial properties [1].     

Methods: S. rosmarinus plants were cultivated and harvested in the CENIVAM-UIS botanical 

garden. Microwave-assisted hydrodistillation (MWHD) was conducted in a microwave oven 

coupled to a Clevenger apparatus with a Dean-Stark trap [2]. Steam distillation (SD) was carried 

out using a 0.1m3-stainless-steel distiller. The EOs were dried with anhydrous sodium sulphate, 

and were analyzed by gas chromatography coupled to mass spectrometry (GC/MS) in a GC 6890 

Plus gas chromatograph (Agilent Technologies, AT, Palo Alto, CA, USA), coupled to an AT 

5973N mass selective detector (EI, 70 eV). Split mode was used for the EO injection (1µL). EOs’ 

components were identified by comparison of their retention times and indices, mass spectra, 

fragmentation patterns, with those from the spectral databases and certified reference substances.  

Results: The EO yield obtained by MWHD (0.84% w/w) was 2.6 times higher than that obtained 

by SD (0.32% w/w). Camphor was the main compound in the EOs obtained by MWHD and SD 

(17±5% and 18±1%, respectively). Camphor, α-pinene (12-14%) and 1,8- cineole (14-16%) were 

the main components in both EOs.  

Conclusions:  EO  composition  obtained  by  MWHD  was  in  higher  agreement  with  that 

recommended by the International Standard Organization ISO 1342:2012, than the EO distilled 

by SD.        
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Introduction: Psidium sartorianum is a small tree from the Myrtaceae family that can be found 

throughout Central and South America [1]. Its extract has shown antibacterial and antifungal 

properties [2], however, it has not been chemically characterized by analytical methods yet.  

Methods: The chemical composition of hydroethanolic extract of P. sartorianum obtained from  

post-distillation  waste  was  analyzed.  Aerial  parts  of  the  plant  were  employed  for distillation, 

the waste material was dried and ground, and the extract was obtained by ultrasonic assisted 

extraction, using 70% ethanol.  The mass  spectra and  retention times of certified standards  were  

used  as  one  of  the  identification  criteria  for  chemical  characterization  by UHPLC/ESI-

Orbitrap-MS of the compounds present in the extract.  

Results: A total of 17 compounds were detected, confirmatory identification was obtained for five 

of these compounds, and the remaining 12 were tentatively identified; of the 17 compounds eight 

were flavonols, four were flavanols and three were flavanones, and the remaining two compounds 

were proanthocyanidins.  

Conclusions:  Flavonols  were  amongst  the  most  abundant  compounds  present  in  the 

hydroethanolic extract of P. sartorianum post-distillation waste, followed by flavanols and 

flavanones.  

Acknowledgments:  The  authors  thank  funding  from  Ministerio  de  Ciencia,  Tecnología  e 

Innovación, Ministerio de Educación Nacional, Ministerio de Industria, Comercio y Turismo, and 

ICETEX, Programme Ecosistema Científico-Colombia Científica from Fondo Francisco José de 

Caldas; Grant RC-FP44842-212-2018  

References:  

1. Tuler, A.C.; da Silva, T.; Carrijo, T.T.; Garbin, M.L.; Mendonça, C.B.; Peixoto, A.L. and 

Gonçalves-Esteves, V. Taxonomic significance of pollen morphology for species delimitation in 

Psidium (Myrtaceae). Plant Systematics and Evolution, 2017, 317-327.  
2. Camacho-Hernández, I.L.; Cisneros-Rodrıguez, C.; Uribe-Beltrán, M.J.; Rıos-Morgan, A. 

and Delgado-Vargas, F. Antifungal activity of fruit pulp extract from Psidium sartorianum. 

Fitoterapia, 2004, 401-404. 

mailto:elena@tucan.uis.edu.co


III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

139  
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Introduction:  The  Solanaceae  family  has  been  recognized  for  their  economic  and 

pharmaceutical  importance  [1].  In  the  Solanum  genus,  the  species  present  alkaloids  with 

pharmacological  and  therapeutic  activities  [2],  highlighting  the  lobeira-da-mata  (Solanum 

crinitum Lam.), rich in alkaloids with cytotoxic, anticancer, antioxidant and antidiabetic activity 

[3]. Thus, this study aimed to analyze the profile of alkaloids in fruits in the stages of unripe and 

ripe physiological maturation of this species.   

Methods: The fruits were collected in 2022 in Campina do Monte Alegre – São Paulo, Brazil 

(48º30’46.5’’S, 23º32’07.8’’W). An exsiccate was deposited in the Herbarium of the Federal 

University of ABC (002423). Ethanol extracts (ethanol:water/70:30/v:v) were prepared from the  

skin,  pulp  and  seed  and  analyzed  by  Quadrupole  Electrospray  Ionization  Liquid 

Chromatography coupled to High Resolution Mass Spectrometry (UHPLC-qToF) in positive 

mode with full scan spectrum acquisition and C18 column. The resulting spectra were processed 

in the MZmine 2.53 software, and the compounds were identified in the Molecular Networking 

library (GNPS) according to the similarity in the fragmentation patterns of the precursor ions, in 

addition to manual analysis of the fragmentation spectra.   

Results: The analysis  by UHPLC-qToF  allowed to  characterize two classes of alkaloids, 

kukoamine and solasonine. This fruit shows a prolific producer of kukoamine analogues, as more  

than  20  compounds  detected  were  identified  by  the  GNPS  as  putative  analogues. 

Kukoamines exhibit characteristic fragmentations that are guided by the position of the charge site 

during ionization. For example, the ion of m/z 474 which corresponds to the protonated molecule 

of N1,N10-bis(dihydrocapheoyl)spermidine. The most abundant fragment (m/z 222) corresponds 

to the fragmentation pathway initiated with the charge at the highest pKa position, the secondary 

amine. Even with the charge site on the amine, two possibilities of fragmentation can occur: the 

first with the formation of a six-membered intermediate ring aided by the more available electron 

pair of the carbonyl oxygen; and the second way is the formation of a five- membered ring with 

the help of the less available electron pair of the amide. The abundance of signals is visibly 

reflected in the availability of electron pairs. The least abundant fragments (m/z 165, 123, 293 and 

310) come from fragmentation with the loading site located on the amide.  Based  on  this  

fragmentation  profile,  the  various  kukoamine  isoforms  are  being characterized.   

Conclusions: Alkaloids belonging to the kukoamine and solanine classes were detected in the 

fruits and several analogues are being identified, highlighting the potential for the discovery of 

new alkaloids for biotechnological applications. The study reinforces the relevance of mass 

spectrometry  for  the  investigation  and  identification  of  alkaloids  and  analogues  of  these 

compounds in plants of the genus Solanum.  
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Introduction:  Lasioderma  serricorne  (Fabricius)  (Coleoptera,  Ptinidae)  produces  several 

damages in stored products like tobacco, wheat, flour, dried, fruits, herbs, and spices [1]. Some 

synthetic insecticides are used to control and decrease those impacts. However, those products 

have caused resistance in the insects and adverse effects in ecosystems, people and animals [2]. 

The  investigation  on  new sources of compounds with repellent activity  like Cymbopogon 

martinii (Poaceae) essential oil (EO) could improve those environmental problems [3].   

Methods: C. martinii EO was obtained by steam distillation. The EO and its volatile fraction were 

analyzed by gas chromatography- mass spectrometry. Volatile compounds of the EO were 

monitored by headspace solid-phase microextraction coupled to gas chromatography-flame 

ionization  detection  (HS-SPME-GC/FID),  with  a  fibre  of  poly(dimethylsiloxane)- 

divinylbenzene (PDMS/DVB, 65 µm) fibre. Repellent activity was achieved with preference area 

assay.  

Results:  The major EO compounds  identified by GC/MS were geraniol (71,9%), geranyl acetate  

(17,8%),  linalool  (2,8%),  (E)-β-Ocymene  (1,7%),  and  geranial  (1,3%).  Repellent activity of 

C. martini EO was evaluated against Lasioderma serricorne. Three concentrations of the essential 

oil were used (0,4 µL/cm2, 0,2 µL/cm2 and 0,02 µL/cm2). The highest repellent percentage (84 %) 

was achieved with the concentration of 0,4 µL/cm2.  

Conclusions: The geraniol identified like major EO compound can be responsible for the high 

repellency of the C. martinii EO, which could be used in the production of repellent products.   
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Introduction: Ayahuasca is a brew originally from the Amazonia region that has spread around 

the world in religious ceremonies. Traditionally made of Psychotria viridis and Banisteriopsis 

caapi, this brew has demonstrated therapeutic effect against depression. The main compounds 

found in the brew belong to the alkaloid metabolite class: N,N-dimethyltryptamine (DMT), 

harmine (HME), harmaline (HML), and tetrahydroharmine (THH) [1]. DMT comes from the 

leaves of P. viridis and the β-carbolines (HME, HML, and THH) are present in the liana of B. 

caapi. Together they act on the central nervous system. The β-carbolines from the liana inhibit the 

monoamine oxidase enzyme (MAO), whereas DMT acts as an agonist on serotonergic receptors  

[2].   Neurodegenerative  diseases  such  as  Parkinson's  have  been  suggested  for treatment with 

ayahuasca due the inhibition of MAO by the alkaloids of B. caapi [3-5]. The variety of B. caapi 

known as “caupuri” is identified for the presence of swollen stem nodes; while in the variety 

“tucunacá”, the same is absent. There is a lack of knowledge about the chemistry involved in this 

variety differentiation.  

Methods: 22 ayahuasca samples were collected from União do Vegetal ceremonies held in 

different locals. Concerning the B. caapi variety used in preparation of the brew, 13 samples were  

made  with  the  “tucunacá”  variety  and  9  samples  with  the  “caupuri”  variety.  After collection, 

samples were stored at -80 ºC until analysis. The sample preparation was performed by 

centrifugation, dilution, and filtration. Analysis was performed by UHPLC-ESI(-)-QTOF- MS. 

Data preprocessing was made by Progenesis QI 2.0 software and the data pretreatment, statistical 

analysis, and metabolic pathway analysis were performed on MetaboAnalyst 5.0.   Results: 

Volcano plot indicated 12 metabolites statistically significant to the differentiation of the samples, 

amongst them 10 were putatively annotated with Progenesis. By mummichog algorithm of 

MetaboAnalyst, 133 metabolites were identified in 29 metabolic pathways. The most affected 

pathways were isoquinoline alkaloid biosynthesis; lysine degradation; carotenoid biosynthesis, 

phenylalanine, tyrosine, and tryptophan biosynthesis; and zeatin biosynthesis. These pathways are 

related to biotic and/or abiotic stress.  

Conclusions: Stearns (1989) defined as phenotypic plasticity the capacity of the organism to 

change  its  morphology  or  physiology  in  response  to  environmental  conditions  [6].  This 

modification can be permanent or not6. Both varieties of B. caapi naturally grow in different 

climate areas: “caupuri” near to Equator and “tucunacá” near to the south of Brazil. Putatively 

identified  metabolites  and  the  metabolic  pathways  suggested  can  help  the  chemical 

understanding of the variety specie differentiation and be used in future multiomics analysis.  
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Introduction: Dietary sources of polyphenol compounds have gained importance due to their 

potential health benefits. In our country the consumptions of yerba mate is very high and the 

data show that 85% of the Uruguayan population consume “mate” (infusion based on yerba 

mate) at least one a week. In the last decade there has been a considerable increase in the 

consumption of different herbs, compounds herbs, a mixture of yerba mate with medicinal 

herbs. Given the high consumptions of this type of product, it is important to characterize 

the product available in our market from a chemical and nutritional point of view [1-2]. The 

objective of this work was to obtain the chemical profile of the yerba mate and yerba mate 

with herbs with emphasis on its polyphenol compounds.  

Methods: A UPLC instrument coupled to a high-resolution mass spectrometry detector 

(microTOF- Q Bruker), was used, optimizing the chromatographic separations and 

performing the detections in positive and negative ion mode.     

Results: The  polyphenolic  profile  of  nine  medicinal  herbs  were  obtained:  Boldus  

(Peumus Boldus),  Carnicera  (Erigeron  canadensis),  Cedrón  (Aloysia  triphylla),  

Congorosa (Maytenus ilicifolia), Ginko Biloba, mint (Mentha piperita), Sarandí Blanco 

(Phyllanthus sellowianus), Sombra de Toro (Jodina rhombifolia) and Tilo (Tilia 

platyphyllos). The intake in the human diet of polyphenols when herbal teas are used as 

additives in yerba mate was estimated.   

Conclusion: The main polyphenols present in the aqueous extracts of medicinal herbs were 

identified. In  addition  to  caffeoyl  quinic  acids  from  yerba  mate,  there  are  flavonoids  

such  as galangin,  kaempferol,  quercetin  and  chrysin.  A  database  of  the  chemical  

profile  of Uruguayan  yerba  mate  and  added  herbal  teas,  with  special  consideration  to  

their polyphenol content was generated.   
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Introduction: Plants play a central role in most ecosystems and therefore have naturally developed  

a range of  chemically mediated interactions with  the  surrounded  heterotrophic community.[1]  

Endophytes and rhizosphere microorganisms live in  symbiosis with plants without causing damage 

to their host and produce biomolecules that can be used for pathogens biocontrol. Among them 

Streptomyces genus are known for their outstanding capability of producing  bioactive  

compounds,such  as  antimicrobials  [1,2].  This  work  aims  to  the characterization of two 

Streptomyces extracts with ability to inhibit pathogenic fungi growth, using Mass Spectrometry 

coupled with Liquid Chromatography.  

Methods: Streptomyces species were firstly cultivated in solid media ISP3/ISP4 for 72 hours. 

OSMAC (One Strain Many Compounds) approach was adopted with several liquid cultivation using 

ISP2, ISP3, ISP4 and ISP7 in order to induce actinomycetes to produce target compounds. 

Streptomyces strains were cultivated for 7 days at 28°C in a Shaker incubator and submitted to a  

liquid-liquid  extraction.  The  extracts  were  analyzed  on  Ultra-High  Performance  Liquid 

Chromatography - Quadrupole Flight of Time Mass Spectrometry (UHPLC-qTOF). Data were 

processed in MZmine 2.53 software and GNPS platform. A genomic minig analysis of the strains 

was performed using antiSMASH.  

Results: OSMAC approach was used to induce microorganisms to produce a variability of 

compounds  due to the changes of the fermentative media; BGCs (biosynthetic gene clusters) 

considered  "silent"  can  be  activated,  causing  the  microorganisms  to  produce  secondary 

metabolites with distinct bioactivities. The potential of Streptomyces reported in antiSMASH was 

confirmed through characterization of the strains using LC-MS and GNPS since they were able  to  

produce  bioactive  compounds  like  antimicrobials,  surfactins,  siderophores  and oligosaccharides.  

The  most  relevant  for  agriculture  are  the  antimicrobial  bioactives  and phytohormones, as they 

promote protection and growth to agricultural crops. The GNPS was able to identify, for example, 

the Neomycin (m/z=637.32) an important substance that combats pathogens in the rhizosphere of 

plants. Another important compound was the Surugamide (m/z= 912.5) that also provides protection 

for plants against pathogens and Antimycin also an antibiotic molecule.    

Conclusions: Mass Spectrometry is an effective technique to characterize biomolecules and allows 

the investigation of chemical interactions between endophytes and plants. The study demonstrated 

that Streptomyces are excellent producers of secondary metabolites with different bioactivities and 

great applicability in several fields. Now we are purifying those molecules to a better chemical 

characterization and to evaluated their activities against fungal pathogens individually.    



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

147  

Acknowledgments: Federal University of ABC, Agrivalle Brasil for granting the scholarship 

(Junior, A.A. and Carvalho, L.C.) and São Paulo Research Foundation (FAPESP).  

References:  

1. Mitchell-Olds, T., Gershenzon, J., Baldwin, I. & Boland, W. Chemical ecology in the 

molecular era. Trends Plant Sci. (1998) doi:10.1016/S1360-1385(98)01296-5. 
2. LAW J W-F, SER H -L, KHAN TM, CHUAH L-H, PUSPARAJAH P, CHAN K-G, GOH B-

H AND LEE L-H (2017) The Potential of Streptomyces as Biocontrol Agents against the Rice  Blast  

Fungus,  Magnaporthe  oryzae  (Pyricularia  oryzae).  Front.  Microbiol.  8:3.  doi: 

10.3389/fmicb.2017.00003  

3. SUÁREZ-MORENO ZR, VINCHIRA-VILLARRAGA DM, VERGARA-MORALES DI, 

CASTELLANOS L, RAMOS FA, GUARNACCIA C, DEGRASSI G, VENTURI V AND 

MORENO-SARMIENTO N (2019) Plant-Growth Promotion and Biocontrol Properties of Three  

Streptomyces  spp.  Isolates  to  Control  Bacterial  Rice  Pathogens.  Front.  Microbiol. 10:290. doi: 

10.3389/fmicb.2019.00290  

  



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

148  

Chemical characterization of a potential anti-SARS-CoV-2 Ampelozizyphus 
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Introduction: SARS-CoV-2 is the etiologic agent of COVID-19, one of the most important 

infectious diseases nowadays due to its pandemic status given by the World Health Organization in 

2020.  One of most interesting strategy for novel SARS-CoV-2 antivirals screening consists of 

blocking the interaction between viral Spike protein (SP) and the angiotensin-converting enzyme 2 

(ACE2) receptor present in host cells, which is a key step for infection establishment. Traditional 

medicine,  especially  Traditional  Chinese  Medicine,  shows  several  treatment  protocols  for 

COVID-19  based  on  natural  products,  demonstrating  that  alternatives  coming  from  vegetal 

species could raise as a possible source of agents against SARS-CoV-2[1]. In fact, here in Brazil, 

records  show  that  Ampelozizyphus  amazonicus  was  one  of  the  species  used  in  COVID-19 

treatment[6].  

Methods: To investigate the inhibition of the receptor binding domain (RDB) of the Spike Protein 

and its receptor (angiotensin-converting enzyme 2 – ACE2), we used the commercial kit Lumit™ 

Immunoassay (Promega). The extracts of A. amazonicus were investigated by UHPLC-MS/MS using 

APCI in negative ion mode. Additionally, extracts were submitted to lead acetate clean-up protocol,  

to  track  the  substances  responsible  for  the  observed  action.  Tentative  metabolite 

identifications/annotations of the main ions of the most active extract were made by interpreting 

fragmentation patterns combined with search in a custom database made with data from the literature 

with other species of Rhamnaceae family.  

Results: Our data shows that A. amazonicus ethanolic bark extract (SETMA) was the most active 

extract to impair RBD:ACE2 complex formation in all concentrations tested. SETMA was able to 

reduce this interaction by at least 40% in a dose-dependent pattern. At the highest concentration (125 

μg.mL-1), SETMA reduced the interaction by 92,45土3,65%. Curiously, the clean-up method seems 

to be responsible for reducing the inhibitory activity of the extracts by over 70% at that concentration. 

The UHPLC-APCI(-)MS/MS analyzes showed a complex chemical profile and two characteristic 

regions in the chromatogram: one formed by UV absorbing compounds (0–2 min) and the other one 

by terpenes and saponins (from 8 min), already annotated for this extract [2].  After the clean-up 

step, the region of compounds with high UV absorption was simplified, indicating the cleaning of 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

149  

possible phenolic compounds, which were tentatively identified as 3',5'di-C-glucosyl phloretin, a 

chalcone derivative and a quercetin glycoside [3][4][5].   

Conclusions: Our data strongly suggests that the ethanolic bark extract of A. amazonicus is a 

promising candidate to act as anti-SARS-CoV-2 agent, especially when considering the virus cell 

entry process as the key step of virus life cycle. Phenolic compounds seem to be responsible for the 

activity since these compounds were not observed in the less active extract after the clean-up step.   
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Introduction: Coleus amboinicus Lour. is a herb that belongs to the Lamiaceae family known in 

Brazil as malvarisco, hortelã-da-folha-gorda or orégano-francês. It is used in folk medicine mainly 

in the treatment of respiratory illnesses [1-2]. Furthermore, studies have shown several 

pharmacological proprieties of its extracts as anti-inflammatory, anti-epileptic, antitumor and 

antimicrobial  activities  [3-6].  However,  the  composition  of  these  extracts  has  been 

insufficiently researched and the literature does not yet present a consonance between the reported 

metabolites. Such variation may be related to differences in climate, irrigation, time of extraction, 

among other factors [7-8]. Hence this works aimed to evaluate the variation in the chemical 

composition of Coleus amboinicus alcoholic extracts from plants grown under different conditions 

of temperature, sun light exposure and water availability.  

Methods:  The  plants  were  divided  in  groups  for  the  treatments  of  temperature,  sunlight 

exposure and water availability. After the experiment, the leaves of the plants were collected, 

frozen and lyophilized.  Then the alcoholic extracts  obtained were analyzed by ultra-high 

performance  liquid  chromatography  with  mass  spectrometry.  Chromatogram  results  were 

extracted  and  placed  in  tables  by  the  software  RStudio  with  the  XCMS  package,  then 

analyzed by chemometric methods to determine the main mass features (m/z, retention time) that 

varied with the treatments (untargeted metabolomics). These features were subjected to 

fragmentation (MS/MS) for their identification in comparison with literature and databases.  

Results:  The  statistical  analysis  of  variance  (ANOVA)  showed  95  mass  features  in  the 

positive mode and 56 in the negative mode which varied in the temperature treatment. In the sun 

light exposure treatment, the same statistical tool showed as significant 14 mass features in the 

positive mode and 24 in the negative. In the water availability treatment, 32 and 35 mass features 

were considered to have a significant difference in intensity, in the positive and negative  

ionization  mode  respectively.  From  the  detected  features,  the  following  were putatively 

identified by the pattern of fragmentation: citric acid, caffeic acid, p-coumaric acid, rosmarinic  

acid,  salvianolic  acid,  apigenin-7-O-glicurunide,  luteolin-O-glicurunide, eriodyctiol and 

cirsimaritin in the alcoholic extracts of C. amboinicus.   

Conclusions: The identified metabolites in the Coleus amboinicus alcoholic extracts belong to the 

class of simple carboxylic acids, simple phenolics and flavonoids. The temperature was the 

parameter which most affected the variation of the metabolites intensity followed by the water  

availability.;  sunlight  exposure  was  the  factor  that  least  affected  the  extract composition. 

Therefore, for reproducibility, C. amboinicus should be grown at temperature around 25 °C with 

medium irrigation.  
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Introduction: Psychotria L. is the largest genus in the Rubiaceae family with near to 2000 species  

worldwide,  mostly  distributed  in  tropical  regions.  The  species  P.  densicostata Müll.Arg. 

is endemic in the Atlantic Forest of Rio de Janeiro State, Brazil. Previous work with this species 

led us to the isolation of the alkaloid strictosidine (1) from its leaves [1]. In this work, by using 

online HPLC-DAD-ESI-MS/MS techniques without isolation we were able to expand the 

knowledge of the monoterpene indole alkaloid (MIA) profile of the species.  

Methods: The species P. densicostata collected in October 2016 at the Botanic Garden of Rio de 

Janeiro, Brazil. Voucher specimen deposited at the Herbarium of UFRJ, Rio de Janeiro, Brazil, 

under number RFA 4088. Registered at SisGen platform under number A9C4B8A. Dried and 

milled leaves (30 g) were sonically extracted with MeOH and the solvent was evaporated under 

low pressure yielding 2.5 g of crude extract. The extract was submitted to SPE in semi-preparative 

scale performed in homemade cartridges filled with silica gel C18 (40 - 63 μm) yielding two 

alkaloid-rich fractions (A = 160 mg and B = 120 mg), analyzed by HPLC- DAD-ESI-MS/MS. 

System consists of a Nexera Prominence liquid chromatograph (Shimadzu) coupled to a QTOF 

mass spectrometer (Bruker) equipped with an electrospray ionization (ESI) source. Separation was 

performed on a C18 XBridge (3.5 µm, 150 x 4.6 mm i.d.) column and a gradient elution with H2O-

0.1% HCOOH (A) and MeOH (B) as mobile phase as previously described [2]. Compounds were 

monitored at 254 nm.  

Results: Four major MIA were identified in the alkaloid-rich fractions: strictosidine (1), 5α- 

carboxystrictosidine (2), the lactam of strictosidine (3) and lyaloside (4). Identification was 

possible by comparing the tR, UV-Vis spectra, MS recorded in full scan and MS/MS product ion 

scan mode with standards analyzed under the same conditions and by UV-Vis spectra and MS 

spectra by comparing with similar literature data [3, 4].   

 
  

Conclusions: An efficient SPE method allowed obtaining two alkaloid-rich fractions from the 

crude MeOH extract of P. densicostata leaves, and their preliminary analysis by HPLC-DAD- 

ESI-MS/MS led to the identification and characterization, from a complex mixture, of the major 

MIA 1-4. Further analyses will involve the isolation of their undescribed compounds.  
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Phytochemical profile and antiviral activity of ethanolic extract of Costus 
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Introduction: Costus arabicus L. (Costaceae) or “cana-do-brejo” is used in Brazilian folk 

medicine for the treatment of kidney problems, lithiasis and cancer [1-4]. There are few 

phytochemical studies of the species, reporting the presence of phenolics compounds using 

the HPLC technique [5]. Some viruses have high incidence in Brazil and have been associated 

with clinically relevant outcomes, i.e Mayaro (MAYV), Chikungunya (CHIKV), Zika (ZIKV) 

and Oropouche (OROV) [6]. Furthermore, no antiviral studies were found with the C. 

arabicus species, only for other species of the genus. Given this, we sought to investigate the 

phytochemical profile, via LC-MS, and antiviral activity of C. arabicus leaves. 

Methods: The ethanolic extract of C. arabicus leaves (EECAL) was analyzed in a 

UPLC-HRMS/MS system, operating in negative ionization mode. For compound annotation, 

individual MS2 spectra were queried in Global Natural Product Social Molecular Networking 

(GNPS) and MassBank of North America (MoNA) spectral databases. The in vitro antiviral 

activity of EECAL was investigated against four arboviruses: MAYV, CHIKV, ZIKV and 

OROV. Accordingly, the cytotoxic concentration for 50% of cells (CC ), the protective 

effective concentration for 50% of infected cells (EC50) and the selectivity index (SI). 

Results: In the analysis of EECAL with LC-MS/MS, six compounds were putatively 

annotated, four glycosylated flavonoids [quercetin 3-O-neohesperidoside (1), 

isorhamnetin-3-O-rutinoside (2), nicotiflorin (3) and kaempferol 3-

O-(2,6-α-L-dirhamnopyranosyl-β-D-glucopyranoside (4)] and two phenolic acids [caffeic acid 

(5) and pyrocatechuic acid (6)]. With the exception of caffeic acid, all compounds were 

annotated for the first time in the species. In relation to activity antiviral, C. arabicus leaves 

showed significant activity against the evaluated viruses, with a dose-dependent behavior. The 

CE50 is equal to 49.14±16.44, 38.33±3.12, 35.53±9.21 and 45.40±2.58 µg/mL for MAYV, 

CHIKV, OROV and ZIKV, respectively. The SI is an important parameter to measure because it 

provides information about the safety of antimicrobial candidates, thus, the SI values for 

EECAL showed the extract can be considered selective and promising, since it was higher 

than 7 for all viruses evaluated, being able to inhibit the target virus at concentrations at least 
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7x lower than its cytotoxic concentration. Furthermore, the sample proved to be broad 

spectrum. 

Conclusion: Compounds 1, 2, 3 and 5 have shown frequent antiviral activity in the literature, 

including in recent research for the treatment of SARS-CoV-2. In this perspective, it is 

inferred that these bioactive compounds are conferring the antiviral activity found in this 

study. Therefore, C. arabicus is a promising species as an antiviral, since annotated 

compounds can be used as a basis for future bioguided research and the species as a source 

for medicinal product development. 
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Introduction: UFRJ Extract Bank is made up of more than 12.000 extracts of plant species 

from the Floresta Atlântica (Atlantic Rainforest) of Rio de Janeiro, the most present biome in 

the  state  (70%).  These  extracts  are  considered  potential  sources  of  compounds  for  the 

treatment of various diseases and it is a national resource with the potential to generate chemical  

and  biological  knowledge  [1].  The  Myrtaceae  family,  to  which  the  species analyzed in 

this work belong, has an economic importance, since its species are commonly used as a 

condiment, in essential oils extraction and wood and fruits production [2]. Thus, studies of the 

chemical composition of these species are more related to the volatile portion and the fruits, 

with few reports in the literature on the composition of other parts of the plant. In this context, 

the objective of this work was to investigate, through chemometric analyses, correlations 

between the compounds present in extracts of the Myrtaceae family, belonging to this bank, as 

well as their annotation through data-mining strategies using LC-MS/MS data.  

Methods: Six Myrtaceae species (Eugenia sp., E. prasina, E. brasiliensis, E. chlorophylla, 

Myrcia splendens, Marlierea grandifolia) were analyzed by UHPLC-DAD-APCI-MS/MS in 

negative ion mode. The  generated data  was processed in MZmine version 2.53 to data mining 

step  and  evaluated  using  chemometric  analyses  (Unscrambler  X  version  10.4). Tentative 

metabolite identifications/annotations of the  discriminant  ions  were made by interpreting 

fragmentation patterns combined with search in a custom database and GNPS platform.  

Results: With the LC-MS/MS data, processed in MZmine 2.53, was possible to obtain a model 

with reliable predictive capacity. The PLS model presented a R2 of 0.96 and a Q2 of 0.68, 

allowing the prediction of 7 discriminant ions from these samples (m/z [M-H]- 439.4, 661.5,  

431.1,  445.1,  473.3,  633.4  and  341.3).  The  fragmentation  profiles  suggest  the presence 

of O-glycosylated flavonoids, phenolic acids and triterpenes not yet described in this species 

but already described in other Myrtaceae family species [3]. The ions at m/z [M- H]- 439.4 and 

661.5 separated E. prasina from the others and the fragmentation profiles of these ions are 

related. The ions at m/z [M-H]- 431.1, 445.1, 473.3, 633.4 and 341.3 separated E. chlorophylla 

from the others meanwhile the rest of species are chemically similar. Along with this 

investigation, these same extracts are being tested for their antitumor potential.  

Conclusions: The workflow established for the data mining stage was useful to obtain the 

initial information relevant to the analyses performed, since there is little in the literature on 

the chemical composition of the species. These extracts are being tested for antitumor activity 

and, later, it is intended to also discriminate the ions most related to the activity.   
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Chemical characterization and evaluation of the biological potential of 
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Introduction: The Rubiaceae family presents a diversity of chemical substances, such as 

alkaloids, flavonoids, phenols, etc [1,2]. Several species of this family are widely used in folk 

medicine as anti-inflammatory, antibacterial, antiviral, analgesic, antifungal, antimalarial, and 

antioxidant [3,2]. The genus Palicourea has been used in folk medicine as treatment for kidney 

diseases and female genital inflammation [4,5]. Phytochemical studies of the genus revealed a 

wide variety of secondary metabolites isolated such as alkaloids, terpenoids, and flavonoids [5- 

7].  Therefore  we  aimed  this  work  evaluated  the  chemical  compositions  of  Palicourea 

corymbifera to further investigate their biological properties. 

Methods: The plant material, leaves, and branches were collected in the region of Madre de Dios-

Perú, and an exsiccate was deposited in the Herbarium of the Universidad Nacional Amazónica  

de  Madre  de  Dios.  Extracts  of  plant  materials  were  prepared  (ethanol: water/70:30/v:v) and 

subjected to analysis by high-performance liquid chromatography coupled to mass spectrometry 

(LC-MS/MS – Waters - qToF) in positive mode. The spectra obtained were processed in the 

MZmine 3.1.0 software and submitted for analysis in the Global Natural Products Social 

Molecular Networking (GNPS) platform.  

Results: In the previous analysis of the data (LC-MS/MS) it was possible to identify the alkaloid 

strictosidine (m/z 531.2), an intermediate in the synthesis of a large group of secondary metabolites 

called monoterpene indole alkaloids (MIAs). These compounds have antimalarial, 

antihypertensive, and anticancer effects [8]. The use of the Global Natural Products Social 

Molecular Networking (GNPS) platform allowed us the identification of the alkaloid calytanthine 

(m/z 347.21) and the phenolic compound gingerol (m/z 295.18). We are now investigating the 

other molecules observed in ethanolic extracts.   

Conclusions:  Preliminary  results  using  LC-MS/MS  and  GNPS  techniques  allowed  the 

identification of alkaloids and phenolic compounds. The presence of the alkaloid strictosidine, an 

intermediate of the monoterpene indole alkaloids (MIAs), shows the species Palicourea 

Corymbifiera as a promising source of this important class of compounds.  
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Introduction:  Swietenia  macrophylla  (Meliaceae), plant known in  the  north of Brazil as 

“Mogno”, has its limonoids as the main focus of scientific studies, attributable to significant 

biological effects such as hypolipidemic, antitumor, antiviral, anti-inflammatory, antifeedant, 

antineuroinflammatory, and insecticidal. In this perspective, molecular networks combined with 

data UPLC-MS/MS was used to the dichloromethane extract (Et-DCM) searching new limonoids 

from the S. macrophylla leaves.   

Methods: Initially, 12 internal standards (ISs) of S. macrophylla, previously isolated by our group 

[1,2], were used to compose an offline database (identification at level 1) and assist in the 

annotation process of unknown compounds (level 3) [3]. Next, the Et-DCM and ISs were analized 

by UPLC-HRMS/MS, and the results were studied using the advance tool known as Feature-Based 

Molecular Networking (FBMN) avaliable on the GNPS platform [4]. Also, an in-house database 

was created to auxiliary the annotations of new limonoids, consisting of 270 compounds possible 

biosynthetically, mass range from 624-862 Da with formula range C34- 45H38-52O11-17, 

differentiated by functional groups linked to the carbon skeleton, most of them have already been 

reported in the literature, e.g., furan, benzoate, tiglate, acetate, hydroxyl, and orthoester.   

Results: The molecular network consisted of 263 nodes (unique m/z and rt) and 27 phragmalin- 

type limonoids with 8,9,30-orthoester unit were putatively characterized from S. macrophylla 

leaves via elementary constituents, fragmentation pathways, and the major product ion profiles of 

ISs. For instance, an unknown feature was detected in m/z 713 and showed a correlation with a 

standard in m/z 699 in the molecular network family. So, we evaluated the correspondence MS/MS 

and retention time with standard, followed by molecular formula determination. After, the 

difference of mass was annotated as CH2 (14 Da), and based on the fragmentation of standard was 

identified the position for this modification (i.e., orthoester) and the annotation of the new 

limonoid.   

https://paperpile.com/c/vN14vq/qtH0Y+Qkf2H
https://paperpile.com/c/vN14vq/qtH0Y+Qkf2H
https://paperpile.com/c/vN14vq/QaGhc
https://paperpile.com/c/vN14vq/lfgJt


III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

161  

Conclusions: This study contributes further with the chemical study of S. macrophylla, with 

annotation of 27 new phragmalin-type limonoids, from the integration of molecular network and 

UPLC-MS/MS data, consequently accelerates the discovery of biologically active natural 

compounds.   
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Introduction: There has been a growing interest in the use of aromatic plants, due to the numerous 

beneficial properties that have been associated with them, and their application in various 

industries, such as food and pharmaceuticals. The ingestion of vegetables is beneficial for health, 

as these foods contain compounds capable of scavenging free radicals involved with oxidative 

stress process [1]. The plant species, Foeniculum vulgare, known as fennel, belonging to the 

Apiaceae family, is highly aromatic and flavorful herb with culinary and medicinal uses. Phenols, 

phenolic glycosides and volatile aroma compounds have been reported as the major 

phytoconstituents of this species. Polyphenolic compounds are associated with the prevention of 

disease assumed to be induced by oxidative stress, such as cardiovascular diseases, cancer, and 

inflammation. [2].   

Methods: Fresh fractionated leaves were extracted by decoction at 10% w/v for 15 minutes in w/v 

for 15 min, then the extract was filtered and dried by freeze-drying (PC). The extract PC was 

solubilized in methanol (1mg mL-1) and analysis was performed using a HPLC-DAD-MSn with 

photodiode array detector and ion trap mass spectrometer (operating in negative mode); C18 

column (2.1 × 150 mm). The injection volume was 10 μL with a solvent system using gradient of 

water (0.1% formic acid) and acetonitrile. To identify glycosylated flavonoids, present in the 

aqueous extract using HPLC/DAD/MSn by comparison with mass spectra of flavonoid standards 

and literature data.  

Results: Fourteen compounds were identified by comparing retention times, high resolution mass 

spectrometry data, and fragment ions with those of the reference substances and/or literature data. 

By the successive losses were deduced aglycone fragment ions, such as, m/z 301 (quercetin), m/z 

285 (luteolin), m/z 315 (isorhamnetin) and m/z 285 (kaempferol) from [M − H]−,  possessing  

sugars  (glucose,  galactose  and  pyranose)  and  several  feruloylquinic  acid derivatives. The 

monosaccharide units were determined by observing the fragment ions that are indicative of the 

loss of sugar residues and suggest the interglycosidic bond is broken, such as case, the rhamnosyl 

(146 u) and glucosyl residues (162 u) were seen.  
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Conclusion: is a species rich in phenolic components, which are known for their antioxidant 

action, thus, this species can be used as a functional food.  
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Introduction:  Kalanchoe  crenata  (Andrews)  Haw.  and  Kalanchoe  pinnata  (Lam.)  Pers., 

popularly  known  as  “saião”  or  “courama”,  are  both  used  indistinctly  in  Brazilian  folk 

medicine for treatment of furuncle, cough, salpingitis and gastritis [1]. K. pinnata has been 

extensively investigated in the literature while few studies have reported the composition of 

extracts  of  K.  crenata  [2].  Flavonoids  represent  the  most  common  class  of  secondary 

metabolites found in both species [2,3]. These components along with phenolic acids were shown 

to display variable proportions in plant tissues of different stages of development and in plants 

from different provenances [4-6], however little is known about such sources of chemical variation 

in Kalanchoe spp.  

Methods: Individuals of Kalanchoe spp. growing at the State University of Campinas were 

obtained from different access sites, K. pinnata from three sites in Campinas, São Paulo State, and 

K. crenata from three different states in Brazil. Leaves at different stages of development were 

collected from each individual separately, from the first exposed leaves (first node) up to the fifth 

node, subsequently frozen and freeze-dried. The extraction process for each sample was performed 

using ethanol-water 1:1 (v/v) at the concentration of 10 mg of dried plant material / mL of solvent. 

Analyses were performed using a C18 column coupled to an Ultra Performance Liquid 

Chromatograph Waters Acquity UPLC System and a Waters Acquity TQD Mass Spectrometer 

(with electrospray ionization); a single chromatographic method was developed for both species. 

Raw data were processed in R software via IPO and XCMS packages  for  mass  feature  detection,  

statistical  analysis  and  chemometrics  methods  were performed in MetaboAnalyst online 

software.  

Results: Both species display the m/z 191 in negative ion mode, which may represent an organic 

acid of the primary metabolism. K. crenata individuals showed m/z 623 in negative ion mode, a 

chemical  marker  of this species [7], corroborating the species identification. Although  being  

used  indistinctly  in  the  popular  medicine,  their  profiles  were  partially different, as examples, 

K. pinnata showed m/z 579 and K. crenata m/z 707, both in negative ion mode, which may be 

used as markers for each species. Individuals of each species from different  access  sites  showed  

minor  qualitative  differences  in  their  chemical  profile,  the overall profile was similar between 

individuals within each species. The profile throughout the plant changed in both species, 

flavonoids were usually more intense in younger tissues in negative ion mode and less polar 

components in positive ion mode (e.g. m/z 149) tended to increase as the leaves matured.  

Conclusions: Although K. pinnata and K. crenata are popularly used for the same therapeutic 

purposes, they show chemical differences between species and variation within each species 

considering the developmental stage of the leaves.  
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Introduction: Propolis is a natural resinous mixture produced by bees from parts of the 

plants, salivary enzymes, wax and pollen, which has been used for years in folk medicine, 

due to its antioxidant, anti-inflammatory and antibacterial properties. These biological 

properties depend on the chemical composition, which is complex and varied, depending on the 

bee species, as well as the local flora. Due to this variability in composition and properties, the 

propolis are classified into different types. The most common types in Brazil are green 

propolis, brown propolis and red propolis[1]. However, there are only a few studies on the 

physicochemical characteristics of the propolis produced in the Amazon region. The present work 

intended to study the chemical profile of propolis from the Amazon, comparing it with other 

types of propolis from the southeastern region of Brazil. 

Methods: Four samples of Amazonian propolis and five samples of southeastern propolis 

were analyzed. The extracts were prepared by weighting each propolis sample and adding 

methanol in a screw capped test tube, vortexing for a few seconds, followed by sonication 

and overnight incubation. The supernatant was transferred to a microtube and centrifuged. 

The supernatant produced in this step was transferred to another microtube and kept at -20 oC 

until the analysis. A pooled sample was prepared by mixing equal volumes of the 9 samples. Mass 

spectra were obtained by paper spray ionization mass spectrometry (PSI-MS), using an ion 

trap analyzer, model LCQ Fleet (Thermo Scientific) in positive and negative ion modes. Samples 

were analyzed in triplicate, in random order, interspersed with a blank (solvent only). 

Multivariate analysis was performed by PCA, PLSDA, dendrogram and heatmap using 

MetaboAnalyst 2.0 and Jupyter Notebook. 

Results: As a result, the analysis showed a good separation between Amazonian propolis 

and southeastern propolis for compounds found in the negative ion mode, which was not 

observed for positive ion mode. This indicates that Amazonian propolis has a distinct 

composition from southeastern propolis, especially when considering the components 

preferentially ionized in negative mode. Some compounds were tentatively identified 

using fragmentation in mass spectrometer. For instance, Artepillin C was found in southeastern 

propolis, which is a flavonoid with antitumor activity, common in green propolis. Another 

putatively identified compound was Narigin, which is also a flavonoid and was found in 

Amazonian propolis[2]. 

Conclusions: Some compounds have been tentatively identified by consulting the literature 

and searching mass spectral libraries. The results of this study will serve as a basis for future 

studies about the biological applications of this type of propolis, providing more information 

about the production, application and commercialization of this type of propolis by local 

Amazonian communities. 
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Introduction: Natural products have been shown as source of bioactive compounds against 

SARS-CoV-2, causing COVID-19 [1]. Siparuna species are used in Brazilian folk medicine for 

the treatment and prophylaxis of various diseases, especially flu, and its symptoms such as fever 

and cough. Recent studies showed the antiviral activity of plants of this genus [2], including the 

in vitro inhibition of the SARS-CoV-2 replication [3]. Thus, this study aimed to investigate the 

correlation between the compounds present in the extracts of  five species of Siparuna as potential 

antiviral agents against SARS-CoV-2, using data obtained UHPLC-MS, biological activity and 

multivariate statistics.  

Methods: The crude ethanol extracts of S. cristata, S. decipiens, S. glycycarpa, S. reginae, and 

S. sarmentosa were partitioned using different solvents. These were tested in vitro by an 

interaction assay between the receptor binding domain of SARS-CoV-2 spike protein and the 

ACE2  receptor  (Lummit®  PROMEGA)  and  with  fluorescence  resonance  energy  transfer 

activity  assays  of  the  proteases  Chymotrypsin  Like  (3CLpro)  and  Papain  Like  (PLpro). 

Furthermore, the extracts were analyzed by UHPLC-MS, using ESI and APCI in negative and 

positive ionization modes. The data were processed and analyzed using chemometric tools. 

Compounds were tentatively dereplicated against a custom spectral library and in the GNPS 

platform.   

Results:  Different  extracts  presented  relevant  activities  in  the  inhibition  of  RBD:ACE2 

interaction, 3CLpro and PLpro, showing a high potential of some species. Statistical results from 

APCI(-)-ITMS presented higher classification and predictive. PCA analysis had a significantly 

explained variance (75%), indicating of an expressive chemical difference between S. cristata and 

S. glycycarpa from the others. PLS model presented R2 of 0.83, Q2 of 0.72, RMSE of 0.1, and a 

explained variance of 84%. The analysis showed that the dichloromethane extract of S. cristata 

stands out from the others, having the highest potential to inhibit Spike (RBD:ACE2), 3CLpro and 

PLpro. In this analysis, it was possible to predict eight ions in common for the active extracts in 

3CLpro, PLpro and spike protein assays (m/z [M-H]- 313, 329, 343, 357, 384, 388, 415, 500). 

Methoxylated flavonoids and compounds that could be tentatively identified such as 

kumatakenin,  3,3′,4′-tri-O-methyl-quercetin,  and  retusin.  The  annotated  compounds  were  
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already found in this extract in previous studies by our group, which corroborates the potential 

activity observed.  

Conclusions: The results associated with the amazonian species of Siparuna corroborated 

previous studies that report its antiviral potential. Previous results of our group showed the 

biological activity of these annotated compounds against SARS-CoV-2 proteins. The other 

predicted ions may also be correlated to the activity observed, and therefore encourage the 

continuation of this study to isolate, identify and test the activity of these compounds.  
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Introduction:  The Ocotea genus  (Lauraceae)  is related  to numerous  medicinal  properties, 

including  anti-inflammatory,  antimicrobial  and antiproliferative  activities.  Also, the Ocotea 

species represents an endangered genus of high-biodiversity bioactive compounds. It is a source of 

several natural products from different classes, such as alkaloids, lignoids, flavonoids, and 

sesquiterpenes,  among  others  [1].  However,  several  species  of  the  genus,  such  as  the  O. 

diospyrifolia, have been poorly studied and chemical investigation studies are still lacking [2]. As 

a tool for analyzing the chemical profile of natural matrices,  dereplication studies can save time  

and  effort  and  avoid  isolating  redundant  inactive  natural  products  or  well-known metabolites  

[3]. In this  sense, this  work aimed to chemically  characterize  the extract  of  O. diospyrifolia 

using Liquid Chromatography-High-Resolution Mass Spectrometry (LC-HRMS). 

Methods:  Leaves extract  of O. diospyrifolia  were analyzed  in  both positive  and negative 

ionization modes using an LC-HRMS instrument containing an electrospray ionization (ESI) 

source and Orbitrap technology as an analyser. The mass spectra data were obtained through data-

independent  acquisition  (DIA-MS)  and  processed  using  Xcalibur  software.  MS  data treatment  

and MSE dereplication  steps were performed on MZmine 2.53 software, where the extract and 

blank samples were separately processed for each ionisation mode. The data were deconvoluted, 

the isotopes were eliminated, the similar peaks in the different chromatograms were aligned, and 

the gaps were filled. Lastly, the annotation was performed using an in-house database built for the 

Ocotea genus based on literature and the Dictionary of Natural Products®. 

Results: 41 compounds in the negative mode and 67 in the positive mode were annotated via 

confidence  level  2  of  metabolite  identification,  in  which  the  MS2 spectra  similarity  and 

fragmentation  patterns  were used as discriminating  tools  for  parent  and product  ions. The 

majority of the known metabolites were dereplicated, mostly alkaloids that are biosynthetically 

linked compounds including reticuline, coclaurine, isoboldine and diospirofoline.  In addition to 

glycosides flavonoids, such as apigenin 6,8-di-C-glucoside and apigenin 6-C-pentoside-8-C- 

hexoside, neolignans including licarin A and B, chlorogenic acids and derivatives.  

Conclusions: This work provided comprehensive chemical information  on O. diospyrifolia 

extract, which is a threatened Brazilian native plant specie from the Atlantic Forest biome. In 

addition, as several annotatded metabolites  are bioactive compounds, the study is highlighting  the 

importance of biodiversity  protection.  The  O. diospyrifolia  annotated  metabolites  can  

contribute  to  the phytochemical  and  phylogenetic  knowledge of  this  complex  genus.  Future  

studies  of  this species may focus on the isolation and identification  of possible novel bioactive 

compounds, accelerating the drug discovery process.  
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Prediction of potential inhibitors of 3CLpro and PLpro proteases and spike 
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Introduction: COVID-19, the disease caused by the novel coronavirus, affects the respiratory 

tract through alveolar damage, which may culminate in severe cases of respiratory failure [1]. 

About 619 million confirmed cases worldwide and 6.55 million deaths were registered during the 

pandemic[2]. Despite the progress in vaccination, developing anti-COVID-19 medications is still 

a global health priority. In this context, plant species may be a promise resources to research, and 

many have already shown great anti-SARS-CoV-2 potential [3]. Biological assays with the virus 

are laborious, costly, and time-consuming. In addition, they require appropriate conditions as 

Biosecurity Level-3 (BL) and BL-4. In an attempt to speed up and avoid these problems, this work 

aims to predict natural inhibitors of chymotrypsin-like protease (3CLpro), papain-like protease 

(PLpro), and spike protein (SP) of SARS-CoV-2 through computational methods.  

Methods: Different extracts (Hexane, Dichloromethane, Ethyl Acetate, Butanol, and Water) of 

Lippia lacunosa, L. aristata, L. rubella, L. brasiliensis, L. rotundifolia, and L. origanoides were 

analyzed by UHPLC-ESI/APCI(+/-)-IT3D-MS/MS. Furthermore, they were tested in vitro in an 

interaction assay between the receptor binding domain of SARS-CoV-2 SP and the ACE2 receptor 

(Lummit® PROMEGA) and in Fluorescence Resonance Energy Transfer (FRET) activity assays 

of the proteases 3CLpro and PLpro. Data obtained were processed and analyzed using chemometric 

tools to predict the ions potentially correlated to the inhibitory activity of the three proteins. These 

were tentatively identified by comparing the unitary mass and fragmentation patterns with data 

from the custom spectral library and the GNPS platform.  

Results: In positive ion mode, the data obtained in analysis by APCI allowed us to find the model 

with the highest reliable predictive capacity. PLS model presented an R2 of 0.85, Q2 of 0.51, 

RMSE of 0.3, and an explained variance of 66% using only two factors and 88% with all factors. 

After selecting the VIPs and recalculating the model, the explained variance remained the same, 

whereas the values of R2 and Q2 were 0.75 for both, and RMSE of 0.1. The model allowed the 

prediction of 13 ions, m/z [M+H]+ 301, 317, 402, 407, 409, 415, 433, 455, 476, 540,  589,  670,  

and  871.  Some  flavonoids,  phytosterols,  and  triterpenes  were  found,  and compounds  that  

could  be  annotated  were  6-methoxyluteolin,  apigenin  7-O-glucoside, campesterol,  and  

sitosterol.   

Conclusions:  The  APCI-MS(+)-based  PLS  model  predicted SARS-CoV-2  proteins  inhibitory  

activities of  6-methoxyluteolin,  Apigenin  7-O-glucoside, Campesterol, and Sitosterol. These 

promising results encourage the continuation of the study to isolate and identify the other predicted 
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compounds. Furthermore, it allowed determining the genus Lippia - Verbenaceae family as a 

promising target in the search for compounds that can help against COVID-19.  
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Introduction: For decades, the use of aromatic species designated as salva de marajó has been 

documented in the Brazilian Amazon for the treatment of women's health conditions, such as 

dysmenorrheas.  Quilombolas  (maroons)  from  Oriximiná  (Pará  State)  recognize  Lippia 

origanoides (Verbenaceae) as salva de marajó [1], but there are literature reports of other Lippia, 

as well as Hyptis and Salvia (Lamiaceae) species being denominated salva de marajó by other 

groups. In this study, we assess the botanical identity of a few salvas de marajó traded in 

Amazonian public markets by using UPLC-MSn-based fingerprinting in combination with 

chemometric tools.  

Methods: Three samples of salva de marajó were acquired from public markets, 2 from the 

Mercadão 2000 (Santarém, Pará State), and 1 from the Mercado Ver-o-Peso (Belém, Pará State). 

Aerial parts from a L. origanoides, “salva de marajó”, individual were collected in the quilombola 

region of High Trombetas I (Oriximiná) for comparison. Aqueous extract of each sample was 

prepared by decoction, and dried by spray drying. ESI(-)-UPLC-MSn fingerprint analysis of dried 

decocts was performed using a Thermo Fisher Scientific LCQ Fleet Ion trap 3D  equipped  with  

a  Thermo  Fisher  Scientific  Ultimate  3000  UPLC  system.  Principal component  analysis  

(PCA)  was  applied  to  the  ESI(-)-MS  data  of  the  samples  with MetaboAnalyst 5.0.  

Results: The ESI(-)-UPLC-MSn analysis indicated the presence of phenolic compounds in all the 

samples. In L. origanoides and Mercadão 2000 decocts, flavonoid aglycones, but especially their  

glycosides,  were  annotated;  the  major  peaks  of  their  chromatograms  showed  MS2 fragments 

suggestive of orientin and isoorientin, C-glycosylated flavones that are known to occur in Lippia. 

The sample from Mercado Ver-o-Peso was characterized by the presence of phenolic diterpenoids 

characteristic of the Lamiaceae family; its main peak was annotated as carnosol, which may be 

found in both Hyptis and Salvia. The sample groupings seen across PC1 of the ESI(-)-MS/PCA 

score plot was consonant with these observations: L. origanoides and Mercadão 2000 samples 

were all positively correlated with PC1, which accounted for 63.1 % of the total data variance; the 

Mercado Ver-o-Peso sample was restricted to its negative values.  One  of  the  samples  from  

Mercadão  2000  showed  a  notable  overlap  with  the  L. origanoides sample in PC2, which 

accounted for 13.6 % of total data variance.   

Conclusions: Two different phenolic patterns were recognized among the 4 samples of salva de 

marajó; these likely mirrored their botanical sources. The samples from the Mercadão 2000 were 

determined to have been derived from L. origanoides, whilst the sample from Mercado Ver-o-

Peso was likely sourced from some species pertaining to the Lamiaceae family. 

Acknowledgments: RCA thanks FAPERJ for her doctoral scholarship.  
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Introduction: Leishmaniasis is a debilitating pathology, with a clinical evolution that causes 

severe impedings, leading to economical losses, social isolation and, in many cases, to death. 

Although there are available pharmacological treatments, these are limited and bring many 

adverse effects, which difficultate patient adhesion and success ratio of the treatment. Novel 

treatments are necessary to bring new perspectives to patients and health systems along[1]. Natural 

(NP) products always emerge as a source of novel drugs, as many drugs emerged from   NP and 

their chemical skeletons[2]. The Annonaceae family comprehends thousands of species which 

have wide ethnopharmacological uses described around the world, and there are data related to 

the use of Annonaceae species against Leishmania sp[3]. In this works, four species of Annonaceae 

collected in Jardim Botânico do Rio de Janeiro - Annona glabra, Annona dolabripetala, Annona 

mucosa and Annona sylvatica, had their biological activity and mass spectra chemical profile 

compared with the help of computational tools, in order to screen promising compounds to anti-

leishmania activity. 

Methods: aerial parts from the plants were collected, dried and crushed.  Then, the material was 

macerated with ethanol 96 °GL, until the complete exhaustion.  The extract was dried, generating 

the crude extract. The crude extract was then tested against axenic amastigotes of Leishmania (L.) 

infantum, with Amphotericin B as control. In parallel, the chemical profile of crude extracts was 

obtained by LC-ESI-ITMS. Results obtained in both experiments were treated and processed by 

dereplication and molecular networking, to cross information about the chemical composition and 

biological activity. 

Results:  Three of the extracts showed activity against L. infantum, being A. glabra the most 

active (IC50 = 11 ± 2.5 μg.ml-1). This extract also showed the lowest macrophage cytotoxicity 

(CC50 = 250 ± 20.8 μg.ml-1), with a safety index of 22.7, therefore,  it was considered the most 

promising of the tested ones. Molecular networking based in MS/MS spectra was used to evaluate 

compounds present in the extracts, which could indicate a correlation with activity and 

cytotoxicity to host cells. Some compounds were present only in the extract with high activity 

and low cytotoxicity, and were annotated by MS/MS dereplication, such as (-)- corydalmine and 

scoulerine, among others. 

Conclusions: so far, the results obtained corroborate species from the Annonaceae family as 

promising in the search for compounds active against Leishmania sp, although further and 

deeper studies are necessary to find out which compounds are responsible for the activity.  
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Introduction: Guabiroba belongs to the Myrtaceae family and the Campomanesia genus, which 

has 15 native species from Brazil. The species Campomanesia xanthocarpa is subdivided into 

subspecies, the best known of which are Campomanesia xanthocarpa littoralis, common in the 

Southeast and Center-West regions of Brazil, and Campomanesia xanthocarpa Berg, found from 

the state of Minas Gerais to Rio Grande do Sul [1]. This fruit has a rich chemical composition, 

such as, the high content of vitamin C (233.56 mg.100 g-1), calcium (28.45 mg.100 g-1), 

phosphorus (25.3 mg.100 g-1) and iron (3.52 mg.100 g-1) [2,3]. Thirty-seven phenolic compounds 

were reported in guabiroba fruits, highlighting higher concentrations of quercetin, gallic acid, 

kaempferol, galangin, methyl galangin, geraldone and cirsimaritin [4]. However, few studies 

report the volatile composition of guabiroba fruits, highlighting the presence of compounds with 

antimicrobial and antioxidant activity [5]. In this context, this study aimed to evaluate the volatile 

composition of guabiroba (Campomanesia xanthocarpa Berg.) fruits using comprehensive  two-

dimensional  gas  chromatography  coupled  to  quadrupole  mass spectrometry (GCxGC/qMS).  

Methods: Guabiroba fruits were collected from plants in western Santa Catarina, Brazil. The 

unripe fruits were harvested with the skin of green color, total acidity of 0.68% in citric acid and 

1.1 ºBrix, while the ripe fruits presented orange epidermis, total acidity of 0.47% in citric acid and 

16.2 ºBrix. All fruits were lyophilized and ground in an analytical mill. Sample prepare was  

carried  out  by  headspace  solid  phase  microextraction  (HS-SPME)  with  a  1  cm 

divinylbenzene/carboxen/polydimethylsiloxane 50/30 μm fiber. GC×GC/qMS was performed on 

a system consisting in two gas chromatographs linked through a heated transfer line and a 

quadrupole mass spectrometer. Mass spectrometry parameters included interface and ion source 

temperatures maintained at 250 °C, ionization was performed through electron ionization (70 eV) 

and detector voltage of 0.84 KV. A mass range of m/z 45–450 and a scan rate of 33.3 Hz were 

applied.  

Results: A total of 148 and 169 volatile compounds were tentatively identified in unripe and ripe 

guabiroba fruits, respectively. The major compounds in unripe guabiroba were δ-cadinene 

(8.21%), selinene (7.35%), humulene (6.54%), muurolene (5.75%), eudesmol (5.00%), linalool 

(3.92%),  copaene  (3.55%),  bulnesol  (3.53%),  caryophyllene  (3.53%)  and,  germacreneD 

(3.49%). The major compounds in ripe guabiroba were limonene (15.91%), β-pinene (15.17%), 

δ-cadinene (8.02%), muurolene (7.21%), linalyl-anthanilate (6.85%), eudesmol (6.53%), α- 

pinene (6.37%), humulene (5.43%), elemene (4.04%) and, bulnesol (3.68%).  
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Conclusions: This is the first time that guabiroba fruits were analyzed by GC×GC/qMS and this  

technique  allows  identification  of  a  higher  number  of  compounds,  especially 

sesquiterpenes, when compared to traditional one-dimensional chromatography. 
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Introduction: In the pancreatic β-cells, amylin (hIAPP) is a hormone produced and co-secreted 

along with insulin and is involved in glucose homeostasis and in the evolution of type 2 diabetes 

mellitus. Amylin fibrillation is toxic to β-pancreatic cells [1]. Prospection of active substances 

focuses on inhibiting amyloid agglomeration and natural products have been targets of research 

in this field, especially phenolic compounds [2]. To date, there are no reports of amyloid inhibitors 

for amylin based on Brazilian plant-derived products. In this study, we report the inhibitory  

features  and  chemometric  profile  of  5  Brazilian  plant  species  and  purified compounds 

against well-standardized amyloid fibrillation assay of amylin.   

Methods: 68 plant extracts were tested, all obtained from a Brazilian flora. Extracts were prepared  

following  a  similar  procedure  used  in  general  phytochemical  protocols.  The aggregation 

kinetics of synthetic human amylin was placed in the presence of all the extracts, fractions and 

isolated compounds in a spectrofluorometer. The selected most active extracts were submitted to 

Transmission Electron Microscopy (TEM) and analyzed by LC-APCI/ESI- ITMS. Data obtained 

was dereplicated and evaluated using chemometric analyses.  

Results: Five extracts could be grouped as the most prominent, as follows: Lippia rotundifolia 

hexane, L. aristata hexane, L. lacunosa ethyl acetate, Hyptis monticola ethyl acetate and 

Struthanthus concinnus dichloromethane. The LC-MS analysis was performed in ESI and APCI 

sources,  however  ionization  with  APCI  presented  better  intensity  and  abundance  of  ions 

detected. In the TEM analysis, H. monticola extract was the most active inhibiting the formation 

of fibrils. Flavonoids were annotated in this extract. Multivariate data analyses revealed a 

separation of the H. monticola extract, PCA score plots were prescribed by two-first PCs 

accounting for 72.9% and 81.3% of the total variance in both ion modes, respectively. PLS-DA 
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outscored PCA in terms of better discrimination between groups with variance coverage (R2 = 

0.97 and 0.97) and prediction power (Q2 = 0.94 and 0.91), in both ion modes.   

Conclusions: This is the first report on plants of the Brazilian rainforest capable of inhibit amylin 

aggregation. The flavonoid-rich extract is the most active, corroborating the knowledge already 

established, however the results of the activity of the nonpolar extracts indicate a target to be 

further explored. These results stimulate further investigation of the active extract in order to track 

the substances responsible to the observed action.  
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Introduction: In Brazil, the Solanaceae family is represented by the Solanum genus with species 

of economic, therapeutic, and folk medicine uses [1, 2]. These species stand out for their alkaloids 

content, which have antimicrobial, antioxidant and cytotoxic activity. Solanum fruits also contain 

phenolic compounds and carotenoids of interest. However, there are no studies in the literature on 

the chemical composition and application potential  juá-de-cipó  (Solanum  jussiaei).  Thus,  this  

study  aimed to  perform  the  chemical characterization of ripe fruits of this species using 

pressurized liquid extraction (PLE) when compared to conventional methods.   

Methods: Ethanol/water extracts (70:30/v:v) and pressurized liquids at different temperatures (25, 

50 and 70 ºC) were prepared from the peel, pulp and seeds fractions and analyzed by liquid 

chromatography coupled to Mass Spectrometry (LC-MS) with electrospray ionization (ESI) in 

positive mode with full scan spectrum acquisition and C18 column, in addition to Reverse Phase 

Chromatography with C18 columns and solvent gradient elution. The resulting spectra were 

processed in the MZmine 2.53 software and the identification of the compounds carried out in the 

Molecular Network library (GNPS) according to the similarity in the fragmentation patterns of the 

precursor ions, in addition to the manual analysis of the fragmentation spectra.  

Results: The analysis by UHPLC-qToF (waters) allowed to characterize the class of solasonine 

alkaloids, common to the genus Solanum. Two major alkaloids of m/z 900 and m/z 916 were 

found. With the increase of temperature in the extractions of PLE, an increase in the yield of the 

extract was observed, however the abundance of alkaloids was only increased from 25 to 50 ºC, 

while at 70 ºC these compounds were not detected. The solasonine compound shows characteristic  

fragmentations  guided  according  to  the  position  of  the  charge  site  during ionization, for 

example, the ion of m/z 900 which corresponds to the solamargine molecule. According to the 

fragmentation of spectra with ions of m/z 882 and 854. In addition to the ion of m/z 916 with 

fragmentation of spectra with ions of m/z 898 and 880. Thus, we intend to investigate the 

antioxidant activities and characterize the phenolic content of the species.  

Conclusions: The effects of different extraction conditions of pressurized liquids from pulp, peel  

and  seed  of  juá-de-cipó  were  investigated  and  it  was  observed  that  the  yield  and composition  

of  the  extract  improved  at  lower  temperatures.  Alkaloids  belonging  to  the solasonine family 

were detected, and some analogues were identified, evidencing the potential of new extraction 

techniques to better investigate the chemical content of the species. The study also reinforces the 

relevance of mass spectrometry for the investigation and identification of alkaloids and analogues 

of these compounds in plants of the genus Solanum.  
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Introduction: Cannabis sp. is a plant originated in Central Asia that was first used around 3,000 

BC. It has many different applications, ranging from production of high-quality ropes and cloths 

to the exploration of its medicinal potential [1-3]. Brazil’s legislation over the use of Medicinal 

Cannabis has a gap  compared to other countries over the world. Ensuring the efficiency and 

safety of Cannabis-derived medical products is paramount to achieve a proper treatment with as 

little side effects as possible. The usage of LC-MS/MS techniques can be more appropriate due 

to its sensitivity and the possibility of a bigger variety of analysis. With a handful of LC-MS/MS 

techniques to choose from, the high-resolution ones such as Q/TOF are the least explored ones 

[4]. It is worth noting that many cannabinoids are isomers and can share some fragmentation 

patterns with one another. The detailed analysis of fragmentation patterns associated with  the 

accurate exact mass  that Q/TOF  can  provide allow  for the unequivocal identification of each 

one of the cannabinoids [1,4].Furthermore, Q/TOF allows for an explorative analysis of Cannabis 

products, verifying not only  the presence of the cannabinoids but also the presence of undesirable 

contaminants. On this study we evaluated 7 different Cannabis Oils produced by one of these 

associations to assess their CBD and THC concentrations  on  different  strains  of  Cannabis  

sativa.  Using  high-resolution  MS/MS fragmentations we can also identify minor components 

of these oils to verify the quality of these produced oils.  

Methods:  Analytical  Standards  for  9  phytocannabinoids  and  medicinal oil  of  different 

associations  were  analyzed  on  a  UHPLC  chromatograph  coupled  to  a  high-definition 

quadrupole–time-of-flight (QTOF) mass spectrometer 9030 (Shimadzu Corporation, Kyoto, 

Japan), operated with a heated electrospray on the positive ion mode.  

Results: To the test method, 7 oils from one producer were analyzed on a LCMS-9030, being 3 

of them THC-enriched strains, 3 of them CBD-enriched strains and one of the containing both 

CBD and THC. Satisfactory calibration curves were obtained for CBD, ∆9-THC, ∆8-THC, CBN, 

CBG, CBC and THCV with all analytes having m/z errors lower than 2.7 ppm in all cases on  the  

TOF  MS  event  which  corroborates with  a  good  high-resolution analysis. Those components 

are fundamental to determine the oils’ potency and ensure a proper activity will be achieved.   

Conclusion: Using a high-resolution mass spectrometer (Q/TOF) we were able to quantify the 

major cannabinoids components on 7 oils from different strains produced by a Brazilian 

association and identify 2 other minor cannabinoids.  
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Introduction: Dalbergia monetaria (Fabaceae) is a plant used by Amazonian traditional people to 

treat especially urinary tract infections. Studies by our research group1 showed that ethyl acetate 

fractions from the bark (EAFB) and leaves (EAFL) of the species inhibited the growth of ATCC 

strains and clinical isolates, however EAFL was more active. This result was related to the presence 

of proanthocyanidins (PAs), but this class of compounds were present in both plant parts. Then, the 

goal of this study was, through the molecular network study, to compare the PA profile of EAFB 

and EAFL characterized using HR UHPLC-MS.  

Methods: An UHPLC system equipped with an RP-18 column (1.9 µm, 175 Å, 50 × 2.1 mm ID) 

and a photodiode array detector was used. MSn spectra (m/z 100 to 2000) were obtained from  an  

Orbitrap  Elite  by  ESI  (negative  mode)  and  CID  =  25  eV.  The  separation conditions were 

described by de Moura et al1. Molecular networks were based on the Global Natural Products Social 

Molecular Networking (GNPS) platform2. For this, the raw data obtained from the HR UHPLC-MSn 

analysis were converted to the mzXML format  with  MS-Convert  and  then  uploaded  on  the  

platform (https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=510a4c9ad32d4137a3dd8ce85dc1a3 

14). Parameters: precursor ion mass tolerance and fragment ion tolerance were set to 0.05 Da and a 

cosine score of 0.65. The generated molecular networks (MN) were visualized in Cytoscape 3.9.1 

software.  

Results: The classical molecular networking creation was based on analysis of the EAFB (G1) and 

EAFL (G2). The MN 2 displayed the nodes referring to the PAs. In common, both fractions showed 

cassiaflavan-catechin ([M-H]- 529), cassiaflavan-cassiaflavan-catechin ([M-H]- = 769), 

guibourtinidol-catechin ([M-H]- 545) and fisetinidol-catechin ([M-H]- 561). The first two cited PAs 

were found almost exclusively in EAFL, and according to the XIC, they were the major compounds 

of this active fraction. While the last two referred PAs were found almost only in EAFB. It is 

important to report that most of the PAs  present  in  the  most  active  fraction  (EAFL)  were  built  

by  cassiaflavan,  a  rare monomeric unit present in nature and reported up to 20201,3 only for Senna 

genus4. The key fragmentation pattern was produced by a heterocyclic ring fission (HFR), retro-

Diels Alder fission (RDA) and quinone-methide fission (QMF)1, with diagnostic neutral losses of 

110 Da, 120 Da and 240 Da, respectively. Also, the MS2 spectra of other nodes in the MN 2, showed 

parent ions [M-H]- which can characteristic to the trimers cassiaflavan- fisetinidol-catechin  (m/z  

801),  guibourtinidol-fisetinidol-catechin  (m/z 817)  and guibourtinidol-fisetinidol-catechin  (m/z  



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

186  

833),  exclusively  in  EAFB.  However, 3 cassiaflavan-fisetinidol-cassiaflavan (m/z 753) was found 

only in EAFL.  

Conclusions The MN creation made it possible to compare the chemical profile of EAFB and EAFL 

from D. monetaria, and annotate the different PAs with antibacterial potential in these samples.  
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Introduction: Hypericum genus belongs to the family Hyperaceae. The plants of this genus are 

herbs, shrubs, sometimes trees, and grown in the high mountains of the tropics [1]. H. carinosum 

is an endemic specie from Santander and Norte de Santander, Colombia. Mainly found in the 

mountainous region at 2600-3200 MAMSL.  

 

Methods: H. carinosum was collected in Santander, Colombia, and it is taxonomic identification 

was carried out in the Herbarium-UIS. Essential oil was obtained by steam distillation. The 

residual biomass was used to obtain hydroethanolic extract. It is chemical characterization was 

done by HPLC/DAD and UHPLC/ESI-Q-Orbitrap-HRMS. Antioxidant activity was measured by 

β-carotene and ABTS+• radical-cation assays. 200 mg of extract was fractionated by Prep/HPLC. 

  

Results: The extraction yield of the hydroethanolic extract, from post-distilled plant material, was 

8,2% (w/w). The extract showed antioxidant activities measured by β-carotene and ABTS+• 

radical-cation assays of 163±2 and 2820±21 μmol Trolox®/g sample, respectively. These values 

were similar with that of the commercial reference antioxidant α-tocopherol (485±1 and 2310±36 

μmol Trolox®/g sample). Quercetin-3-O-glucoronide, quercetin, quercetin-3-O-glucoside, and 

quercetin-arabinoside were identified by UHPLC/ESI-Q-Orbitrap-HRMS. Quercetin-3-O-

glucoronide and quercetin were the compounds with highest relative abundance, these compounds 

were isolated by Prep/HPLC. The isolate yields were 8,5% (w/w) and 1,5% (w/w), respectively.  

 

Conclusions: The ABTS+• radical-cation antioxidant activity was similar with that of commercial 

reference antioxidant α-tocopherol. The H. carinosum extract was studied by UHPLC/ESI-Q-

Orbitrap-HRMS. Quercetin derivates were main identified. it was possible isolate quercetin-3-O-

glucoronide and quercetin from the post-distilled plant material.  
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Introduction: Benzodiazepines (BDZ) are drugs commonly used to treat anxiety and insomnia. In recent 

years, however, these substances have been related to fatal and criminal cases[1]. Considering the BDZ use 

disorder, this study aims to bring a novel approach for both, extraction and identification of these drugs, as 

well as their molecular identification, in blood samples.  

Methods:  500µL blood samples were spiked with a mix 10 different BDZ and caffeine for internal 

standard. UA-DLLME was performed with the addition of 500µL of ACN, 500µL of carbonate buffer (pH 

10) and 300 µL of ethyl acetate or dichloromethane (DCM). Salting out effect was performed with 4% 

NaCl. GC-MS analysis was performed in a HP-5MS column with a Helium flow of 1,7 mL min-1. The 

initial temperature was 130ºC with a program of 25ºC min-1 until 240ºC, held for 7 min; and another 

program of 40ºC min-1 until 280ºC, held for 6 min. MS was employed at modes SIM and SCAN (m/z 40 – 

600).   

Results:  by  SCAN  mode  6  from  10  BDZ  were  identified  at  10  µgmL-1:  diazepam, chlordiazepoxide, 

midazolam, flunitrazepam, bromazepam, and alprazolam. The use of DCM as extracting solvent showed 

better yield than ethyl acetate in all experiments. Concentrations below that, until 0.6 µgmL-1, needed to 

be acquired by the SIM mode.  Other compounds such as cholesterol and long-chain fatty acids were also 

identified. By the results obtained by GC- MS, it was possible to notice that the the migration of the analytes 

to the organic phase was not favored by the salting out effect, as occurred in study published by Lin et al. 

(2017)[2]. The salting out also did not favor the clean-up process. Best protein precipitation was initially 

verified between methanol and acetonitrile. The assays showed a greater volume of precipitates in the 

samples treated with ACN. Furthermore, in the organic solvent extraction step, a clear separation of the 

organic phase only occurred successfully with the use of ACN. The use of MeOH as a dispersive agent 

resulted in an emulsion with both dichloromethane and ethyl acetate.   

Conclusions:  The  UA-DLLME  and  GC-MS  techniques  proved  to  be  effective  for  the extraction,  

identification  from  6  of  10  BDZ  (diazepam,  chlordiazepoxide,  midazolam, flunitrazepam, bromazepam, 

and alprazolam) in spiked blood samples. It is still unclear whether the absence of the 4 BDZ was due to a 

matrix effect. ACN was a more effective precipitating agent than MeOH.  The salting out process did not 

bring any clear benefits. DCM was a little more efficient as an extracting solvent than ethyl acetate for the 
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analytes studied. There are no records in Rio de Janeiro state of analytical protocols developed for the 

extraction, and the qualitative and quantitative analysis of BDZ in post-mortem blood by the use of UA-

DLLME and GC-MS yet. This study can benefit forensic laboratories by promoting a cheaper, faster and 

more reproducible analysis while sustaining the sensitivity for the detection of these analytes.  

Acknowledgments: CAPES, CNPq, FAPERJ.  
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Introduction: The United Nations Office on Drugs and Crime (UNODC) World Drug Report 2021 

pointed to an increase in the amount seized of most types of drugs globally during  the  last  five  

years.  It  highlights  the  highest  growth  in  consumption  of  New Psychoactive Substances (NPS), 

herbal drugs, pharmaceutical opioids and amphetamine- type stimulants (ATS). This report also 

includes projections that indicate the potential for an 11% growth in the global population of drug 

users by 2030, the year of meeting the goals for sustainable development. [1] The legislation in force 

in Brazil establishes the need to carry out the chemical identification of the substances seized, by 

means of expertise, for the adoption of judicial measures and the storage of material that allows for 

a  counter-proof  examination,  not  being  necessary  to  know  its  concentration  of  the substance. 

[2, 3] The present study was to develop and optimize a PS-MS method focused on sample 

preservation and that allows the quick, simple and economical identification of substances contained 

in seized samples suspected of containing drugs of abuse. This was done by rubbing the substrate 

directly on the sample (tablet or stamps), maintaining maximum preservation and increasing the 

analytical frequency.  

Methods:  Paper  triangles  were  gently  slid  onto  the  surface  of  tablets  and  stamps containing 

synthetic drugs and subjected to analysis by paper spray ionization mass spectrometry (PS-MS). 

Seized samples containing substances (N-ethylpentylone, ADB- Butinaca and MDMA) belonging 

to the synthetic cathinone, synthetic cannabinoid and amphetamine classes were used to optimize 

the testing conditions for each class. Two different types of paper were used (filter paper and blotter 

paper) and 9 combinations of carrier solvents; pure (methanol, acetonitrile and water), binary 

combined (1:1 v/v) and acidified with 0.1% of formic acid, totaling 18 tested conditions.   

Results: Satisfactory signal intensities were achieved for all substances studied, even when the 

sample had more than one analyte belonging to different classes. This occurred, for example, for a 

tablet that contained N-ethylpentylone and the substance U-47700. The preservation of the samples 

was excellent, with mass losses of less than 5% after 18 consecutive tests, which favors the work 

with scarce forensic samples and the storage of material  for  retesting.   In  general,  the  most  

satisfactory  substrate  and  solvent combinations for the application of the proposal were blotting 

paper with methanol, followed by filter paper with the acetonitrile:methanol mixture. 
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Conclusion:  The direct friction methodology is efficient to identify the target substances for all 

samples of all classes under study and increases the analysis frequency. We highlight the possibility 

of performing multiple readings inflicting minimal damage to the examined material, preserving its 

format and dispensing sample preparation.  
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Introduction: Rodenticides, toxic chemicals used to control rodent populations, are among the most 

common household toxicants. Forensics labs receive a large number of cases involving human poisoning 

and suicide through food tainted with anticoagulant rodenticides. The samples brough in for analysis are 

often of poor quality and contain only a small amount of the supposed toxicant. To try to remedy such 

situations, a sensible method was developed to identify five of the most common rodenticides found in 

poisoned foods through liquid chromatography-tandem mass spectrometry, coupled with diode array 

detector (LC-DAD-MS/MS). Our main goal is to develop  and  standardize  a  method  for  analyzing  food  

samples  suspected  of  containing anticoagulant rodenticides through DAD and LC-MS/MS spectrometry, 

as well as to evaluate the efficiency of two extraction techniques on food matrices fortified with over-the-

counter rodenticide bait.    

Methods: Rodenticide standards of brodifacoum, bromadiolone, warfarin, coumatetralyl and difenacoum 

were prepared in different concentrations were analyzed thrice. A Sigma-Aldrich C18 column (100 mm × 

2.1 mm, 3.0 µm) was employed. A gradient elution using ACN:H2O 95:5 (% v/v) and H2O 100%, both 

phases containing 5 mM ammonium formate, was set for the separation of the rodenticides. To test the 

developed method, five types of bait containing brodifacoum or bromadiolone were selected to fortify the 

solid and liquid matrix samples. Two pretreatment methods — optimized QuEChERS and a liquid-liquid 

extraction with the low temperature partition technique (LLE-LTP) — were used and tested in triplicate. 

The analytes in the sample were quantified through multiple reaction monitoring (MRM) analysis by LC- 

DAD-MS/MS in electrospray ionization negative mode (ESI-).  

Results: Linear regression correlation coefficients values were higher than 0.99 for the five rodenticides 

studied. The limits of detection (LODs) and limits of quantitation (LOQs) of these compounds were in the 

range of 0.01–0.05 µg/mL and 0.1– 2 µg/mL, respectively. Preliminary results show that the cleanup 

performed on the LLE-LTP method was most effective when compared  to  the  cleanup  utilized  on  the  

QuEChERS  technique,  but  the  quality  of  the QuEChERS extracted samples proved superior. Trace 

amounts of different concentrations of the selected rodenticide baits were successfully detected through 

multiple reaction monitoring analysis.  Moreover,  we  identified  and  measured  the  brodifacoum  and  

difenacoum cis/trans diasteroisomers through UV analyses.   

Conclusion: Using liquid chromatography-tandem mass spectrometry and diode array detector analysis, 

we were able to improve the detection of anticoagulant rodenticides — something that we hope will prove 

helpful in the conducting of forensics exams in situations pertaining to food poisoning.   
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Introduction: The potential of bacteria of the genus Bacillus in agriculture is undeniable and studies of 

molecular characterization of the mechanisms of action of these bacteria can provide information for the 

development of optimized technologies in biocontrol to increase productivity in Brazilian crops. Biological 

control agents present this activity through several mechanisms, mainly through the production of secondary 

metabolites, such as molecules from the surfactin group, very common in Bacillus. [1] Thus, the 

characterization of the production of these metabolites allows, in the long term, to develop processes that 

optimize the production of these metabolites and, consequently, new products with increased activity. [2,3].   

Methods:  Solid  cultivation  and  co-cultivation  was  carried  out  in  NA  medium  for  72h  and extracted 

with ethyl acetate. Extracts were then dried and resuspended in water (miliQ):ACN (50:50, v:v). The analysis 

of the extracts was performed by Liquid Chromatography coupled to Quadrupole High Resolution Mass 

Spectrometry (UHPLC-qToF) The resulting spectra were processed in the MZmine 2.53 software and the 

identification of the compounds carried out in the Global Natural Products Social Molecular Networking 

(GNPS) library according to the similarity in the precursor ions fragmentation patterns; manual analysis of 

the fragmentation spectra was also done.   

Results: In order to investigate the interactions of these Bacillus strains against plant pathogenic fungi, 

interspecies co-cultivation assays were carried out with different fungi (C. truncatum, C. casiicola, S. 

sclerotiorum e R. solani), where the inhibition factor was  measured. The most prominent inhibition was 

against Sclerotinia sclerotiorum (aka  mofo-branco ) being B. velezensis e amyloliquefaciens the better ones. 

They present very similar production of metabolites when grown in NB media, however both produce a 

different class of metabolites in greater quantity in addition to surfactins (commons to all Bacillus species), 

which indicates an important role of these molecules in the inhibition of mofo-branco. The chemical  

characterization of the secondary metabolites fragmented spectra confirmed this class are belong to 

nobilamide family; so far 2 molecules were identified as antibiotic A-3302 A and B already, but 3 other 

different analogues were tentatively identified by their MS/MS spectra. These molecules were reported with 

antibiotic properties but now we intent to investigates their antifungal properties.   

Conclusions: We observed fungal inhibition by several Bacillus strains in this work, with a better action of 

those producing Nobilamides. We believe that they may be in synergy with lipopeptides in  the  inhibition  of  
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the  fungi.  Further,  we  will  isolate  these  two  classes  of  substances  and investigate their roles in in vitro 

inhibition assays to evaluate their roles individually.   
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Introduction:  The  vulnerability  of  plants  to  pathogens  and  the  high  dependence  of  the agricultural 

on chemical pesticides represent significant challenges in the food sustainable production [1]. Therefore, 

biological control emerges as an effective and safe tool in the fight against diseases and pests [2,3]. Widely 

reported in the literature, Bacillus is described as a rhizobacteria genus with promising antagonist activity 

[4] and since its main mechanisms of action are related to the production of secondary metabolites, this 

work aims at the chemical characterization  of  Bacillus  extracts  using  Mass  Spectrometry  coupled  with  

Liquid Chromatography for characterization of the metabolomic profile.  

Methods: Solid and liquid medium cultivation were carried out in NA/NB medium for 72h and extracted 

with ethyl acetate. Semipurification were performed in liquid cultivation by adding 12M hydrochloric  acid  

to  precipitate the lipopeptides. Both  extracts  were then dried and resuspended in water (miliQ):ACN 

(50:50, v:v). The analysis of the extracts was performed by Liquid Chromatography coupled to Quadrupole 

High Resolution Mass Spectrometry (UHPLC- qToF) with electrospray ionization (ESI). The resulting 

spectra were processed in the MZmine 2.53 software, and the identification of the compounds carried out 

in the Global Natural Products  Social  Molecular  Networking  (GNPS)  library  according  to  the  similarity  

in  the precursor ions fragmentation patterns; manual analysis of the fragmentation spectra was also done. 

As a complementary analysis, antiSMASH software was used for genomic prediction of potential 

compounds.  

Results:  The  chemical  characterization  and  GNPS  analysis  of  the  secondary  metabolites fragmented 

spectra confirmed some data suggested by the genomic prediction resulting in the identification  of  

biomolecules  belonging  to  the  classes  lichenisin,  surfactin,  halobacillin, lactone and nobilamide; in 

general, such molecular families are known to encompass hormones, vitamins, enzymes, antimicrobial, 

antioxidant and antifungal compounds. Additionally, it’s reported the plant-beneficial Bacillus spp. 

produce plant growth-promoting substances and also play a fundamental role in stimulating plant growth, 

inducing systemic resistance, increasing plant tolerance to biotic and abiotic stresses and improving soil 

nutritional conditions. As indicated by the antiSMASH software and the data obtained by LC-MS, it is 

possible that Bacillus are still responsible to produce a wide variety of isoforms that also have important 

biological activity.  

Conclusions: Mass Spectrometry coupled to Liquid Chromatography is a very accurate method to  

comprehend  chemical  interactions  between  endophytes  and  pathogens  and  identify secondary 
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metabolites. Given the variety of produced compounds, the study demonstrated genus Bacillus has 

considerable potential for biocontrol and to increase crop productivity.  
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Introduction: The knowledge of the role of volatile organic compounds (VOCs) is necessary for 

understanding complex trophic interactions [1], specifically between plants and insects [2,3]. In this regard, 

however, it will not be sufficient to simply mimic the composition of chemicals emitted by a given plant 

or insect in solution. Of more relevance, will be simulating the ratio of these compounds reaching the target 

[4], while being emitted via artificial releaser from laboratory-prepared mixtures. Based on this, here we 

compared the airborne chemical profile of a ternary solution when emitted by statical (SR) and dynamic 

releaser (DR) and we demonstrated how to artificially mimic VOCs emitted by the model plant Arabidopsis 

thaliana (AT) using a DR [5;6], to determine the bioactivities of α-copaene (α-cop), β-caryophyllene (β- 

car), and α-humulene (α-hum), individually and in ternary mixtures against Diaphorina citri (ACP),  insect  

vector  of  Candidatus  Liberibacter  spp.,  causal  agent  of  the  disease Huanglongbing in citrus [7].  

Methods: To artificially simulate the VOCs emitted by AT using SR and DR, the odor plume of 

individually and in ternary mixtures diluted in hexane was emitted into a horizontal glass chamber (20 cm 

length × 6 cm i.d.). The emitted VOCs were trapped in thermal desorption (TD) tubes (Tenax®-TA). The 

VOCs collected were thermally desorbed from the TD tubes in a Thermal Desorption equipment (ULTRA-

xr, Markes), released in a GC capillary column and analyzed in a GC-MS.  

The behavioral responses of ACP to the emission of VOCs from a SR and DR were evaluated in a four-

way olfactometer and an airflow of 0.1 LPM carrying the odor plume emitted by the releasers into each 

field of the olfactometer. ACP females were individually released in the centre of the olfactometer and the 

assessment of insect behavior and data collection was based on responsive insects [8].  

Results: On the basis of the TD–GC–MS analysis of the VOCs emitted by DR filled with the solution 

containing α-cop, β-car and α-hum at concentrations of 1.3 × 10-3, 1.3 × 10-1, and 1.3 × 10-2 μg/μL, 

respectively, these results revealed the same ratio (1:100:10) of the VOCs emitted by AT. Thereby, the DR 

enabling us the perform valid assessments of the insect behavioral responses to VOCs mixture using this 

device. Otherwise, the experiment using the SR filled with the same solution, in terms of compounds and 

concentrations used before in the DR, revealed a discrepant ratio (2:100:7) of the VOCs emitted by AT. 

The emissions rate of the solutions 1 μg/μL and 1.7 × 10-1 μg/μL of β-car from the SR and DR, respectively, 

are equivalent and both repelled ACP. The characterization of the changes in ACP behavior to the 

compounds α-cop, β-car and α-hum, combined in ternary mixtures will be done further.   
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Conclusions: Our findings reveal that DR can be useful for mimicking plant emission of VOCs, 

understanding the role of single and ternary compounds and their proportion on arthropods behavior.  
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Introduction: Brassica plants  represent  a  valuable  genetic  source  for  important  crops  in agriculture, 

such as oilseed and vegetables. These plant species are also a model for studying diverse  aspects  of  plant  

biology  as  ecology,  genetics,  evolution,  and  plant  defense traits.[1]  In Brassica plants glucosinolates 

are widely studied as one the most abundant group of compounds with defensive activity. Glucosinolates 

accumulation is often studied through traditional analytical techniques based on ultraviolet (UV), 

photodiode array (PDA), and mass spectrometry.[2]  Despite  this,  the  direct  distribution  or  enrichment  

of  these  molecules  in specific tissues has been poorly studied. Since the localization of metabolites in 

plant tissues is often related to their biological function and biosynthesis, we plan to study it using ambient 

ionization mass spectrometry (AIMS).  

Methods: The use of a UV laser as a desorption source followed by a low-temperature plasma ionization 

(LD-LTP) was  presented  in  2019  as  a  feasible  tool  for biological  surface analysis.[3] In this project 

the goals are I) to build and test an ambient ionization system and apply it to solve chemical ecology 

questions, II) couple the ambient system to an existing mass spectrometer, III) to build and test a custom 

x,y motion platform based on our previous report [4]. Finally, IV) test the utility of the whole system with 

Brassica plants with and without herbivore interaction on above and below-ground plant organs.  

Results: A complete ambient imaging system was built and adapted to a micrOTOF-Q Bruker Mass 

Spectrometer. The system was tested using Brassica nigra and rapa. Metabolic profiles were  acquired,  

and  clear  differences  were  noticed.  The  plant-herbivore  interaction  was evaluated  with  the  generalist  

herbivore  Spodoptera  exigua.  Mass  spectrometry  images  of damaged  leaves  with  a  pixel  size  of  

250  µm  were  generated.  The  mzML  files  and  x,y coordinates were converted into imzML format for 

analysis using the open source software RmsiGUI (4) Further evaluation and comparison with of the data 

is still in progress.  

Conclusions: After one-year of project, we have successfully built and proved the ambient imaging system 

in biological systems. The next step is to image Brassica roots during herbivore attack and further elucidate 

the distribution of glucosinolates and other metabolites above and below-ground.  
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Introduction: Ascidians (Tunicata) are benthic marine invertebrates widely investigated as a source of new 

chemical structures with pharmacological potential[1]. More than 1000 molecules have been described from 

ascidians to date; however, the production of most of these metabolites was later attributed to associated 

bacteria, which live a syntrophic association with the tunicate[1]. This relationship between associated 

bacteria and their host is still a very poorly understood universe,  and  efforts  in  investigating  this  interaction  

should  be  encouraged.  Most  works investigating the microbiota associated to ascidians use the whole 

animal and process it entirely, using this mixture as a source of microbes and metabolites. Nonetheless, 

ascidians are complex organisms with different organs and tissues. Therefore, in this work we investigated 

the metabolic and microbial profile of different parts of the ascidian body by employing mass spectrometry- 

based metabolomic and 16S rRNA diversity approaches.   

Methods: Microcosmus exasperatus, a solitary ascidian widely found on the Brazilian coast, was used as a 

model organism. M. exasperatus was dissected into tunic, syphons, mantle, pharynx, gonad, hepatic gland, 

and intestine. All tissues or organs were divided into two parts and subjected to both metabolomics (LC-

MS/MS) and genomics (16S rRNA diversity) workflows.   

Results: The chemical profile is characteristic of each analyzed body part, as observed by Principal 

Coordinates Analysis (PCoA). Related tissues or organs also presented similarities. For instance, the  intestine  

and  hepatic  gland  presented  a  similar  chemical  profile,  possibly  due  to  their connection in the ascidian 

body. Regarding the metabolites, spectral library searches allowed the annotation  of  different  lipid  

derivatives,  along  with  some  polyketides,  peptides,  and  others. Interestingly, pheophytin (derived from 

chlorophyll) has been detected mainly in the tunic and inner part of the tunic, as well as in the intestine and 

hepatic gland. Chlorophyll is known to be produced by symbiotic cyanobacteria of ascidians, such as 

Prochloron, commonly found in the tunic and cloacal cavities of members of the Didemnidae family[2]. The 

presence of this metabolite in the tunic may derive from phytoplankton, and the presence in the hepatic gland 

and intestine may come from food consumed by the ascidian; however, its presence in the inner part of the 

tunic suggests a symbiotic relationship. In addition, the tunic presented a very different microbial profile 

compared  to  the  other  tissues  and  organs.  Interestingly,  the  genus  Acaryochloris,  a  marine symbiotic 

cyanobacteria that produces chlorophyll[3], is the largely the main genus detected in this part.  
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Conclusions: The approach used in this project allowed the visualization of the molecular and microbial 

distribution throughout the body of a solitary ascidian and can serve as a basis for studies of metabolism 

and host-microorganism interactions. 
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Introduction: The  rhizosphere  microbiome  provides  ecological  services  to  the  plant  including 

nutrition and protection against diseases [1]. Considering that plant domestication and breeding 

could have mined beneficial interactions between the rhizosphere microbiome and the host we 

previously isolated and screened beneficial bacteria recruited by wheat landraces. Therefore, we  

selected  Streptomyces  sp.  CMAA  1738,  which  is  active  towards  the  wheat  pathogen Bipolaris 

sorokiniana, to investigate the chemical profile during the antagonism when used as inoculant in 

a modern wheat cultivar.  

Methods: Strain CMAA 1738 was whole-genome sequenced and also used in a bioassay with 

wheat seedlings inoculated with the fungal pathogen. The genome was analyzed and putative 

secondary metabolite gene clusters were identified using antiSMASH. To analyze the exudate 

compounds, the bacterial strain was grown in culture medium in the presence or absence of the 

pathogen and analyzed on HPLC-MS (Micromass, Waters™). The volatile compounds were also 

analyzed with GC-MS (Agilent Technologies) under the effect of antibiosis using SPME syringe 

and DVB/CAR/PDMS fiber. The data obtained by HPLC-MS were analyzed on the GNPS 

platform to correlate with the data library. The directed search for predicted compounds in the 

genome was performed using the Masslynxs software. The data obtained by GC-MS were 

analyzed by the MS Dial software and the relevant retention times were correlated with the NIST 

library using the Unknown software (Agilent Technologies).  

Results: In plants treated with the antagonistic bacteria and inoculated with the pathogen the 

disease severity showed a significant decrease (43%) as compared to the treatment only with the  

pathogen.  Using  HPLC-MS  analysis  was  possible  to  locate  most  of  the  gene  predict 

compounds related to bioactivity, we identified mass fragmentation directed to the siderophores 

coelichelin and desferrioxiamin_B, to the antifungals alkylresorcinol and JBIR-126 and to the 

antibiotic streptothricin. Through statical analysis of volatile data, we identified the compounds 

produced during the antibiosis, being the most significant:  1-Butanol, 2-methyl- (91.1%, match 

with NIST library) an amyl alcohol, and 2-Methylisoborneol (95.4%) aterpenoid alcohol, both 

volatile compounds with antifungal potential.   
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Conclusions: Streptomyces  sp.  CMAA1758  was  effective  in  controlling  fungal  infection  

when inoculated in wheat. Based on genome mining, we were able to predict and then detect a 

number of bioactive compounds possibly involved in pathogen inhibition including bacterial 

exudates and volatiles. 
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Introduction: Several species of microalgae can over accumulate neutral lipids (Triacylglycerols) 

under abiotic stress conditions, including nutrient deprivation and salt stress, at the costs of 

reduced growth (de Oliveira Magalhães, et al., 2022; Schmollinger, et al., 2014). However, how 

the cells control growth and lipids accumulation is not completely understood. Therefore, we 

investigated  the  regulation  of  this  multi-factorial  process  through  integrative  multi-omics 

analysis and molecular physiology approaches.  

Methods: Time-resolved Label-free shotgun proteomics (total and nuclear) and target 

metabolomics approaches  were  applied  for  the  analysis  of  the  effects  of  the  nitrogen  

deprivation  on Chlamydomonas reinhardtii metabolism in photoautotrophy. High-resolution LC-

MS/MS was applied for proteins and metabolites detection and protein identification was 

performed using MaxQuant  and  Perseus  platforms  (Cox,  et  al.,  2014)  using  our  Galaxy  

LABIS  server (http://143.107.55.132/galaxy/).  Non-supervised  manifold  method  was  applied  

for  the identification of time-independent clusters of molecules with high correlation. Enrichment 

analysis of functional annotation terms was performed using BiNGO based on Gene Ontology and 

KEGG databases using hypergeometric test and pos-hoc correction of significant p-values 

(p<0.05) (Maere, et al., 2005). Cell counting, fluorescence microscopy and other biochemical 

assays were performed for lipids and protein quantification.  

Results: Cells under nitrogen deprivation have a significant reduction of abundance of proteins 

related to protein translation. Moreover, while most amino acids showed a reduced abundance 

under nitrogen deprivation, Arginine and Ornithine were more abundant at the early stages of the 

response, compatible with the behavior of signaling molecules, supported by the alterations in the 

protein expression of enzymes from amino acids anabolic and catabolic pathways. Our analysis 

pointed to the existence of a novel metabolic pathway not annotated in the microalgae genome 

with a central Arginase-like function regulating Arginine accumulation. Arginase inhibitors for 

catalytic and allosteric domains, applied in non-toxic concentrations, induced the cells to over 

accumulate neutral lipids without compromising cell growth. Furthermore, we identified proteins 
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at the nucleus and predicted their target genes which respond at later stages of the response, likely 

causing negative effects on photosynthesis and on protection against oxidative stress.  

Conclusions: The regulation of lipids over accumulation in microalgae has a post-translational 

component which is related to a novel metabolic Arginase-like function discovered in microalgae. 

The reduction of cell growth associated to this stress phenotype may be regulated transcriptionally 

by proteins identified in the nuclear proteome which target genes of photosynthesis and cell cycle, 

affecting cell growth performance.  
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Multiomic Approach in the Study of Virulence Factors 
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Introduction: Klebsiella pneumoniae is an enterobacterium responsible for a wide variety of 

nosocomial and community-acquired infections that represent a significant public health 

challenge. Multiple antibiotic-resistant strains are circulating throughout the world, including in 

Brazil [1,2]. The comprehension of virulence-associated mechanisms is of great interest for the 

understanding of the origin, and for raising possibilities of future interference in 

development of new therapeutical alternatives [3]. Recently it has been described that a pld 

gene mutant, which encodes a phospholipase D family protein, is avirulent in a mouse 

pneumonia model [4]. However, the role of PLD in virulence is not yet disclosed. Thus, in 

this work, the role of PLD has been studied through several "omics" approaches.  

Methods: Omics approaches have the potential to identify components/mechanisms in an 

undirected way. Since we had no clues about the role of PLD protein, we chose to combine 

different omics strategies and see if multiomics could shed light on the role of PLD. Thus, 

initially, to verify if PLD would be involved in the lipid composition of the bacteria, we 

compared the lipid profile of wild x mutant pld- bacteria, cultivated in axenic medium or with 

eukaryotic cells, by LC-MS (ULB/Belgium). Furthermore, we compared the gene expression 

profile of wild x mutant bacteria by RNA-Seq. To try to identify PLD targets in eukaryotic 

cells, we performed a pulldown experiment using beads coated with recombinant PLD, incubated 

these beads with THP-1 monocyte extracts, washed and identified PLD ligands by LC-MS. 

Finally, considering that the pld gene is encoded within of a locus related to T6SS, we 

performed an analysis of the secretome of wild-type x T6SS mutant and quantified proteins 

differentially secreted by this system by LC-MS.  

Results: FatBlot - Under the conditions tested, PLD protein had no interaction with any of 

the 15 lipids tested. Lipidomics - The lipid composition of Kp52.145 wild and pld- mutant was 

determined by LC-MS/MS and showed no differences in the expression of some molecular 

species of cardiolipin, phosphatidylglycerol and phosphatidylethanolamine, although the 

overall phospholipid profile by class is very similar. Secretome - Differentially secreted 

proteins between the wild-type and mutant clpv- strain were identified. The PLD protein 

was not found extracellularly. Transcriptomics - By RNA-seq we found differentially 

expressed genes, mainly related to the production and assembly of bacterial polysaccharides 
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and may partially explain differences in virulence observed in animal models between wild 

and mutant.  

Conclusion: The multiomic approach used allowed an overview of physiological processes 

in K. pneumoniae. When the data analysis is completed, we hope to contribute to the 

understanding of the role of PLD in the pathogenesis of this bacterium. 

Acknowledgments: This work was supported by Fundaçao de Amparo à Pesquisa do Estado do Rio de 

Janeiro (FAPERJ), Conselho Nacional de Desenvolvimento Científico e Tecnologico (CNPq), and Inova 

Fiocruz/ Fundaçao Oswaldo Cruz. The authors thank the Fiocruz Technological Platforms Network. 

References: 

1 Munoz-Price LS, Poirel L, Bonomo RA, Schwaber MJ, Daikos GL, Cormican M, et al. 

Clinical epidemiology of the global expansion of Klebsiella pneumoniae carbapenemases. 

Lancet Infect Dis. 2013;13 (9):785–96 

2 Pereira PS, Felipe C, Araujo M De, Seki LM, Zahner V, Paula A, et al. Update of the 

molecular epidemiology of KPC-2-producing Klebsiella pneumoniae in Brazil: spread of 

clonal complex 11 (ST11, ST437 and ST340). 2017;11 (11):312–6. 

3 Keyser P, Elofsson M, Rosell S, Wolf-Watz H. Virulence blockers as alternatives to 

antibiotics: Type III secretion inhibitors against Gram-negative bacteria. J Intern Med. 

2008;264 (1):17–29. 

4 Lery LM, Frangeul L, Tomas A, Passet V, Almeida AS, Bialek-Davenet S, et al. Comparative 

analysis of Klebsiella pneumoniae genomes identifies a phospholipase D family protein as a 

novel virulence factor. BMC Biol. 2014;12 (1):41.



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

211  

Life Sciences - Human Proteome Project 

Proteomic profiling of Gestational Diabetic-induced Myopathy in rectus 

abdominis muscle of gestational diabetes mellitus women with 

pregnancy-specific urinary incontinence 

Fernanda Cristina Bergamo Alves1, Carolina Neiva Frota de Carvalho1,Rafael Guilen de 

Oliveira1, David Rafael Abreu Reys1, Gabriela Azevedo Garcia2, Angélica Mércia Pascon 

Barbosa 1,3, Marilza Vieira Cunha Rudge1  

1Department of Gynecology and Obstetrics, Botucatu Medical School (FMB), São Paulo 

State University (UNESP), Zip code 18618-687, Botucatu, São Paulo, Brazil.  
2São Paulo State University (UNESP), School of Sciences, Postgraduate Program in 

Materials Science and Technology (POSMAT), Zip code 17033-360, Bauru, São Paulo, 

Brazil 
3Department of Physiotherapy and Occupational Therapy, School of Philosophy and 

Sciences, São Paulo State University (UNESP), Marilia, Brazil  

fernanda.bergamo@unesp.br 

Keywords: Proteomic profile, Gestational diabetes mellitus, muscle proteomic, pregnancy- 

specific urinary incontinence  

Introduction: Diabetic myopathy is a disease that affects individuals with type 1 (T1DM) or 

type 2 (T2DM) diabetes mellitus. This common complication is characterized by a failure to 

preserve muscle mass and function[1,2]. Translational studies have described that  this  pelvic  

floor  muscle  disorder  is  caused  by  a  Gestational  Diabetic-induced- Myopathy (GDiM) 

of the Pelvic Floor Muscle (PFM) and Rectus Abdominis Muscle (RAM)  detected  either  in  

pregnant  women  or  in  diabetic  pregnant  rats  [3–5].  We anticipate this work as a starting 

point to define the pathophysiology and potentials muscle biomarkers associated with GDiM. 

The objective of our work is to elucidate the proteomic profiling of GDiM that allows the 

development of an innovative intervention to prevent and treat long GDM complications such 

as long-term Urinary Incontinence.  

Methods:  The  study  was  performed  on  data  from  the  DIAMATER  study,  a prospective 

observational cohort, following the inclusion criteria already defined [6]. Rectus abdominis 

samples (RAM) of 32 women were obtained during C-section. Tissue samples were 

transferred to a tube and prepared for analyses of LC-MS/MS. The data obtained were 

processed using Mascot software and proteins were identified by searching in the UniProt 

database. Fold change values and p-values were calculated using the t-test of Student using 

MetaboAnalyst 5.0. Gene Ontology  was  used to  evaluate possible general biological 

mechanisms of GDiM. The study design included three control groups, i.e,  non-  GDM  

Continent  (ND-C),  non-GDM  Incontinent  (ND-I),  and  GDM- Continent(GDM-C) 

allowing the analysis of the GDiM proteomic profile in the authentic study group GDM- 

Incontinent(GDM-I).   

Results: We identify in total 526 proteins in all groups. In women with gestational diabetes  

mellitus,  there  was  a  decrease  in  biological  processes  related  to  muscle contraction and 

atrophy, followed by low regulation in the three processes related to muscle calcium transport 

when compared to other groups of controls. There are no significant biological processes 
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regarding the proteins that have been upregulated in women  that  represent  the  GDiM. 

Conclusions:  Our results  showed that GDiM  interferes with  proteins  and  processes 

relevant to muscle structure and contraction function. The decrease of these proteins in the  

muscles  of  women  with  GDiM  indicates  the  impairment  of  muscle  health  and 

functionality in the group representing this diabetic myopathy. These findings will help to  

understand  the  molecular  mechanisms  of  GDiM  and  support  future  studies  with 

myopathy biomarkers.  
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Introduction: Malaria is an infectious disease caused by protozoan pathogens of Plasmodium spp 

and transmitted by the bite of female mosquitoes of the Anopheles genus. According to the World 

Health Organization, in 2019, approximately 12 million pregnant women in Sub-Saharian Africa were 

exposed to the risks of Malaria in pregnancy (MiP), especially in primigravida and second- time 

mothers [1]. Pregnant women are one of the susceptible groups to developing severe malaria causing 

a very high risk of clinical complications [2,3]. Moreover, the consequences of maternal malaria in  a 

fetus  are preterm,  stillbirth, abortion, low birth weight,  and intrauterine  growth restriction [4,5]. 

During malaria infection, infected erythrocytes can reach the placenta, resulting in placental malaria. 

Moreover, uncontrolled complement system activation can result in pregnancy complications for the 

fetus. Currently, there are no specific peripheral markers of MiP outcome in pregnant women infected 

with Plasmodium falciparum during gestation.   

Methods: In this study, we described a peripheral plasma proteome signature in BALB/c female 

pregnant  mice  infected  with  Plasmodium  beghei  ANKA and  pregnant  women  infected  by 

Plasmodium falciparum at the delivery using high resolution and accuracy quantitative mass 

spectrometry-based proteomics and orthogonal techniques.   

Results: A total of 2,376 peptides and 2,305 corresponding to 319 and 249 proteins were quantified 

in  mice  and  human  plasma  samples,  respectively.  The  regulated  peptides  identified  in  both 

organisms  are  involved  in  complement  system  activation  during  malaria  in  pregnancy.  We 

observed dysregulation of the complement system components and their inhibitors in infected 

pregnant mice and women. Using a multiparameter correlation analysis of proteomics and clinical 

data, a negative correlation between properdin and LBP (complement components) and placental 

vascular space in  the murine infected  group was identified. Moreover, a positive correlation between  

complement  system  components  and  newborn  head  circumference  was  observed indicating a 

correlation between plasma proteome signature and clinical outcome of the infants.   
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Conclusion. Taken together, the data presented in this study sheds new lights on the altered 

complement system activation in gestational malaria.   
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Introduction: Improvement in analytical methods, including extraction procedures has been a recurrent topic 

in mycotoxin research due to the fact that mycotoxins are ubiquitous, potent and notoriously difficult to 

eradicate from the food and feed supply chain. Effective management of these toxicants rely on stringent 

regulation and routine surveillance of food commodities via efficient analysis, hence the continuous need for 

improved methods. This study is a follow-up on our earlier study [1] in which we described the development, 

optimization and validation of a modified pressurized hot water extraction (PHWE) method for the analysis of 

multiple mycotoxins in maize. Herein, we describe the  broader  application  of  PHWE  as  a  novel  extraction  

method  for  the  analysis  of  multiple mycotoxins in contrast to traditional solvent extraction method.  

Methodology: Ninety-one (91) samples of maize, sorghum and millet obtained from 5 agroecological zones 

in Nigeria  were  investigated  for  mycotoxin  contamination  using  the  modified  PHWE  method followed 

by analysis on a robust and efficient equipment (Shimadzu 8030 LC-MS/MS) to ensure accuracy and reliability 

of our results. Fifteen (15) different mycotoxins were simultaneously estimated in the staples. For further 

authentication, the same samples were analyzed using a validated solvent extraction method which served as a 

control for cross-validation. The results were contrasted and scrutinized for differential patterns using principal 

component analysis (PCA) and orthogonal projections to latent structures discriminate analysis (OPLS-DA).  

Results: Discrimination of the results of PHWE and solvent extraction using principal component analysis 

(PCA) and orthogonal projection to latent structures discriminate analysis (OPLS-DA) did not yield any 

differential clustering patterns. All maize samples (n=16), 32% (n=38) of sorghum and 35%  (n=37)  of  millet  

samples  were  positive  for  at  least  one  of  the  15  tested  mycotoxins. Contamination  levels  for  the  cereals  

were  higher  in  the  warm  humid  rain  forest  region  and gradually decreased towards the hot and arid region 

in the north of the country. The results demonstrated  the  applicability  of  PHWE  as  a  possible  alternative  

extraction  method  to conventional methods of extraction, which are solvent based.  
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Conclusion: Our  adopted  method,  PHWE,  is  a  fast,  efficient,  cost-effective  and  environmentally-friendly 

method which greatly limits the use of harmful organic solvents. In general, based on the results of this study, 

it is evident that mycotoxins, particularly aflatoxins and fumonisins, still constitute a significant concern to 

food safety in Nigeria, and perhaps other West African countries. Also, we observe that PHWE is very 

promising as an alternative to conventional methods for survey-type work and exposure studies for multi-

mycotoxin levels in food products.  
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Introduction: Ambient air pollution has been outlined as one of the priority areas of the environment and 

health issues. Air pollution kills about 3 million people annually affecting each person and all regions of 

the world. Precipitations may be quite helpful to study air atmospheric  contaminants  as  rain  reflects  

current  state  and  snow  reveals  long  term  air pollution. Arctic environment is very sensitive to changes, 

while Russian Arctic is “terra incognita”. The present study deals with organic pollutants in snow and air 

in that region.      

 

Methods: Snow samples were collected from several sites of archipelagos Novaya Zemlya and Franz Josef 

Land. Air samples were collected from 16 sites along the Russian Arctic coast from the White Sea to the 

East Siberian Sea. Pegasus® GC×GC HRT 4D instrument (LECO  Corp.,  USA)  was  used  for  snow  

samples.  Besides  electron  ionization  (EI)  some samples  were  analyzed  using  chemical  ionization   

(PCI)  and  electron  capture  negative ionization  (ECNI).  Thermal  desorption  gas  chromatography–

high-resolution  mass spectrometry with GC-Orbitrap instrument (Thermo Scientific, Germany) was used 

for the analysis of air samples. Standard mixtures (Restek, USA) were applied for identification and 

quantitation of priority pollutants.    

Results: High resolution mass spectrometry was the key analytical tool to identify unknown compounds.  

86 priority pollutants were detected and quantified in the air samples. Although the concentrations of the 

majority of them were notably below the established safe levels, xylenes, ethylbenzene, and phenol 

demonstrated 15%, 40%, and 60% of the safe values, respectively. The principal source of organic 

compounds in the Arctic air involves biomass burning, while marine plants and water contaminants may 

be responsible for the presence of certain halogenated species.  

Only three priority pollutants (dialkylphthalates) were identified in the snow samples from Franz  Joseph  

Land.  Non-targeted  analysis  revealed  fatty  amides  and  some  peculiar compounds (N,N-

dimethylcyclohexylamine and N,N-dimethylbenzylamine).  

Over 100 organic compounds in the snow samples from the Novaya Zemlya archipelago. Only 10 

compounds from the USEPA priority pollutants list were detected and quantified. Some  indicators  of  

biomass  burning  events  were  detected  while  pyridines  and organophosphates may be treated as possible 

emerging contaminants for the Arctic region.  

A number of oxidized organic compounds were identified in snow and air samples.  These were CHO class 

species with RDB 0, representing the products of photooxidation of aliphatic hydrocarbons. Aromatic 

species were represented by oxidized PAH molecules.  

Conclusions: The first comprehensive dataset was studied to estimate the levels of volatile and semi-

volatile organic pollutants in Russian Arctic. The reliability of the results was based on the accurate mass 

measurements. 
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Introduction: Floodplain lakes in lowlands Amazon are great contributors to the methane emissions and 

therefore for global methane budget, albeit being crucial environments to the carbon sink worldwide [1]. 

However, most of the CH4 produced in the sediment is oxidized in the lacustrine environment, which alters 

the carbon isotopic profile of the organic matter [2]. This work focuses on the compound-specific isotopic 

analysis (CSIA) of lipid biomarkers in a short core from one of the largest clearwater floodplain areas in the 

Amazon basin (Tapajós river).  

Methods : A 12-cm core was sectionated, extracted and fractionated, as described elsewhere [3]. CSIA of 

biomarkers was conducted for n-alkanes, aliphatic hopenes, hopanoids and sterols. For CSIA analysis of 

sterols, analytes were previously acetylated using acetic anhydride and anhydrous pyridine (1h, 70 °C) [4], 

and alkanoic acids were derivatized using BF3/MeOH (14%).  Analyses were performed on an Agilent 

Technologies 6890N gas chromatography coupled with a Delta Plus Advanced mass spectrometer via a GCC 

III interface (Thermo Scientific). The C3 mixture (Indiana University) was used for CO2 cylinder calibration, 

and an in-house mixture was used in daily calibrations.  

Results : Odd-numbered n-alkanes were depleted in 13C in contrast to the even ones, indicating different 

origins. Isotopically depleted odd-numbered mid-chain hydrocarbons (C21, C23, C25) may be associated with 

the incorporation of depleted carbon by autochthonous primary producers, such as phytoplankton and 

macrophytes. The uptake of depleted  13C by pelagic organisms was revealed by CSIA results of sterols and 

hopanes with depleted isotopic signature, especially diploptene (δ13C = –53.5‰), which is a strong indicator 

of the influence of methane oxidizing organisms (MOB) in this environment. Moreover, the CSIA of steroidal 

compounds revealed the  uptake  of  depleted  CO2  occurring  in  the  environment,  represented  by 

campesterol/campestanol (–39.0‰ to –42.2‰) and cholestanol/cholesterol pairs (–35.9‰ to     –43.8‰) that 

represents phyto and zooplankton, respectively. Finally, CSIA of alkanoic acids derived from bacterial 

sources showed profiles consistent with methane oxidizing organisms (MOB).  

Conclusions: Anaerobic oxidation of methane plays significant role in the aquatic food web, in which the 

resultant CO2 will be assimilated by autotrophic organisms whose biomass is finally consumed by the 

heterotrophic community, showing the importance of aquatic organisms to the carbon cycle in the Brazilian 

Amazon.  
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Introduction: Libraries house large numbers of book collections made of a wide range of organic materials 

(as celulose, inks, pigments, binders, glues, etc) which undergo a continuous and  inevitable  deterioration  

due  to  natural  ageing,  or  due  to  contact  with  anti-biological infestations agents. The identification and 

comparison between organic compounds presented in a book from different periods contribute to the 

knowledge of chemical composition and class distribution of papers over time, which may influence and 

be influenced by the surrounding environment [1,2]. In this context, the use of two-dimensional gas 

chromatography coupled with flight time mass spectrometry (GC×GC-TOFMS) becomes extremely 

important for the identification and quantification of a large number of compounds in these complex 

samples. 

Methods: Two fragments of papers taken from books periods from the aged paper (1930s) and recent paper 

(2000s), both exposed to the environment of a library, were submitted to ultrasonic agitation extraction in 

dichloromethane: methanol (9:1) and a liquid silica chromatography was performed to separate the 

compounds into three fractions. Then, internal standards were added to  each  of  the  fractions  and  

analyzed  using  GC×GC-TOFMS.  The  classifications  of  the compounds  were  performed  using  the  

extracted  ions  chromatograms  (m/z 85,  191,  217, 155, 178,  212,  235,  165,  and  246).  Data  process  

was  acquired  by  LECO  ChromaTOF® software.  

Results: 345 compounds were identified in the older paper and 233 in the more recent one. Among them, 

compounds related to paper degradation such as furfural, vanillin and guaiacol with total concentrations of, 

respectively: 49.9; 271; and 467 (1930s - ng μL-1); 0.60; 83.6; and undetected (2000s - ng μL-1). Other 

compounds were identified as n-alkanes, hopanes, steranes, naphthalenes,  phenanthrenes,  thiophenes,  

carboxylic  acids,  ketones,  alcohols,  aldehydes, phenols, and toluene, which have varied origins, such as 

petroleum. The quantification of these compounds  was  obtained,  and  the  summed  concentrations  of  

n-alkanes,  toluene,  and phenanthrenes, which were respectively: 900; 311; and 108 (1930s – ng μL-1); 

979; 180; and 129 (2000s – ng μL-1). Several, pesticide-related compounds also were detected, which total 

concentrations are: 333 ng μL-1 (1930s); 0.72 ng μL-1 (2000s). In the aged paper were detected: DDD, 

DDT, DDE, and DDMU, while the recent paper presented only the presence of DDD.  

Conclusions:  The analysis of organic compounds in aged and recent papers allowed the discrimination 

between papers and the effects of time on the chemical composition of books. In  addition  to  being  able  

to  correlate  compounds  from  different  origins,  such  as  paper degradation and petroleum markers, it 

was possible to identify different classes of pesticides in studies that had not been carried out before.  
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Introduction: Oxytetracycline (OTC) is a broad-spectrum antibiotic that, due to its intensive use in 

livestock, may be regarded as emerging contaminant (EC). As other ECs, OTC may degrade in the 

environment, generating transformation products (TPs), which could potentially be more harmful than their 

parent compound. Laboratory experiments allow to simulate diverse environmental conditions and 

characterize multiple TPs of low abundance through HPLC-MSn.  

Methods: Aerobic and anaerobic OTC degradation experiments (AX and ANX, respectively) were carried 

out in water/sediment reactors at pH 5.5, under biotic and abiotic conditions, during 45 days, based on 

existing guidelines [1]. High OTC concentrations were employed to facilitate TPs characterization. 

Aqueous and sediment samples were taken periodically and, after conditioning [2], were analyzed using 

HPLC-MSn. Multiple tandem mass spectra were acquired using a linear  ion  trap mass  spectrometer 

(Thermo LTQ XL) equipped with  an electrospray source in positive-ion mode. Search of transformation 

products was accomplished by an untargeted screening approach, using MatLab software to filter potential 

candidates.  

Results: Biotic degradation of OTC in solution proved to be faster in both AX and ANX than under abiotic 

conditions, rendering also a higher diversity of TPs, specially at short times. When comparing decrease in 

OTC concentration between AX and ANX conditions, the latter was faster. Moreover, TPs displaying 

higher m/z values than OTC were more numerous in AX than in ANX, mainly as a result of oxidative 

reactions. Considering all tested conditions, from a total amount of 50 TPs detected, half of them could be 

structurally characterized through their ion fragments. Interestingly, even though several TPs were detected 

in all conditions, differences in their time evolution and persistence were found. Roughly 45% of all 

detected TPs in water seem to be more persistent in water than OTC, particularly in AX. Furthermore, 

analysis of sediments not only showed that OTC was still detectable at the end in all conditions, but also 

around 30% of all detected TPs were also present in them. No correlation could be detected between 

structural modifications in TPs and their persistence.  

Conclusions: Batch simulated degradation experiments have proven to be useful to examine the  fate  of  

OTC  in  water/sediment  systems  under  different  conditions.  HPLC-MSn  and extensive  ion  fragment  

analysis  allowed  to  characterize  several  TPs  and  to  assess  their persistence in solution and sediments.  
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Introduction:  Plants  adjust  to  environmental  variations  by  reprogramming  their  gene expression 

levels [1]. These responses, when reflected phenotypically, may become permanent if exposure to  a 

particular environmental condition is continuous and may be genetically manifested  in  the  long  term  

[2].  Since  protein  expression  is  sensitive  to  environmental variations, it becomes difficult to distinguish 

how much of these differences are due to the environment or to intrinsic population differences. One way 

to circumvent this difficulty is to develop studies on populations grown under common garden conditions 

[3]. Myrsine coriacea is a tree species that presents wide phenotypic variation and the ability to occupy 

different environments.  

Methods: This study was performed using germinated plants from seeds collected from native populations 

of the species located in four municipalities of the state of Espírito Santo, Brazil, and cultivated in an 

experimental plantation. Three biological replicates were used for each population to evaluate the 

proteomic profile.  

Results: Cluster analysis revealed the formation of two groups, one with individuals from the highest 

altitude (1774 m) population and the other with individuals from the other populations studied.  Different  

from  the  other  populations,  the  region  of  origin  of  the  high-altitude population has a tropical climate, 

and the temperature can reach -4 °C in the winter. The comparison between this high-altitude population 

and all other populations showed that 170 proteins were differentially accumulated. Analysis of KEGG 

pathways revealed that the most representative pathway in all three contrasts was "carbon fixation in 

photosynthetic organisms”. Predicted protein‒protein interaction analysis resulted in interactions between 

potential key proteins involved in the differential regulation of the high-altitude population. It was possible 

to  demonstrate  the  interaction  between  Triosephosphate  isomerase,  Glucose-6-phosphate isomerase, 

Fructose-bisphosphate aldolase, and Phosphoglycerate kinase. These proteins were down-accumulated. 

Chlorophyll a-b binding protein was also evidenced in the interaction network, participating in the 

"photosynthesis-antenna proteins" pathway, and these proteins were up-accumulated.  

Conclusions: We suggest that abiotic selection pressures in the high-altitude environment are the main 

mechanisms that maintain the proteomic variation of the high-altitude population in relation to the others. 

The high-altitude population showed mostly down-accumulated proteins involved in energy metabolism. 

The repression of proteins suggests that the high-altitude population  has  a  depression  of  photosynthetic  

capacity,  which  might  be  caused  by  the deceleration of the Calvin cycle and light reaction of 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

223  

photosynthesis. Chlorophyll a-b binding protein and heat shock proteins are related to environmental stress 

and may play a key role in regulating the acclimation of Myrsine coriacea populations.  
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for analysis of sediments from the Ipojuca River, Pernambuco - Brazil   

Ana Flávia Barbosa de Oliveira1,Bruna Ramos de Souza Gomes1, Rebeca dos Santos 

França2, Giovana Anceski Bataglion2, Alex Souza Moraes1, Jandyson Machado Santos1  

1Department of Chemistry, UFRPE 
2Department of Chemistry, UFAM. 

flavia.oliveira236@hotmail.com  

Keywords: Environmental biomarkers, sterols, sediments, Ipojuca river, LC-MS/MS. 

Introduction: Urban  sewage  represents  one  of  the  main  sources  of  anthropic  contamination  in 

aquatic environments. In cities around rivers and lakes, especially in densely populated areas, the high 

volume of sewage generated daily and precariousness of basic sanitation results in major concerns for 

society. It is estimated that only about 45% of sewage is treated in Brazil, and another 55% of untreated 

sewage is discharged directly into aquatic environments [1]. The assessment of urban contamination by 

sewage in sediments is commonly carried out using sterols biomarkers, that can be associated with 

anthropic and biogenic sources. Herein, we have quantified sterol biomarkers by liquid chromatography-

tandem mass spectrometry (LC-MS/MS)  of  sediments  from  the  Ipojuca  River,  located  in  the  city  

of  Caruaru, Pernambuco, Northeast of Brazil.  

Methods: A total of ten surface sediment samples were collected along 7 km of length of the Ipojuca River, 

covering regions of low and high population occupation, as well as regions with signs of anthropogenic 

impact. The extraction and fractionation of organic compounds were carried out following the method 

described by Rau et al. (2013) [2]. Determination of ten  sterols  was  performed  using  a  liquid  

chromatography  coupled  to  a  Qtrap  mass spectrometry,  with  an  atmospheric  pressure  chemical  

ionization  (APCI)  operating  in  the positive  ion  mode  acquisition.  Sterols  detection  was  performed  

using  selected  reaction monitoring (SRM) with two product ions of each precursor selected. The validation 

of the method was carried out by obtaining the main analytical parameters, detailed previously by Bataglion 

et al. (2015).   

Results: Eight sterols were detected and quantified, and the coprostanol (main biomarker of fecal 

contamination) was the predominant sterol in 90% of the sediments, with concentration reaching 557.3 µg 

g-1 near to open-market of Caruaru and regions with high urban occupation, indicating that this is the most 

critical area. This value is considered extremely high when compared to reference limit values (<0.5 µg g-

1) and to the best of our knowledge, when compared with studies of other Brazilian aquatic environments, 

this concentration appears to be  the  highest  ever  recorded.  Six  diagnostic  sterol  ratios  

(as  example, coprostanol/(coprostanol + cholestanol)) were applied and also pointed to a high level of 

contamination by untreated sewage in 90% of the sampling points.   

Conclusions: The study was able to reveal the level of sewage contamination of surface sediments of the 

Ipojuca River, Northeast of Brazil. Sterols concentration and their respective diagnostic ratios  indicate  

that  urban  sewage  is  the  main  source  of  organic  matter  in  90%  of  the sediments, evidencing the 

high rate of contamination in the field of study. Thus, the results reveal the necessity of application of 

remediation strategies policies to preserve this aquatic environment.  
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Introducion: PBDEs are flame retardant additives used mainly in electronics devices, building materials and 

textile industries. They are also called emerging pollutants, and are potentially toxic human and environmental. 

Some PBDE congeners were classified as probably carcinogenic in 2A group IARC. The Stockholm Convention 

listed pentabromodiphenyl ether and octabromodiphenyl ether as persistent organic pollutants (POPs). Because 

their structural similarity to polychlorinated biphenyls  and  polybrominated  biphenyls  they  are  liposoluble  and  

difficult  remediation  and degradation, and tend to accumulate in the trophic chain, interfering in endocrine and 

immune systems,  besides  metabolism  and  transport  of  thyroid  hormones  due  their  similarity  with  this 

substances.1.  

 

Methods: The aim of this study was to evaluate the basal levels of PBDE in plasma samples from mothers in a 

follow-up study of new borns in an area of Rio de Janeiro city. These samples were collected at UFRJ maternity 

school by the PIPA Project team (childhood project and industrial pollutants). The analytical method was based 

in extraction of PBDE 47, PBDE 99, PBDE 100, by solid phase extraction in C18 cartridge, detection and 

quantification by gas chromatography quadrupole mass spectrometry. Validated method ranged in plasma matrix 

from 0.2 to 6.0 ng mL-1.2.  

 

Results: The limits of detection and quantification were 0.097 and 0.295 ng mL-1 for PBDE 47; 0.157 and 0.475 

ng mL-1 for PBDE 99; 0.180 and 0.545 ng mL-1 for PBDE 100. Positive results were found in only 9 samples, 

representing 7,5 % of the total of 120 total samples between limit of detectation and quantification for PBDE 47 

and for PBDE 99 in pregnant women’s plasma.3.  

 

Conclusions - These results refleted exposure of these mothers in same level as described in other countries due 

to environmentally exposed population.  
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Introduction: Anthropic activities are responsible for several environmental impacts, such as increased 

contamination of aquatic systems, mainly due to urban and industrial  discharges, which require  studies  

to  assess  the  level  of  contamination  as  well  as  its  origin.  To  this  end, geochemical biomarkers are 

quantified to identify the origin of the organic matter (OM) and the level of contamination present in an 

environmental system. In this study, biomarkers of the  classes  of  polycyclic  aromatic  hydrocarbons  

(PAHs)  and  sterols  were  quantified  to delineate the source of OM and the level of contamination in 

eleven samples (code ST1 to ST11) of sediments (surface depth 0-10 cm) from the Capibaribe River water 

system at the municipalities of Santa Cruz and Toritama, Pernambuco, which is a historically important 

region for the state due to the presence of intense urban and industrial activities.  

Methods:  The  sediments  were  submitted  for  preliminary  treatment  and  extraction  of  organic 

compounds, as proposed previously [1]. After, the organic extracts were analyzed by liquid 

chromatography-tandem  mass  spectrometry  (LC-MS/MS)  with  atmospheric  pressure chemical 

ionization (APCI) and Qtrap analyzer, following a previous methodology [2] for identification and 

quantification of sterols. For PAHs analyses, gas chromatography/mass spectrometry (GC/MS) with 

electron ionization and quadrupole analyzer was used following a previous methodology [3]. In addition, 

a multivariate statistical analysis of the data was performed.  

Results: The diagnostic ratios of PAHs, such as BaA/BaA+Cri and IP/IP+Bghi [4] pointed to sedimentary  

organic  matter  formed  from  mixed  sources  (petrogenic  and  pyrogenic). Furthermore, the diagnostic 

ratios of sterols, such as coprostanol/cholesterol, [5] indicated high sewage contamination due to values > 

0.5. The ST2, ST4, and ST0 sediments were the most contaminated by sterols and PAHs, and these were 

obtained in more populated regions, located near the city and textile pole industries. Multivariate statistical 

analysis was able to distinguish  the biogenic and anthropogenic sources of sediments  and aggregate them  

in different levels of contamination.  

Conclusions: The  results  highlight  the  existence  of  contaminated  points  in  the  Capibaribe  River 

aquatic system due to the high concentration of PAHs and sterols, emphasizing the need for continuous 

environmental monitoring studies.  
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Introduction :Drinking water contamination has been gaining attention from regulatory agencies, with a 

focus on the emerging contaminants. The metabolites 2-methylisoborneol (MIB) and geosmin are 

important contaminants, which are generated mainly by cyanobacteria and are associated with the earthy 

taste and odor in water even at concentrations in the ng/L range, in addition to compromising  the  

efficiency  of  filtration  membranes  and  increasing  the  consumption  of activated carbon. N-

Nitrosamines also stand out as emerging contaminants due to their carcinogenic properties,  requiring  

actions  by  WHO  to  limit  the  concentration  of  NDMA  (N- nitrosodimethylamine), the major N-

nitrosamine, at 100 ng/L in drinking water. In view of the presence of these contaminants in water at 

harmful concentrations in the ng/L range, the project proposal is to develop methods utilizing 

chromatography coupled to mass spectrometry to evaluate the efficiency of their removal of several 

filtration agents (FAs) prepared by collaborators.   

Methods: For the evaluation of the removal efficiency of the FAs, a fixed mass of the FA is added to a 

volume of a fixed concentration of the target contaminant and left in direct contact with agitation for 15 

minutes, lastly analyzing the aliquot in LC-MS or GC-MS systems. In the LC- MS system an SIR of 75 

m/z was made for NDMA and a MRM of 103 > 75 m/z for NDEA (N-nitrosodiethylamine) with CV = 30 

V and CE  =  6 eV and the lowest  concentrations quantified were 10 and 1 ng/L for NDMA and NDEA, 

respectively. In the GC-MS system a SYR of 95 m/z(quantification ion) and 110 m/z(reference ion) was 

made for isoborneol, with the lowest concentration quantified being 50 ng/mL.  

Results: Different materials were evaluated on the LC-MS/MS system for the analytes NDEA and NDMA 

comparing different batches of materials that were prepared on different days, showing that the same 

material for FAs prepared on different days can show different removal efficiencies, indicating a possible 

heterogeneity between the FAs, with the maximal removal efficiency being 88.3% when comparing the 

initial and final concentrations. For  the  GC-MS  analysis,  different  materials  were  evaluated  for  the  

removal  of isoborneol, a molecule similar to MIB, showing a removal efficiency ranging from 8 to 59%.  

Conclusions : The experiments demonstrate the possibility of evaluation of these filtration agents’ 

efficiency and opens opportunities for optimization of these materials. The major limitation of the 

experiments is achieving a limit of quantification on the ng/L range, for that purpose, extraction methods 

like SPE and SPME will be tested in the future for achieving the required method sensitivity.  
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Introduction: Pesticides are widely used to control agricultural pests. Due to its toxicity, it is 

necessary to continuously monitor the presence of pesticide residues in food and water. 

Pesticide residue analysis is a challenging task, due to the variability of pesticide classes and 

chemical properties, along with the low maximum residue levels (MRL) admitted by the 

legislation in some cases. Screening methods are mainly used to identify the presence of a 

compound in a sample without the need for quantitation. In this way, applying methodologies 

based on chromatography coupled with high-resolution mass spectrometry (LC-HRMS) is a 

valuable tool for water quality control [1]. Method validation ensures the reliability of the 

results, and despite its importance, validation of screening methods has yet to be frequently 

reported  in  the  literature  [2].  Therefore,  the  objective  of  this  study  was  to  perform  a 

qualitative method validation for pesticide screening in natural waters.  

Methods: Sample preparation was carried out by solid phase extraction using a Gilson ASPEC 

274 system. The eluates were evaporated on a rotational vacuum concentrator and reconstituted 

to 1.0 mL with methanol. The extract was filtered with a PTFE membrane of 0.22 µm, fortified 

with a mixture of pesticides at six different levels, and transferred to a chromatographic vial. 

Five microliters of the extracts were injected into a UHPLC Vanquish Horizon  system  coupled  

to  a  Q-Exactive  Plus  Orbitrap  mass  spectrometer  (Thermo Scientific). Mobile phases A and 

B consisted of ultrapure water and MeOH, respectively, both containing 0.1% (v/v) formic acid. 

For LC separation, a 2.1 mm x 50 mm, 1.7 μm Acquity UPLC BEH C18 column from Waters 

was used. The LC flow rate was 0.3 mL/min, and the temperature of the column oven was 30 

°C. Replicate analyses were performed for each extract, with 10 injections per day for two days, 

which resulted in a total of 20 analyzes per extract. The Target Screening function of 

TraceFinder was used for data processing.   

Results: Four main validation parameters were evaluated: false-negative rates, unreliability 

regions, screening detection limit, accordance, and concordance. The screening method was 

considered validated when the pesticide was detected in at least 95% of the samples at the lowest 

concentration level (0.5 MRL for underground water, and 0.8 MRL for surface water). The 

qualitative method determined the analytes 2,4-D, 2,4,5-T; 2,4,5-TP, Alachlor, Atrazine, 

Aldicarb  sulfone,  Aldicarb  sulfoxide,  Bentazone,  Carbaryl,  Carbofuran,  Clorpirifós, 

Malathion,  Metolachlor,  Molinate,  Propanil,  Simazine  and  Tributyltin  in  surface  and 

underground water.  

Conclusions: With the method proposed, most pesticides controlled by Brazilian legislation 

could  be  qualitatively  validated  for  screening  in  underground  and  surface  water.  The 

screening  detection  limits  were  established  for  each  pesticide  according  to  the  MRLs 

admitted by the current Brazilian legislation.  
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Introduction: In terms of identification and quantification, multidimensional techniques, such 

as comprehensive two-dimensional gas chromatography (GCxGC), offer higher resolutions and 

can resolve co-eluting peaks due to the higher separation capability with the presence of two 

columns of different polarities [1]. The GCxGC associated with a detector capable of processing 

the amount of data generated, of providing a fast scan and deconvolution by the extraction of the 

mass/charge ratio (m/z) shows itself as a powerful tool for the analysis of complex matrices [1]. 

The present work proposes the development of a method for the untargeted analysis of pesticides 

in surface water by comprehensive two-dimensional gas chromatography with a hybrid 

quadrupole-time-of-flight analyzer (GCxGC/Q-TOFMS/MS).  

Methods: A new hollow fiber liquid phase microextraction (HF-LPME) was prepared from the 

synthesis of polydimethylsiloxane (PDMS) inside an 8,0 cm polypropylene hollow fiber. The 

samples were punctually collected from Sarandi Stream (Contagem, MG) and Pampulha Lagoon 

(Belo Horizonte, MG). The fiber produced was placed in U shape inside a 20,0 mL vial 

containing the water sample. The sorption was performed for 30 min and 400 rpm at room 

temperature and the desorption was made with ethyl acetate in ultrasonic bath for 5 min at 65,0 

°C, after agitation in a vortex for 1 min. About 0,50 µL of supernatant was taken for injection  

into  an  GCxGC  Agilent  7890B  coupled  with  an  Agilent  7250  Q-TOFMS/MS analyzer with 

ZOEX thermal loop modulator.  

Results: The results obtained after injection of the extracts were treated in GC Image software 

using the updated NIST library, confronting the mass spectra found with the reference m/z ratios.  

Pesticides  were  found  in  the  samples:  diazinon,  pirimiphos  methyl,  chlorpyrifos, endosulfan, 

endrin, 4,4'-DDD, methoxychlor and mirex at the first point of the Sarandi stream; 4,4'-DDD, 

methoxychlor and mirex at the second point of the Sarandi stream; metoxiclor at the point near 

the mineirinho stadium in the Pampulha lagoon; and chlorpyrifos, 4,4'-DDD, methoxychlor, and 

mirex at the point of the Iemanjá statue also in the Pampulha lagoon.  

Conclusions: The method extraction and untargeted analysis developed was able to identify 

pesticides in the samples collected in Sarandi Stream and Pampulha Lagoon. Among the 

pesticides found were those authorized by ANVISA: chlorpyrifos, diazinon and pirimiphos 

methyl; and the unauthorized ones: 4,4'-DDD, endrin, endosulfan, methoxychlor and mirex. Poor 

sanitation, untreated industrial effluent discharge, and disposal of solid waste directly into water 

bodies are possible sources of the pesticides identified in this work. Therefore, it can be stated 

that the developed system can be employed for passive sampling of these pollutants in surface 

waters, contributing to their monitoring and regulation.  
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Introduction: Many biogenic volatile organic compounds (BVOCs) are chiral, meaning 

they naturally occur as two mirror images of the same molecule. Past and current 

studies on chiral BVOCs have highlighted the existence of regiospecific patterns [1] and 

their variability with time of the day, season and height [2]. To better elucidate the role 

of the tropical forest as a source or a sink of chiral VOC was determined the 

concentration in two distinctive GC-MS/TOF methods in Amazon  rainforest. 

Methods: Air samples were collected in the Amazon Tall Tower Observatory (ATTO), 

located 150 km NE of Manaus, Brazil (02°08.752’S, 59°00.335’W) [3]. The site was 

chosen for having a tower enclosed into the canopy allowing it to measure above the 

canopy height. Samples were taken at 40m height during July/2019 and 2022 (wet 

season). The concentration of VOC in each sample was determined through 

GC-TOF-MS (Markes International, UK) at the Max Planck Institute for Chemistry and at 

University of California Irvine with the same type of detector. The GC-TOF-MS in 

Germany [4] is equipped with a thermal desorption unit, a chiral column and a TOF MS 

which operates in tandem mode and the TD-GC-MS/TOF in the USA is equipped with 

just one column [5]. 

Results: Data obtained from the chiral method shows that the concentration of 

enantiomeric compounds must be different than the simple column method used by the 

same analyser and mass detector. 

Conclusions: The second column in addition to TD-GC-MS/TOF can allow the 

enantiomeric BVOCs identification related to the amount of concentration measured in 

the Amazon rainforest. 
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Introduction: Uranium is an element present in ambient air, water, soil and rocks [1]. The 

most abundant natural radioisotope of this actinide (238U) produces in its chain decay the 

radionuclide 222Rn [2], which is a tracer for atmospheric mixing and transport model 

validations [3]. The 238U activity concentration in superficial soil samples is a crucial 

parameter for some 222Rn flux map modeling methodologies [4].  

Methods: In this study, 18 superficial soil samples were analyzed. The content of 238U was 

assessed using two techniques: (i) by the comparative method of the Instrumental Neutron 

Activation Analysis (INAA) [5] and by ICP–MS (ELAN 6000, PerkinElmer) [6]. Certified 

Reference Materials (CRM) SRM 1646a Estuarine Sediment and USG STM–2 were used 

both as comparators in the INAA technique and to ensure quality control. The normality and 

homoscedasticity of the data were evaluated. Finally, the Mann- Whitney U test [7] was 

used to assess whether or not there is a significant difference  (α = 0.05) between the two 

techniques.  

Results:  The  z-score  was  calculated  to  ensure  quality  control.  Z-scores  values  was 

obtained by the Modified Horwitz Equation [8], which takes into account the order of 

magnitude of the content of the analyte and is independent of the CRM uncertainties, 

unavailable for the CRM used. The z-score values obtained (n = 3) for the radionuclide 238U 

were 0.5 for the CRM USG  STM–2 and -0.4 for SRM 1646a. The z-scores obtained are 

smaller than 2 therefore they are considered satisfactory [9].   
Regarding  the  statistical  parameters  of  the  comparison  between  the  techniques,  the 

normality (Shapiro Wilk) was not verified (p = 0.02 for ICP-MS and p = 0.03 for INAA). 

The p-value for the test for equal variances (F test) was 0.71  

Mann-Whitney U test was used instead of Student’s test due to the non-verification of the 

normality parameter in the data. The p-value from the Mann-Whitney test (0.51) indicates 

that there is no significant difference between the  238U content measured by the two 

techniques.  

Conclusions: Statistical analysis showed that there is no significant difference between the 

238U mass fraction measured by the ICP–MS and the INAA – comparative method. In the 

future, certified reference materials will also be assessed by ICP–MS in order to corroborate 

this statistical comparison from a metrological point of view.  
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Introduction: The mining industry is one of the most important in Brazil, being one of the leading 

economic sectors. Ether amines are widely used as reverse cationic flotation agents in separating 

quartz from iron ore [1]. In just one Brazilian mining company, about 1500 tons of ether-amines 

are used annually [2]. All these compounds are discarded in tailings dams and can contaminate 

surrounding water bodies and soil if a failure occurs [3]. Studies show that amines, when absorbed 

by the body, can have the toxicological effect of reducing white blood cells. Moreover, their 

derivatives like ammonia, for example, often cause eye and skin irritation [4]. Despite the risk these 

compounds can present to the environment and human health, to our knowledge, there are no 

studies regarding identifying by-products arising from the natural degradation of ether amines in 

an aqueous medium. We herein apply liquid chromatography coupled with high-resolution mass 

spectrometry to monitor the degradation of ether amines, commonly used by the mining industry, 

in an aqueous medium to identify possible products.  

 

Methods: Commercially available ether amine mixtures (Flotigan EDA 3B® and Flotigam 

2835®) were purchased from Clariant. An UHPLC-HRMS system composed of a Vanquish liquid 

chromatographer coupled with a QExactive mass spectrometer (Thermo Scientific) was used in 

the experiments. Screening analyzes of the commercial products were performed in the full scan 

mode (mass range: 70 to 700) to access the ether amines composition. A solution of ether amines 

was exposed to UVC radiation for four hours,and aliquots were periodically analyzed by 

operating the mass spectrometer in the full scan and MS2 modes. Degradation products were 

identified using the softwares Freestyle, Trace FinderTM, and Compound DiscovererTM.   

 

Results: The analysis of the commercial products indicated that Flotigam EDA 3B is mainly 

composed of ether monoamines with the general formula RO(CH2)3NH2, where R is an alkyl chain 

of 10 to 13 carbon atoms (R = alkyl chain with 10 carbon atoms being predominant) and Flotigam 

2835 is comprised by a mixture of ether diamines of the general formula RO(CH2)3NH 

(CH2)3NH2,  with  R=  alkyl  chain  with  12  carbon  atoms  being  predominant).  The 

chromatographic peak areas showed that ether-amine concentration dropped with time. Some 

degradation  products  could  be  tentatively  elucidated  using  the  Compound  Discoverer® 

software.  

Conclusions: Screening analysis using UHPLC-HRMS proved an excellent technique for 

elucidating the products arising from the degradation of ether amines. These results are may be 

useful for the mining companies that usually employ these materials to cause dam flotation. 

Degradation kinetic studies furnish crucial information that helps to understand the impacts of 

ether amines on the environment and to propose remediation alternatives in case of accidents.   
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Introduction: Household insecticides are made by pyrethroids pesticides and used in urban areas, 

in vector controlling, and also in rural areas, where farmers workers make use of these substances, 

representing an important problem for human and environmental health. In Brazil, legislations for 

pesticides, including pyrethroids, are defined for food and water. However, there  are  no  

established  values  for  human  exposure,  even  for  exposed  workers  to  these pesticides.  Thus,  

it  is  important  and  necessary  to  know  the  exposure  levels  of  Brazilian population,  for  

assessment  of  regulatory  sector.  The  main  objective  of  this  work  was  to understand  

background  exposure  levels  for  pyrethroids  metabolites  for  Rio  de  Janeiro´s population.   

Methods: In order to perform laboratory analysis, analytical method was based on 3-PBA (3-

phenoxybenzoic  acid)  and  4-FPBA  (4-fluoro-3-phenoxy  benzoic  acid)  determination, 

consisting in their extraction from urine of enzymatic hydrolysis for deconjugating analytes, and 

subsequent solid phase extraction, then analysed by liquid chromatography coupled to triple 

quadrupole  mass  spectrometry  with  acquisition  mode  by  selective  reaction  monitoring. 

Validation was determined from 0.2 to 15 ng mL-1, through recovery assays in spiked urine at 0.5, 

5 and 15 ng mL-1 levels, and limits of detection and quantitation by standard deviation at lowest 

spiked level. Quality control was daily performed with blanks and 5 levels spiked plasmas, from 

0.2 to 2.0 ng mL-1. A cluster sampling was performed in two stages, and sampling in 474 

households consisted of a questionnaire and urine sample from non-occupationally exposed, aged 

over 18 years, of both sexes, distributed proportionally by the city census sectors [1].   

Results: Chromatographic conditions were elution by mobile phase gradient with acetonitrile and 

formic acid, C18 based column, flow rate at 0.25 mL min-1, injection volume of 15 uL, and oven 

at 30°C. Mass spectrometer had capillary temperature at 270 ° C, sheath gas 30 and auxiliary gas 

10, tube lens adjusted for each analyte and negative ionization mode. The method revealed good 

precision and accuracy. Detection and quantitation limits were 0.05 and 0.25 ng mL-1 for 4-FPBA, 

and 0.06 and 0.2 ng mL-1 for 3-PBA, respectively. Recovery assays at 0.5, 5 and 15 ng mL-1 levels 

indicated average results of 95% and 84% for 3-PBA and 4-FPBA, respectively, demonstrating 

adequate accuracy and applicability for developed method for pyrethroids metabolites 

determination in urine. Background levels for 3-PBA of 6.85 ng mL-1 and 4-FPBA of 1.41 ng mL-

1 were established in this work.  
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Conclusions: The achievement of these values constitutes a relevant contribution for further risk 

assessment evaluation for pyrethroids. These results agree with those found in other countries. 

Regarding the regulatory aspect, it´s important to establishing public policies to use control of 

these substances with environmental and occupational toxicological relevance. 

Acknowledgments: Inova-Ensp Fiocruz  
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Introduction: This work aims to detect and quantify pesticide residues in soil matrix using the 

QuEChERS method for the extraction of these compounds and the chromatography technique 

with Gas Phase coupled to Mass Spectrometry for the final characterization of analytes. Using a 

Cs137 source for irradiating the contaminated soil coffee plantations characterize  reduction of 

these pesticides within the limits specified by the method, in irradiated soil, and use the same soil 

to test the recovery method [1]. The degradation process is strongly influenced by some soil 

parameters such as pH, temperature, humidity, organic matter, oxygen content and light intensity  

[2].  The gas  phase chromatography  was  used for the determination of pesticide residues [3].  

Methods: Assays were performed with soil samples of coffee cultivation of Experimental Farm 

of Machado-MG. The gas-phase chromatograph / mass spectrometer used in this test was the 

Varian 4000 GC/MS/MS [3]. Using methanol as solvent, stock solutions were prepared with 

different concentrations of each of the standards listed: Atrazine, Chlorpyrifos, Aldrin, Dieldrin, 

Endrin,  4,4’-DDT,  Oxyfluorfen,  Endosulfan  α,  Endosulfan  β,  Endosulfan  Sulfate.  The 

QuEChERS extraction steps consist of: 1- weight 5.0 g of sample and introducing 4.0 ml MilliQ 

water (manual shaker and vortex - 1 minute); 2- Addition of 5.0 mL of ethyl acetate (manual 

shaker and vortex - 2 minutes); 3- Addition of 4 g MgSO4, 1g NaCl, 1g Sodium citrate 

(C6H5Na3O7) and 0.5g of sodium citrate sesquihydrate (manual shaker and vortex - 2 minutes); 

4- centrifugation - 10 minutes with 3200 rpm [4]. 

Results: Soil samples spiked with a solution of the analytes in methanol at a concentration of 

100 μg/kg and irradiated with 5 kGy, 10 kGy and 20 kGy showed a decrease of the initial 

concentration  with  increasing  dose  irradiated.  The  compounds  Atrazine,  Chlorpyrifos, 

Endosulfan α, Aldrin and 4,4'-DDT showed values lower than their average detection limits (20 

kGy). Compound 4,4'-DDT had the highest percentage reduction in 10 kGy dose whereas 

compound Oxyfluorfen had the lowest percentage of reduction to the same dose of radiation.   

Conclusions: Irradiation of the soil with the specific dosage proved so effective in eliminating 

and / or reducing pesticides studied in this matrix.  
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Introduction: Despite the interventions against malaria including insecticides and artemisinin 

drug therapies, the infection remains as the major parasitic disease, killing 627 000 in 2020 [1]. 

Thus, the necessity for new therapeutic strategies is evident. In this sense, the P. falciparum 

kinome is a good target source for new drugs. This work quests to reveal the functional network 

of a serine/threonine kinase (STK), the calcium-dependent protein kinase (PF3D7_1423600), in 

Plasmodium falciparum 3D7 strain. Our group has already linked this kinase to lysosomal nutrient 

uptake pathways [2]. Here we apply a phosphoproteomic approach to a mutant P. falciparum with 

overexpression of this kinase (STK-overexpressed) to unravel its direct and indirect  substrates. 

Methods:  We  performed  the  protein  extraction  for  the  mutant  STK- overexpressed and its 

control (MOCK) with saponin and urea [3], and the samples went through trypsin digestion. 

Phosphopeptides were enriched with TiO2 beads [4]. After that, the LC-MS/MS was performed 

with nanoLC connected to a Q-Exactive HF Hybrid Quadrupole- Orbitrap  mass  spectrometer  

(ThermoFisher).  The  MS  full  scan  was  acquired  with  HCD fragmentation. Proteome 

Discoverer [5] was used for quantification and identification with a Sequest search from Uniprot 

proteome database (June/2017) [6]. The gene ontology analysis was performed in PlasmoDB [6], 

and only the GO-terms with q-value < 0.05 were chosen for further analyses. We used qRT-PCR 

with comparative Ct method to assess the expression levels of the clag3 genes paralogs in P. 

falciparum 3D7 [7].  

Results: A total of 1,415 P. falciparum  proteins  were  identified  and  quantified.  In  the  

phosphoproteome  dataset,  956 phosphoproteins with 3,091 phosphosites were identified and 

quantified. We pinpoint key modulated  132  phosphoproteins  and  210  phosphopeptides  (96  

upregulated  and  114 downregulated) associated with 264 regulated phosphosites (q-value < 

0.05). The modulated proteins showed an enrichment of GO-terms related to vacuoles and solute 

uptake processes. One  of  these  parasite  proteins  that  stood  out  was  CLAG3,  previously  

associated  with pathogenicity and channel formation in the red blood cell membrane [8]–[11]. 

CLAG3 was chosen for further investigation of its interaction with STK. An 18-fold higher 

transcript expression of clag3.1 than clag3.2 was identified in P. falciparum 3D7.  

Conclusion: STK- dependent phosphorylated proteins are related to GO-terms, such as solute 

uptake, suggesting that STK (PF3D7_1423600) has a role in nutrient uptake pathways, such as 
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PSAC/NPPs. This relation marks this kinase as importantfor the survival and development of the 

parasite inside erythrocytes.  
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Introduction: In 2019, the world witnessed the beginning of an unprecedented pandemic. 

As of February 2022, SARS-CoV-2 infection had already been responsible for the deaths of 

more than 5 million people worldwide [1]. Recently, we found that SARS-CoV-2 infection 

induces endoplasmic reticulum stress (ER-stress) and activation of the unfolded protein 

response (UPR) pathway [2]. Degradation of misfolded/unfolded proteins is an essential 

element of proteostasis and occurs mainly in lysosomes or proteasomes. The N- terminal 

arginylation of proteins is characterized as an inducer of ubiquitination and proteasomal 

degradation via the N-degron pathway. Furthermore, previous studies have demonstrated  

the  role  of  N-terminal  arginylation  in  cell  survival  during  stressful conditions [3]. Thus, 

this study aimed to explore the role of arginylation during SARS- CoV-2 infection and to 

verify the main effects of the post-translational modification (PTM) in different cellular 

models.  

Methods: The functions of protein arginylation during SARS-CoV-2 infection were 

elucidated in Vero CCL-81, macrophage-like THP1, and Calu-3 cells infected at different 

times  (2,  6,  12,  24,  48hpi)  with  SARS-CoV-2.  A  reanalysis  of  public  omics  data 

performed  in  vivo  and  in  vitro,  combined  with  immunoblotting,  was  performed  to 

measure  levels  of  arginyl-tRNA-protein  transferase  (ATE1)  and  its  substrates. 

Furthermore, the proteomics and glycoproteomics of Calu-3 cells silenced for ATE1 were 

explored. A transient transfection of HEK 293T cells was performed using a plasmid 

expressing either full-length spike protein or with plasmids encoding the Spike protein 
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receptor binding domain (RBD) amino acids of classical (Wuhan), P1, gamma, and delta 

strains.  

Results:  We  found  that  dysregulation  of  the  N-degron  pathway  was  specifically 

identified  during  coronavirus  infections  compared  to  other  respiratory  viruses.  We 

demonstrated that during SARS-CoV-2 infection there is an increase in ATE1 expression in 

Calu-3 and Vero CCL-8 cells. On the other hand, the infected macrophages showed no 

enzymatic  regulation.  In  addition,  we  report  that  ATE1  inhibitors,  tannic  acid  and 

merbromine (MER), reduce viral load. This finding was confirmed in ATE1-silenced cells. 

Protein arginylation was variant dependent, as shown using P1 and P2 viral variants and 

transfection of HEK 293T cells with the spike protein and receptor binding domains (RBD). 

Taken together, we hypothesized a possible relationship between the arginylation and N-

glycosylation pathways, which together contribute to the reduction of the viral load in Calu-

3 cells. We observed a direct relationship between arginylation and glycosylation in Calu-3 

cells, identifying an axis between ATE1-STT3A/B that sheds light on events involving both 

PTMs.   

Conclusions: We demonstrate that ATE1 is increased during SARS-CoV-2 infection and 

its inhibition has potential therapeutic value; in addition to regulating other important 

pathways, such as N-glycosylation.  
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Introduction: Castor bean is one of the top 10 oilseed crops in the world[1], considered a model 

in the study of fatty acid metabolism with biotechnological relevance. The oil is rich in 

triricinoleate[2] and because of that it has several uses in the industry[3]. The seed store large 

amounts of proteins and toxins that are highly toxic to humans and other animals, such as ricin[4]. 

Due to its characteristics and importance to society, studies around seed development and 

germination are needed to understand fatty acid metabolism during these processes and 

deposition/mobilization of storage proteins. Mass spectrometry-based quantitative proteomics and 

analysis of post-translational modifications was employed in this work to identify and compare 

proteins and pathways playing key role in seed development.  

Methods: Ricinus communis L. cv. Nordestina seeds in 20 days after polinization (DAP) and 30 

DAP, and mature seeds were collected. The seed´s endosperm was dissected and submitted to a 

protein extraction process, using pyridine buffer and PVPP[5]. Extracted proteins were reduced 

with 10mM dithiothreitol, alkylated with 40mM iodoacetamide, and later hydrolyzed with trypsin 

(1:50, E:S). Peptides from each stage were labeled with an iTRAQ 4plex kit. Labeled 

phosphopeptides were enriched applying the SIMAC strategy, combining titanium dioxide (TiO2) 

and IMAC to enrich monophosphopeptides and multiphosphopeptides.  All samples were 

analyzed in a liquid nano-chromatography system coupled with LTQ Orbitrap XL mass 

spectrometer (Thermo Scientific).  

Results: A total of 377 proteins have been identified and among them, 98% are quantified and 

230 are phosphoproteins (61%). Functional enrichment analysis showed that five plastid proteins 

are related to fatty acid synthesis pathway and two of them are phosphorylated (1% FDR 

stringency).  By quantitative analysis,  27 proteins were differentially abundant when applying  

ANOVA  test  (p-value  <  0.05).  Around  of  41%  of  peptides  were  identified  as 

phosphopeptides. Three hundred and seventy-two phosphosites were found with probability equal 

to or great than 75% and the proportion of amino acid modification was 331:39:2 (Ser: Thr:  Tyr).  

Motif  enrichment  indicates  5  motifs  enriched,  most  of  them  are  significantly enriched around 
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serine (Ser) and the highest significant was found in 118 sequences (p-value: 0.000001;  central  

amino  acid:  STY;  width:  7).  Quantitative  analysis  of  phosphopeptides showed 7 differentially 

abundant phosphopeptides involved with seed storage and metabolic processes. Qualitative 

analysis of plastidial phosphoproteome of R. communis L. endosperm identified  83  proteins  

localized  in  the  plastids;  8  of  them  act  on  fatty  acid  biosynthesis, glicerolipid and α-linolenic 

acid metabolisms.    

Conclusions:  In  this  study  it  was  possible  to  identify  and  quantify  proteins  and 

phosphoproteins that act on several fatty acid pathways, as well as phosphopeptides involved with 

seed storage and other metabolic processes.   
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Introduction:  Biopharmaceuticals are a class of drugs whose regulatory approval is growing each 

year. Among them, monoclonal antibodies represent an important group. The expiring patents of 

many monoclonal antibodies can lead to the development of biosimilar versions of these drugs. 

Antibodies are glycosylated proteins and since many steps are involved in the glycans biosynthesis, 

pools of molecules of the same antibody may exhibit different glycan structures. The glycosylation 

is important for the effector activity of the protein. Regulatory guidelines recommend that when a 

biosimilar molecule is developed, it’s necessary to compare its characteristics with a reference 

product. The ICH in its Q6B guide recommends that developers describe the attached glycoforms in 

the protein. In this work, a monoclonal antibody biosimilar candidate produced in HEK- 293-3F6 

cell line and its reference product had their glycoforms analyzed by LC-MS.  

Methods: Amounts of the biosimilar candidate and the originator monoclonal antibodies were 

heated in 10 mM pH 8,5 ammonium bicarbonate, and RapiGest 0,2%. Samples were reduced and 

alkylated. Following samples were digested with trypsin, being incubated at 37ºC for 18h. Samples 

were acidified with TFA 5% and incubated at 37°C for 90 minutes and centrifuged. Peptides were 

deglycosylated with the enzyme PNGase. Supernatant was clarified and purified using home made 

SPE in pipette tips, dried under vacum and derivatized with procainamide and NaCNBH. Additional 

purification with SPE using cotton was made. The Equipment used in the analysis was a Shimadzu 

Prominence HPLC equipped with a binary pump, oven and auto-injector coupled with a Bruker 

Amazon SL Ion Trap Mass spectrometer with Electrospray ionization source in positive mode.  The 

mobile phase flow was 0,2 mL/min with previous detection of fluorescence. The Column was a 

Glycan-Pac AXR-1 column 150 x 2,1 mm, with 1,9 μm of particle size. Mobile phase was 7mM 

ammonium formate pH 4,5 and 50 mM ammonium formate pH 4,5 in 25% of acetonitrile. Results 

were analyzed by the software BiotoolsⓇ from Bruker, a manual database and the glycan structures 

were assigned by software Glycoworkbench.  

Results: Fragmentation spectra revealed the presence of complex biantenary glycans in the type 

G0F, G1F, G2 and hybrid2 for both the biosimilar candidate and the originator. G1F, G2 and Hybrid2 

are galactosylated structures. G0F and G1F have a fucose in the first Glc-NAc residue, and Hybrid2 

have a high mannose content. For the reference product only, the structures G2F, M5, NF, G3S and 
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G1 were found. The G1, G2F and G3S are galactosylated structures, M5 is a high mannose structure, 

G2F and NF are fucosylated glycans.   

Conclusion: It was possible to identify four glycoforms for the biosimilar candidate and nine 

glycoforms for the originator molecule. This information can be used for monitoring further lots of 

the candidate in que characterization and quality control activities.  
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Life Sciences - Metabolomics/Lipidomics 
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Introduction: Lipids play an important role in all organisms, such as membrane components, 

energy storage, and signaling, which predestines lipids for biomarkers of cancer, cardiovascular 

diseases, and neurodegenerative diseases. Mass spectrometry combined with separation 

techniques is a key approach for the lipid analysis, which result in the identification and 

quantitation of large number of lipids. Reversed-phase liquid chromatography enables resolving 

isomeric lipids, but a large number of internal standards must be used for accurate quantitation. In 

this work, we present our derivatization approach providing an internal standard per each 

derivatized lipid due to the coelution of analyte and internal standard.  

Methods: Deproteinized human plasma was derivatized with benzoyl chloride in pyridine. The 

reaction mixture reacted at ambient temperature for 60 minutes. The reaction was stopped by 

applying a modified Folch lipid extraction protocol [1]. We used UHPLC connected to high-

resolution mass spectrometer Xevo G2-XS QTOF (Waters) for non-targeted analysis and QTRAP 

6500 (Sciex) for targeted lipidomic analysis. Acquity UPLC BEH C18 column (150 mm × 2.1 

mm, 1.7 µm) was employed.  

Results: The derivatization method was optimized using the human plasma spiked with 22 internal 

standards.  The  new  method  reports  high  reproducibility,  repeatability  (RSD  <15%), 

significantly  higher  sensitivity,  and  lower  LOD  in  comparison  with  non-derivatization 

approach. H/D pooling means the mixing of non-labelled (H) and labelled (D) derivatives in the 

same ratio, which leads to the creation of doublets of analyte and internal standard, which 

simplifies the identification and provides internal standard per each derivatized compound with 

the same matrix effect and ionization efficiency. We identified 297 lipid species from 11 lipid 

classes based on the highly confident identification of lipids in human serum (MRM transition, 

retention dependences, and H/D doublets). This approach was fully validated and 159 lipid species 

from 9 lipid classes were quantified using IS per each molecule. The method was applied for the 

lipidomic profiling of 14 healthy controls and 14 patients with pancreatic ductal adenocarcinoma  

(PDAC).  Data  were  evaluated  using  multivariate  data  analysis,  and  the sensitivity, specificity, 

and accuracy for the training model were higher than 90%. We observed significant 

downregulation of sphingolipids with saturated long N-acyl chains together with upregulation of 

saturated monoacylglycerols as is illustrated by box plots, heat maps, and network maps  

Conclusions: We developed and validated a new derivatization method, which ensures the 

internal standard per each molecule for accurate lipidomic quantitation. We compared non-

derivatization and derivatization approaches, and the new approach provides lower LOD and 
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higher sensitivity. The H/D pooling was used for lipidomic profiling of serum samples obtained 

from cancer patients and healthy controls and revealed statistically significant alteration of specific 

lipids in PDAC. The H/D pooling also provided higher sensitivity, specificity, and accuracy for 

the training model than approach using commercial internal standards.  
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Introduction: Amino compounds form a significant part of metabolites and can be found in 

different matrices (e.g. plants, food). Identification of all metabolites is difficult, given the amount 

and different chemical properties of each [1]. There is no available technique with enough 

selectivity and sensitivity to englobe the wide range of metabolite diversity. A way to narrow 

down and target a specific functional group is through derivatization, where a moiety is introduced 

in the compounds of interest by a chemical reaction. Analysis is carried out with liquid 

chromatography-tandem mass spectrometry (LC-MS/MS), due to its sensitivity and the fact  that  

it  provides  information  about  the  molecular  mass,  thereby  enabling  analyte identification.  

Derivatives  also  have  better  LC  separation  and  higher  sensitivity  than  the underivatized 

analytes.   
Diethyl ethoxymethylenemalonate (DEEMM) was the amine derivatization reagent of choice in 

this work, because of the reaction simplicity and the fact that derivatives lose a neutral fragment 

46 (ethanol) from the parent ion. In this case, neutral loss scan mode is employed, allowing the 

detection of all the compounds with primary and secondary amino groups, with the later reacting 

at a slower rate. Plant material (Carduus nutans subsp. macrocephalus) was employed as a model 

sample, and amino compounds were identified for the first time in this species [2].  

Methods: Extraction of the plant material was carried out with 5 mL of 30% methanol in 0.1 M 

HCl out for 20 minutes in an ultrasonic bath at room temperature. The extract was derivatized with 

DEEMM and hydroxylamine solution was employed as a quenching reagent. Derivatized sample 

was analysed with LC-ESI-MS in neutral loss scan mode (loss of 46) in the m/z 50-600 range.   

Results: Hydroxylamine was chosen as the quenching reagent due to its short retention time and 

solubility in the employed solvent (30% methanol in 0.1 M HCl). Out of 34 peaks, 18 amino acids 

and 3 biogenic amines were identified in the plant material by the injection of reference standard 

substances. Three compounds were putatively identified according to the literature.  

Conclusions:  Neutral  loss  scan  mode  after  DEEMM  derivatization  and  hydroxylamine 

quenching proved to be a successful procedure to identify amines in a plant extract. This method 

can be applied to different matrices.  

Acknowledgments: Support by the Estonian Research Council grant PUT1589, by the EU through 
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devices  for  energy  recuperation  systems”)  and  was  carried  out  using  the instrumentation at 
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Introduction:  The  urine  metabolome  constitutes  a  rich  source  of  functional  information 

reflecting physiological states that are influenced by distinct conditions and biological stresses, 

such  as  responses  to  drug  treatments  or  disease  manifestations.  Although  global  LC-MS 

profiling provides the most comprehensive measurement of metabolites in complex biological 

samples,  annotation  remains  a  challenge,  and  computational  approaches  are  necessary  to 

translate the molecular composition into biological knowledge.   

Methods: Here, we investigated the use of tandem MS-based enhanced molecular networks 

(MolNetEnhancer) to improve the metabolite annotation of urine extracts.[1] MolNetEnhancer is 

a workflow within GNPS (Global Natural Products Social Molecular Networking) platform that 

combines library matching, molecular substructure discovery, in silico fragmentation tools, and 

chemical classification ontologies into the same molecular network (MN). The samples were 

analyzed by hydrophilic interaction chromatography (HILIC)-QTOF mass spectrometry in both 

electrospray (ESI) ionization modes. We integrated the complementary annotation tools 

MS2LDA (http://ms2lda.org/) and Network Annotation Propagation (NAP) into the same MN.   

Results: Consistent with other common data preprocessing software, the use of Progenesis QI led 

to the annotation of up to 20 metabolites based on MS2 library searches showing high 

fragmentation score (cosine similarity ≥ 0.7), i.e., ~2% of mass features containing MS2 spectra. 

Molecular networking (MN) based on library match resulted in annotation of up to 62 urinary 

compounds. Using a combination of unsupervised substructure discovery (MS2LDA), the in silico 

tool network annotation propagation (NAP), and ClassyFire chemical ontology, embedded in a 

multi-layered MN by MolNetEnhancer, we were able to expand the chemical characterization to 

~50% of the dataset. The approach led to the annotation of 275 compounds at the Metabolomics 

Standards Initiative (MSI) confidence level 2, as well as 459 and 578 urinary metabolites (MSI 

level 3) in both negative and positive ESI modes, respectively.   

Conclusions: The exhaustive MS2-based annotation outperformed similar studies applied to 

larger cohorts while offering the discovery of metabolites not identified by MS2 library search.  

This is the first work that effectively integrates orthogonal annotation methods and MS2-based 

fragmentation studies to improve metabolite annotation in urine samples.   
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Introduction: The metabolome can be described as a group of low molecular mass 

compounds that perform  relevant  roles  in  metabolic  pathways  and  cell  biology1and  

directly  reflect biochemical  disturbances,  indicating  standard  responses,  as  well  as  

pathological processes. In light of this, metabolomics, one of the fields of omic sciences, 

aims to achieve a comprehensive study of those biologically significant molecules.2 The 

complexity of biological matrices is one of the most challenging aspects of omics analysis, 

since it is important to adequately prepare the samples and select a suitable analytical 

platform so that the datasets can be validated and their quality can reflect the samples’ 

metabolic profile.3,4
 

In this study, we aimed to analyze and compare three-phase extraction protocols in order to 

obtain a simple, robust and reproducible protocol, and evaluate which of those may be the 

most promising for a better understanding of the symptomatic progression in patients 

afflicted with bipolar disorder.  

Methods: The following three-phase extraction protocols were evaluated in quintuplicate 

from 40 µL aliquots of blood serum from control samples: MTBE5 (M), MTBE SIMPLEX6 

(MS) and Bligh & Dyer7 (B).  The formed protein pellet was quantified according to the 

BCA assay8, while the organic fraction was analyzed using a Sigma-Aldrich TitanTM C18 

particle size 1,9 µm, 10 cm length and 2,1 mm of internal diameter coupled with a Orbitrap 

QExactive (Thermo) mass spectrometer with electrospray ionization (ESI), both in positive 

and negative mode. Collected raw data was then aligned and the features were identified 

using MS-DIAL. For the statistical analysis and differentiation of the three extraction 

methods, the online software MetaboAnalyst9 was used.  

Results:  The total protein quantification resulted in an analytical curve providing 

information of the linear equation (y = 0.0034x + 0.1238) and R² (0.9577). The mean value, 

standard deviation and variation coefficient (VC) were then estimated for each extraction 

method as follows, B: 81 ± 14 mg/L and 17% VC; M: 60 ± 15 mg/L and 25% VC; MS: 105 

± 22 mg/L and 21% VC. From a list relating VIP score > 1 originated from PLS-DA and p-

value < 0.05, from One- Way ANOVA, the putative identification of lipids was searched 

from the LipidBlast database. In the organic phase it was possible to identify, at least 
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partially, 41 molecular features relevant for the differentiation of the extraction methods in 

ESI(+) and 59 for ESI(-). The differential lipid groups for ESI(-) were fatty acyls (FA), 

glycerolipids (GL), glycerophospholipids (GP) and sphingolipids (SL) and for ESI(+), 

aminoacids (AA), sterols (ST), FA, GL, GP and SL. In both ionizations, the B extraction 

method showed great identification of GP and GL, but had little representation in other lipid 

classes. Meanwhile, both MS and M extraction methods had no great influence in specific 

classes, but were able to perform a full coverage of all lipid classes, except CE.  

Conclusions: As a partial conclusion, we can consider that the B extraction method is the 

most efficient for targeted analysis of GP and GL in blood serum samples, while the M and 

MS methods present a larger spectrum of relevant lipid classes, making them more 

appropriate for untargeted omics analysis. In addition, the MS method presented a better 

extraction of proteins, which are interfering molecules in metabolomics and lipidomics 

analysis by LC- MS/MS. For better understanding of all metabolite classes, it would be 

necessary to perform HILIC separation to evaluate most polar metabolites using the aqueous 

phase.   
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Introduction: Rapeseed (Brassica napus L.) is an oilseed crop mainly grown for vegetable oil 

production and remains the 3rd most consumed oilseed in the world. Despite many studies on the 

grains and recent studies concerning some glucosinolates and phenolic compounds [1,2], several 

aspects of the intraspecific phytochemical diversity in vegetative parts of this Brassica are still 

fragmentary. DEsCriBe is a multi-team project aiming for a comprehensive metabolic study and 

the discovery of new metabolites in a large panel of 250 varieties of Brassica napus, including 

winter, spring low and high glucosinolates, forage, and dryer oilseed rape varieties. Among the 

teams present, MetaboHUB will be responsible for the metabolomics analysis. MetaboHUB is a 

French National Facility in Metabolomics & Fluxomics created in 2013 and aims at providing 

state-of-the-art tools, services, and support in metabolomics and fluxomics to academic research 

groups and industrial partners. Five platforms in different french sites (Bordeaux,  Clermont-

Ferrand,  Nantes/Rennes,  Paris,  Toulouse),  and  five  scientific  work packages investigate 

nutrition, health, agriculture, and biotechnology.  

Methods:  Large-scale  metabolomics  of  around  2000  samples  will  be  carried  out  at  the 

Bordeaux Metabolome Facility – MetaboHUB-Work Package 1 Scaling-up. The workflow starts  

with  the  robotic  ethanol  extraction  developed  by  Bordeaux  Metabolome 

(https://metabolome.cgfb.u-bordeaux.fr/en,  Villenave  d'Ornon,  France)  for  primary  and 

secondary metabolites, including soluble sugars, starch, amino and organic acids, total protein, 

terpenes, phenolics and alkaloids [3]. Different types of Quality Controls (QC) will be prepared 

and performed under the same conditions as the samples. Untargeted large-scale metabolomics 

based on LC-MS/MS (DDA and FullScan acquisitions) will be conducted using UHPLC-LTQ- 

Orbitrap (Thermo Scientific) MS in positive and negative ion modes. Workflow4Metabolomics 

and PeakForest (developed by MetaboHUB), MSDial, Sirius, Metaboanalyst, and GNPS will be 

used and  compared  for data processing, statistical  analysis, annotation, and biological 

interpretation following the best reporting practices [4].   

Results: As a main result, this project will identify the phytochemical portfolio of Brassica napus 

and potentially discover unknown metabolites. Most importantly, predictive modeling of 

metabolomic data will help elucidate associations between metabolic profiles and agronomical 

traits of interest [5]. Therefore, our metabolomics strategy will aid in future work in selecting 

genotypes for plant performance, including yield, flowering, and biotic interactions.   
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Conclusion: The high-throughput tools developed by MetaboHUB (analytical technologies, 

computational  algorithms) and  the corresponding scientific expertise will generate  crucial results  

for  the  fingerprinting  of  Brassica  napus  chemistry  and  biomarker  metabolites  for biologically 

relevant responses.  
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Introduction:  Liquid chromatography  highly  depends  on an effective  sample  preparation 

method that extracts the metabolites and minimizes the presence of interferents. Regarding 

biological fluid analysis, the sample preparation step is crucial to promote the precipitation of 

proteins  and  other  macromolecules  [1].  This  work  aimed  to  evaluate  different  sample 

preparation methods, with applications of different solvents that allow the extraction of the 

greatest number of metabolites.  

Methods: The samples were obtained from participants infected and non-infected by COVID- 19: 

blood plasma (either centrifuged at 1,800 rpm or 3,000 rpm) and leukocytes.  They were used in 

the development and evaluation of different steps of the sample preparation process for this  

untargeted  metabolomics  approach. The  use  of  methanol as  extractant  solution  (T1), 

methanol:acetonitrile 1:1, v/v (T2) and MPLEx method with methanol:chloroform:water 8:4:3, 

v/v/v (T3) were evaluated  in a LC-ESI-qTOF.  

Results: The number of metabolic features from the QC prepared by each sample at the end of 

the sample preparation phase were listed. The difference in the number of metabolic features 

between the plasma matrices centrifuged at 1,800 and 3,000 rpm was not significant. Plasma 

centrifuged at 3,000 rpm had slightly higher total metabolic annotations (ESI positive and 

negative) (approximately 0.6% higher). Considering the number of metabolic features for the 

plasma centrifuged at 1,800 and 3,000 rpm, the latter presented several metabolic features 

approximately 2.2 times higher in the negative ionization mode, when evaluating the solution 

extraction T1. However, for the positive ionization mode, the plasma centrifuged at 1,800 rpm 

showed approximately 22% more metabolic features compared to the metabolic features found in 

plasma centrifuged at 3,000 rpm. Evaluating the total number of metabolic features  in both 

ionization modes, using methanol as extractant in metabolomics, the use of plasma centrifuged at 

3,000 rpm compared to centrifuged at 1,800 presented 3 more metabolic features.  Conclusion: 

The use of methanol as extractant for metabolomic analysis of plasma matrices centrifuged at 

3,000 rpm and leukocytes was more advantageous when compared to the use of the solvent 

mixture methanol:acetonitrile and MPLEx.  

Acknowledgment: Laboratory of Chromatography, IQSC, University of São Paulo.  
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Introduction: Wilson's disease (WD) is a rare, autosomal recessive genetic disorder that is 

characterized by an excessive accumulation of copper in various body’s tissue, such as the 

liver, brain, and corneas of the eyes. As it is a progressive disease, it can cause hepatic 

disease, central nervous system dysfunction, and even death, if not properly treated [1]. 

Symptoms include swelling, fatigue, abdominal pain, a yellow discoloration of the skin, 

conjunctiva, tendency to bruise, and uncontrolled or poorly coordinated movements [2]. The 

symptoms usually begin to appear during the teenage years and early twenties. The diagnosis 

of WD uses a combination of clinical features, such as low ceruloplasmin, increased urinary 

excretion of copper, elevated hepatic copper levels, and the presence of corneal copper 

deposits. However, these tests are not highly specific [3]. Therefore, improved  diagnosis  

for  early-stage  disease  is  essential  to  reduce  the  burden  and complications of the 

disease. In the present study, we applied a metabolomics approach by a liquid 

chromatography-high resolution mass spectrometry (LC-HRMS) to identify distinct 

signatures in plasma samples of WD versus healthy patients (control group).   

Methods: Plasma samples from WD patients (n=23) and healthy controls (n=35) were 

analyzed using an untargeted metabolomics approach. The LC-HRMS were performed on  

an  Agilent  1290  Infinity  II  UHPLC  (Agilent  Technologies)  coupled  to  a  high- 

resolution time-of-flight (QTOF) Impact HD mass spectrometer (Bruker Daltonics) and 

analysis was carried out using an Eclipse XDB-C18 (3.0 x 100 mm; 3.5 mm) column, 

chromatographic separation of metabolites was performed by reversed-phase (RPLC) using 

ESI(+) and ESI(-). MS and MS/MS data were processed through MZmine. The chemometric 

models were obtained through MetaboAnalyst, and the identification of features was 

performed through HMDB.  

Results The results have shown the identification of 40 plasma metabolites that differed 

significantly (p≤ 0.05 and VIP values > 1) between WD and the control group. As a result, 

metabolism-related  metabolites  were  identified  and  are  involved  in  amino  acid 

metabolism, the tricarboxylic acid cycle, choline metabolism, and oxidative stress. These 

WD-related metabolites  could  advance  the  disease  biomarker  research  and assist  in 

understanding the potential pathogenic mechanism of WD.  

Conclusions: In this study, identified WD-related metabolites could advance disease 

biomarkers and diagnose more accurately and quickly.  
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Introduction:  The  oviduct,  specifically  the  oviductal  epithelial  cells  (OEC),  is 

responsible for providing a suitable microenvironment for early embryo development. Due 

to all in situ access limitations of the oviduct, in vitro culture systems have been developed. 

However, the culture media (CM) composition seems not to be sufficiently acknowledged. 

As evidence, there is a limited number of investigations on the ideal CM for OEC. For 

instance, OEC has been cultured in the range of 5.5 to 25mM glucose, but, to the best of our 

knowledge, no study demonstrated the effect of glucose concentrations on OEC culture. 

Therefore, our objective was to evaluate the OEC development under different glucose 

levels.  

Methods: For that, the physiological oviductal glucose concentration was defined as 

normoglycemic (“normo”, 2.7mM, obtained from studies in vivo), while 10X more was 

defined as hyperglycemic (“hyper”, 27mM). OEC was isolated from the oviducts of four 

cows and separately cultured under 2.7 or 27mM glucose. On day five of the culture, 

monolayer attached cells were submitted to analysis of mitochondrial membrane potential 

(MMP) by fluorescent probe and cell proliferation evaluation by Hoechst stain, samples 

were  imaged,  analyzed  by  ImageJ  software,  and  submitted  to  t-test  analysis  using 

GraphPad  Prism  (version  8.4.3),  p<0.05  were  considered  significant.  At  the  same 

moment, CM samples from the last 24h of culture were collected and submitted to 

metabolomic profile evaluation by two techniques: 1) Raman spectroscopy, as previously 

described [1], and 2) LC-MS/MS, by ACQUITY UPLC (Waters Q-tof), using a protocol 

previously described [2]. Raman data were analyzed as [1] and LC-MS/MS data were 

processed using MZmine (version 2.53), submitted to peaks selection (500-1000 m/z), and 

analyzed as [3].  

Results: OEC cultured under 27mM glucose had lower MMP and cell proliferation. A clear 

separation was observed in metabolomic profiles (PCA analysis), either in Raman or LC-

MS/MS analysis. Results from Raman suggest higher phosphoenolpyruvate (452 cm-1) and 

lower acetyl-CoA (1560 cm-1) levels in CM of hyper treatment. The LC- MS/MS results 

indicate a higher amount of triacylglycerol (TAG) class in hyper, while more lipids from 

diacylglycerol class (DAG) and even ceramides were higher in normo treatment.  

Conclusions: In conclusion, we suggest that the hyperglycemic condition increases the 

glycolytic pathway (higher levels of phosphoenolpyruvate), as expected. However, it might 

result in cellular disbalance by leading to a non-appropriate mitochondria function (lower 

MMP) and lipid metabolism (TAG accumulation in the CM, the major stored form).  

Contrarily,  in  normoglycemic  conditions,  metabolized  glucose  follows mitochondria  
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(higher  MMP  and  acetyl-CoA),  and  lipid  metabolization  is  improved (higher DAG and 

ceramides levels). Altogether result in higher cell proliferation in normoglycemic 

conditions, suggesting 2.7mM is better than 27mM glucose for OEC culture.  
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Introduction: Depression symptoms include depressive mood, anhedonia, difficulty in 

concentrating and appetite and sleeping abnormalities [1] and is considered a public health 

problem worldwide [2]. Women are 2 times more likely than men to develop depression [2]. 

The fluctuation of estradiol levels during ovarian cycle and menopausal transition  could  be  

involved,  by  modulating  brain  circuits  involved  in  emotional processing  [3].  The  

symptoms  of  depression  during  the  menopausal  transition  and postmenopausal  periods  

may  differ  from  those  of  typical  depression,  making  the diagnosis more difficult [4]. 

The search for molecules that can serve as markers can help in the diagnosis. Because plasma 

lipids changes have been associated with both menopause and depression [5-7], the present 

study aimed at evaluating whether the presence of menopause modifies the effects of 

depression on the plasma lipids profile of women.  

Methods: The study was performed in accordance with the principles of the Declaration of  

Helsinki  and  was  approved  by  the  Human  Research  Ethics  Committee  of  the 

Universidade  Federal  de  São  Paulo  (nº  0624/2019)  and  all  participants  signed  the 

informed consent. 44 premenopausal and 83 postmenopausal women had the depression 

symptoms assessed by the Beck Depression's Inventory (BDI). Lipids were extracted from  

plasma  and  analyzed  in  an  ultra-performance  liquid  chromatography  system (UHPLC) 

coupled to a spectrometer with a triple-quadrupole analyzer operating with an electrospray 

ionization source (ESI) in positive mode. Lipids analysis was performed using  

MetaboAnalyst  5.0.  Only  the  lipids  showing  both  a  statistically  significant difference 

and a VIP score higher than 1 were considered.   

Results: In the premenopausal  group, PLS-DA model (Q2 0.29, R2 0.69; accuracy 0.75)  

showed  that  PC(36:1)/PC(18:1(9z)/18:0)  was  higher  in  the  women  with depression  in  

comparison  to  the  women  without  depression.  In  the  postmenopausal group, PLS-DA 

model (Q2 0.25, R2 0.59; accuracy 0.82) found PC(17:0/17:0) to be increased in women 

with depression compared to women without depression.    

Conclusion: In both the premenopausal and the postmenopausal women, the presence of 

depressive symptoms caused increments of phosphatidylcholine class lipids. Similar results  

were  reported  in  depressed  individuals  of  both  genders  [8].  The phosphatidylcholine 

class lipids are involved in lipoprotein metabolism [9] and some studies  have  indicated  an  

association  between  lipoproteins  and  depression  [10,  11]. Although belonging to the 

same class, the compound targeted by depression differed between the pre- and the 

postmenopausal condition. This indicates that the hormonal status influenced the effect of 
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depression in women and that this status may be taken into account when searching for a 

marker for depression.   
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Introduction:  Design  of  experiments  (DOE)  is  a  powerful  tool  for  optimizing procedures,  

using  multivariate  approaching,  it  enables  the  maximization  of  the information with reduced 

number of the tests [1, 2]. In metabolomics investigations, multiplatform  systems  are  explored  

aiming  at  a  comprehensive  access  to  metabolic insights. In the present study, DOE was used 

for LC-ESI-QToF parameters optimization to guarantee an accurate and resourceful set of data. 

Within this context, a 33 Box- Behnken factorial design was applied for the optimization of urine 

samples ionization experimental conditions.  

Methods:  A pool of 10 urine samples was submitted to the 15 experimental conditions. The 

nozzle voltage (V), nebulizer pressure (psig) and fragmentor voltage (V) were the ESI  variables  

chosen.  The  samples  were  prepared  considering  protein  precipitation protocol. Experiments 

were performed in a 1260 Infinity II HPLC coupled to 6530 Accurate-Mass QTOF connected to 

a dual Jet Stream Technology Ion Source (AJS-ESI), all from Agilent Technologies (Palo Alto, 

CA, USA). A Poroshell 120 EC-C18 column 4.6 x 100 mm 2.7 micron was used with solvents A 

(water and formic acid 99.9, 0.1, v/v) and B (acetonitrile and formic acid 99.9, 0.1, v/v) at 0.5 

mL/min in a gradient of elution with 20 minutes total [3]. Drying gas 325 °C, 11 L/min, sheath 

gas 350 °C, 11 l/min. VCap 4000V, m/z 50 – 1500, ESI (+). Nozzel 0 (-), 250 (0), 500 (+); 

Nebulizer 30 (-), 40 (0), 50 (+); FragV 100 (-), 175 (0), 325 (+).  

Results: The 3³ Box-Behnken design factors levels were selected in order to have a broad prospect 

of the synergic interaction between them. The total of 15 chromatograms with distinct numbers of 

molecular features were found. A triplicate on the central point indicated 6.13 % of RSD. A 

response surface methodology (RSM) was performed and the  optimum  experimental  condition  

was  applied  for  untargeted  screening  of  urine samples. The same condition optimized was 

used for the negative ionization mode.   

Conclusions: The obtained results have evidenced the potentially of DOE-RSM for optimization 

of ESI systems on enhancing data acquisition and improving further results.  
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Introduction: Wilson disease (WD) is an autosomal recessive disorder characterized by 

excessive intracellular copper in the liver, brain, and other vital organs [1]. Copper overload 

can lead to a number of complications, such as neurological problems, acute or chronic liver 

failure, kidney problems, and psychiatric manifestations. Most symptoms usually appear in 

the first and second decades of life. The diagnosis of WD uses a combination of several 

laboratory investigations, such as ceruloplasmin, serum copper, urinary copper, copper 

deposits in the cornea, liver biopsy, and magnetic resonance imaging (MRI) of the brain. 

However, none of these tests are highly specific [2]. WD is a progressive disease and, if 

untreated, it results in severe disabilities and possibly life- threatening. Therefore, the early-

stage detection is essential for effective treatments and prevention of many manifestations 

of this disorder. [3]. The aim of the present study is to explore signatures of the WD in saliva, 

a non-invasive biofluid, of healthy subjects versus a study group (WD) by applying an 

untargeted  metabolomics approach by a liquid chromatography-high resolution mass 

spectrometry (LC-HRMS).  

Methods: Saliva samples from WD patients (n=24) and the control group (n=40) were 

analyzed using an untargeted metabolomics approach. The LC-HRMS were performed on  

an  Agilent  1290  Infinity  II  UHPLC  (Agilent  Technologies)  coupled  to  a  high- 

resolution time-of-flight (QTOF) Impact HD mass spectrometer (Bruker Daltonics). The LC 

analysis was carried out using an Eclipse XDB-C18 (3.0 x 100 mm; 3.5 um, Agilent) 

column,  maintained  at  50°C.  The  chromatographic  separation  was  performed  by 

reversed-phase (RPLC) using 0.1% of formic acid in water (solvent A) and 0.1% formic 

acid in acetonitrile (solvent B) as mobile phase in a gradient elution mode. The injection 

volume for saliva was 2 μL and the autosampler temperature was maintained at 15 °C. 

Centroid acquisition mode was used for data collection and storage. The mass spectra data 

were acquired in positive ionization (ESI+) and negative ionization (ESI-), using data-

dependent acquisition (DDA). MS and MS/MS data were processed through Profile 

Analysis.  The  chemometric  models  were  obtained  through  MetaboAnalyst,  and  the 

identification of features was performed through HMDB.  

Results: The results showed a distinct metabolic signature of 35 saliva metabolites that were 

significantly different (p≤ 0.05 and VIP values > 1) in WD compared to the control group. 

As a result, metabolism-related metabolites were identified and are involved in oxidative 

stress and inflammatory conditions characteristic of the pathology. 
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Conclusions: In this study, saliva WD-related metabolites could advance the disease 

biomarker research in assisting a more accurate disease diagnosis. Moreover, the use of non-

invasive  biofluid  sampling  is  desirable  for  providing  alternatives  for  easy  and accessible 

monitoring of patients.   
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Introduction: Metabolomics  is a modern strategy that can be applied  in Natural Products 

research for accessing bioactive  metabolites  through  high-resolution  mass spectrometry 

(HRMS) data [1]. The discovery  of new candidates  for developing  therapies  that can 

prevent  the  natural  progression  of  neurodegenerative  diseases  is  an  urgent  need. 

Likewise, there are relevant undesired effects of the currently approved antiinflammatory 

drugs,  besides  limited  efficacy  regarding  some  inflammatory  diseases  [2,3].  In  that 

context,  Ayahuasca is a psychedelic  brew of Amazonian  plants,  ritualistic  used by the 

indigenous  people  of South  America for mental  and spiritual  healing  [2]. Whereas the 

Ocotea (Lauraceae) stands as a complex  botanical  genus with reports of high  potential for 

biological  activities  [4]. Several are on the list of threatened species to extinction  in 

Brazilian  biomes,  for  example  in  reminiscent  areas of  the  Atlantic  Forest.  Thus,  a 

comprehensive  LC-MS metabolomics  study  was performed  on Ayahuasca and Ocotea 

extracts  to  discover  biomarkers  of  neuroprotection  and  anti-inflammatory  activities, 

respectively.   

Methods: Samples  were  analyzed  on  a  UPLC-ESI-QTOF  instrument, randomly,  one 

replicate, one blank,  and the Quality  Control at the beginning,  middle,  and end of the 

chromatographic  run. MS data treatment and MSE dereplication  steps were performed using 

the UNIFI software. An ex-vivo anti-inflammatory  assay in human blood and LPS-induced 

inflammation  was performed for quantitative  prostaglandin  E2 (PGE2) determination  in  

plasma  using  UPLC-MS/MS. For the neuroprotective  evaluation,  the Ayahuasca samples  

and  isolated  alkaloids  were evaluated  in  an  in  vitro  Parkinson's Disease (PD) model  

using  SH-SY5Y  neuroblastoma  cells.  Untargeted  metabolomics experiments  were  

performed  by  applying  univariate,  unsupervised,  and  supervised Multivariate  Statistical  

Analysis  (MSA).   

Results: From  60  Ocotea spp.  evaluated  9 exhibited  significant  anti-inflammatory  

activity  by inhibiting  PGE2 releasing (p < 0.05). The MSA  acquired  satisfactory  fitness  

and  robustness  (R2,  Q2,  and  permutation  test) indicating  aporphine alkaloids  as the main 

correlated anti-inflammatory  metabolites. For Ayahuasca  samples,  the  lowest  evaluated  

doses  displayed  the  most  efficacious neuroprotective  profile  with several compounds  

correlated to the neuroprotection  effect, such  as  harmine  and  other  β-carbolines  as  well  

as  monoterpene  indole  alkaloids.  
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Conclusion: This  work  is  the  first  study  of  several  endemic  Ocotea spp.  located  in 

endangered biomes  in Brazil.  The MSA's bioactive  markers have potential  applicability 

for faster drug discovery of inflammatory  and neurodegenerative diseases. Besides, it also 

supports traditional  knowledge of Ayahuasca use against diseases that impair  brain health 

and Ocotea spp. with anti-inflammatory  uses. In addition,  it promotes the importance  of 

sustainability,  research,  and  biodiversity  protection  for  the  threatened  species  of  the 

Brazilian  flora.   
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Introduction: Mass spectrometry, combined with chemometrics, is one of the main 

techniques used in the study of responses of biological systems to external stimuli [1]. Thus, 

the objective of  the  work  was  to  carry  out  an  untargeted  metabolomics  study  combining  

Liquid Chromatography coupled with Mass Spectrometry and Chemometrics to evaluate the 

influence of different growing conditions on the composition of the grape variant Isabel 

Precoce in the Brazilian semi-arid region known as São Francisco River Valley.   

Methods: The vines were cultivated in an experimental field (latitude: 9° 09′S, longitude: 

40° 22′S; altitude: 363.5 m) located in the city of Petrolina, State of Pernambuco, under three 

management systems (tree trellis as T1, lyre as T2 and espalier as T3), with two rootstocks 

each (IAC 572 as S1 and IAC 766 as S2) and the grapes were harvested at two periods of 

the year (April/May  and  October/November).  After  extracting  the  grape  juices,  analyzes  

were performed in triplicated, using an Acquity UPLC system coupled with 

quadrupole/TOF mass analyzers (Waters) equipped with an ESI source operated in the 

negative ionization mode (UPLC-ESIqTOF). After pre-treatment of the chromatograms for 

baseline correction (linear adjustment algorithm), signal alignment by Correlation Optimize 

Warping (COW, slack 5 and segment length 50), signal normalization considering the total 

area applied over variables, and mean-centered  applied  to  the  samples,  the  regions  

between  2  and  10  minutes  of  the chromatograms were selected for chemometrics 

evaluation by Principal Component Analysis (PCA).  

Results: Three main clusters of samples on the PCA graphic were observed. The influence 

on chemical composition by the two rootstocks used in this experiment wasn’t observed. T1 

and T2 management systems did not favor the differentiation between the evaluated 

samples, however  T3  was  the  most  relevant  treatment  for  separation,  both  in  April/May  

and  in October/November. Also, the two periods of year evaluated showed influence on 

chemical composition of the samples. Based on the Loadings graphic from PCA analysis 

and the mass spectrum, the main compounds affected by the treatments evaluated were 

identified. 

Conclusions: The T3 treatment favored a strong tendency to increase the concentration of 

the following  compounds:  Malic  acid,  citric  acid,  coutaric  acid,  myricetin-O-glucoside,  

and quercetin  O-glucuronide,  while  the  T1  and  T2  didn’t  affected  the  chemical  

composition. Similarly,  neither  of  the  rootstocks  has  affected  the  grape’s  composition.  
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The  period  of October/November favors the increase in concentration of Quercetin, as well 

as Tartaric, Citric, and caftaric acids, when compared to the period of May/April.   
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Introduction: It has been observed that the congenital zika syndrome, mainly represented 

by  fetuses’  microcephaly,  among  other  phenotypes,  could  be  exacerbated  when 

associated with other environmental evitable co-insults experienced by mothers during 

pregnancy, like restriction of protein intake [1] and ingestion of water contaminated with 

saxitoxin (STX), which is a neurotoxic toxin produced by cyanobacteria, present in 

abundance in water reservoirs across Brazil. Studies on animal models naturally resistant to 

congenital zika syndrome demonstrated that ingestion of low dose of saxitoxin (3 μg/L) 

during pregnancy induces a congenital zika syndrome, marked by reduced total brain size, 

reduced  cortex  thickness,  increased  cell  death,  and  cell  cycle  entrapment  of  neural 

progenitors  [2].  Imaging  Mass  Spectrometry  (IMS)  is  an  established  technique  to 

investigate brain lipid distribution during physiological and pathological processes. The aim 

of this work was to study distribution and localization of lipids in the brain of mice neonates 

from ZIKV-infected females chronically exposed or not to low dose of STX.  

Methods: C57BL/6 pregnant females infected with ZIKV at embryonic day (E)12, under 

chronic exposure to low dose (3 μg/L) of saxitoxin, presented fetuses with a microcephaly 

phenotype.  Offspring  of  untreated,  ZIKV-infected,  STX-treated,  and  ZIKV- 

infected/STX-treated pregnant females were euthanized at day (E)16. Brains (n=3/group) 

were cryosectioned, mercaptobenzothiazole (MBT) was applied by sublimation, and lipid 

distribution was analyzed by MALDI-FT-ICR-MS on negative ion mode at 25 μm spatial 

resolution. Lipids were identified by MALDI-FT-ICR-MS/MS.  

Results:  Lysophospholipids,  and  species  of  phosphatidic  acid, 

phosphatidylethanolamine,  phosphatidylserine,  phosphatidylinositol,  and  gangliosides 

were  detected.  Changes  in  the  intensities  of  phospholipids  and  lysophospholipids, 

specially of lysophosphatidylinositol, were observed in cortex and subventricular zone of 

those embryos exposed to both insults (ZIKV and STX). Lysophospholipids are involved in 

inflammatory processes, and in vitro studies on lysophosphatidylinositol show that this lipid 

activates intracellular cell signaling that leads to neurite retraction [3].  

Conclusion: IMS provided to be a valuable tool to support hypothesis-free exploratory 

analysis. Using this approach, it was discovered that the association of STX during ZIKV 

embryos’ infection results in an enrichment of lipids produced during inflammation, such as 

lysophosphatidylinositol, in a neurogenic region of the brain. This feature could be involved 
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with the molecular basis of the microcephaly observed in this model and will support  

subsequent  studies  to  understand  the  lipid  metabolism  and  cell  signaling pathways 

involved in the congenital zika syndrome pathological process.   
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Introduction: Derivatization process is a critical step in GC-MS based metabolomics. This 

process aims to increase the vapor pressure and thermal stability of common non-volatile 

compounds through substitution of active hydrogens by trimethylsilyl groups  to be possible to 

analyze those compounds by gas chromatography [1, 2]. However, derivatization conditions play 

an important role on the number of derivatives. In this work, we optimized concomitantly six 

variables that affect the derivatization process using an I-Optimal Split-plot design[3, 4].   

Methods: An I-Optimal Split-plot Design was built in DesignExpert® 12 to evaluated six 

derivatization  variables:  methoxymation  solution  volume,  methoxymation  time  and 

temperature, silylation reagent volume, and silylation time and temperature. A total of 32 essays 

were executed randomly. Firstly, a pooled serum sample from 30 healthy subjects was slightly 

thawed on ice for 2 h, then, the pooled sample was divided into 34 aliquots of 50 µL. Each aliquot 

was treated with 150 µL methanol for protein precipitation and metabolite extraction. The 

supernatant (125 µL) was dried in vacuum evaporator. Secondly, a variable volume of 

methoxyamine hydrochloride solution (15 mg/mL) was added to each tube and incubated over 

variable conditions of time and temperature. After 15 minutes of cooling, a variable volume of 

BSTA/TMCS  (99:1)  solution  was  added  for  the  silylation  process,  followed  by  variable 

conditions of temperature and time. Finally, 200 µL of heptane was added and samples were 

analyzed on a GC-MS single quadrupole. Preprocessing steps of chromatograms were executed 

on MS-DIAL 4.90. The total of library-matched molecular features was used as a response 

variable.  

Results: The following pairs “maximum of annotated molecular features - minimum peak height” 

were observed for: a) Fiehn library (103-200, 80-500, 96-1000, 80-2000; b) MoNA (117-200, 119-

500, 104-1000, 88-2000); c) MS-DIAL Fiehn Library (118-200, 114-500, 104- 1000, 88-2000); 

and d) NIST-14 (189-200, 173-500, 104-1000, 122-2000). In all cases, models including only two 

factors interaction had a good performance in REML analysis with R² > 0.90 and R²adj > 0.70; 

whole-plot part (hard-to-change variables: derivatization temperatures and methoxymation time) 

was not statistically significant while split-plot parts (easy-to-change variables: volume of 

derivatization reagents and silylation time) were. Two factor interactions were significant and 

involved single variables that showed no statistic significance.  

Conclusions: The maximum number of molecular features depends on the MS-libraries and  
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variables of preprocessing. Therefore, the best conditions for performing the derivatization 

process were calculated as the mean value of the optimized value for each variable by calculated 

model. The best condition for methoxymation process was: 10.1 µL of methoxyamine solution 

and incubation time: 64 minutes at 50 °C. The best condition for silylation process was: 29.8 µL 

of BSTFA/TMCS reagent and incubation time 35 minutes at 79 °C. 
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Introduction:  Leishmaniasis is  a parasitic  disease caused  by  protozoa  of  the  genus 

Leishmania  (Trypanosomatidae  family)  transmitted  through  the  female  bite  of  infected 

phlebotominae sanflies. Its endemic in several countries affecting thousands of people every year. 

The disease occurs in two classic forms: i) visceral leishmaniasis; and ii) cutaneous leishmaniasis,  

for  which  may  progress  to  diffuse  or  disseminated  and  mucocutaneous leishmaniasis.1,2  A  

vaccine  or  safe  drugs  with  no  harmful  side  effects  for  inhibition  of parasites and various 

forms of the disease do not exist yet, as well as a suitable chemical method to combat it.2 

Understanding the mechanism of action of the protozoan in an infected cell is essential to propose 

interventions to control this pathology.  The "omics" sciences, more specifically metabolomics, 

consists of the comparative analysis of altered metabolites in a  biological  system  and  has  been  

widely  applied  for  this  purpose.3  Metabolomics  has  a multidisciplinar  approach,  and  analyzes  

are  performed  with  the  aid  of  modern  analytical platforms, such as separation techniques 

coupled with mass spectrometry.3 This work aims to use metabolomics approaches in the study 

murine cells infected with Leishmania braziliensis and L. amazonensis.  

Methods: C57BL/6 mice’ bone marrow macrophages expressing proteins that bind to fatty acids 

(FABP4 WT) or not (FABP4 knockout (KO) mice) were infected with amastigotes from L.  

braziliensis  and  L.  amazonensis.  Infections  were  finished  after  1-hour  and  72-hour metabolic 

quenching. The experiments were performed in triplicates and 12 different groups were obtained. 

Sample preparation for GC-MS analysis followed the procedures described in the literature for the 

analysis of Leishmania promastigotes.4 For each derivative sample, 1 μL was injected using a 10 

μL syringe in splitless mode in the gas chromatography equipment coupled to a mass spectrometer 

with a Gerstel autosampler.  (7890A  - Agilent Technologies).  

Results: The principal components analysis showed differences between some studied groups and 

their respective control groups. For example, a clear difference was observed between the control 

of WT and KO and the groups infected with amastigotes of L. amazonensis in 72 hours. The PLS-

DA analysis presented R2 values ranging from 0.8465 to 0.9999, indicating that they are within 

the expected range. However, the values of Q2 were below the minimum desired  and  the  highest  

predictability  value  obtained  was  0.4661.  In  addition,  a  list  of potential metabolites 

responsible for the separation of the investigated groups was proposed.  
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Conclusions: The metabolic profile of the samples revealed a difference between the cells 

infected with L. amazonensis amastigotes in 72 hours of infection. New analyzes should be carried 

out in order to improve the parameters of the classification model as well as the identification 

proposal and its respective metabolic pathways.  
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Introduction: The prevalence of metabolic diseases such as obesity, cardiovascular disease and 

diabetes grows to alarming levels [1,2]. This context is worsened by low-quality diets, rich in 

ultraprocessed foods. Thus, the habitual diet represents a modifiable factor that can contribute  to  

the  prevention  of  these  metabolic  diseases.  Some  dietary  lipids  modulate inflammation, some 

of which demonstrate anti-inflammatory properties, such as conjugated linoleic acid (cLA) and 

their nitroderivatives (NO2-cLA). CLA are a mixture of geometric and positional isomers of 

linoleic acid (18:2) naturally present in dairy and ruminant meats while NO -cLA is formed in 

vivo in humans, for instance by inflammation reactions [3]. Penedo et al (2013) used a cLA 

depletion-repletion dietary trial to investigate the effects of cLA intake, via a naturally enriched 

cLA butter, on key inflammatory mediators in healthy young adults (29  volunteers  completed  

the  study)  [4].  Intake  of  the  cLA-enriched  butter  for  4-weeks reduced  the  production  of  

proinflammatory  cytokines  along  with  an  increase  in  the anti-inflammatory  cytokine  IL-10.  

However,  the  mechanisms  by  which  these  lipids  act modulating inflammatory mediators 

remain unknown. Given the recent findings on NO -cLA, the goal of the present work was 

searching for lipid biomarkers, with emphasis on NO2-cLA, in plasma from subjects in cLA-

enriched butter trial.  

Methods: Volunteer´s blood samples collected at baseline and at the end of both depletion and 

repletion phases of cLA study design were stored in biorepository at -80 ºC. Total lipid extract 

was obtained by a modified Folch method. Plasma lipid extracts were analysed by LC-HRMS, in 

Shimadzu UPLC system coupled to an Exactive Orbitrap mass spectrometer (Thermo Scientific), 

with a heated electrospray ionisation source and resolution set to 25.000 Hz with a full-scan range 

of m/z 150 to 1200 Da in positive mode. The RAW format sample files  resulting  from  LC-

HRMS  analyses  were  preprocessed  (ion  detection,  spectral deconvolution and peak alignment) 

and metabolites annotated using MS-DIAL software [5]. A  table with the aligned data were 

exported from MS-DIAL and submitted to GraphPad Prism 8.0.1. One-way ANOVA with 

repeated measures and Dunn´s multiple comparisons test were  used  for  comparisons  in  plasma  

lipid  profile  in  all  phases  of  the  clinical  trial. Differences were considered significant at 

p<0.05.  

 

Results: The plasma lipid profile, especially NO2-cLA derivatives, responded to the levels of 

intake of the cLA in the depletion-repletion intervention trial. These results explain, at least partly, 

the anti-inflammatory effects of the cLA-enriched butter.  
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Conclusion:  Thus,  it  may  be  possible  to  associate  dairy  fat  consumption  with  its anti-

inflammatory properties and prevention on metabolic diseases. Consequently, NO -cLA 2 

derivatives may be used as lipid biomarkers of metabolic health in Brazilian adults.  

Acknowledgments: The authors greatly acknowledge the financial support of CAPES, CNPq and 

FAPERJ.  

References:  

1. OBESITY  AND  OVERWEIGHT.  World  Health  Organization.  Available  at: 

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight; 2021.  

2. DIABETES  AROUND  THE  WORLD  IN  2021.  IDF  Diabetes  Atlas.  Available  at: 

https://diabetesatlas.org/; 2021.  

3. BONACCI, G. et al. Conjugated Linoleic Acid Is a Preferential Substrate for Fatty Acid 

Nitration. Journal of Biological Chemistry, v. 287, n. 53, p. 44071–44082,  2012.  

4. PENEDO, L.A. et al. Intake of butter naturally enriched with cis9,trans11 conjugated 

linoleic acid reduces systemic inflammatory mediators in healthy young adults. Journal of 

Nutritional Biochemistry, v. 24, n. 12, p. 2144-2151, 2013.  

5. TSUGAWA,  H.  et  al.  MS-DIAL:  data-independent  MS/MS  deconvolution  for 

comprehensive metabolome analysis. Nature Methods v. 12, n. 6,      p. 523–26, 2015. 

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://diabetesatlas.org/


III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

285  

Untargeted metabolomics applied to assess the impact of processing and 

functional potential of cereals  

Carolina T. S. D’Almeida1,2, Luciana Ribeiro da Silva Lima1,2, Millena Cristina Barros- 

Santos1,2φ, Mariana Simões Larraz Ferreira1,2*  

1Laboratory of Bioactives, Food and Nutrition Graduate Program (PPGAN), Federal 

University of the State of Rio de Janeiro (UNIRIO), Rio de Janeiro, Brazil 
2Laboratory of Protein Biochemistry - Center of Innovation in Mass Spectrometry (LBP-

IMasS), UNIRIO, RJ, Brazil 

 φCurrent address: MetaboHUB, Bordeaux Metabolome Facility, INRAE Bordeaux, France 

*mariana.ferreira@unirio.br   

Keywords: bioaccessibility, data-independent acquisition, foodomics, phenolic compounds.  

Introduction: Cereals play an important role in the food security. Cereal processing has been 

gaining prominence due to the improvement of the bioaccessibility of bioactive compounds and 

protein digestibility [1]. However, due to the chemical complexity of these matrices and the 

nutritional and health implications, the use of analytical tools able to perform a chemical mapping 

is required. This work applied untargeted metabolomics based on data-independent acquisition  

(DIA)  to  assess  the  impact  of  different  processing  such  as  milling/pearling, extrusion, 

germination, and fermentation on the phenolic profile of cereals.   

Methods:  Samples  comprised  fifteen  (15)  Brazilian  wheat  genotypes  classified  in  three 

technological classes presented as wholemeal and refined flours; extruded sorghum grains (red 

pericarp, with or without tannin Brazilian genotypes); germinated sorghum grains (three French 

genotypes with or without tannin, white and red pericarp) and three types of brewer’s spent grain 

(BSG) submitted to solid-state fermentation. Free (FPC) and bound (BPC) phenolic compounds 

were extracted from ethanolic solution and after alkaline and acid hydrolysis, respectively [2]. 

Untargeted metabolomics analysis was performed by UHPLC-ESI-Q-TOF- MSE (Waters) in 

negative mode. Data were processed using Progenesis QI, PubChem and Phenol explorer 

databases, and XLSTAT and MetaboAnalyst.   

Results: All samples analyzed showed a predominance of BPC. Bound PC corresponded to 87% 

of TIC, mainly due to the hydroxycinnamic acids in whole wheat, for instance. All processes  

significantly  affected  the  ratio  FPC/BPC.  Extrusion  broke  down  oligomeric proanthocyanidin 

in sorghum. However, it was strongly affected by the genotype due to the presence/absence of 

tannins. Germinated sorghum showed a higher FPC/BPC ratio in total ID (0.7 to 1.1) and relative 

abundance (0.8 to 1.4). Phenolic acids class decreased, while flavonoids seem to be synthesized 

after germination. Volcano-plot showed 35 PC differentially found: esculetin was down and 

dihydroquercetin was up-regulated in all genotypes, procyanidin dimer B-type was degraded in 

tannin-rich sorghum after germination. In fermented BSG, the ratio BPC/FPC was strongly 

reduced, probably due to the release of PC by the fungi β-glucosidase. The malt types significantly 

impacted, resulting in different phenolic profiles. TIC reduced 50% after fermentation, probably 

due to the biotransformation of hydroxycinnamic acids.   

Conclusions: Fermentation, extrusion and germination effectively increased the release of bound  

PC  enhancing  the  bioacessibility  of  phytochemicals.  The  metabolic  profiling  was essential 

to reveal the difference in phenolic composition between wheat flours (genotypes, refined), 

processed sorghum (extruded, germinated, tannin-free/tannin-rich, pericarp color) and fermented 
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brewer’s spent grain. Taken together, these results can contribute to provide an up- to-date 

database on the phytochemical composition of cereals.  
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Introduction:  Calycophyllum  spruceanum  is  a  tree  species  from  Rubiaceae  family  and 

popularly  known  as  “mulateiro”  or  “tree  of  youth”  due  to  its  antioxidant  activity  and 

dermatological  use  to  revitalize  the  skin.  Ethnobotanical  extracts  have  been  also  used  as 

antimicrobial, anti-inflammatory and to treat parasitic diseases. The literature of C. spruceanum 

extracts has reported Trypanosoma cruzi activity and associated the metabolites secoiridoid, 

secoxyloganin and diderroside to its action [1,2]. This research has analyzed the metabolites 

present in aqueous extracts of the wood bark, leaf and branch and explored the molecular activity 

against Leishmania amazonensis.  

Methods: The metabolites from dried leaf, stem, and wood bark of mulateiro were extracted by 

20 minutes decoction in boiled water, ultrasonic bath, vacuum filtration and lyophilization. 50 µg 

of each sample was diluted in MeOH 5% with formic acid 0,1% and analyzed by UHPLC/MSn  

(QExactivePlus)  on  negative  and  positive  ionization  modes  to  perform  the metabolomic 

analysis. The data were submitted to MSDial5.1.0 and MSFinder3.52 software for metabolite 

identification and to GNPS1.3.16 software to analyze the spectra clustering. The main metabolites 

identified were used to molecular docking analysis by AutoDock vina via PyRx0.9.8 software [3] 

using the dihydroorotate dehydrogenase of Leishmania as target, aiming to discover active 

molecules.  

Results: The metabolomics displayed an aligned of 9,595 metabolites features among the 

mulateiro samples, from which 5,534 showed MS2 spectra and only 393 could be properly 

identified by their chemical name. The GNPS grouping yielded big clusters of similar spectra, 

such as quercetin grouping and chlorogenic acid grouping, that showed more than 80 features each 

with similar spectra, indicating them as chemotaxonomy metabolites of C. spruceanum. Among 

the identified metabolites, the most abundant ones found in the three samples were choline,  
anabasamine,  scopoletin,  umbelliferone,  5(S)-5-carboxystrictosidine,  loliolide,  quercetin, isofraxidin, 

quinic acid, caffeoylquinic acid, chlorogenic acid, neochlorogenic acid, tryptophan and N-

acetyltryptophan. The molecular interaction has indicated the caffeoylquinic acid with energy  of  
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-8.26Kcal/mol,  a  value  close  to  the  reference  -8.59Kcal/mol,  indicating  this metabolite class 

as a promising molecular competitive inhibitor.  

Conclusions: The metabolomics by LC/MSn can identify thousands of features, however, a huge 

number of metabolites lack its identification due to absence of database information. The approach 

of this research by clustering similar spectra of features can enlighten the metabolite composition  

of  the  samples  without  the  need  to  identify  the  metabolites,  besides  predict chemotaxonomy 

labels. Moreover, the molecular docking of identified metabolites against specific receptor is an 

strategy to hunt for potential inhibitors and indicate the biological assays.  
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Introduction: Effluents from pulp and paper mills are internationally recognized as 

containing toxic substances with properties to alter the reproductive capacity of fish. The 

objective of this study was to evaluate the metabolic modifications (using metabolomics 

tools) of fish  gonads  and  liver  (Danio  rerio)  exposed  to  effluent  from  the  pulp  and  

paper industry, as well as the embryonic development of embryos generated by the 

respective fish.   

Methods: The effluent was diluted by a factor of 1/25. The fish (10 males and females) were 

exposed to the effluent, and males and females were kept separated for 7 days at 28 oC and 

a light / dark cycle of 12/12 h in 3.5 L glasses. After pre-exposure period, males and females 

were mated (1 couple per Becker containing a net at the bottom) and monitored for  6  days  

with  daily  water/pollutant  renewal  and  fed  twice  a  day.  The  eggs  were collected and 

placed on plates containing the test agent, kept protected from light. The fish  were  

sacrificed  for  liver  removal  and  gonads,  from  which  a  homogenate  was prepared. 

Then, extraction was performed with chloroform/methanol/water (3:2:1). The extract 

obtained was prepared for the analysis by gas chromatography (GC/TOFMS).  

Results: For the exposed fish, there was a significant reduction in egg production, 65%. A 

high percentage of the eggs presented dark staining, which is not feasible. Chromatography 

results revealed significant changes in the amino acid, sterol and fatty acid profile in both 

tissues, liver and gonads. The results showed a strong impact on the metabolism, egg  

production  and  embryo  development  for  the  studied  fish,  which  point  to  the alteration 

of their reproductive capacity.  

Conclusions: The exposure of fish to effluents significantly impacted the metabolism of the 

gonads and therefore the reproductive fish capacity.  
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Life Sciences – Foodomics 
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Introduction: Recently, increasing attention has been devoted to metabolomics using mass 

spectrometry in the food industry. The link between the objective taste profile and the 

functional components in food products could be found by metabolomic analysis. Beer  is  

an  alcoholic  beverage  made  mainly  from  fermented  malt.  Beer  contains compounds 

both derived from malt and produced during the fermentation process. Some of these 

compounds, known as functional components, affect the taste and the flavor of beer. Some 

of these functional components also have antioxidant effect. Therefore, it is important to 

analyze these compounds comprehensively for the evaluation of foods. In this study, 142 

hydrophilic compounds were analyzed for a widely targeted metabolomics analysis of beers 

by a single quadrupole LC-MS.  

Method: Four types of beers (A-D) and two types of non-alcoholic beers (E and F) were 

analyzed. Beer A is a lager beer and beer B is an ale beer. Beer C is a low-malt beer and 

purines are removed. Beer D is made from soy protein instead of barley. The two non- 

alcoholic beers (E and F) are differentiated by their manufacturing processes. LC-MS 

analysis was performed by NexeraTM XR system coupled with a LCMS-2050 single 

quadrupole mass spectrometer (Shimadzu Corporation, Japan). The analytical conditions for 

the single quadrupole LC-MS method were developed by referring to the analytical 

conditions of the ion-pair free LC/MS/MS method included in the LC/MS/MS Method 

Package for Primary Metabolites Ver. 3.  

Results: Simultaneous analysis of 142 hydrophilic metabolites such as amino acids, organic 

acids, nucleosides, and nucleotides, which are important in food analysis, was achieved. As 

a result, 82 compounds were detected. The main metabolites were amino acids, organic 

acids, and nucleoside metabolites. More than 70 compounds were detected in beer A, beer 

B, and non-alcoholic beer F, but only 22 compounds were detected in low- malt beer (beer 

C), showing a different trend. As a result of the Principal Component Analysis (PCA), low-

malt beer C and non-alcoholic beer E were plotted close together on the score plot and had 

similar trends in the number of hydrophilic compounds. Non- alcoholic beer E and F were 

classified in different groups. Non-alcoholic beer E is made by seasoning wort without 

fermentation. Non-alcoholic beer F is made from the same ingredients as beer and fermented 

in a way that suppresses the production of alcohol. It was suggested that the difference in 
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ingredients and manufacturing processes affects trends of hydrophilic compounds in non-

alcoholic beer E and F. 

Conclusions: An  easy  and  comprehensive  method  to  simultaneously  analyze  142 

hydrophilic  compounds  using  a  single  quadrupole  LC-MS  was  developed.  Widely 

targeted metabolomics analysis of beers was successfully performed.  
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Introduction:  The  application of untargeted metabolomics  has  advanced considerably  for 

quantifying and profiling wide array of phenolic compounds (PC) in cereals (Tiozon et al., 2022). 

Among them, sorghum (Sorghum bicolor (L.)) is well-known to have outstanding levels of these 

secondary metabolites (Saithalavi et al., 2021). The application of some bioprocesses, such as 

germination, can increase PC content and reduce anti-nutritional factors, such as tannins and its 

negative impact on grain digestibility (Saithalavi et al., 2021). This work aimed to apply 

untargeted MS-based metabolomics to obtain a comprehensive picture of the PC changes during  

sorghum  grains  germination.   

Methods:  Three  French  sorghum  genotypes  were analyzed:  1)  tannin-poor  (PW)  and  tannin-

rich  (RW)  white  pericarp,  and  tannin-rich  red pericarp (RR). The grains were germinated (G) 

during 144 (PW and RW) and 168 h (RR). The non-germinated (NG) grains were used as a control. 

Free (FPC) and bound (BPC) phenolic compounds were extracted sequentially (D'Almeida et al., 

2021) and analyzed by UHPLC-ESI- QTOF-MSE in negative mode. Data were processed using 

the Progenesis QI and PubChem and Phenol explorer databases. Statistical analysis was performed 

on MetaboAnalyst 5.0. Volcano plots have been applied (log2 fold change ±2.0, p<0.05).  

Results: Globally, 42 FPC and 47 BPC were annotated, in addition to 33 PC found in both extracts. 

Germination increased the FPC/BPC ratio in total ID number (0.67 to 1.05) and relative 

quantification (0.84 to 1.42). The hypothesis is that there was a disruption of the sorghum cell 

wall, i.e., the BPC previously bound to the cell matrix components are released as FPC during 

germination (Xu et al., 2020). With germination, phenolic acids class decreased (45 to 41%), while 

flavonoids seem to be synthesized  (49  to  57%),  in  relation  to  total  PC.  Principal  components,  

PC1  and  PC2 represented 75% of data variability and PCA showed a clear distinction between 

the NG sorghum genotypes, mainly RW in the upper-left quadrant (PC2 21.4%). After 

germination, the genotypes  were  grouped,  indicating  synthesis/degradation  promoted  by  this  

bioprocess, independent of the grain genotype. Finally, volcano-plot showed 35 compounds 

differentially abundant in NG and G samples. Esculetin and dihydroquercetin were found as down 

and up regulated, respectively, in all genotypes. Also, in tannin-rich genotypes (RW and RR) there 

was degradation of procyanidin dimer B-type (condensed tannins), which may be related to the 

increase in digestibility of this cereal after germination.  

Conclusion: Metabolic profiling was essential to reveal the differences among sorghum NG and 

G grains. Germination proved to be an efficient bioprocessing in the release of PC previously 
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bound to cell matrix and the genotype can influence these changes. Finally, hypotheses about these 

PC syntheses/degradations can be done, but intermediate germination times would be necessary 

to propose a reliable metabolic pathway.  
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Introduction: The sourdough fermentation for bread production occurs mainly by the action of 

endogenous lactic acid bacteria (LAB) and yeast. This fermentation provides technological and  

health  benefits  due  to  the  microbial  consortia  responsible  for  the  bread  volume  and 

acidification, improving flavor and texture, and partially degrading wheat gluten complex. Some 

of these gluten forming subunits can be related to allergies and other wheat-related diseases such 

as autoimmune celiac disease (CD) [1]. The peptide reported to be the most immunogenic involved 

in CD, the 33-mer peptide, can be potentially degraded by specific intracellular peptidases from 

LAB[2]. This study aimed to evaluate, by label free proteomics, how sourdough fermentation 

interferes with the proteolysis of wheat proteins and if it can be related to the reduction of 

allergenicity in bread dough.   

Methods: Five bread doughs were prepared: baker’s yeast (S. cerevisiae) (Control 1 – C1); 

chemical acidification (Control 2 – C2) and three types of sourdoughs (S1, S2, S3) based on 

different LAB [3]. Sequential protein extraction was performed with modifications [4]. The 

extracts were concentrated, washed, digested, and stored at -80 °C [5]. Peptides were analyzed in 

technical triplicates with an Easy-1000 nano-LC system coupled to an nESI-Q-Exactive Plus mass 

spectrometer (Thermo Fischer Scientific, Germany) in FullScan-DDA MS2 mode. MS raw data 

were processed using Proteome Discoverer 2.1 (Thermo Fischer Scientific, Germany). The  

strategy  for  protein  grouping  was  strict  parsimony.  Filters  applied  for  the  label-free 

quantitation: only proteins (2/3 or 3/3), 3 pep/prot, one unique pep, and FDR <1%. Statistical 

analysis was performed using XLSTAT (Addinsoft, v.2018.2.50452) and Metaboanalyst 3.0 [6].  

Results: Globally, 516 proteins were identified, about 16% were allergenic (85) belonging mostly 

to the gliadin fraction. Seven gliadins presented the 33-mer peptide sequence. SDS- soluble 

extracts were associated to the most allergenic proteins, followed by ethanol and Tris- HCl. Based 

on the spectral ion counting (relative abundance), C1 and S3 presented the highest immunogenic 

potential (1.03 and 0.87, respectively; p<0.05), while the least reactive group  
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consisted of S1 (0.41) and C2 (0.35) (p<0.05). This finding may indicate the role of pH in the 

action of wheat proteases and the role of organic acids in changing the protein profile. SDS- 

soluble proteins were the most degraded in C2 and S1. Indeed, sourdough S1 was the less abundant 

in the terms of allergenic proteins.  

Conclusions:  Acidified  control  (although  technologically  unfeasible)  and  sourdough  S3 

presented the lowest relative abundance of allergenic proteins. The reduction in allergenicity may 

be more associated with the primary fermentation metabolites (lactic and acetic acid) than with 

other metabolic pathways of the LAB. Indeed, the LAB composition applied as starter culture can 

significantly impact the protein profile.  
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Introduction: Phenolic compounds (PC) are secondary metabolites naturally present in plants. 

They have been highlighted due to their potential role in the human health, especially in gut 

microbiota[1]. Cereal grains, one of the main staple foods worldwide, represent an important 

source of nutrients and bioactive compounds, such as PC, especially found in the grain outer layers 

[2]. This study aimed to apply metabolomics based on MS to elucidate the diversity and the 

distribution of PC in whole grains and their milling fractions in seven species of cereals to assess 

future applications.  

Methods: Twenty-three (23) genotypes were analyzed, comprising barley, millet, oat, rye, 

sorghum, triticale, and wheat grains. A total of 69 samples were obtained after grain milling and 

pearling processes into four fractions: husk, bran, flour, and wholemeal. Free and bound PC were 

extracted from ethanolic solution and alkaline and acid hydrolysis, respectively[3]. Untargeted 

metabolomics analysis was performed by UHPLC-ESI-QTOF-MS (Waters) using a RP column 

(HSST3, C18, Waters). The MS acquisition was performed in DDA and negative modes, centroid, 

m/z range of 100-1200 Da, and CE of 10, 20, 30, 40, and 50 V. Blanks and pooled quality control 

(QC) samples were prepared and analyzed under the same conditions of the samples and used for 

the data processing. Data were acquired using MassLynx (Waters); pre-processed using MZmine 

(v. 2.53); Sirius for annotation; and Metaboanalyst and XLSTAT for statistical analyses.    

Results: Base peak intensity (BPI) chromatograms of free and bound PC extracts provided a first 

visual presentation of the similarities and differences among the species and milling fractions of 

the cereals. As expected, the intensity of peaks clearly decreased from the surface to the central 

fraction of the grain. It means bran samples showed the highest intensities of PC while flour 

samples showed the lowest. In the pre-processing step, a total of 7,412 features were detected from 

MS data acquired from all extracts. After blank and RT filters, a total of 5,543 features followed 

to the annotation step, based on the major compounds in QC samples. Different classes of PC and 

their derivatives, such as hydroxycinnamic acids (e.g.: ferulic acid, its isomer, and their dimers, 

diferulic acids), hydroxybenzoic acids (e.g.: 4-hydroxybenzoic and dihydroxybenzoic acids), 

flavanols (e.g.: catechin and its dimers, procyanidins), and flavonols (e.g.: kaempferol and 

quercetin).   

Conclusions: The untargeted metabolomic approach provided a comprehensive exploration of the 

phenolic profile of whole grains and their coproducts. MS data showed the richness and the 

potential of bran and husk fractions, coproducts of flour production, as a source of bioactive 
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compounds. That is an important step towards the valorization of coproducts and adds evidence 

to further studies. As perspective, normalization step will provide the comparison between species, 

genotypes, and fractions.   
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Introduction: Coffee is one of the most appreciated beverages in the world. In Brazil, the raw 

material is widely relevant, especially in Minas Gerais[1]. Green coffee beans produced in the 

Cerrado Mineiro region present unique sensorial characteristics, having a certificate for quality 

warranty known as Protected Designation of Origin (PDO)[2]. Paper spray mass spectrometry 

(PS-MS) is a technique whose use has substantially increased recently. Its main advantages rely 

on its low cost, fastness, flexibility of application, no (or minimal) sample preparation steps, and 

low consumption of inputs[3]. Hence, in this work, chemical fingerprints of green coffee beans 

from Cerrado Mineiro using paper spray mass spectrometry are achieved to characterize them 

reliably.  

Methods: Green coffee samples (0.5 g) were added to 10 mL of water. This mixture was heated 

at 60 °C in an ultrasonic bath for 30 minutes. In sequence, samples were filtered and stored in 

Falcon tubes, and the resulting extract (100 µL) was mixed with HPLC-grade methanol (900 µL). 

This solution (25 µL) was added to an equilateral triangle (dimensions 1.0 cm) made with 

chromatography  paper.  The  PS  platform  was  coupled  with  a  Thermo  LCQ-Fleet  mass 

spectrometer (ThermoScientific, San Jose, California, USA). The mass spectra were acquired in 

the positive and negative ion modes and a mass range of 100 and 1000 Da. The mass spectrometer 

conditions were as follows: the capillary temperature at 275 °C, the potential applied at the triangle 

paper base of 5 kV, and the distance between the triangle tip and mass spectrometer inlet of 0.5 

cm.  

Results: The most intense ions in the mass spectra acquired in the positive ion mode were m/z 

176, 317, and 381. These ions were reported in previous studies and attributed to the protonated 

forms of trigonelline, linolenic acid, and sucrose. Other ions of m/z 104, 138, and 195 were 

identified as the protonated forms of choline, trigonelline, and caffeine. All these compounds are 

typically found in the composition of coffee[4]. For instance, trigonelline is one of the main 

compounds responsible for a coffee drink's flavoring, aroma, and bitter notes[5]. The ion of m/z 

353 is the most intense in the mass spectra acquired in the negative mode. It refers to the 

deprotonated form of caffeoylquinic acid. Other noticeable ions in these mass spectra refer to the 

deprotonated form of quinic acid (m/z 191) and adducts of caffeoylquinic acid (m/z 515 and 

707)[6,7].  

Conclusions: PS-MS allowed for identifying the main organic compounds in green coffee beans 

from Cerrado Mineiro, including trigonelline, chlorogenic acids, quinic acid, and sucrose. Most 

of these compounds influence coffee's sensory properties. In conclusion, PS-MS has shown  to  be  
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fast,  requires  minimal  sample  preparation,  and  offers  important  information regarding the 

chemical composition of coffee beans. This technique can be applied to other food matrices, a 

possibility extensively explored in our laboratory.  
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Introduction: Pineapple is a tropical fruit widely consumed and used by the food industry. Due 

to this large consumption, there is an important generation of residues (bark, stalk, bagasse, and 

crown) that together represent about 46% of the pineapple's weight [1]. Pineapple crown has shown 

promising results in antioxidant activity and bioactive compounds profile [1,2]. However, pineapple 

occupies the 6th position (33%) among the vegetables with the highest levels of pesticides in Brazil 

[3]. Hence, the objective of this work was to evaluate the effect of dry process (oven-drying and 

freeze-drying) on the color, antioxidant capacity and to monitor the presence of pesticide residues 

by MS.   

Methods: Pineapple crowns flour was obtained by oven drying in a ventilated oven at 65 °C/12h 

and 90 °C/1h (PCFO) or by freeze-drying (PCFF) (-40°C/72h) and then ground in a ball mill 

(Solab, Brazil). Water activity (Aw) was performed with the portable Aw measurer Pawkit after 

5 min (25°C). The colorimetric parameters were determined using the L*a*b* coordinates (Konica 

Minolta, Japan). Folin reducing capacity and the antioxidant activities (DPPH, FRAP, ABTS, and 

ORAC) were determined on a microplate reader [2,4]. A multiresidue analysis of 126 pesticides 

(mg/kg) was performed by QuEchERS modified method and using an Acquity UPLC BEH C18 

column (100 mm, 2.1 mm, 1.7 µm particle size) in an UHPLC (Waters, Milford, USA) equipped 

with a Xevo-TQ (Waters, Manchester, UK) with an ESI. Injection volume was 10 µL. Mobile 

phase A: water:methanol (98:2, v/v) and B: methanol, both with 0.1% formic acid and 5 mM 

ammonium formate. Linear gradient program with eluent B from 0 to 10 min. The flow rate was 

0.225 mL/min. The ESI + parameters were capillary voltage 2.5 kV, source temperature 150 °C, 

desolvation temperature 500 °C and nitrogen flow rates of 600 and 80 L/h for the cone and 

desolvation gases, respectively. Argon was used as collision gas with a pressure of 4x10-3 mbar 

and a flow rate of 0.15 mL/min. Data acquisition was performed using Mass Lynx 4.1 software 

(Micromass, Manchester, UK) [5].   

Results: Samples presented similar Aw ~0.34. PCFF was lighter (L= 72.52±0.34) and green while 

PCFO was darker and yellower. PCFO showed about 5-fold more reduction capacity of Folin  

reagent  (817.70±8.28  mg  GAE/100  g)  and  the  highest  antioxidant  activities  in  all methods. 

From the 126 pesticides, only carbendazim was found in PCFO (0.010) and 4 in PCFF 

(carbendazim  0.026;  tebuconazole  0.018;  chlorantraniliprole  0.014;  imidacloprid  <LOQ). 

Carbendazim and imidacloprid are among the main pesticides detected in pineapple, and it was 

observed that even subjected to high temperature, carbendazim was still found in PCFO.  
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Conclusion: The use of high  temperatures provided a darkening  of the  PCF  and greater 

antioxidant activity. Interesting, also reduced the content of pesticide residues from the PCF of 

conventional cultivation, since organic sample used as control presented no pesticides.   
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Introduction: Cereals are one of the main sources of nutrients, being responsible for a large part of 

the recommended daily intake [1]. Cereals are submitted to various types of processing that can 

change the gluten proteins structure, leading to changes in solubility, viscoelastic properties, and 

spatial conformation [2]. The gluten composition is highly complex and nowadays, proteomic 

approaches based on LC-MS/MS, reveal themselves as the most important tools for the identification 

and quantification of allergenic peptides and proteins of the cereals [3]. This study aimed to evaluate 

the influence of processing on the protein concentration of wheat flour from applying high resolution 

and sensitivity LC-MS methods.  

Methods:  Brazilian  wheat  flours  of  two  different  technological  classifications  was extracted 

using an industrial lab mill (Quadrumat Senior, Brabender GmbH & Co. KG, Germany). 

Thermoplastic extrusion was performed in pilot scale using two different screw velocities (150 – 

E2- and 300 rpm – E2+) and pasta was produced according to the AACCI method (66-42.01). [4]. 

Part of pasta was submitted to cooking process (P2 – raw pasta  and  P2+  –  cooked  pasta.  Samples  

were  defatted  and  extracted  by  Osborne fractionation  in  triplicate  [5].  Extracts  were  reduced,  

alkylated,  and  digested  using thermolysin (1:20) and cleaned up using SPE . Extracts were analyzed 

using an UltiMate 3000 RSLC nano system coupled to a QExactive Plus Orbitrap (ThermoFisher 

Scientific, USA)  with  data‐dependent  acquisition  in  positive  ion  mode.  Label-free  quantitation 

(LFQ) intensity was used to quantify the proteins, and identification parameters were presence in  at  

least  2/3  replicates and score >1. MS raw data was processed using MaxQuant  (Max-Planck-

Institute,  Germany).  Statistical  tests  were  performed  using XLSTAT (Addinsoft, USA).  

Results: On the average, 500 peptides and 150 proteins were identified and quantified for each 

sample. The increasing intensities of the identified gluten proteins was higher in thermoplastic 

extrusion (78% for E2- and 87% for E2), while the increasing for pasta production happened in a 

lower rate (8% for P2- and 42% for P2+), when compared to the intensities in flour. These results 

were expected since the gluten network is formed when flour is hydrated and submitted to 

mechanical work. Pasta production is the least intense process to which flour was submitted, 

corroborating the lower rate of gluten polymerization  in  pasta  samples.  Consequently,  soluble  

proteins  intensities  tend  to decrease in processed foods in comparison to flour (62% for E2-, 82% 

for E2+ and 72%  
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for P2+), except for P2-, remaining similar to the flour intensity.  

Conclusions: LC-MS/MS was able to demonstrate the behavior of gluten fraction  in processed 

wheat. Further analysis are necessary to identify the presence and concentration of allergenic 

proteins in these samples, helping to find a better process to produce wheat products destinated to 

gluten-disorded individuals.  
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Introduction: Protein glycosylation is a co- and post-translational modification that 

occurs in the endoplasmic reticulum (ER) and Golgi [1]. Under stress conditions of the 

ER, termed ER stress, the unfolded protein response (UPR) is activated to restore ER 

homeostasis  through  the  PERK,  IRE-1  and  ATF6  pathways  [2].  At  the  same  

time, activation of the ER-associated protein degradation (ERAD) mechanism occurs 

to restore protein homeostasis [3-4]. How ER stress affects protein glycosylation 

remains unknown in pancreatic beta cells. In this study, we sought to elucidate the 

interplay between UPR, protein glycosylation and ERAD in beta cells under ER stress.   

Methods: The interaction between these cellular mechanisms was studied in Min6 

cells under ER stress induced after 6h of thapsigargin (TAG) treatment. Quantitative 

LC- MS/MS-based  proteomics,  limited  deglycosylation  assay  (LDA)  [5]  and  

orthogonal validation by RT-qPCR, lectin blot and western blot analysis were used in 

this study.  

Results:  The  misfolding  state  of  several  glycoproteins  was  determined  by  LDA, 

including  enzymes  involved  in  protein  glycosylation  including  STT3B,  Glucoside 

xylosyltransferase 1 and Alpha-(1,3)-fucosyltransferase 11. In addition, we identified 

15 new glycosylated sites on upon TAG treatment, highlighting the hyperglycosylation 

of proteins upon protein misfolding. However, the levels of STT3A and STT3B 

catalytic subunits of oligosaccharyltransferase (OST) were reduced upon induction of 

ER stress. Moreover,  redox-based  proteomics  also  revealed  differential  oxidation  

of  cysteine residues  in  the  ER  and  Golgi  apparatus  proteins  upon  TAG  treatment  

which  could possibly lead to OST malfunction and subsequent degradation of its 

catalytic subunits via ERAD. Subsequently, proteasome inhibition by MG132 showed 
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an accumulation of STT3A/B  in  cells  under  ER  stress,  confirming  the  interplay  

between  UPR,  protein glycosylation and protein degradation via ERAD.   

Conclusions: The induction of ER stress by thapsigargin in Min6 cells leads to a redox 

imbalance state of proteins and a modification in the protein glycosylation machinery, 

mainly by increasing the degradation of the catalytic subunits of the OST. More studies 

are  needed  to  elucidate  further  the  degradation  of  protein  glycosylation  machinery 

components and its role in diabetes.   
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Introduction: The N, N-dimethyltryptamine (DMT) has similar properties to serotonin and may 

shed light on treatments for some diseases such as anxiety and depression4. In addition, possess  

enormous  potential  as  neurotherapeutics  due  to  their  ability  to  potently  promote neuronal 

growth6. Chemical imaging by mass spectrometry (MS) has recently been used for the analysis of 

certain pathologies like cancer in its first signs and we used mass spectrometry imaging to trace 

how DMT behaves in the zebrafish body and its main reactions. 

Methods: Zebrafish samples were prepared by injecting 0.3 and 0.05 mg/L of DMT directly into 

the fish. After euthanasia, fish were placed in a CMC and Gelatin mold [1] for cutting and 

preparation of slides. 45um sections were performed with a Leica cryostat at -21ºC. To obtain the 

images, a Thermo IonTrap with the source Prosolia Imaging (DESI-MS) [2] was used, using 

Methanol HPLC as desorption solvent [3]. After data acquisition, the images were generated and 

treated using the BioMap Software.  

Results: Macroscopic evaluation was used to determine where the DMT were being deposited in 

the zebrafish body. The lateral resolution allowed most of the organs to be evident and in the 

negative mode it was able to find the main fatty acids in the lungs, liver, stomach, and mainly in 

the kidneys. In the positive mode it was possible to observe that there was an accumulation of 

DMT in the heart and liver.   

Conclusion: The results show that there was a considerable accumulation of DMT in the heart 

and liver, which may indicate its action not only neurological but also of toxicity in the other 

organs of the system, depending on the concentration of the substance in the body.  
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A new approach to analyze polar compounds using a paper 

modification by PSI-MS   
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Introduction:  Polar  compounds  are  common  in  mass  spectrometry  analysis  using 

electrospray  ionization  (ESI-MS).  Different  samples,  such  as  drugs,  pesticides,  and 

environmental samples, can be analyzed [1, 2, 3]. Despite being similar to ESI, the technique 

of paper spray ionization (PSI-MS) emerges as a fast and simple technique to analyze  the  

same  compounds  of  ESI.  Technique  requires  minimal  or  no  sample preparation  step, 

even  when complex mixtures are analyzed  [4,5]. However,  PSI is susceptible to ion 

suppression issues, which requires modifications onto the paper surface to enhance 

specificity. The present study aims to implement a new approach to analyzing polar 

compounds using the surface modification on paper with a PSI technique.      

Methods: Firstly, for the modification of the paper, the papers were immersed in a mixture 

of ethanol/water (80:20 v/v) with (3-aminopropyl)triethoxysilane (1 wt.%) for 2 hours. After 

that the papers were put in an oven for 3 hours at 110 °C in order to provide thermal 

treatment. Finally, the papers were washed manually with 10 mL of ethanol and left to dry 

at room temperature [6]. For the extraction an utility clamp with a ring stand was  used  to  

give  support  and  keep  the  paper  immersed  in  the  sample.  For  the characterization of 

the paper the SEM-EDS technique was used to identify the changes on the surface. Different 

times of extraction (1-15 min) using different papers substrates (NH2-PSI, and 

Conventional-PSI) were evaluated. The analysis of PSI was performed using the LTQ-XL 

mass spectrometer, setting the paper at a 5 mm distance from the mass inlet and applying a 

high voltage (2,8 kV) on negative ion mode.   

Results: The comparison between NH2-PSI and Conventional-PSI displayed results, which 

are completely distinct from each other, once the intensity of the selected ions in the mass 

spectra when using NH2-PSI were much superior and therefore more selective. Regarding 

the extraction time, the results were similar for all times evaluated in this study, therefore, 1 

min was used as extraction time for a fast analysis. To study the surface modification of the 

paper the SEM-EDS revealed the modification onto the paper surface by NH2 groups.  

Conclusions: The present study reports a new method to analyze polar compounds using 

the PSI technique. Alongside with the paper surface modification increasing selectivity it 

eliminated the most interferents. Therefore, this method emerged as a fast extraction (1 min) 

and simple analysis without sample preparation, using minimal of organic solvents. 
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Introduction: Hydroxy-nitrobenzoic acids (HNBA) have been proposed as oxidizing MALDI 

matrices that induce analyte fragmentation in the ionization source (ISD) in the UV-MALDI 

process,  generating  ions  with  a  predictable  structure,  different  from  those  obtained  with 

matrices classics by collision induced dissociation (CID). Its use as a MALDI matrix is mainly 

focused on the analysis of peptide molecules. 1,2 However, these compounds have not been studied 

from the photochemical point of view as an auxiliary tool to give an explanation of its behavior as 

a MALDI matrix. 

Methods: Photochemical stability study (366 nm; 254 nm) was carried out in solution (MeCN; 

MeOH) of eight isomers of the HNBA family (3H4NBA; 2H4NBA; 2H5NBA; 3H2NBA; 

5H2NBA; 2H3NBA; 4H3NBA; 3H5NBA), monitoring kinetic by UV-vis spectroscopy. It was 

observed that at 366 nm they presented a remarkable stability or very minor changes, while at 254 

nm they presented significant changes. Two photo-products obtained at 254 nm in MeOH 

(hydroxy-aminobenzoics,  HABA)  were  characterized  by  High  Performance  Liquid 

Chromatography with UV diode array (HPLC-DAD) detection: 2H4ABA from 2H4NBA and 

3H2ABA from 3H2NBA. On the other hand, with the purpose of carrying out the photophysical 

characterization  of  the  matrices,  a  detailed  study  of  fluorescence  in  solid  systems  was 

conducted: (i)  pure solids and (ii) matrices immersed in a non-emitting solid support, BaSO4, in 

proportions 1:10 in mass, with the purpose of evaluating the effect that the substituent position  

plays on the competition between the different deactivation pathways, because their efficiency as 

MALDI matrix is different for each isomer. Besides, the diffuse reflectance spectra (solid state) 

were obtained.  

Results: The photoreduction of HNBA compounds in MeOH would occurs: (1) under open 

atmosphere with the formation of 1O2 (2) under Ar atmosphere by taking an electron from MeOH. 

Both pathways lead to the oxidation of MeOH to HCOOH (HPLC-DAD). (1) requires a time delta 

that allows HCOOH to accumulate in sufficient quantity to start the process,  HNBA → HABA. 

Under these conditions, the mechanism would be similar to that occurs during the preparation of 

references. The HNBAs that perform most efficiently as UV-MALDI matrices, in order of 

decreasing efficiency are: 2H5NBA, 2H4NBA, 2H3NBA, and 3H4NBA.  

Conclusions: None of the HNBA emit radiation efficiently, so their deactivation would occur by 

non-radiatively process as rapid heat released to the medium. On the other hand, the diffuse 

reflectance studies revealed that the HNBA in solid state absorb efficiently till near by 400 nm; 

Thus the 355 nm UV-MALDI laser source is suitable for population of the electronic excited states 

and from them induce the H /electrons exchange as a competitive deactivation process, before and 

during ablation/desorption  
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Introduction: E-3,5-dimethoxy-4-hydroxycinnamic acid, sinapinic acid (ESA), have enabled the 

successful application of matrix-assisted laser desorption/ionization mass spectrometry (MALDI-

MS) for various analytes [1]. The presence of a rigid double bond in the structure of cinnamic acids 

leads to the existence of two geometric isomers E and Z. In particular Z-3,5- dimethoxy-4-

hydroxycinnamic acid (ZSA) has proven to be a more efficient matrix for the study of low molecular 

weight carbohydrates (Carb) compared to the E isomer [2]. Molecular modeling studies have shown 

that the interactions between the matrix and the analyte change dramatically as a consequence of the 

change in the stereochemistry of the cinnamic acid double bond [2]. These studies show the 

formation of non-covalent 1:1 complexes, with [ZSA+Carb] complexes  being  more  stable  than  

[ESA+Carb]  complexes  due  to  the  greater  number  of intramolecular hydrogen bridge type 

interactions [2].  

Methods: In this sense the electrospray ionization mass spectrometry (ESI-MS) technique is a 

powerful tool to evaluate the formation of pre-existing non-covalent complexes in solution, as these 

can survive the ionization process [3]. In this work we studied the behavior of these acids as ligands 

for the formation of non-covalent complexes and their stability with different Carb using the ESI-

MS technique by direct infusion (DI) (Equipment: ESI-SQ-MS Waters SQD2 single quadrupole 

and ESI-QTof-MS/MS Waters XEVO G25-QTOF). Isotopically labeled ESA (ESA-d6) was used 

as a reference ligand for comparative analysis. Interpretation of the experimental results was 

supported by computational calculations.  

Results: Both acids, ESA and ZSA, show similar ionization efficiency (IE) in ESI, while ESA- d6 

shows a lower IE so it could not be used for the comparative study. In all the cases studied the ratio 

of the [ZSA+Carb-H]-/[ESA+Carb-H]- signals > 1, suggests that the ratio between the affinity  

constants  (Ka)  of  the  complexes  is  greater  than  1.  In  general,  the  formation  of [ZSA+Carb]  

complexes  is  favored  at  higher  M.W.  Carb.  These  results  agree  with  those obtained in 

competitive experiments, when both ligands are in solution. The collision energy measured for the 

50% decomposition of the complex was higher for the ZSA+Carb complexes.  

Conclusions:  Overall,  the  ESI-MS  and  molecular  modeling  results  demonstrated  the 

preferential formation of complexes with ZSA compared to the E isomer, which may explain the 

difference of both in efficiency as MALDI matrices.  
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Introduction: Snake envenomation is a neglected health condition with high mortality and morbidity rates 

[1]. The administration of antivenom can neutralize the systemic effects, but the local effects are only 

partially neutralized and may lead to amputation of the affected limb [2]. Hence, new therapeutic  

approaches  are  needed  to  reduce  the  high  rates  of  morbidity  associated  with snakebites.  The  study  

of  natural  inhibitors  of  snake  venoms  is  promising  for  developing complementary drugs to serum 

therapy. We analyzed the interaction between the antihemorrhagic protein DM43 isolated from the 

opossum  Didelphis  aurita  and  the  metalloendopeptidase  BaP1,  using  two  cross-linking approaches 

(BS3 and XPlex) associated with high-resolution mass spectrometry.  

Methods : The reaction was monitored by polyacrylamide gel electrophoresis. LYS-C and trypsin were 

used for the digestion The samples were subjected to reversed-phase liquid nanochromatography, the eluted 

peptides were introduced into the mass spectrometer. The most intense precursor ions were subjected to 

fragmentation by Higher-energy collision dissociation. The data was analyzed using the software Spectrum 

Identification Machine for Crosslinked Peptides (SIM-XL). The validation of these links were made using 

the software topolink. To measure  the  maximum  distances  of  the  cross-links,  the  crystallographic  

structure  of  the metalloendopeptidase BaP1 (PDB code 1ND1) and the three-dimensional model of DM43 

generated by the AlphaFold algorithm were used.  

Results: Through the electrophoretic profiles of both methodologies, it was possible to confirm the 

presence of the DM43-BaP1 complex covalently stabilized with the crosslinkers. The  DM43-BaP1  

complex  interaction  maps  of  both  methodologies  demonstrated  great interaction between domains 1 

and 3 of the inhibitor, and the presence of many intralinks in domain 3, and a few in domain 1. The interlinks 

between DM43 and BaP1 are also found mostly in domains 1 and 3 of the inhibitor. Using the software 

Topolink, 37 intralinks from the BS3 methodology were tested, but only 10 of them were validated. 43 

intralinks from the XPlex methodology were tested, but only 9 of them were validated. Through the 

software Visual Molecular Dynamics, it was possible to see that most of the validated links of DM43 were 

within the domains and most of the non-validated links were in loop regions. With an increase in the 

maximum tolerance of distance of 10 Angstroms, most of the non-validated links in loop regions of BaP1 

were validated, serving as a proof test, but in DM43, only the links within domains showed an increase in 

the validation.  
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Conclusions: The Spatial positioning of the domains of the DM43 inhibitor proposed by the AlphaFold 

model does not correspond to that observed in the solution. Meanwhile, the individual domains of the 

inhibitor proved to be consistent with the experimental data collected. Inter-protein links indicated that 

DM43 binds to BaP1 mainly through its domains 1 and 3.  
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Introduction: Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) is one 

of the most powerful techniques in petroleomics [1]. The data information provided by FT- ICR-

MS is largely used for statistical analysis and machine learning in this area [2,3]. Then, it is very 

important to ensure MS data quality with the reproducibility of m/z and their intensities. Usually, 

a triplicate analysis is a common way to check reproducibility, where the simple average of m/z 

intensities is used in data analysis. However, if the difference in intensities for replicates is  high,  

the calculated average would be doubtful. Therefore, in  this  work, we proposed a new average 

calculation strategy to provide reproducible FT-ICR MS data.  

Methods: One crude oil sample was used to apply the new average calculation strategy. This 

sample was acquired in triplicate for three consecutive days. The intra (n = 3) and inter-day (n = 

3) reproducibility were investigated. The MS analysis was performed in electrospray negative ion 

mode using an FT-ICR MS 7 T SolariX 2xR (Bruker Daltonics). The mass range was set from m/z 

128 to 2000. The m/z values and absolute intensities of all peaks were obtained with Bruker Data 

Analysis software and exported to .asc. These files were imported to Matlab R2020a software 

(Mathworks Inc) to perform data analysis. The absolute intensities were normalized to unit area. 

For each intra or inter-day analysis, all m/z peaks found in triplicate were listed. Peaks were 

divided into three groups: single-peak group (peaks found once in triplicates), 2-peaks group 

(peaks found twice in triplicates), and 3-peaks group (peaks found in all triplicates). The single-

peak group was removed based on a 2/3 criterion proposed initially by Sleighter et al [4]. For 2 

and 3-peaks groups, the relative standard deviation (RSD) of intensities for replicates was 

calculated. A 10% intensity filter (IF) was adopted as a threshold. If the RSD < IF, the peaks were 

retained, and for the 2-peaks group, the remaining peaks were removed. For the 3-peaks group, 

the replicates were analyzed in pairs with the RSD calculation e threshold application. This 

strategy is based on Chen et al [5]. After all filters (m/z and intensity), the retained peaks were 

used to obtain the new data with the average of retained peaks in the 2 or 3-peaks group. The new 

average strategy considers only the peaks in replicates that were approved in both filters, with an 

average of two or three intensities.  

Results: On average, 20723 ± 1846 peaks were found in intra and inter-day analysis. Our results 

show an average reduction of 73% of peaks only with the m/z filter. Applying a 10% IF, 

approximately 35% of peaks were removed, with a reduction of 91% RSD. Before filtering, the 

RSD was 58%, decreasing to 5% after both filters.  
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Conclusions:  The  new  average  strategy  calculation  can  effectively  ensure  analytical 

confidence through reproducibility in FT-ICR MS analysis.  
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research.  
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Introduction: Ultra-high resolution in mass spectrometry is mainly represented by Fourier 

Transform Ion Cyclotronic Resonance Mass Spectrometry (FT-ICR MS) [1]. The resolving power 

(m/Δm50%), where Δm50% is the width of the peak at half height, is equal to the energy resolution 

of the ion cyclotronic frequency (ω/Δω50%). The energy mass resolution increases with the 

increasing magnetic field, consequently generating large costs of developing magnets to provide 

high magnetic fields [2]. However, some artificial signals, known as spikes, appear through the 

uptake of electronic noise in free induction decay (FID). Spikes can have large cyclotronic 

frequencies that can interfere with other cyclotronic frequencies [3, 4]. Therefore, this study comes 

to verifying what are the implications of the spikes in the mass spectra quality. Methods: For the 

evaluation, crude oil samples were analyzed by FT-ICR MS using a 7T solariX 2xR FT-ICR MS 

(Bruker Daltonics - Bremen, Germany) equipped with commercially available electrospray (ESI) 

sources. To obtain a greater resolving power the mass spectra are usually obtained considering the 

sum of the FIDs. In this study, spectra were acquired in the segment scale type: time and spectra 

enabling the access to FID of each scan. All mass spectra were processed using python.  

Results: We observed that the spectra of FIDs with or without spikes, we notice that the noise signal 

has a higher absolute abundance in spectra of FIDs with spikes. For complex mixtures, with a huge 

number of constituents, this increase in noise signal in some scans can end up affecting compounds 

with low absolute abundance. This can lead to erroneous conclusions when comparing a set of 

samples. Therefore, we tested different apodization functions to improve the signal-to-noise ratiob.  

Conclusions: Hence, this study demonstrates that spikes interfere in the resulting mass spectra, 

affecting mainly in the minority classes of crude oil results. Furthermore, with access to the FID 

data, it was possible to test different apodization functions for Fourier transform.  

Acknowledgments:  The authors  acknowledge  PETROBRAS, CAPES, and  CNPq for the funding 
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Introduction: Mammals have undergone several profound changes throughout evolution to 

occupy different habitats [1]. It is possible to identify several adaptations of morphological and 

physiological  characteristics  regarding  the  conquest  of  marine  environments,  such  as  the 

greater compartmentalization of the kidneys [1]. Marine mammals do not have access to fresh 

water like their terrestrial pairs, therefore, they depend on the molecular water generated in the 

organism itself or obtained from their diet [2]. Genetics alone does not fully explain the specific 

molecular characteristics that led them to these crucial osmoregulation adaptations [3]. With the 

growing area of evolutionary proteomics, a deeper understanding of these significant changes  and  

how  proteins  influence  the  evolution  of  these  species  is  possible.  Through proteomic-based  

mass  spectrometry,  we  intend  to  evaluate  and  functionally  characterize molecular differences 

of the proteins present in the kidney of different mammals.  

Methods: Samples were obtained from Cape fur Seal (Arctocephalus australis) dead and found 

along the entire coast of Rio Grande do Sul, Brazil. Each reniculi was collected from the cortical 

apical part of the right kidney. The samples were prepared, extracted, and analyzed with  a  

UHPLC-nanosystem  (Dionex)  coupled  online  with  an  LTQ-Orbitrap  Elite  mass spectrometer 

(Thermo Scientific). Data analysis will still be performed by software dedicated to  proteomics  

and complementary statistical  analyzes such  as cluster  (PCA), hierarchical (HCA), and 

correlation (heatmap) analysis.  

Results: From the analyzed sample, three of the proteins found had a significant relation with 

kidney functions, already described in the literature. Aquaporin-2 (AQP-2), atrial natriuretic 
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peptide (ANP), and arginine vasopressin (AVP) seem to be related to the RAS-aldosterone system 

and water flow regulation in marine mammals. Those proteins could be key players on marine 

mammals’ adaptation to a water-restrict environment.  

Conclusion: For the next step, fifteen specimens of Cape fur seal were already collected, and 

dogs  were  chosen  for  the  terrestrial  outgroup  control,  due  to  their  close  phylogenetic 

relationship. Preliminary results give us the perspective to trace an evolutionary molecular line of 

kidney functions, as well as characterize this still unknown proteome of marine mammal species. 

Hence, this work will provide a more comprehensive understanding about functional evolutionary 

adaptations and the evolution of molecular effectors necessary to conquer the marine 

environment.  
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Introduction: Venomous animals are capable of producing compounds that comprise 

complex mixtures of bioactive molecules, consisting of more than 90% of proteins, peptides 

and enzymes [1, 2]. Spiders belong to this group and contain a great diversity of molecules in 

their venoms. However, it was only with the development and application of omic 

approaches that there was an exponential increase in the number of reported venom protein 

sequences [3]. The genus Actinopus (Perty, 1833) is composed of trapdoor spiders of the 

Actinopodidae family [4] whose venom composition is still poorly understood. The objective of 

the present work was to identify the enzymatic proteome found in Actinopus sp. venom gland 

and highlight its biotechnological potential. 

Methods: Actinopus specimens were collected in Rio Claro, São Paulo, Brazil (SisBio 

License: 21102-12, Sisgen: AA28BF3). Venom glands were macerated and sonicated for 

protein extraction. The extract was then analyzed through gel electrophoresis, followed by 

band excision for protein identification by mass spectrometry. Subsequently, the crude extract 

and the material excised from the gel were submitted to trypsin digestion. Tryptic peptides 

were analyzed by nano liquid chromatography coupled to mass spectrometry 

(LC-ESI-MS/MS), using a Q-Exactive platform. Mass spectral data were interrogated against a 

compilation of sequences deposited in the ArachnoServer spider toxin database (1500 

entries), NCBI Mygalomorphae sequences (16114 entries) and NCBI venom protein 

sequences (187132 entries), using PEAKS Studio 8.5 software. High quality de novo 

sequences were subjected to BLAST alignment. The retrieved protein identities were then 

filtered to select those exhibiting significant homology to known venom enzymes. 

Results: In total 583 identifications were obtained using the PEAKS software and BLAST 

alignments. Among these, 42 peptides obtained from in gel and in solution digestion shared 

homology to sequences found in enzymes distributed in 19 different classes, many of which 

commonly reported in animal venoms. BLAST identities to Metalloproteases (38%) showed 

homology to viperids, other arachnids such as Dermatophagoides ticks and spiders of the 

Mygalomorphae suborder. Peptides aligned to phospholipases (7%) are potential 

representatives found in viperids, molluscs of the genus Conus and echinoderms. Peptide 

identities to serine proteases (2%) exhibited shared homology to those found in the spider 

Araneus ventricosus. 

Conclusions: Our findings represent pioneering data on the enzymatic composition of the 

Actinopus venom gland. Future experiments aim to characterize their in vitro activities to 

prospect for their biotechnological potential. 
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Introduction: Trapdoor spiders from Actinopus genus are sedentary, spend their lives in silk- 

covered burrows underground and hunt by ambushes [1]. Although spiders are not   considered of  

medical  importance,  Actinopodidae’s  family  share  phylogenetic  similarities  with 

Hexathelidae, which are mostly venomous and of medical importance [2]. Furthermore, several 

toxins from spiders’ venoms have specific activities which are biotechnological interest [3–6]. 

Currently, there are no molecular studies concerning the molecular diversity found in the 

Actinopus sp. venom. Thus, the objective of this work was to determine the proteome of 

Actinopus’ spider venom toxins collected in Rio Claro city- SP (Brazil).  

Methods: A total extract of 10 pairs of Actinopus’ venom glands from juvenile and adult females 

was produced by sonication in ultrapure water in the presence of protease inhibitor cocktail.  Up 

to  10 µg  protein  were  analyzed through SDS-PAGE (15%).  In addition,  an equivalent amount 

of protein was in-solution digested using trypsin. Peptides obtained from in- gel  digestion  of  

low-molecular  mass  bands  and  in-solution  digestion  were  subjected  to nanochromatography 

coupled to mass spectrometry (Q exactive / Thermo). Mass spectral data were interrogated using 

Peaks 8.5 studio software against a compiled database of animal and spider venoms from 

ArchnoServer, Uniprot and NCBI (204,746 sequences). High quality de novo data were searched 

using the Blast tool (NCBI) compared against closely related taxa.   

Results: A total of 583 peptides were identified, of which 45 were classified as venom toxins. 

Excised gel bands contributed to 30 peptides (66.6%). From this total, 21 different types of toxins 

could be identified, of which at least 8 shared the conserved motif of Inhibitory Cystine Knots 

(ICK). In addition, 13 peptides aligned with hexatoxin homologues commonly found in venoms 

of the Hexathelidae family. These toxins are usually ion channel blockers involved in pain, spasms 

and insecticidal effects. Peptides homologous to toxins such as Sphingomyelinase D, CaTx-A 

toxin and complement system activator protein, which are commonly described in venoms of 

brown spiders (Loxosceles sp.), sea wasps (Carybdea alata) and elapidae snakes (Ophiophagus  

hannah)  respectively,  were  also  identified.  Moreover,  molecules  sharing homology to ion 

transport peptide-like could be detected. These are known to enhance the toxicity of other toxins.  

Conclusions: Here we present pioneering data on the proteome composition of Actinopus sp. 

venom. Our findings expand the knowledge of spider toxins and peptides with the potential to 

display  biological  activity  at  specific  targets  and  allow  for  the  development  of  new 

biotechnological products.   
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Introduction: Trypanosoma cruzi is the etiological agent of Chagas disease, a neglected 

tropical disease affecting 6-7 million people worldwide [1][2][3]. During the chronic phase, 

30% of infected patients can develop cardiac, neurological, and digestive complications. The 

current treatment is effective if initiated in the early phase of the disease. However, the existing 

diagnostic tests have low sensitivity and specificity after the acute phase [4][5]. Urine is a 

biomolecule-rich biofluid for non-invasive diagnostic and prognostic tests [6][7]. This study 

applied mass spectrometry-based proteomics to identify host and T. cruzi proteins in urine from 

infected mice to use as a potential biomarker.  

Methods: Urinary proteins were isolated from mice uninfected and infected with T. cruzi during 

the acute, post-acute, and chronic phases and analyzed by nanoflow LC-MS/MS. Two protein 

isolation methods (ultrafiltration and precipitation by ethanol) were used to obtain more 

comprehensive coverage of the urinary proteome.   

Results: A total of 158, 205, and 214 proteins were identified in the acute, post-acute, and 

chronic  phases,  respectively.  6  (ultrafiltration  method)  and  38  (precipitation  method) 

regulated  proteins  were  more  abundant  in  the  acute  phase  compared  to  control,  55 

(ultrafiltration  method)  and  111  (precipitation  method)  in  the  post-acute  phase  and  20 

(ultrafiltration method) in chronic phase.   

Conclusions: Proteins found more abundant in urine from infected mice were associated with 

Extracellular matrix remodeling and acetylcholine receptors, which play an important role in 

Chagas disease. Moreover, four T. cruzi proteins were identified in the urine of infected mice. 

The regulated proteins are potential biomarkers for Chagas disease.  
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Introduction: Air-liquid interface (ALI) using the immortalized Calu-3 cells have been used to 

model lung diseases. Their molecular and phenotypic similarity with primary cells has been 

proved1-4; however, the pathways activated in ALI vs. submerged conditions have not been defined 

yet. In this study, we profiled the proteome of Calu-3 cells from submerged (non- polarized) and 

ALI (polarized) culture conditions using MS-based strategies.  

Methods: submerged Calu-3 cells were seeded in 6-wells plate and cultured in DMEM HG 

medium. ALI cultures were obtained in a 6-wells plate insert with 0.4µm filter culturing them for 

7 days before removing the upper medium and culturing them for 11 days at ALI1. Proteins were 

extracted in 8M urea, reduced, alkylated and digested with trypsin. Tryptic peptides were analyzed 

by nanoflow LC-MS/MS. Raw data were analyzed by Proteome Discoverer and Perseus.  

Results: In total, 1.540 proteins were identified. 349 and 398 proteins were up-regulated in non-

polarized and polarized Calu-3 cells, respectively. Gene ontology of the up-regulated proteins for 

each cell culture condition showed that submerged culture presents high abundance of proteins 

related to the nucleus, RNA binding and Chromatin organization, while polarized Calu-3 cells 

(ALI culture) presented an increased abundance of proteins related to ER-Golgi network,  vesicle  

transport  and  active  transmembrane  transporter  activity.  ALI  culture conditions showed higher 

expression of proteins related to mucus (Mucin-1, Mucin 5AC and Mucin 5B), tight junction-

related proteins (ZO-2, Cadherin-1), microvilli (Prominin-1) and membrane receptors (ACE2).  

Conclusions: This study highlights the biological processes and structural changes during Calu-3 

polarization. The differences observed give us a better understanding of how ALI can mimic the 

human lung epithelial membrane and its applications in lung diseases.  
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Introduction: Aluminum (Al) is one of the most abundant metals in soils and its toxicity to 

various plant species is a limiting factor for crop productivity. Cerrado soils have high 

quantity of Al in various forms, and many native species besides not being harmed by its 

presence they accumulate large amounts of it. All Cerrado Vochysiaceae family members 

are Al hyperaccumulating species, among which is Qualea dichotoma. According to 

Goodland (1971) [1], this plant is abundant in the Cerrado biome. Moreover, it has been 

established that Q. dichotoma requires Al for proper growth and development. Therefore,  

the  purpose  of  this  study  was  to  identify  differentially  abundant proteins in Q. dichotoma 

subjected to two growth conditions (with or without Al) using a label-free shotgun 

proteomics approach.   

Methods: Hence, Q. dichotoma plants were grown in 1/5 MS salts with or without (control) 

150 µM (pH 4.8 to 5.2) of AlCl3 supplementation. Sheets from 90-day-old plants Al- treated  

and  control  were  collected,  and  then  the  total  proteins  were  extracted  with 

TCA/acetone. Subsequently the proteins were reduced with DTT, alkylated with IAA, 

digested with trypsin and desalted in stage tips C18 columns. Then, the samples were 

quantified  and  analyzed  in  technical  triplicates  via  ESI-LC-MS/MS,  using  HCD 

fragmentation  on  an  LTQ-Orbitrap  Elite.  Data  analysis  was  performed  using  the 

Progenesis® QI software for proteomics (Nonlinear Dynamics) and the identification of 

proteins through Peaks® software (Bioinformatics Solutions).   

Results: This study revealed a total of 703 proteins, among which 72 were differentially 

abundant proteins between the two treatments. Based on the differentially abundant proteins, 

it has been observed that a relatively large portion of the identified proteins have been  

involved  in carbohydrate  metabolism,  biosynthesis  of  secondary  metabolites, 

oxidoreductase catalytic activity, hydrolytic and transferase activities.   

Conclusions: Therefore, in Q. dichotoma, the Al appears to be crucial for several metabolic 

processes in both primary and secondary metabolisms. Certainly, these findings will help to 

understand why this metal is crucial for the growth and development of Q. dichotoma.  

Acknowledgments: UnB, CAPES e FAPDF. 
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Introduction: Heart failure (HF) is a clinical syndrome associated with cardiac energy metabolism 

impairment [1] and significant phenotypic heterogeneity. One of the predisposing causes is non-

ischemic dilated cardiomyopathy, among which chronic chagasic cardiomyopathy (CCC) is highly 

prevalent in Latin America [2]. Considered the clinical manifestation of worse prognosis in 

Chagas’ disease, CCC is a progressive degenerative inflammatory condition that leads to 

disturbance of the cardiac conduction system and gradual remodeling of the heart [3]. Despite its 

clinical and epidemiological importance, most reports focus on ischemic and idiopathic heart 

diseases, so the molecular pathogenesis of CCC remains poorly understood. The aim of our study 

was to discriminate molecular events that drive the phenotypic outcome of non-ischemic HF and 

CCC patients using high-performance metabolomics-based mass spectrometry (MS).  

 

Methods: Plasma from 15 patients with advanced HF – 8 patients with CCC and 7 with idiopathic 

dilated cardiomyopathy (IDC) – were collected immediately prior heart transplantation and 

subjected to gas chromatography/quadrupole time-of-flight MS. 12 heart donor individuals were 

also included to represent the negative control scenario. The data were processed using Unknowns 

Analysis and Mass Profile Professional software and metabolites were identified using 

MassHunter Qualitative and NIST MS Search software. R and MetaboAnalyst platforms were 

used to process statistical and chemometric data.  

 

Results: Striking metabolic alterations were evaluated between i) advanced HF x control subjects 

and ii) CCC x IDC patients. In i) OPLS-DA revealed a metabolic imbalance in cardiac 

compromise, with Q2=0.83 and 21 HF discriminating metabolites, mostly indicative of 

accumulation of fatty acids, amino acids and important components of the TCA cycle. In ii) OPLS-

DA showed a metabolic discrimination between conditions, with Q2=0.54 and 12 CCC distinctive 

metabolites vs. 11 IDC representative metabolites. Derangements were mainly related to amino 
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acid metabolism profile, as tryptophan, methionine, isoleucine, serine and lysine had lower 

abundance in CCC samples. An increase in the intensity of some uremic toxins, such as urea, 

hippuric acid, and p-cresol, also highlight the hypothesis of an unusual overload of the urea 

detoxification cycle. Myo-inositol, known to be implicated in the intracellular remodeling of Ca2+ 

signaling [4], was also more intense in CCC patients.  

 

Conclusions: Impairment of mitochondrial oxidative capacity may be a central molecular event 

in advanced HF. Nonetheless, the associated metabolic imbalance differs between CCC and IDC 

populations. As most of the parameters recommended for CCC management come from empirical 

extrapolation from other HF etiological causes, these findings should deepen our knowledge on 

the pathogenesis gaps and lay groundwork for future clinical translation.  
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Introduction: Lactose intolerance is a current issue in the lives of many individuals around the 

world [1]. The so-called lactose intolerants are incapable of digesting lactose and, as such, suffer 

many adverse effects after intake [2,3]. Once there is no cure for such a disease, dietary adequacy 

is primordial [4]. Lactose is the principal sugar in milk composition and therefore is present in all 

dairy products [5]. However, lactose-free products are usually more expensive than traditional 

ones [6]. The clarification process can remove the lactose in butter, increasing fat content by 

removing water and water-soluble components (including lactose) via heating and filtration [7], 

resulting in an adequate product for lactose intolerants [8]. Paper spray ionization mass 

spectrometry (PS-MS) provides a fast and low-cost platform that analyses samples with minimal 

reagent consumption [9-11]. We herein apply PS-MS to verify the efficiency of the clarification 

process by determining the content of lactose in clarified butters.  

Methods: Clarification process: butter was heated on bain-marie until water evaporation and foam 

formation, which was continuously removed during the heating process. After no more foam 

formation, butter was filtered with gauze0 and the residual solids were removed. Butter was then 

stored at 4ºC until further analysis. PS-MS: butter was heated up to 40ºC, then applied onto paper 

triangles, with 1 cm base and 1,5 cm on each side. Methanol was the carrier solvent, and the 

following conditions were applied: spray voltage at 3,00 kV, capillary temperature at 275ºC, 

capillary voltage at 18,00 V, and tube lens voltage at 55 V.  

Results: The mass spectra in the positive ion mode for the traditional and clarified butter showed 

evident differences regarding the presence of lactose ions: [lactose + Na]+ of m/z 365 and [lactose 

+ K]+ of m/z 381. Hence, only the mass spectrum of the traditional butter showed these ions at 

high intensities. On the other hand, these ions can barely be noticed in the clarified butter's mass 

spectrum. These results indicate that the clarification process was quite efficient in removing 

lactose from the traditional butter.  

Conclusion: PS-MS proved to have a remarkable potential to monitor the removal of lactose from 

butter via the clarification process. This technique presents several advantages over the traditional 

chromatographic methods, such as no need for sample preparation and minimal consumption  of 

inputs. Studies aiming  at  using PS-MS to  furnish quantitative results are underway in our 

laboratory.  
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Introduction: Patulin is a mycotoxin that has been detected in fruits, vegetables, juices, cereals, 

and processed feedstuffs [1]. This compound forms adducts with peptides and amino acids, leading 

to DNA and RNA synthesis inhibition and can cause convulsions, pulmonary edema, vomiting, 

hemorrhages,  nausea, and gastrointestinal  injuries in  humans [2,3]. Of particular concern is 

whether patulin can diffuse from a moldy area of the fruit or vegetable to unaffected parts. In this 

regard, Laser ablation electrospray ionization (LAESI) is a technique developed to access the 

analytes' spatial distribution in biological surfaces without sample preparations with high resolving 

power and mass accuracy [4,5]. The present report applied LAESI as a new tool for rapid, simple, 

and sensitive detection of TBZ in guavas and apples.   

Methods: For LAESI imaging experiments, apples and strawberries were sliced manually using a 

sterile knife (2 mm thick sections). Slicing started concentrically from the endocarp to the periphery 

of the mold infection to avoid analyte delocalization. Fruits not infected were used as a control. The 

LAESI system has been described previously [5,6]. All analyses were performed using the selected 

ion monitoring (SIM) as acquisition mode and the scan range of 152–155 Da.   

Results:  Slices  of  five  mold-infected  apples  and  strawberries  and  their  respective  control 

(uninfected fruits) were prepared and analyzed by LAESI imaging. The slices were analyzed from 

the peel towards the endocarp. The absence of apparently infected symptoms in fresh fruits does not 

necessarily mean the absence of contamination [7,8]. The diffusion of patulin in some fruits can 

occur from the colonization of fungi in the opening calyx tube during fruit blooming [9]. Moreover, 

the patulin distribution occurs due to its rapid diffusion in host fruits, which the high water content 

and the low pH condition inside the fruit may influence the diffusion [10]. Therefore, the presence 

of this compound in apparently uninfected fruits cannot be ruled out. Also, just removing the rotten 

parts of the fruit may not be enough to prevent patulin from entering the human food supply. LAESI 

imaging is a viable technique to study the diffusion process with minimal sample preparation (only 

requires sample slicing). In addition, the spatial location of patulin can be monitored by obtaining 

chemical images.  

Conclusions: LAESI imaging was helpful for the visualization of patulin diffusion from rotten to 

healthy areas of fruits. Based on the results of the presented experiments, patulin easily penetrates 

apple and strawberry samples and disseminates in the whole fruit, demonstrating the risk of patulin 

contamination in sound tissue.   
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Introduction: Paper spray, the latest ambient ionization technique, has shown great potential for 

application in several research areas. Over the past few years, however, many modifications to the 

traditional PS-MS (paper spray mass spectrometry) technique have been described [1]. Following 

this trend, we describe an alteration in the conventional PS-MS approach, in which paper is replaced 

by sandpaper as support. This new technique was called sandpaper spray mass spectrometry (SPS-

MS) and was used to directly analyze polishable samples, such as drugs, roots, seeds, and grains. 

Its great advantage is that such types of matrices are deposited directly on the sandpaper, requiring 

no additional procedures.  

Methods: Norton type A257 wall sandpapers with different granulometry (100, 120, 150, and 180) 

were cut in a triangular shape (1.0 cm side lengths) and used as the substrate for the SPS analyses. 

A metal clip holding the triangle was connected to a copper wire attached to the potential source of 

the mass spectrometer (LCQFleet, ThermoScientific). This apparatus was supported by a mobile 

platform that allows adjustment of the sandpaper triangle along the x, y, and z axes. Commercially-

available polishable samples (pills, cashews, walnuts, Brazil nuts, macadamia  nuts,  peanuts,  

pistachios,  turmeric  roots,  Brazilian  ginseng  roots,  black  pepper seed, corn beans, and coffee 

beans) were rubbed directly with the sandpaper previously to the analyses.  The  sandpaper  triangle  

was  placed  at  0.5  cm  from  the  mass  spectrometer  inlet. Methanol (2.0 µL) was dropped at the 

triangle base, and a high voltage was applied through the metal clip. The mass spectra were acquired 

in both positive and negative ion modes.  

Results: The mass spectra of the pills allowed for prompt identification of the active principles. For 

roots, oilseeds, and grains, distinctive mass spectra emerged upon the SPS-MS analyses, and the 

mass spectra revealed the presence of typical chemical constituents.  

Conclusions: The potential use of the novel SPS-MS technique for directly analyzing different 

polishable matrices was demonstrated. SPS-MS has shown to be a fast, direct, and low-cost 

alternative applicable to solid samples that can be sanded, such  as pills,  roots, seeds, and grains. 

Active principles were promptly detected in drug samples, whereas typical chemical profiles 

emerged when biological samples, such as roots, seeds, and grains, were analyzed.   
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Introduction: This work describes the development of a derivatization protocol based on the 

Katritzky  reaction  using  Paper  Spray  Ionization  (PSI-MS)  and  Desorption  Electrospray 

Ionization  (DESI-imaging)  for  the  enhanced  investigation  of  the  distribution  of 

neurotransmitters  (biogenic amines  and amino  acids) in  brain  tissues (1).  In direct  tissue 

analysis by PSI-MS or DESI-imaging, neurotransmitters have a low ionization efficiency due to  

signal  suppression  by  lipids.  This  way,  neurotransmitters  can  be  analyzed  using derivatization 

protocols that insert a known compound into their structures through a chemical reaction (2). This 

study aims to apply a new-developed chemical derivatization protocol in brain tissues to unravel 

the amino acid neurotransmitters in mice's brains with Parkinson's disease by PSI-MS and DESI-

imaging, then, compare the results obtained with both methods.  

Methods: The protocol applied to analysis by PSI-MS and DESI-imaging initially consists of 

spraying  the  derivatization  solution  containing  2,4,6-triphenylpyrylium  tetrafluoroborate 

(TPP+) (3) on a section of a mouse brain mounted on a glass slide. For analysis by PSI-MS, it was 

applied small volume of solvent after the application derivatization solution was to wet the sample 

and pressed the triangular paper was onto the sample surface to transfer the sample constituents 

to the paper surface, using the paper as a substrate. In the same line, TPP+ was applied  by  spraying  

on  the  brain  tissue  surface  for  direct  sample  derivatization,  and subsequently, the tissue was 

analyzed by DESI-imaging. Both protocols were applied to study neurotransmitters in mice with 

Parkinson's disease.  

Results: The sample analyzed by PSI-MS and DESI-imaging after derivatization showed the same 

ions derived from glycine (Gly) m/z 366.14896, alanine (Ala) m/z 380.16470, dopamine (Dop) 

m/z 444.19600, and gamma-aminobutyric acid (GABA) m/z 394.17989. Although, PSI- MS 

presented more two ions derived Leucine (Leu) m/z 422.21151 and Lysine (Lys) m/z 437.22245. 

These compounds were detected with mass accuracy of <1 ppm, and structures were confirmed  

by  MS/MS  experiments.  This  reaction  was  also  demonstrated  in  solution  and confirmed by 

ESI-MS. In addition, the results suggest that the Katritzky reaction combined with PSI-MS can 

offer a significant advance in the knowledge of protocols that improve the sensitivity of detection 

of crucial biological compounds. However, the DESI-imaging analysis demonstrated distinct 

spatial distributions for these derivatized neurotransmitters. Nevertheless, this protocol was 

applied in the study of neurotransmitters in mice with Parkinson's, and it was possible to verify 

differences in the intensities and anatomical distribution for these derivatives in control (not 

affected by Parkinson's) and diseased (affected by Parkinson's) tissues.  

Conclusions: The present study showed that the derivatization using TPP+ combined with the 

techniques of PSI-MS andDESI-imaging can represent emerges as potential tools for analyzing 

Parkinson's Disease biomarkers in mouse brain tissues.  
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Introduction:  Low-Temperature  plasma  (LTP)  is  an  ambient  desorption  ionization 

source that allows sample analysis with minimal or no sample preparation [1, 2]. LTP has 

been  used  in  forensic  applications  such  as  drugs  [1,2]  and  explosives  [3]  analysis. 

Analytes desorption can be improved by increasing temperature [3, 4]. Forensic analysis of 

organic compounds in gunpowder (GP) are interesting to obtain the chemical profile of the 

ammunition and identify shooters, since the organic gunshot residues come from the 

incomplete burning of the gunpowder [5,6], however, analysis of organic compounds in GP 

by LTP has not been reported in the literature. In this context, the study of organic 

compounds in GP using a LTP temperature-controlled heated sample holder is attractive. 

Hence, this work uses an LTP platform with a heated sample holder for a rapid and direct 

mass spectrometric (MS) analysis of organic compounds in four types of GPs.  

Methods:A homemade LTP probe (Plasma He, 12kV, 54kHz) with a sample holder was 

built using an aluminum block with proportional integral derivative (PID) controller heating. 

Different morphological types of GP with diverse compositions (A and C - nitrocellulose, 

nitroglycerin, EC, DPA, rosin, polyester. B - nitrocellulose, nitroglycerin, EC, DPA. D - 

nitrocellulose, DMP and potassium sulfate) were used as prototype samples for MS analysis. 

Each GP (~50 mg) was placed on the sample holder and ten different temperatures were 

applied: room temperature (23°C), 50°C to 120°C, path step 10°C and 150°C. Sample 

analysis was carried out on LTP-MS in the positive mode and full scan, with a mass range 

of 50 - 300. Samples were changed after each analysis to avoid possible analyte depletion 

during heating. ESI-MS analysis of GPs solutions at 10 ppm were performed to verify the 

consistency of the LTP-MS results.  

Results: LTP analysis of GPs at room temperature yielded mass spectra in which organic 

analytes were not detected or were present at low intensities. In contrast, LTP with sample 

heating resulted in mass spectra in which the analytes EC (m/z 269), DPA (m/z 170), and 

DMP (m/z 163) were promptly noticed. In the ESI mass spectra of the GP solutions, these 

ions were not detected, thus indicating that the LTP-heating methodology offers evident 

advantages over the most traditional approaches.  The ions of m/z 148 and 120, also observed  
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in  these  mass  spectra,  refer  to  the  EC  in-source  LTP  fragmentation,  as previously 

reported for ESI-MS [6]. Depending on the powder granulometry, the ion's intensities 

considerably increased upon heating, varying from 5 to 1200 times. Finally, the best 

responses occurred when the sample holder temperature was set to 120°C.   

Conclusion:  The  analysis  by  LTP  with  heating  PID  control  proved  efficient  for 

identifying organic compounds in GP, with no sample preparation. The present work reports, 

for the first time, the detection of EC (in-source fragmentation), DPA, and DMP in GP 

samples via an LTP-MS analysis.  
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Instrumentation and Methods – Mass Spectrometry 
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Introduction: Geochemistry is an important tool in forensic area to support investigations in the 

oil industry, as environmental accidents and oil adulterations. In this context, the use of the 

comprehensive two-dimensional gas chromatography with time-of-flight mass spectrometry 

(GC×GC-TOFMS) and chemometric tools to characterize biomarkers in real samples is of great 

importance for applications in forensic and oil sectors [1].  

Methods: Fifteen crude oil with wide API gravity values (13.1 to 52.4) were dissolved in 

dichloromethane along with a mixture of six deuterated internal standards to obtain solutions of  

approximately  10  mg  mL−1  and  analyzed  using  a  GC×GC-TOFMS.  The  biomarker 

parameters were calculated using the extracted ion chromatograms (m/z 177, 191, 217, 218 and 

259) [2]. Orange Canvas® software was used for the chemometric analysis through application of 

principal component analysis (PCA).  

Results: Biomarkers such as polycyclic terpanes, hopanes, gamaceranes and steranes were 

identified.  Geochemical  parameters  as  (Pristane/Phytane),  [Ts/(Ts+Tm)], 

(Gamacerane/Hopane) and ration between R and S isomers of hopanes 31 to 35 were calculated. 

Their values obtained for 3 oils in different ranges of API gravity were respectively: 0.15; 0.32; 

0.043 and 7.6 (heavy oil); 2.01; 0.19; 0.069 and 0.49 (intermediate oil); and 4.15, 0.640, 0.28 and 

2.19 (light oil). These results allow to classify the oils based on their thermal maturity, type of 

depositional paleoenvironment of the source rocks, indicative of saline contributions, among 

others. The PCA analyses showed a good separation of the samples for the geochemical parameter 

referring to biological degradation.  

Conclusions: It was possible to study the geochemical correlation of 15 crude oils through the use 

of biomarker parameters involving different components of the oils. The analytical results by 

GC×GC-TOF MS (big data) allows the creation of chemometrics classificatory models that will 

assist in more targeted identification of real samples in forensic cases.  
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Introduction: The Piper genus is composed of about 1500 species grown in tropical and 

subtropical  regions,  its  wide diversity makes of the Piperaceae family  one of the major 

contributor to the Colombian biodiversity. In folk medicine, the Piper plants are used to treat 

inflammations, cuts, gastrointestinal problems, and also as an analgesic [1].  

Methods: In this study, leaves, inflorescences and roots of  Piper aduncum species (200 g) were  

collected  from  plants  cultivated  at  the  CENIVAM  Agricultural  Pilot  Center (Bucaramanga,  

Colombia).  Essential  oil  (EO)  distillation,  which  was  carried  out  by microwave-assisted  

hydrodistillation  (MWHD),  using  a  Clevenger-type  equipment.  The GC/MS and GC/FID was 

performed on both polar and non-polar columns, mass spectra, linear retention indices and 

standard compounds were used for EO constituent identification.  

Results: The EO yields (w/w) obtained for leaves, inflorescences, aerial parts, and roots were 

0.16%, 0.27%, 0.24%, 0.49%, respectively. The abundant components in P. aduncum EO were 

hydrocarbon monoterpenes (39%) and oxygenated monoterpenes (59%). Piperitone and  1,8-

cineol  were  compounds  present  in  the  EO,  distilled  from  different  plant. Phenylpropanoid 

such as dillapiole were also found in all Piper EOs.   

Conclusions:  The  P.  aduncum  EO  was  rich  in  dillapiole,  wich  is  widely  used  as  an 

insecticide in the agricultural industry.   
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Introduction: Thyme (Thymus vulgaris, Labiatae family), is a shrub that grows between 10 and 

50 cm, has a woody stem and small, narrow leaves. The essential oil (EO) of T. vulgaris is 

composed of thymol as a major compound. In folk medicine, thyme has been used as an antiseptic, 

antiviral, and antimicrobial agent [1,2].  

Methods: Plant material was cultivated in the small villages of Barbosa, Chipatá and Puente 

Nacional, Santander, Colombia, collected and distilled by microwave-assisted hydrodistillation 

(MWHD).The identification of the EO compounds was performed by GC/MS, on a GC 6890 Plus 

gas chromatography (Agilent Technologies, AT, Palo Alto, CA, USA), equipped with a mass 

selective detector MS 5973 Network (AT, Palo Alto, CA, USA), using a DB-5MS columna [5%-

phenyl-poly(methylsiloxane), 60 m x 0.25 mm (i.d.) x 0.25 (df)] and a DB-WAX [poly(ethylene 

glicol), 60 m x 0.25 mm (i.d.) x 0.25 (df)], and the quantification was carried out by the GC/FID, 

using standard compounds.   

Results: Identification was based on mass spectra study (MS; electron ionization, 70 eV, 

coincidence > 95%), and the linear retention indices measured on the polar and non-polar columns. 

In the T. vulgaris EO, thymol (29.5-47.9%), p-cymene (14.7-36.2%), γ-terpinene (10.8-22.7%), 

carvacrol (1.9-2.6%), linalool (2.1-4.1%), and β-myrcene (1.6-2.3%) were the principal 

components.   

Conclusions: The thymol amount (30-48%) in the EO distilled from thyme, cultivated in 

Santander (Colombia) fulfills (35-55%) with the ISO 19817:2017 recommendation [3]. The T. 

vulgaris EO distilled from plants grown in Santander, Colombia, have high quality standard 

characteristics that are of great interest to the pharmacology, agriculture, biochemistry, medicine, 

and chemistry industries.  
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Introduction: Minthostachys mollis (Lamiaceae family) is a woody shrub and endemic species from 

the South American Andes. M. mollis has been widely used in traditional medicine to treat different 

respiratory and digestive diseases, it also has antibacterial and antimicrobial properties [1]. The 

objective of this work was to characterize and compare the essential oils (EO) obtained from two 

different harvested of M. mollis in different places.  

Methods: In this study, two species of M. mollis were collected in Santa Barbara, Santander 

(Colombia). The first specie was collected at 6°56'16.4'' N 72°57'44.5'' W and the second was 

collected  at  6°56'27.3''  N  72°57'32.0''  W.  The  EOs  were  obtained  by  microwave-assisted 

hydrodistillation (MWHD) using a Clevenger-type equipment. The EO chemical composition was 

determined by GC/MS on both polar and non-polar columns, using linear retention indices, mass 

spectra, fragmentation patterns and standard compounds for identification.  

Results: The main components in the EOs distilled on 6th/11/2020 from plants collected in different 

harvest,varied. trans-Piperitone oxide (49.6 %), menthone (8.9 %) and piperitenone oxide (4.8 %) 

were the main components present in the first EO of M. mollis, the extraction yield from post- distilled 

plant material was 0.26 % (w/w). For the second EO the main components were menthone (46.1 %), 

pulegone (13.3 %), piperitone (12.1 %), trans-β-caryophyllene (7.0 %) and the extraction yield was 

0.37 % (w/w). Two different EO compositions were identified for the same plant species. Oxygenated 

monoterpenes were predominant in the composition of both M. mollis EOs.  

Conclusions: The chemical composition of the EOs distilled from plants of the same species but 

grown in different spots, may vary substantially, as we showed in this study. This suggest that it is 

possible to obtain substantial quantities of different bioactive ingredients of the same plant species for 

use as potential pharmacological agents.  

Acknowledgments:  The  authors  thank  funding  from  Ministerio  de  Ciencia,  Tecnología  e 

Innovación, Ministerio de Educación Nacional, Ministerio de Industria, Comercio y Turismo,and 

ICETEX, Programme Ecosistema Científico-Colombia Científica from Fondo Francisco José de 

Caldas; Grant RC-FP44842-212-2018.   

 

References:  

[1] Alkire, B. Tucker, A.; Maciarello, M. Tipo, Minthostachys mollis (Lamiaceae): an Ecuadorian 

mint. Economic Botany. 1994, 48, 60-64.  

mailto:elena@tucan.uis.edu.co


III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

349  

Chemical profiles of Ginseng extracts in nutritional supplements 

David Menchaca 1, Victoria Panzl 1, Alejandra Rodríguez-Haralambides1 

1 Química Bioanalítica, Instituto Polo Tecnológico de Pando, Facultad de 

Química, Universidad de la República, Uruguay  

dmenchaca@fq.edu.uy 

Keyword: chemical profiles, ginsenosides, nutritional supplement, HPLC-MS. 

Introduction: Nutritional  supplements  are  defined  as  products  that  contain  dietary  

ingredients,  but  are consumed in a format different than food and may contain plant extracts, 

vitamins, amino acid, etc.  Unlike  pharmaceuticals,  supplements  cannot  be  marketed  for  

disease  treatment  or prevention, and since there is no universal regulatory definition, they do 

not have a clearly defined  quality  control  associated  with  them.  Therefore,  there  are  potential  

risks  in  their consumption, which include aspect such as the authenticity of the herbal material, 

interactions with  medications  and  the  ingested  doses.  Some  guidelines  [1]  establish  criteria  

for  the identification of Panax Ginseng C.A Meyer (Asian Ginseng) extracts and the 

differentiation between  American  Ginseng  and  Asian  Ginseng  based  on  their  ginsenosides  

relative composition. Siberian ginseng (Eleutherococcus senticosus) is composed of a different 

group of molecules, eleuteriosides and their chemical profile is characteristic. The objective of 

this research was to evaluate the quality and type of ginsenosides present in different 

formulations containing ginseng extracts.  

Methods: Chemical profiles and total ginsenosides content were determined using High 

Performance Liquid Chromatography with UV-Vis detector (for quantitative analysis) coupled 

to an ion trap mass spectrometer with electrospray ionization operated in positive ions mode 

(Bruker Esquire 6000) (for identification of chemical profiles). An extraction protocol was 

development for the simultaneous detection of six ginsenosides in different matrices (oil-based, 

powder pills and herbal extracts). The analytical methods were optimized and validated.   

Results:Six ginsenosides (Rg1, Re, Rb1, Rb2, Rc and Rd), the main components of the root of 

Panax Ginseng  C.A  Meyer  (Asian  Ginseng)  were  identified  and  quantified  in  all  matrices.  

The chemical profiles of the extracts were used to differentiate Asian Ginseng, American 
Ginseng and Siberian Ginseng in the samples.   

Conclusion: The chemical profiles of the analyzed samples allowed the verification of the 

authenticity of the ginseng products and the content of ginsenosides in over-the-counter 
formulations.  
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Introduction: High-resolution mass spectrometry for proteomic analysis allows the 

investigation of the composition of cellular proteomes with high efficiency. However, for 

the potential of the technique to be fully achieved, it is necessary that the sample preparation 

protocols are well established, reproducible, and the potential contaminants and 

interferences must be kept at a minimum level. Furthermore, mass spectra acquisition 

methods must be optimized, aiming at identifying the highest possible number of proteins 

per sample, in a reproducible way. In this sense, the two main objectives of this work are to  

optimize:  (a)  sample  preparation  protocols  for  proteomics  and  (b)  mass  spectra 

acquisition methods.  

Methods: THP-1 cells were cultured, differentiated to macrophages using phorbol 12-

myristate  13-acetate  (PMA)  for  3  days  and  lysed.  The  resulting  proteins  were 

quantified using the bicinchoninic acid  method (BCA) and subsequentially  digested 

following different digestion protocols (In Gel [1], Filter Aided Sample Preparation – FASP 

[2] and In Solution [3]). We also compared the efficiency of different amounts of digested 

proteins (1, 5, 10, or 25 µg). Two spectra acquisition methods were compared: Shotgun [4] 

and  the recent proposed BoxCar methodology [5]. Also aiming at a higher number  of  

identified  proteins,  sample  fractionation  by  high  performance  liquid chromatography 

(HPLC) was carried out in order to build a peptide library. The mass spectra were obtained 

in an Orbitrap Fusion Lumos mass spectrometer coupled to an EASY-nLC 1200 liquid 

chromatography system. Data were analyzed using MaxQuant and Perseus [6].  

Results:  In  experiments  in  which  different  digestion  protocols  were  compared, between 

1346 and 2642 proteins were identified. Filter-assisted digestion  resulted in a higher number 

of identifications (6,75% more compared to the in solution). Furthermore, starting with a 

mass of total proteins as low as 1 µg, 1346 proteins were identified. This result is quite 

promising, especially when analyzing samples in which the amount of proteins available is 

limited. The data mentioned so far are the result of mass spectrometry analysis in an 

acquisition method known as Data-Dependent Acquisition (DDA), or Shotgun. This 

acquisition method was compared with BoxCar, with the cycle time (time interval between 

acquisition of MS1 and MS2 spectra) varying from 1-3s. Under the conditions studied, the 

number of identified proteins is always higher with  Shotgun acquisition. Additionally, the 

use of a peptide library at the moment of the protein search from a database promotes a 

significant increase in the number of identifications in all cases (88,54% when compared to 

the regular database search).  
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Conclusion:  Among  the  digestion  methods  analyzed,  FASP  showed  the  best 

performance in terms of the number of identified proteins. Under the conditions analyzed, 

conventional Shotgun acquisition method resulted in a higher number of identifications than 

BoxCar.  

Acknowledgments: This work is being supported by a grant from Fundação de Amparo à 

Pesquisa do Estado de São Paulo (FAPESP Proc 2021/12886-0, 2016/00696- 3 and 

2013/07937-8).  

References  

1. Shevchenko, A., et al., In-gel digestion for mass spectrometric characterization of 

proteins and proteomes. Nat Protoc, 2006. 1(6): p. 2856-60.  

2. Wiśniewski, J.R., et al., Universal sample preparation method for proteome 

analysis. Nat Methods, 2009. 6(5): p. 359-62.  

3. Gundry, R.L., et al., Preparation of proteins and peptides for mass spectrometry 

analysis in a bottom-up proteomics workflow. Curr Protoc Mol Biol, 2009. Chapter 10: 

Unit10.25.  

4. Meissner, F. and M. Mann, Quantitative shotgun proteomics: considerations for a 

high-quality workflow in immunology. Nat Immunol, 2014. 15(2): p. 112-7.  

5. Meier, F., et al., BoxCar acquisition method enables single-shot proteomics at a 

depth of 10,000 proteins in 100 minutes. Nat Methods, 2018. 15(6): p. 440-448.  

6. Cox,  J.  and  M.  Mann,  MaxQuant  enables  high  peptide  identification  rates, 

individualized p.p.b.-range mass accuracies and proteome-wide protein quantification. 

Nat Biotechnol, 2008. 26(12): p. 1367-72. 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

352  

Development and validation of HPLC-MS/MS methods for simultaneous 

determination of six N-nitrosamines impurities in losartan and valsartan 

pharmaceutical products  

Mychelle A. Monteiro, Patrícia C. de Lima, Thiago S. Novotny, Daniela S. Santana, Maria 

Emanuelle D. Lima, Anna Sophia C. L. Dantas, Laís O. dos Santos, Matheus N. de Souza, 

Soraya de M. Ochs. 

FIOCRUZ, Fundação Oswaldo Cruz, Instituto Nacional de Controle de Qualidade em Saúde - 

INCQS, Departamento de Química, Rio de Janeiro, RJ, Brazil. 

Keywords: N-nitrosamine impurities, NDMA, NDEA, sartan products, drug contamination. 

Introduction: Potential genotoxic N-nitrosamines (NA) impurities have been a matter of concern 

for the pharmaceutical  industry  and  regulatory  agencies  in  several  countries  in  recent  years. 

NA impurities were unexpectedly identified in the active ingredient of generic sartan products, 

indicating that changes in the manufacturing process of the active pharmaceutical ingredients 

enabled  the  formation  of  the  impurity1.  The  FDA  has  recalled  pharmaceutical  products 

contaminated  with  potential  carcinogenic  nitrosamine  impurities  produced  by  several 

pharmaceutical companies and has established acceptable intake limits for NA impurities2. In 

Brazil, the Anvisa recalled hundreds of batches of sartan products. Losartan and valsartan drugs 

are the most commonly prescribed antihypertensive agents. The development and validation of a 

methodology for quantifying these impurities is necessary to assess the quality of losartan and 

valsartan drugs marketed in Brazil, in order to enable the adoption of sanitary measures.  

Methods: The HPLC-MS/MS analyses of six NA (NDMA, NDEA, NDIPA, NDBA, NEIPA and 

NMBA) were performed using  a mass spectrometer with  an  APCI interface in  positive  ion 

mode. Quantification was performed in multiple reaction monitoring mode. The NA were 

extracted from sartan tablets with methanol and water and some ultrasonic bath and centrifugation 

steps. A total of 52 samples were analyzed.  

Results: The developed methods were validated in terms of sensitivity, linearity, accuracy, 

precision, robustness and stability. The limits of quantification were 100 µg kg-1 for losartan and 

31.25 µg kg-1 for valsartan products, which met the sensitivity requirements for the limits set by 

FDA. The analytical curves showed good linearity (R> 0.99). The recoveries ranged from 93.06 

to 102.23% in losartan matrix and 83 to 85.9% in valsartan. The total samples analyzed have not 

shown contamination by NA.  

Conclusions: The methods exhibited good sensitivity and precision, and high accuracy, which 

provides a reliable method for quality control of N-nitrosamines in losartan and valsartan products.  

Acknowledgments: Fiocruz, Anvisa, PNUD.  
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Introduction: N-nitrosamines (NA) impurities in angiotensin II receptor antagonists (sartans) 

containing a tetrazole  group  represent  an  urgent  concern  for  pharmaceutical  industry  and  

regulatory agencies. In recent years, bestselling antihypertensive agents was found to be 

contamined by N-nitrosodimethylamine (NDMA) and N-nitrosodiethylamine (NDEA), indicating 

that changes in the manufacturing process enabled the formation of the impurity1. The FDA has 

recalled pharmaceutical products contaminated with potential carcinogenic NA produced by 

several pharmaceutical companies and has established acceptable intake limits2. In Brazil, the 

Anvisa recalled  hundreds  of  batches  of  sartan  products.  The  development  and  validation  of  

a methodology for quantifying these impurities is necessary to assess the quality of olmesartan 

and irbesartan drugs marketed in Brazil, to enable the adoption of sanitary measures.  

Methods: The quantification of six NA (NDMA, NDEA, NDIPA, NDBA, NEIPA and NMBA) 

was achieved by HPLC-MS/MS. The mass spectrometer with an APCI interface was performed 

in multiple reaction monitoring mode in positive ion mode. Methanol and water were used for 

extraction  of  NA  from  sartan  tablets, some ultrasonic bath  and centrifugation steps were 

employed in the method.  

Results: The developed methods were validated in terms of sensitivity, linearity, accuracy, 

precision, robustness and stability. The limits of quantification were 33 µg kg-1 for irbesartan and 

250 µg kg-1 for olmesartan products, which met the sensitivity requirements for the limits set by 

FDA. The analytical curves showed good linearity (R> 0.99). The recoveries ranged from 96.1 to 

101.2% in olmesartan and 89.2 to 97.5% in irbesartan matrix. The other parameters met the 

validation criteria.  

Conclusions: The methods exhibited good sensitivity and precision, and high accuracy, which 

provides a reliable method for quality control of N-nitrosamines in olmesartan and irbesartan 

products.  
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Introduction:  Millions  of  tons  of  plastic  from  food  packaging  or  other  household  and 

commercial products are dumped into landfills, or simply thrown out to find their way into various 

water bodies. The implications of MP pollution in our environment are currently not well 

understood. In this study, we demonstrated the suitability of a Frontier Lab multi-shot pyrolyzer 

with a Shimadzu Py-GC/MS for identification and quantitative measurement of major polymeric  

components  of  microplastics1.  Evolved  gas  analysis  (EGA)  followed  by  flash pyrolysis is 

used to qualitatively identify these polymers. A quantitative method is also used.  

Methods: The PY-GCMS was configured both in EGA and single shot modes. In EGA mode, 

evolved gases from the polymer appear from heating the sample and were injected into a short 

inert tube. The temperature program range was from 100 to 700°C. Leading to a thermogram, a 

plot of detector response of analytical signal versus furnace temperature, being generated. For 

qualitative analysis, 7 polymers including: ABS, Nylon-6, Nylon-6,6, PET, PP, PS and PVC were 

selected. The solid samples were sliced into fine particles (˂ 200µg) and samples were then placed 

in a PY eco sample cup for analysis. Regarding quantitative analysis, 12 solid polymers in CaCO3 

were obtained using Frontier MP kit. The homogeneous mixture of the polymers with the CaCO3 

diluent made weighing easier as well as prevent reaction within the PY micro furnace. Standard 

were weighed in the range 0.20-4.0mg. The mass of each polymer in the 4mg of the standard range 

from 2.10-145.8µg.  

Results: For qualitative analysis, EGA was used for identifying a thermal zone of the 2 selected 

polymers analyzed (ABS and Nylon 6,6). From the thermal zone, a single shot temperature of 

600°C was determined to use for all analytes. Then, from the pyrogram at 600°C, it was possible 

to identify pyrolyzates based on F-search library results. For quantitative analysis, a five-point 

calibration curve was prepared using MPs-CaCO3. Using an electronic semi-balance, 0.2, 0.4, 0.8. 

2.0, 4.0mg of standard were weighted in quadruplets. The average of the quadruplet analyses was 

determined and used to plot the calibration curve. For the precision test, 8 cups were analyzed in 

a straight order within the sequence, i.e. injection 1 through 8. % RDS for the various polymers 

ranged from 2.634-13.672.  

Conclusions: The study demonstrated the satisfactory performance of the Shimadzu GCMS- 

QP2020 NX coupled to a Frontier PY-3030D pyrolyzer in quantitation of selected plastics. In this 

application a fast, robust, and precise workflow was developed for quantitation of 12 polymers.  

Calibration  curve  results  showed  linearity  for  all  compounds,  coefficient  of determination 

ranging from 0.9947-0.9999.  

Acknowledgments: The speaker would like to acknowledge this present work to Shimadzu 
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Introduction: EtO is one of the most widely produced chemicals worldwide. It has strong 

antibacterial property, but, at the same time, it is highly carcinogenic, mutagenic and genotoxic 

impurity for living being and hence it is very important to quantitate EtO in food matrices. In 

2008,  regulatory  authorities  decided  to  introduce  a  joint  residue  definition  for  the  two 

components: “Sum of EtO & 2-CE expressed as ethylene oxide” and this residue definition is still 

valid today. Commodities relevant for residues of EtO/2-CE are primarily spices, oilseeds and 

nuts. Testing laboratories widely employ extraction methods, like QuEChERS-Method (EN 

15662) or QuOil method (CEN/TS 17062:2019 modified) and extracted solutions from those 

methods were analyzed by using GC-MS or GC-MS/MS equipped with liquid sampler1. But 

different matrices required clean up reagent optimization and this could have varied effect on 

extraction efficiency. To overcome these difficulties, we have developed and optimized three 

different dynamic headspace methods for EtO/2-CE.  

Methods: Individual Certified Reference Standard (CRS) for EtO & 2-CE were procured from 

Sigma Aldrich. A mixture of EtO and 2-CE standards (2ppm) was prepared and analyzed in scan 

mode for identification. Steps such as precursor ion selection and MRM optimization at different 

collision energies (CE) were performed. Method with segmented MRM and optimum CE energies 

was generated. A GCMS-TQ8050 NX with HS-20 NX was used for the analysis. It was developed 

3 headspace methods: Method 1 for EtO & 2-CE in single method; Method 2 for 2-CE and Method 

3 for EtO, both in trace level quantitation. The sample preparation was prepared starting from 

5000mg of sesame seeds + 5000µL of diluent, mixed well and vortex for 15 to 20 min. Sample 

was centrifuged for 5 min. at 5000rpm at 10°C. After that, it was removed 100µL, transferred it 

into 20mL HS vial.  

Results: The methods were validated by establishing parameters such as linearity (n=3 for each 

level), precision (n=6), accuracy (n=3 for each level) and LOQ. The study of linearity was 

performed by injecting standard solutions: 10, 20, 30, 40, 50ppb (Method 1); 0.1, 0.5, 1.0, 2.0, 

3.0, 4.0, 5.0ppb (Method 2); 2, 4, 6, 8, 10ppb (Method 3). EtO and 2-CE can be measured in a 

single run with 10ppb LOQ conc. by using Method 1, whereas 2-CE can be measured with 5ppb 

LOQ conc. by using Method 2 and EtO can be measured with 6ppb LOQ conc. by using Method 

3.  

Conclusions: Dynamic headspace has an edge over liquid injection technique in terms of sample 

preparation, less matrix interference and trace level quantitation. For EtO and 2-CE dynamic 

headspace mode outperforms the current regulatory limits, delivering multifold times more 

sensitivity compared to other injection techniques.  
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Introduction: N-nitrosamine impurity (NSA) are listed as Class 1 mutagens in ICH M7: 

Assessment and Control of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals to limit 

potential  carcinogenic  risk1.  As  a  result  of  the  significant  toxicity  associated  with  these 

impurities, it is recommended to take steps to control and limit their presence in pharmaceutical 

materials. Like United States Food and Drug Administration (USFDA), European Directorate for 

the Quality of Medicines & Healthcare (EDQM) ensures access to good quality medicines in 

Europe. EDQM has been working actively at various levels to address the presence of NSA in 

active substances and medicines. EDQM enlists 3 procedures for determination of NSA via 

procedure A, B & C (LC-MS/MS, GC-MS & GC-MS/MS, respectively)2. This work describes a 

validated GC-MS/MS procedure for detection of various NSA in Candesartan, Irbesatan, Losartan, 

Olmesartan, Valsartan & Metformin APIs as per procedure C.   

Methods:  Individual  Certified  Reference  Standard  (CRS)  for  all  6  N-nitrosamines  were 

procured.  A  mixture  of  NDMA,  NEMA-IS,  NDEA,  NEIPA,  NDIPA,  NDPA  &  NDBA 

standards was analyzed in scan mode for identification. Steps such as precursor ion selection & 

MRM optimization (CE) were performed. By referring GC parameters mentioned in EDQM 

procedure C and using obtained MRMs, a GC-MS/MS quantitation method was created. A 

GCMS-TQ8050  NX  with  AOC-20i+s  was  used  for  the  analysis.  Regarding  the  sample 

preparation, it was prepared an internal standard solution, extraction solution, NSAs spiking 

solution, linearity solutions (7.5, 15, 30, 60ppb), test solution and spiked solution.  

Results: The method was evaluated by establishing parameters such as repeatability (n=6), S/N 

ratio (principal/qualifier) at 7.5ppb as system suitability criteria. The repeatability test passed the 

criteria (less than 20%). S/N of  area ratio (principal/qualifier) for linearity solution-1 (7.5ppb) is 

minimum 10 & 3, respectively. All 6 NSAs passed the criteria for S/N. For the test solution, the 

area ratio between principal/qualifier transition for the test solution should be within 20% of the 

ratio calculated for the spiked solution. All 6 APIs, the concentration of all 6 NSAs were below 

LOQ. For recovery study criteria (70 – 130%), the percentage of recoveries in all spiked solutions 

at 15 and 30ppb passed.   

Conclusions: Quantitation of 6 NSAs in 6 APIs as per EDQM procedure C was successfully 

demonstrated on Shimadzu GCMS-TQ8050 NX. Combination of noise reduction technology and 

sensitive detector enables N-nitrosamine determination at 2 times lower LOQ (15 ppb) than 

prescribed in EDQM procedure C (30 ppb).   

Acknowledgments: The speaker would like to acknowledge this present work to Shimadzu 
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Introduction: Single cell proteomics is a rapidly developing field with the potential to make 

important contributions to the understanding of cellular heterogeneity. Recent enhancements in 

trapped ion mobility spectrometry (TIMS) coupled to fast and sensitive mass spectrometry 

established in the timsTOF SCP [1, 2] paired with automated single cell sorting and sample 

preparation realized with the cellenONE platform [3] allows for sensitive proteome analyses at 

the single cell level [4,5]. Coupled to developments in processing of data independent acquisition 

(DIA) mode data files using deep learning with neuronal networks (e.g. DIA-NN) further 

improves detectability and quantifiability of proteins from minimal input samples such as single 

cells [6].  

Methods: 20, 10, 5, 2 and 1 HEK 293 and HeLa  cells were sorted, lysed, and digested using the 

cellenONE®, a liquid-dispensing instrument for cell isolation and picolitre dispensing. After 

single cell deposition and reagent dispensing, samples were incubated at 50°C at high humidity 

on deck of the instrument. Tryptic peptides were injected onto a 250 cm x 75 µm Aurora C18 

column (Ion Optics) using a nanoElute. A 30 min ACN gradient was applied, and peptides eluted 

into a timsTOF SCP (Bruker). Data were acquired in dia-PASEF (data independent acquisition  in  

parallel  accumulation  serial  fragmentation)  mode  and  analyzed  with  DIA- NNv1.8 in 

predicted library mode.  

Results: HeLa cell protein digests (Pierce) were used for gradient versus peptide load assessments 

in a range from 100 pg up to 50 ng peptide loads onto the column, analyzed with 15, 30, and 60 

min ACN gradient lengths. The 30 min gradient performed best for peptide loads up to 5 ng, the 

60 min gradient was more beneficial for loading > 5ng, the 15 min gradient only performed at par 

with the 30 min in picogram peptide loads. HEK and HeLa cells samples were run with the 30 

min gradient and data acquired in dia-PASEF mode on a timsTOF SCP. Data processing in DIA-

NN using an ion mobility and retention time predicted library of human protein sequences without 

match between runs identified for HeLa and HEK cells about 1100 and 800 protein groups and 

5000 and 3000 peptide sequences reproducibly from a single cell.  PCA analysis clearly separated 

single HEK from single HeLa cells while single cells from one cell type clustered closely together. 

Several secretoglobulins as well as desmosomal proteins such as desmoplakin and desmoglein 1 

were either present at a higher abundance or were exclusively  found  in  HEK  cells.  These  

proteins  are  typical  for  early  embryonal  kidney development. HeLa cells on the other hand, 

showed higher abundance of cell cycle control, cell growth stimulating, and DNA damage repair 

proteins as well as several oncogenes, hallmark proteins for cancerous cells.  
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Conclusion: Label-free  analysis  workflow  identifying  >  1000  proteins  from  single  cells  

using  the CellenONE platform and the timsTOF SCP mass spectrometer  

References  

1. Meier, F et al. (2015), J. Proteome Res.  
2. Application Note, Bruker Daltonics, LCMS-185, 1888581, (2021)  

3. Ctortecka, C et al. (2021), bioRxiv 2021.04.14.439828  
4. Application Note, Bruker Daltonics, LCMS-193, 1894933, (2022)  
5. Brunner, A et al. (2020), bioRxiv 2020.12.22.423933  
6. Meier, F et al. (2018), Mol Cell Proteomics 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

362  

Pesticide residues in honeybees by LC–MS/MS screening: Reported death 

incidents in honeybees in Brazil  

Andrea F. Machado1,2, Aroni Sattler3, Marcos N. Eberlin4 

1NSF International, Brazil 
2Universidade Presbiteriana Mackenzie, Brazil 

3Universidade Federal do Rio Grande do Sul (UFRGS), Brazil 4 Universidade Presbiteriana 

Mackenzie, Brazil 

 mneberlin@gmail.com  

Keywords: honeybees, LC-M/MS screening. 

Introduction: The aim of this study was to investigate reported cases of honeybee death incidents 

with regard to the potential  interrelation  to  the  exposure to pesticides. Thus, honeybee samples 

from different, mainly southern areas of Brazil, were analyzed for the presence of pesticide 

residues. In this context a LC–ESI-MS/MS multiresidue method for quantitation of a total of 202 

analytes of different chemical classes such as neonicotinoids, organophosphates, triazoles, 

carbamates, dicarboximides and dinitroanilines pesticides in honeybee bodies was developed and 

validated. This method was sufficient to be used as a monitoring tool for the determination of 

pesticide residues in cases of suspected honeybee poisoning incidents. From the analysis of real 

samples the presence of 6 active substances was observed with concentrations ranging in 

honeybees from 10 to 2760 ng/g body weight. In 68% of the samples at least one pesticide was 

detected, 53% of them were positive for the insecticide Fipronil..  

Methods: Ultra-high-performance  liquid  chromatography,  UHPLC-MS/MS,  (liquid  

chromatography, Shimadzu and MSMS, SCIEX Triple Quad 5500 equipped with Phenomenex 

Kinetex column (50 mm × 2.1 mm, 2.6 μm) was used for quantification of pesticides. The flow 

rate was 250 μL/min, the column temperature 30°C, and the injection volume 5 μL. A binary 

gradient of 0.1% HCOOH and HCOONH 5 mM in water (A) and 0.1% HCOOH and HCOONH 

5 mM in CHOH (B) was employed. The mobile-phase gradient was programmed as follows: 0 

min, 20% B; 10 min, 80% B; 10.01 min, 90% B; 13 min, 90% B; 13.01 min, 20% B; and 16 min, 

20% B. Mass spectral analyses were operated in the positive ion mode using an electrospray 

ionization (ESI) interface. The ESI needle spray voltage was 5000. The heated capillary was 

500°C. Collision gas pressure was 5. The pesticides were detected in MS/MS conditions, 

programming the chromatographic run in MRM mode (multiple reaction monitoring). The sample 

preparation method has been successfully developed using the QuEChERS-based approach.  

Results: In total, 36 samples of honeybees from individual beekeepers were received after reports 

of honeybee death incidents during 2010, 2013, 2015, 2016 and 2018. Pesticide residues were 

detected in 72% of honeybee samples analyzed. The most frequent residue was fipronil found in 

58% of samples. The samples contained on average 0.11 ng/g of this compound. Imidacloprid 

residues were found in the second highest frequency (5% of samples) with a mean concentration 

of around 0.67 ng/g. Detection of other pesticides ranged 3.0% (Chlorimuron ethyl, Dimethoate 

and Thiophanate methyl).   

Conclusions: Thirty-six honeybee’s samples were received after the report of honeybee death 

incidents. 72% of honeybee's samples were found to contain one or more pesticides at 

concentrations of 50– 2760 ng/g.  
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Introduction: The addition of sialic acids to different molecules in the cell is a crucial event for 

several cellular processes, as examples, such as reproduction¹, tissue development², cancer 

metabolism³, and host-pathogen interaction4. The sialic acid family is constituted by more than 50 

chemically distinct structural backbones. The accurate and sensitive identification and 

quantification of these molecules can help in elucidating the pathophysiological conditions of an  

organism  and  prioritize  biomarkers.  In  this  study,  we  compared  two  quantification methods:  

1)  HPLC-FL  (fluorescence)  method  combined  with  DMB  derivatization  and  2) MALDI-

TOF MS, to analyze the Neu5Ac and Neu5Gc. 

Methods: For HPLC-FL, commercial standards of the sialic acids (Neu5Ac and Neu5Gc) were  

derivatized  with  the  reagent  DMB  (1,2-diamino-4,5-methylenedioxybenzene)  and subjected 

to isocratic flow chromatography with acetonitrile/water/methanol (9%/84%/7%) in an Ascentis 

C18 HPLC Column (3.5µm/200Å/150x4.6mm). Different concentrations were tested  to  identify  

the  detection  and  quantification  limits.  In  MALDI-TOF  MS,  different matrices and additives 

were tested to optimize the MS analytical parameters. Five different matrices  (DHB,  HCCA,  

Sinapinic  Acid,  9-AA  and  3-HPA)  were  tested  in  negative  and positive mode. The peaks 

referring to the mass of sialic acids were confirmed by MS/MS fragmentation.  

Results: In the HPLC-FL method, two main peaks were identified with different retention times  

being  5.4  min  corresponding  to  Neu5Gc  and  6.9  min  for  Neu5Ac.  In  addition, acetylated  

sialic  acids  were  baseline  separated  using  this  method.  We  detected  a  signal response 

linearity with R2=0.99553 and 0.99537 for Neu5Gc and Neu5Ac, respectively. The concentration 

of 20 pg/ml was the limit of quantification for both sialic acids. In MALDI- TOF  MS,  3-

Hydroxypicolinic  acid  (3-HPA)  gave  highest  signal  intensity  in  positive  and negative ion 

mode.  

Conclusions:  In  this  study,  we  demonstrated  that  the  3-Hydroxypicolinic  acid  (3-HPA) 

matrix can be used to detect non-derivatized sialic acids, and fluorescence detection proved to be 

a sensitive and efficient method for studies involving the quantification of small amounts of 

Neu5GC and Neu5AC.  
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Introduction:  Drugs  of  abuse  are  psychoactive  substances  illicitly  distributed  and  used 

worldwide. In Rio de Janeiro (Brazil), they represent a public health issue and are directly related  

to  several  social  problems.  In  this  context,  the  appearance  of  new  psychoactive substances 

(NPS) and their increase in number, derived from structural modifications, poses a threat and 

challenge worldwide to the public health system and forensic laboratories, since not much is 

known about them yet [1, 2].   

Methods: 204 drug samples were supplied by the Civil Police of Rio de Janeiro State (PCERJ), 

representing a total of 3899 blotter papers obtained over 174 apprehensions during the period 

between 2006 and 2019, and other drugs (hallucinogenic mushrooms). For the analyses, the 

samples were submitted to extraction with methanol. High-performance analytical techniques 

such  as  GC-MS  and  Orbitrap-HRMS  combined  with  statistical  analysis  were  used  to 

characterize the seized samples. 

Results:  The  main  chemical  group  of  NPS  found  in  this  study  were  of  synthetic 

phenethylamines, i.e., molecules from 25I-NBOH and 25I-NBOMe families. Until 2014, most of 

the seized blotter papers contained LSD (lysergic acid diethylamide) and were concentrated in the 

metropolitan area. An upsurge of blotter papers seizures through the years 2014 up to 2017 was 

observed, which mostly contained NBOMe substances. NBOH compounds seem to have emerged 

in coastal regions of high tourism in 2016, reaching more than 1300 items in 2017. Synthetic 

cannabinoids were found among the blotter papers seized in RJ between 2006 and 2019. 

Psilocybin and Psilocin were identified in hallucinogenic mushrooms.  

Conclusions:  As  a  pioneer  mapping  this  study  is  fundamental  to  understand  the  illegal 

substances profile in Rio de Janeiro’s drug market. The collected data is, therefore, of great 

importance for the maintenance of the public health by simultaneously helping the Civil Police 

fight  the  drug  traffic  expansion  and  aiding  public  research  institutions  to  have  a  better 

understand of these drugs and to develop treatments for their users. 

Acknowledgments: PCERJ, CNPq and FAPERJ. 
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Introduction: The use of fermentation of lignocellulosic biomass by Komagataella phaffii 

produces biomolecules through the conversion of xylose, as ethylene glycol building block for the 

production of molecules in the chemical and pharmaceutical industry[1, 2]. The synthetic way of 

producing ethylene glycol from xylose, being identified and characterized by metabolomics-based 

mass spectrometry[2,3].  

Methods: After the growth of K. phaffii, aliquots of the supernatant were centrifuged and 

stored at -20ºC until analysis. Metabolites in the culture supernatant were identified using 

ultrahigh performance liquid chromatography–electrospray ionization tandem mass 

spectrometry (UHPLC-ESI-qTOF-MS/MS), using a BEH Amide column. Of fermentation 

supernatants were diluted before injection into ultrafiltered water (Milli Q).  

Results: Five ions were identified by UHPLC-ESI-qTOF-MS/MS: m/z 165, 0298; 147,0211; and 

151,0526 (ESI(-)-MS) and m/z 189.0369 (ESI(+)-MS). The ions m/z 165, 0298; 147,0211; 

151,0526 and 189.0369 were identified as Xylonic acid (C5H10O6), 2-keto-3- deoxy-D-xylonic 

acid (C H O ), 3,4-dihydroxybutyric acid (C H O ), Xylitol (C H O ) and Xylonic acid (C5H10O6), 

respectively. These compounds are intermediaries of the d-xylose oxidative pathway (XOP) and 

can produce several valuable compounds, such as ethylene glycol from xylose, present in 

lignocellulosic biomass[2].  

Conclusions: It was possible to identify intermediate compounds in the synthesis of the d- xylose 

(XOP) oxidative pathway in K. phaffii. These compounds can favor the production of ethylene 

glycol, adding value to the production chain of biofuels, mainly pharmacochemicals. Studies are 

being carried out in order to quantify these compounds in various cultivation changes. 
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Introduction: In the 40’s, there was in the region of Cidade dos Meninos, the Institute of 

Malarilogy, responsible for the local pesticides production, mainly hexachlorocyclohexane – 

HCH, destined to the control of endemics transmitted by malaria vectors, yellow fever and Chagas 

disease, in a national scope and exportation. Almost 20 years later, a deactivation process of this 

factory began and this region inherited a environmental passive of about 300 to 400 tons of 

pesticides, however without evidentiary documentation until today [1]. This work aimed  the  

following  of  health  attention  of  populational  group  exposed  to  organochlorine pesticides, 

residents of Cidade dos Meninos, Duque de Caxias, Rio de Janeiro State, through the assessment 

of exposure using dose biomarkers for organochlorine and clinical analysis exams (hemogram, 

sexual and tiroidians hormones and hepatic markers).  

Methods: Emphasizing the toxicological analysis, a solid phase extraction method to extract 

organochlorine from blood plasma was done, also a gas chromatography analysis coupled to 

sequential mass spectrometry with triple quadrupole. It was validated as a multiresidue analysis 

with  many  isomers,  so  this  technique  was  fundamental  to  quantitative  and  qualitative 

assessment. The linear measurement range was from 0.2 ng mL-1 to 15 ng mL-1, ensuring suitable 

precision and accuracy. Regarding the method sensibility, level at 0.2 ng mL-1 was used to 

determine LDM (limit of detection) and LQM (limit of quantitation). 26 internal dose indicators  

were  measure,  such  as  a-HCH,  HCB,  Pentachloroanisole,  b-HCH,  g-HCH, Heptachlor, Aldrin, 

Heptachlor Epoxide B, Heptachlor Epoxide A, g-Chlordane, o,p' DDE Endosulfan I, a-Chlordane, 

Transnonachlor, Dieldrin, p,p' DDE, o,p' DDD, Endrin, Endosulfan II, p-p'DDD, o,p’DDT, p,p' 

DDT, PCB Hexachlorobiphenyl, Metoxichlor, Mirex.   

Results: The method could be used with good precision and accuracy. The ranges for detection 

and quantitation limits were 0.015 to 0.468 ng mL-1 and 0.045 to 1.419 ng mL-1, respectively, and 

demonstrated good sensitivity for most analytes. Recovery was between 93% and 105%. 716 

people participated of this study, 57,5% were females and 42,5% were males. Regarding 

organochlorine levels, 73,5% shown residues of ∑DDT and 38,1% of ∑HCH. Correlating the 

organochlorine levels with other variables in this study, it is noticed that the presence of DDT 

raises in 86% the chance to have altered estradiol and in 75%, glucose alteration.  

Conclusions: It is necessary to follow this population health, with emphasis in the specialties of 

endocrinology, psychiatry and psychology, in addition to medical clinics.  
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Introduction: Pesticide residues analysis has been increasingly urgent in drinking water, due the 

wide use of these substances and their high toxicity. Regulatory agencies, public health systems,  

as  surveillence  services  have  been  demanding  this  improvement  for  complex problems in 

our country. This method was adapted and validated using solid phase extraction and  gas  

chromatography  coupled  to  mass  spectrometry  in  selective  reaction  monitoring (SRM) mode 

for identification and quantification of 110 pesticides in drinking water samples from 14 Brazilian 

states. These pesticides must be determined at low levels so, a high pre- concentration factor 

(1000x) associated with the high sensitivity of spectrometric analysis was necessary.  

Methods: In this method, pesticides are extracted from drinking water using C18 solid phase 

extraction  cartridges  with  500mg  of  adsorbent.  The  C18  cartridges  were  conditioned  by 

hexane, metanol and type 1 water. Then, 100 mL of water sample passed through so that pesticides 

are retained in cartridge.  The cartridges go to dryness for 40 minutes and after pesticides  are  

eluted  with  hexane,  hexane:dichloromethane  (1:1)  and  dichloromethane. Eluated fraction is 

then evaporated to dryness under N2 low flow. The extract is resuspended with  90  µL  of  hexane  

and  10  µL  of  the  internal  standard.  The  final  100  µL  volume  is transferred to vials with 

inserts for further analysis by GC-MS/MS. The method validation was performed from 0.05 to 5 

ng mL-1, through recovery assays in spiked water at 0.05; 0.5 and 2 ng mL-1 levels, limits of 

detection and quantitation by standard deviation at lowest spiked level. Quality control was daily 

performed with blanks and 5 levels spiked water, Quantitation was performed using the transition 

of greater abundance and concentration was done by external standardization in calibration curve 

daily done as quality control, always comparing to validation coefficients.  

Results: The method presented detection and quantitation limits ranging from 0.001 to 1.31 ng 

mL-1 and 0.048 to 3.987 ng mL-1, respectively, and average recoveries between 58% and 102%, 

and showed good precision and accuracy. A total of 1686 samples from 14 Brazilian states were 

analyzed  in 2021, and in 132 samples were found 27 different  pesticides.  31 samples were from 

PE, 23 from MS and 19 from RS. The most common pesticides were atrazine  (51  samples),  

metolachlor  (39  samples)  and  g-HCH  lindane  (14  samples).  The months with highest amounts 

of identified analytes were May (30 samples), September (32 samples), October (30 samples) and 

November (28 samples).  

Conclusions:  We  conclude  that  despite  the  method  is  sensitive  enough  to  identify  and 

quantify pesticides in drinking water samples, no sample was considered positive. Sensitive 

methods  could  improve  Brazilian  legislation  to  adopt  safer  EU  limits,  considered  by 

precaution  principle.  Risk  assessment  is  usually  considered  to  stablish  maximum  residue 

limits, as Brazilian Ministry of Health does.  
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Introduction: Organochlorine pesticides, already banned in most of countries because their 

biomagnification  properties  in  trophic  chains  and  also  deleterious  health  effects,  such  as 

neurotoxicity, carcinogenicity and endocrine disruption, are still considered a public health 

concern in our country [1]. Vector control workers were exposed chronically for decades to 

these substances, and due there is no safe threshold limits for carcinogenesis and endocrine 

disruption mechanisms, it has been necessary to quantify persistent amounts of organochlorine 

pesticides in these workers´s bodies and deleterious effects associated with them [2]. This study 

evaluated levels  of organochlorine pesticides and other  clinical  and exposure  biomarkers, 

aiming to characterize clinical-toxicological profile of these workers.  

Methods: Blood plasma samples from 127 workers in Rio de Janeiro State were analyzed. In 

order to carry out part of toxicological analyses, analytical method used was based on 26 

organochlorine pesticides quantification by solid phase extraction with a C18 cartridge and 

cleanup  with  a  florisil  cartridge,  and  identification  and  quantification  was  done  by  gas 

chromatography with equivalent column to 5% phenyl methylpolysiloxane, coupled to triple 

quadrupole  sequential  mass  spectrometry,  with  acquisition  mode  by  selective  reaction 

monitoring. The analytical method validation was determined in measurement range from 0.2 

to 15 ng mL-1, through recovery assays in spiked plasmas at 0.5, 5 and 15 ng mL-1 levels, and 

sensitivity determination for each analyte, precision and limits of detection and quantitation by 

standard deviation at lowest spiked level. Quality control was daily performed with blanks and 

4 levels spiked plasmas, from 0.2 to 2.0 ng mL-1. Quantitation was performed using the 

transition of greater abundance and concentration was done by external standardization in 

calibration curve daily done as quality control, always comparing to validation coefficients.  

Results: Developed analytical method showed good precision and accuracy. Recovery was 

between 93% and 105%. The ranges for detection and quantitation limits were 0.015 to 0.468 

ng mL-1 and 0.045 to 1.419 ng mL-1, respectively, and demonstrated good sensitivity for most 

analytes. It was observed from 127 samples, 48.8% presented 4,4'-DDE residues, ranged from 

0.19 to 2.61 ng mL-1. In addition, 16.5% of samples showed 4,4'-DDT (0.16 to 0.20 ng mL-1) 

and 11.8% showed β-HCH (0.09 to 0.28 ng mL-1). 22% of the samples were below detection 

limit of method.  

Conclusions: This study can provide information for workers and Ministry of Health, which 

should offer satisfactory monitoring of these workers but it doesn´t have been done. Many of 

them have neurological clinical signs and mean age of death is lower than general population. 

This wrong model of chemical substances harmful to human health used for vector control is 

the center of discussion for changing public policies for these workers.  
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Introduction: Lysergic Acid Diethylamide (LSD), a psychedelic discovered in 1943 by the 

chemist Albert  Hofmann  [1],  was  the  subject  of  psychiatric  studies  and  was  widely  used 

for recreational purposes due to its hallucinogenic properties, and its use was prohibitedin the 

1960s  [2,3,4,5].  Currently,  LSD  has  been  reintroduced  in  research  as  an  alternative 

application for the treatment of psychiatric disorders, such as depression [2,3,5]. Depression is 

one of the most common psychiatric disorders in the world [6,7,8], and a possible application 

of LSD as a psychotherapy option for the treatment of depression requires information about its 

metabolism, pharmacology, and pharmacokinetics. Thus, the objective  of  this  study  is  the  

quantification  of  LSD  and  the  identification  of  possible metabolites using as a model a 

matrix containing Caenorhabditis elegans, a model widely applied in neurological studies due 

to its small nervous system, easy maintenance in the laboratory, and mainly, the possibility of 

genetic manipulation [9,10], applying ultra-high performance  liquid  chromatography  coupled  

with  high  resolution  mass  spectrometry (UHPLC-HRMS).  

Methods: The extracts were prepared according to [9]. Afterwards, the isotopically labeled 

internal standard LSD-d3 were added in empty test tubes, dried under N2 flow (40 ºC, 10 psi) 

and resuspended in 100 µL of the extract. After mixing, the samples were evaporated to dryness 

a second time under N2 flow, and resuspended in 100 µL 70:30 mobile phase (water, 0.1% 

formic acid and 5 mM ammonium formate:methanol, 0.1% formic acid). The analyses were 

performed in a UHPLC-HRMS system.  

Results: As a first step, the matrix effect was evaluated through a comparison of an analytical 

curve in the C. elegans matrix and in water. No matrix effect was observed, and water was 

adopted throughout the work for the analytical curves. Thus, the absorption of LSD were 

quantified in samples with initial concentration of LSD in the culture medium of 100 nM and 1 

µM at 1h, 6h, 24h and 48h, through the ratio of the chromatographic peak area of LSD by the 

area of the chromatographic peak of LSD-d3. An increasingrate of LSD uptake by the worms 

was observed as function of the time of exposure to the analyte. Samples of 3,5 µM were 

prepared to analyze the metabolite degradation of LSD by C. elegans, and the metabolites nor-

LSD, 2-oxo-3-hydroxy-LSD (OH-LSD), Lysergic-acid- monoethylamide (LAE), Lysergic-

acid-ethyl-hydroxyethylamide (LEO), 2-oxo-LSD, were identified and confirmed by the 

fragmentation pattern and by previously published results [2,12,13].  

Conclusion: The developed method was efficient and sensitive for the quantification of LSD, 

showing an absorption as a function of the exposure time, and an efficient model for C. elegans 
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matrix. It was also possible to observe the metabolic degradation of LSD, with the identification 

of five metabolites. Therefore, the results obtained open the way for  future studies with LSD 

and its metabolites.  

Acknowledgments: To all the authors for their collaboration, to CNPq, Capes, the UFRJ 
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Introduction: Dianthus caryophyllus (Caryophyllaceae, family) is distributed in Europe, Asia, 

North America, and mountainous regions in Africa [1]. The objective of this study was to 

determine  chemical  composition  and  antioxidant  activity  of  Dianthus  flower  extracts,  as 

possible ingredients in cosmetic products.  

Methods:  D.  caryophyllus  flowers  were  obtained  from  FLORES  FUNZA  S.A.,  Bogotá, 

Colombia. The extract was obtained by solid-liquid extraction with acidified (1% HCl) ethanol- 

water (3:1, v/v). Flower extract analysis was carried out using an UHPLC DionexTM UltiMateTM 

3000 (Thermo Fisher Scientific, Bremen, Germany), coupled to an OrbitrapTM mass detector 

(Exactive  Plus,  Thermo  Fisher  Scientific,  Bremen,  Germany),  and  a  heated  electrospray 

interface (HESI), operated in positive ion mode, at 350 °C. The separation was made at 30 °C in 

a Hypersil GOLDTM aQ column (Thermo Fisher Scientific, Sunnyvale, CA, USA), of 100 mm x 

2.1 mm id, x 1.9 μm, particle size. ORAC assay was implemented in a 96-well microplate reader 

(Turner Biosystems Inc., Modulus Microplate Reader II). On-line ABTS+• antioxidant activity was 

determined using an HPLC 1200 Infinity (Agilent Technologies, Palo Alto, CA, USA), coupled 

to a Pinnacle PCX post-column derivatizer (Pickering Laboratories, Mountain View, CA, USA). 

The separation was made at 30 °C in a Gemini C18 column (Phenomenex, Torrance, CA, USA) of  

250 mm x 4.6 mm id, x 5 μm, particle size.   

Results:Kaempferol-(glucosylrutinoside), kaempferol-diglucoside, kaempferol-robinobioside, 

kaempferol-sophorotrioside-rhamnoside,  kaempferol-diglucoside,  kaempferol-robinobioside, p-

coumaric  acid,  kaempferol-rhamnoside-glucoside,  ferulic  acid,  kaempferol-3-glucoside, 

isosalipurposide, naringenin, and kaempferol were identified by LC-MS using the exact masses 

of the protonated target compounds, comparison with MS/MS metabolite data base, and using 

certified standards. According to ORAC assay, D. caryophyllus flower extract had a 570 ± 7 μmol 

Trolox® value higher than those of BHT (460 ± 9) and α-tocopherol (550 ± 13). p- Coumaric  acid,  

ferulic  acid,  kaempferol-3-glucoside,  naringenin,  and  kaempferol  were identified  by  HPLC-

DAD-ABTS+•  using  UV-Vis  spectra,  retention  times  and  certified standards. Kaempferol (3%) 

and kaempferol-glycosides (50%) showed the highest contribution to the antioxidant activity of 

the extract.  

Conclusions: D. caryophyllus flower extracts contain flavonols, anthocyanins and phenolic acids.  

According  to  HPLC-ABTS+•  results,  kaempferol-glycosides  showed  the  major  

contribution to the observed flower extract antioxidant activity.  
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Introduction: Coffee is one of the most consumed beverages  worldwide, and the second largest 

international trade commodity. Due to its high commercial value, coffee is constantly a target of 

fraud. Volatile analysis is usually applied to discriminate the geographical origin, as well as for the 

two main species, C. arabica and C. canephora of coffee, and also the presence of markers for 

defective beans. However, this technique has not been extensively explored in adulteration of 

roasted ground coffee.   

Methods: The SPME-GC-MS was used to discriminate, individually, roasted ground arabica coffee 

from its six most common adulterants (barley, corn, rice, soybean, coffee husks, and Robusta  

coffee)  associated  with chemometric  analysis.  Data  were  acquired  using  Agilent ChemStation  

and  processed  in  OpenChrom  (version  1.5.0)  to  obtain  the  untargeted metabolomics data 

(retention time and area peaks) (“.xlsx” format). Data was pre-processed handled using R program. 

First, the peak alignment was made using “GCalignR” package [1]. Then, the data was also 

debugged among triplicates by a) in case of absence of values for two samples, the triplicate was 

eliminated, and b) imputation in case of absence of a value among the  triplicate,  with  the  average  

of  the  other  two.  Finally,  an  untargeted  approach  was performed by using the unsupervised 

classification with principal component analysis (PCA) and partial least square discriminant analysis 

(PLS-DA).  

Results:  It  was  possible  to  observe  four  groups  in  PCA  (Fig  1),  the  first  group,  were 

composed by Arabica coffees (CA, CB, CC, and CD) were placed together, including their mixtures 

(CX), as well as Robusta coffee (RA, RB) and their mixtures (RX), placed nearby. This closeness 

among all coffees occurs not only by their expected chemical proximity but mostly to their chemical 

differences against the other adulterants. The second group was performed by coffee husks (PA, 

PB, and PX), they were clearly distinguished, as they are in the first quadrant, probably due to 

chemical changes during the roasting.  The third group was formed by soybean (SA, SB and SX), 

and the fourth one composed by barley (VA, VB, and VX), corn (MA, MB, and MX), and rice (AA, 

AB, and AX). This result possibly reflects the chemical composition differences, e.g., soybean is 

mainly source of protein and fat [2,3], the others are more abundant in carbohydrate [4]. PLS-DA 

(Fig 2) confirmed the previous PCA classification. Preliminary studies results obtained in the 

present study showed SPME-GC- MS a promising technique to contribute with the new legislation 

for the level of coffee purity [5].   
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Conclusions: The differentiation of roasted ground coffee and its most common adulterants were 

successfully identified by using PCA and PLS-DA, mainly for coffee husks. This is the first  report  

on  the  variability  of  aroma  compounds  comparing  coffee  with  corn,  barley, soybean,  rice,  

coffee  husks,  and  Robusta  coffee  analyzed  by  SPME-GC-MS  coupled  to chemometric models.  
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Instrumentation and Methods – Elemental analysis 
 

Comparison of two azobenzene-based amino acid derivatization reagents 

for LC-MS/MS analysis in positive and negative ESI modes 
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Introduction:  Derivatization  reagents  based  on  azobenzene:  AzoB  (Azobenzene  N- 

hydroxysuccinimidyl carbamate) and AzoC (4-(phenylazo)benzoic acid N-succinimidyl ester) are 

proposed for the LC-ESI-MS analysis of free amino acids in fermented beverages and juices.  A  

dual  comparison  between  LC-MS/MS  in  positive  and  negative  ESI  modes  in dynamic 

Multiple Reaction Monitoring (dMRM) and Neutral Loss Scan was investigated.   

Methods: Derivatization was performed on three different samples: Kali, watermelon juice and 

tomato juice, using AzoB and AzoC. Analysis of derivatized samples was performed with an 

Agilent UHPLC-MS system using a biphenyl column.   

Results: Both derivatization reagents reacted with primary and secondary amino acids. AzoB 

showed characteristic fragmentation patterns in positive and negative mode while AzoC only in 

positive mode. Accuracy of the methods was determined by using a Certified Reference Material 

(CRM) containing 15 of the 21 analyzed amino acids, it ranged from 91 to 104% (RSD<7%).  

Both  methods  were  linear  in  the  range  from  6.7  to  1300  nmol  L-1,  r2>  0.993  for  AzoB 

derivatives and r2 > 0.984 for AzoC derivatives.  

Conclusions:  AzoB  showed  superior  attributes  to  AzoC  such  as  common  fragmentation 

patterns in both ionization modes. AzoB can be used in Neutral Loss Scan for amino acid 

derivatives independently of the ionization mode, as well as Precursor Ion Scan for amines, 

opening the doors to its usage for untargeted analysis. AzoC was affected by side-reactions, that 

worsen its derivatization performance, this behavior was not observed for AzoB.  LoQ values 

obtained with AzoB (pmol on column), are comparable to those found with AQC, and were all 

lower than the ones reported when PITC or aTRAQ are used [1].  
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Introduction: Precession measurements of isotopic ratios for various elements is used in 

geology, forensic studies and nuclear technology. Static magnet mass-spectrometers are the 

main instruments for these studies as they combine wide dynamic range with very high abandon 

sensitivity, allowing one to measure low peaks near the intense ones.  

Methods: Modern methods of calculation and computation of mass-analyzer ion optical schemes 

provide rather small instruments with high ion optic features; however it is difficult to design 

them using generally accepted method of a number of vacuum chambers connected with flanges. 

Such design comes from the last century when magnet mass-analyzers were aimed at getting 

very high resolution, but that is unnecessary for isotopic measurements.  

Results: Now, we develop and use the technology ‘MS -platform’ where all ion optical elements 

are located in the same vacuum chamber at the same platform providing there strict and correct 

spatial positioning. Earlier, the same technology was used for TOF mass- spectrometers. The 

essential ion optic units of a magnet mass-spectrometer are ion source with its outlet slit, poles 

of the dispersion magnet and the ion collector with its slit or slits; one should add the electrostatic 

condenser if a double focusing scheme is used. All these elements can be placed on the same 

platform, adjusted on the desktop, and then put into the vacuum chamber. The technology works 

well both for constant magnets and for electro magnets, as magnetomotive elements can me 

placed out of the vacuum chamber in the ambient.  

Conclusion: Now, fore IR mass-spectrometers are designed and manufactures using this 

technology They are MI-20 “LowMass” for Li isotopic measurements, MI-60 (2 variants): 

‘ARGONIUS’ for Ar and Ne isotopic ratio measurement and “IsoMass’ for H-C-O-N-S 

measurements; and MI-40 ‘TRITIUM’ for H-D-T-He measurements. Static magnets are used in 

the first two ones, electromagnet for the third one. All instruments show high vacuum, about (3-

5)*10-8 mbar and good precision of IR measurements, about 0.01%. 

Acknowledgments: the work was supported by Russian Federation budget. 
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Sodium Interference in Lithium Isotope Ratio Analysis by Inductively 
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Introduction: Naturally occurring lithium consists of two stable isotopes, 6Li (7.591%) and 7Li 

(92.409%) and have applications in nuclear technology, pharmaceutical, automotive and 

geological research. Enriched 7Li isotope in LiOH form has been used as a pH regulator for 

Pressurized Water Reactor (PWR) reducing corrosion in the primary water circuit [1-3]. The  

determination  of  lithium  isotopic  composition  was  analyzed  by  Inductively  Coupled Plasma  

Mass  Spectrometry  after  ion  exchange  processes,  which  has  been  considered  a promising  

technique  for  the  separation  of  Li  isotopes.  One  of  the  concerns  in  ICP-MS analysis is 

sodium interference. The presence of sodium in the lithium-containing sample has potential 

implications  for the accuracy of isotopic ratio measurements. For this reason,  a method is  

described for the study of sodium  interference in  7Li  295,88%₀  and  303,30%₀ enriched solutions.  

Methods:  For  this  study,  the  reference  standard  L-SVEC  was  used,  it  has  an  isotopic 

abundance of 92.409% for  7Li and 7.591% for  6Li (6Li/7Li ratio = 0.08251) and solutions enriched 

at 295,88%₀ (6Li/7Li ratio = 0.06661) and 303,30%₀ (6Li/7Li ratio = 0.06810) of 7Li. 

Concentrations of 50 μg L-1  of lithium were maintained for the solutions used and it was evaluated 

with the addition of 50, 100, 300, 450 and 1000 μg L-1 of sodium on the enriched samples suffered 

significant changes in their isotopic ratio. The ICP-MS used for the sample analysis was a 

PerkinElmer SCIEX Elan 6000. For the isotopic ratio measurement the parameters used was 

nebulizer gas flow of approximately 0.94 L min-1 , Radio Frequency (RF) 600 W, gas flow rate 

1.2 L min-1 , Peak Hopping mode, dwell time 80 and 480 ms for 6Li and 7Li respectively, 50 

sweeps per reading, 1 read per replicate and 10 replicates.  

Results: For this study, 24 samples were analyzed being divided into four sets of samples with 6 

samples each set. The sets were composed of samples without addition of sodium and samples 

with addition of 50, 100, 300, 450 and 1000 μg L-1 of sodium.  The first set of samples, composed 

of the 295,88%₀ enriched sample, had a standard deviation of 3.59✕10-4. The second set of 

samples, composed of the 303,30%₀ enriched sample, had a standard deviation of 2.63✕10-4. The 

third and fourth set of samples, composed of aliquots of the L-SVEC standard, obtained a standard 

deviation of 2.22✕10-4 e 2.54✕10-4, respectively. Showing that the addition of sodium did not 

significantly interfere in the ratio of lithium isotopes 6 and 7 according to standard deviation.  

Conclusions: Through the results obtained from the experiment, it was observed that the variation 

in the ratio between isotopes 6 and 7 of lithium was not significant for the results of analysis in 

ICP-MS. However, it should be noted that for the purposes of lithium isotope separation  processes  
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using  ion  exchange  resins,  the  interference  of  sodium  in  the chromatographic separation 

needs to be evaluated.  
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Effect of RNA later storage of tissues on the abundance of amino acids and 
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Introduction: Metabolites often are unstable and tend to degrade over time and according to the 

storage conditions [1,2]. Metabolomics of tissue samples usually employs fresh or flash- frozen 

tissue to avoid contamination from unwanted salts found in conservative solutions. We sought to 

understand the effect of a typical conservative, the RNAlater (Sigma), on the signal intensity of 

targeted amino acids and acylcarnitines determined in tissue compared to flash- frozen tissue.    

Methods: We targeted 22 amino acids and 19 acylcarnitines using an FIA-MS/MS method based 

on a Xevo-TQS triple quadrupole. Mice brains (n=5) were collected and divided according to 

specific regions and hemispheres to provide five representative identical sample pieces to be 

stored at -80oC and the other 5 to be stored in RNAlater. After 48 hours of storage, samples were 

extracted using MeOH:H2O (3:1, v/v) and analyzed. Product ion chromatograms were analyzed 

using Principal component analysis (PCA). 

Results: We detected higher levels of amino acids in flash-frozen samples. RNAlater, on the 

other hand, was found to enhance the signal of acylcarnitines. We believe acylcarnitines did not 

experience a decrease in their ionization efficiency because these molecules are naturally 

charged.  

Conclusion: Tissue storage conditions affect the ionization efficiency of metabolites in tissue. 

The use of RNAlater might both enhance or decrease the detection of metabolites according to 

their chemical properties, and this effect must be considered when optimizing a method. 

Acknowledgments:  This  work  was  supported  by  CAPES  (project  # 

88887.636093/2021-00). 
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Introduction: Aquatic metal and metalloid contamination has become a major concern, as these 

contaminants bioaccumulate in exposed organisms, inducing deleterious effects at growth and 

reproduction and even death.1 Elasmobranchs, comprising sharks, rays and skates, are particularly 

vulnerable to chemical contamination, due to low fecundity, slow maturation and long life 

expectancies.2 Although most elasmobranchs are endangered, few studies concerning metal and 

metalloid assessments are available, none aiming at the investigation of bile as an environmental 

biomarker for metal and metalloid exposure.3,4 Thus, this study evaluated toxic and  essential  

elements,  for  the  first  time,  in  the  bile  of  endangered  elasmobranchs  from southeastern Brazil.  

Methods:  Brazilian  guitarfish  (Pseudobatos  horkelii)  and  Rio  skate  (Rioraja  agassizii) 

specimens were captured by artisanal fisheries at Copacabana and Recreio, respectively, in Rio de  

Janeiro,  southeastern  Brazil,  categorized,  respectively,  as  Critically  Endangered  and Vulnerable 

by the International Union for Conservation of Nature. The toxic elements As, Cd, Hg and Pb and 

the essential element Se were determined in 66 bile samples from both species employing 

Inductively Coupled Plasma Mass Spectrometry (ICP-MS).  

Results: The five elements were detected in the bile samples of both species. In P. horkelii (n=34) 

As ranged from 1.2 to 50.9 mg L-1 (10.9 ± 10.6 mg L-1), Cd from 0.06 to 1.1 mg L-1 (0.4 ± 0.2 mg 

L-1), Hg from 0.04 to 0.2 mg L-1 (0.1 ± 0.02 mg L-1), Pb, from 0.005 to 0.3 mg L-1 (0.04 ± 0.08 mg 

L-1) and Se, from 0.2 to 1.5 (0.4 ± 0.2 mg L-1). In R. agassizii (n=32) As ranged from 1.6 to 9.0 mg 

L-1 (4.9 ± 2.1 mg L-1), Cd from 0.02 to 1.3 mg L-1 (0.5 ± 0.3 mg L-1), Hg from 0.02 to 0.1 mg L-1 

(0.04 ± 0.03 mg L-1), Pb, from 0.005 to 0.08 mg L-1 (0.02 ± 0.02 mg L-1) and Se, from 0.2 to 0.8 

(0.4 ± 0.2 mg L-1). Arsenic, a toxic metalloid, was detected at higher concentrations compared to 

Cd, Hg and Pb in both species, higher in Brazilian Guitarfish. Furthermore, Se was also higher in 

Brazilian Guitarfish specimens.  

Conclusions: Both elasmobranchs are benthic, feeding on substrate-associated organisms, a 

preferential compartment for the deposition of metals and metalloids. This makes them highly 

exposed to these contaminants. The findings indicate that the area surrounding the Natural 

Monument of the Cagarras Islands, in Copacabana, is seemingly more contaminated than Recreio 

waters. High Se concentrations in Brazilian guitarfish suggest a protective effect against the toxicity 

of toxic elements, mainly Hg. Further investigations are required aiming at the conservation of these 

endangered species.  
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Instrumentation and Methods – Novel Methodologies 

in Separation Techniques coupled to Mass 

Spectrometry 

Salt-assisted solid-liquid miniaturized extraction for pesticides      

determination in small wildlife rodents liver and kidney tissues from 

Pantanal using UHPLC-MS/MS and GC-MS/MS  
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Introduction:  In  Brazil,  the  Pantanal  biome  is  one  of  the  largest  continuous  freshwater 

floodplains in the world [1], rich in different plant and animal species. Some herbivorous small 

rodents from Pantanal live and consume food from nearby agricultural crops, which can be 

contaminated with pesticides. The indiscriminate use of pesticides leads their persistence in 

environmental compartments and can promote intentional or unintentional poisoning of wild 

animals [2]. Pesticide persistence in wildlife via bioaccumulation and biomagnification [2] 

contributes  to  ecosystem  imbalance.  As  a  consequence,  developing  a  reliable  and  rapid 

extraction method using chromatographic techniques is critical to correlate their mortality with 

the presence of pesticides in agricultural crops [3] and also, provide a comprehensive overview of 

the ecosystem [4]. So, we developed and validated a method for pesticides multiresidue 

determination using UHPLC-MS/MS and GC-MS/MS in wild rodents liver and kidney tissues of 

Holochilus, Cavia and Euryoryzomys genus.   

Method:  The  method  consisted  in  a  simple  solid-liquid  microextraction  combined  with 

saturated saline solution and protein precipitation. Capybara liver and kidney were used as blank 

matrix for sample preparation and method validation experiments. The livers and kidneys from 

wild rodents were dissected from deceased by biologists. The UHPLC-MS/MS analyses were 

performed using Waters Xevo TQ-XS (USA). An Acquity UPLC™ HSS T3 (100 x 2.1 mm,  1.8  

µm)  column  and  mobile  phase  consisted  of  (A)  ultrapure  water  and  (B) methanol:acetonitrile 

(1:1, v/v), both with 0.1% (v/v) formic acid and 5 mmol L-1 ammonium formate at flow rate 0.500 

mL min-1 were employed. The ionization source by electrospray operated in positive and negative 

mode and mass analyzer in selected reaction monitoring mode. The GC-MS/MS analysis was 

performed with an Agilent Intuvo 9000 (USA) containing a planar capillary column HP-5 MS UI 

(30 m x 0.25 mm x 0.25 µm) and helium as carrier gas. High efficiency source was used with 

electron source and dynamic MRM as acquisition mode. The salt-assisted solid-liquid extraction 

was applied for determination of 147 pesticides using UHPLC-MS/MS and GC-MS/MS.  
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Results:  The  linearity  was  expressed  by  seven  concentrations  using  matrix-matched 

calibration. Accuracy and precision were evaluated at the spike levels 5, 10 and 20 µg kg-1 for 

UHPLC-MS/MS and 10, 20 and 40 µg kg-1 for GC-MS/MS (n=7). The recoveries ranged from 70 

to 120% with RSD ≤ 20% for both chromatographic techniques. The method limits of 

quantification ranged from 5 to 40 µg kg-1 and limits of detection from 1.5 to 12 µg kg-1 for both 

techniques. We applied the developed method in 40 liver and 40 kidney wild rodents samples. 

Seven pesticides were detected with concentrations ranging from 1.6 (< LOQ) to 142 µg kg-1.   

Conclusions: Therefore, the developed method was rapid, easy to perform, simple, sensitive and 

suitable for routine analysis.  
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Introduction: In 2008, there was a large endosulfan spill in one of the most important rivers in 

southeastern Brazil [1]. After 13 years, no studies were found to assess the persistence of 

endosulfan in this environment. The determination of pesticides in environmental matrices has 

become an important issue due to their potential risk, persistence and tendency to bioaccumulate 

[2].  Environmental  analysis  is  on  the  rise  with  the  introduction  of  comprehensive  two- 

dimensional  gas  chromatography  (GC×GC)  [3-7].  The  main  objective  is  to  evaluate  the 

persistence of endosulfan and its isomers possibly formed as lactone and ether in the affected 

region, in addition to other organochlorine pesticides (OCP s).   

Methods: The GC×GC/TOFMS analysis was used. All samples used for the validation method 

and optimization studies were extracted by the modified SPE method from the reference [8]. 

Separation was achieved using a Restek Rtx-5 column with a 10 m × 0.18 mm × 0.20 μm film 

thickness coupled to a Rxi-17Sil column with a 1.0 m × 0.15 mm × 0.15 μm film thickness. A 0.5 

m x 0.25 mm uncoated capillary was also used in the transfer line to reduce the maintenance time 

and exposure of the mass analyzer during the column change procedures. The GC was set at 75 

°C for 0.5 min, ramped at 20 °C min-1 to 280 °C (1 min hold time). The total run Time was 11.75 

min according Mazza et al.[9].  

Results: The extraction method was validated for 15 OCP´s, obtaining recovery results from 

70.04% to 117.43%. The detection limits (LOD) range was 0.38 to 17.96 ng mL-1 and the 

quantification limits (LOQ) was between 1.18 and 54.43 ng mL-1. Endosulfan lactone was detected 

in the Pirapetinga River (point 4 dry season - 255 ng mL-1 and point 5 rainy season - 142 ng mL-

1), in addition to BHC (point 6 rainy season - 40.69 ng mL-1). The endosulfan lactone and β-BHC 

showed high limits in relation to their isomers.  

Conclusion: The method optimized in this work for the determination of 15 organochlorine 

pesticides through SPE and fast-GC×GC/TOFMS was performed and successfully employed in 

river water samples of Pirapetinga e Paraíba do Sul rivers. The concentrations of endosulfan 

lactone and β-BHC pesticides showed values from 142 to 255 ng mL-1 and 41 ng mL-1 in water 

samples from the Pirapetinga River. The results may indicate a high risk of contamination of 14 

million people by pesticides. The water is used for drinking, leisure, bathing and fishing, even 13 

years after the accident.  
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Introduction:  The  Lithium-7  is  of  interest  for  nuclear  application,  being  used  for primary 

cooling of PWR (Pressurized Water Reactor) reactors [1]. An environmentally friendly  technique  is  

required  to  replace  the  Mercury  amalgam  technique  used worldwide [1,2]. This work aims to 

present the preliminary results of the development of 7Li separation by ion exchange.  

Methods: A 120 mm x1.0 cm i.d. glass column filled with Dowex 50W-x16 resin was used. A total 

of 3.0 liters of 0.2 M CH3COOLi solution percolated the column in order to saturate and displace 

the formed band of 6Li and 7Li. Fractions were collected every 50 mL, then the resin was washed 

with 5M HNO3 and ultrapure water. The fractions were filtered and evaporated at 80°C, finally taken 

up with HNO3 1%. Samples  were  analyzed  by  ICP-OES  –  SPECTRO  ARCOS.  The  fractions  

were analyzed by ICP-MS, model ELAN 6000 – SCIEX. For isotopic ratio measurement, with the 

parameters of gas flow of approximately 1.1 L min-1, RF 600 W, gas flow rate 1.2 L min-1, Peak 

Hopping mode, dwell time 80 and 480 for 6Li and 7Li (respectively), 50 sweeps per reading, 1 read 

per replicate and 10 replicates.   

Results: A total of 63 samples were collected from the separation experiment. The Li isotopic ratio 

measured for each fraction was assessed by ANOVA one-way considering the  differences  among  

fractions.  A  statistical  significant  difference  was  observed between the fraction 1 and the 

remainder fractions and the load solution. The remaining fractions showed an isotopic ratio around 

the natural abundance (6Li/7Li: 7.59%/92.41% = 0.082). The isotopic ratio of this sample indicated 

enrichment of 7Li of 0.92% in the fraction number 30.  

Conclusions: The method of ion exchange with Dowex 50W-x16 resin was efficient on 7Li 

separation and through ICP-MS method was able to measure the δ 84%₀ enrichment of the  7Li. The 

isotopic separation procedure via ion exchange is still being studied, however the results are 

promising.  
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Introduction: Fungi are able to produce a wide range of bioactive metabolites, which enhanced 

when challenged in co-culture[1]. For a better evaluation of these metabolites, the Mass 

Spectrometry Imaging (MSI) can be used to provide complementary information through the 

metabolite spatial localization [2]. However, some adaptations are required on available 

methodologies in MSI for applications in microrganisms[2], particularly on sample preparation. 

The imprinting method has been shown to be a robust method when applied to preparation of 

samples analyzed by DESI-MSI[3], but it has never been tested for MALDI-MSI for 

microrganisms, in our knowledge.  

 

Methods: Herein we applied both Classic and Imprinting MALDI-MSI to analyze metabolites 

produced by Aspergillus terreus (ATCC® 20542TM) and Pleurotus pulmonarius fungi in mono 

and co-culture. The fungi were inoculated, after 8 days, on PDA medium with MALDI glass 

slides to classic method and they were transferred to filter paper by manual pressure to the 

imprinting method. After, the samples were dehydrated and submitted to HCCA matrix 

application by sublimation. The chemical images were acquired by MALDI-MSI and the 

metabolites were identified by LC-ESI-MS/MS.  

 

Results: Twelve ions were detected by MALDI-MSI, using classic (m/z 210, 277, 307, 321, 

329, 346, 351, 462 and 484) and imprinting (m/z 313, 379 and 404) methods. The ions were 

more abundant in co-culture, and they were highlighted in the interaction zone between fungi, 

especially the ions m/z 329, 351 and 484. Probably these ions may be related to metabolites 

involved in communication between microrganisms, because these fungi formed a mutualistic 

interaction [4]. All ions were investigated by LC-ESI-MS/MS, and only two of them were 

identified. The ion m/z 379 was assigned as rubrophen (C22H20O6) and the ion m/z 346 as 

adenosine monophosphate (C10H14N5O7P). The metabolites identified correspond to primary 

metabolites, but most bioactive compounds refer to secondary metabolites. And, these 

metabolites are rarely reported in MS/MS databases, which explain the difficulty in the 

identification of these compounds.  

 

Conclusions: Despite of the challenges encountered on the sample preparation and metabolite 

identification, using both classic and imprinting MALDI-MSI for bioprospection of fungi 
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metabolites is a promising approach in the biotechnological applications. Moreover, the efforts 

toward entering data into MS/MS microorganism databases are important to easily identify 

compounds of fungi origin.  
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biofilm colonies using imaging mass spectrometry  

Catherine S. McCaughey1, Michael A. Trebino2, Allyson MacAtamney1, Fitnat H. Yildiz2 and 

Laura M. Sanchez1 

1Department of Chemistry and Biochemistry, UC Santa Cruz, Santa Cruz, California      
2Department of Microbiology and Environmental Toxicology, UC Santa Cruz, Santa Cruz, 

California 

cmccaugh@ucsc.edu 

Keywords: matrix-assisted laser desorption/ionization, imaging mass spectrometry, bacteria, 

biofilm   

Introduction: Biofilms are an extracellular polysaccharide matrix secreted by bacteria which play 

a significant role in environmental adaptation and host interactions.[1] The second messenger 

molecule, cyclic dimeric  guanosine  monophosphate  (c-di-GMP),  controls  motility  and  biofilm  

production. Enzymatic control of c-di-GMP is regulated by diguanylate cyclases (DGCs) which 

produce c-di- GMP  and  phosphodiesterases  (PDEs)  which  degrade  c-di-GMP.[2,3]  Current  

methods  for detecting c-di-GMP include fluorescent assays and LC-MS analysis as bulk 

measurements not allowing for spatial detection of c-di-GMP in biofilms.[4–6] Here, we use matrix 

assisted laser desorption/ionization imaging mass spectrometry (MALDI-IMS) to detect the spatial 

distribution of c-di-GMP in bacterial biofilm colonies.  

Methods: We performed all MALDI-QTOF-MS analyses using a Bruker timsTOF fleX mass 

spectrometer. We optimized the sample preparation by testing different MALDI matrices to enhance 

c-di-GMP ionization  while  also  allowing  for  untargeted  analysis  of  small  molecules.  The  agar  

biofilm colonies were prepared by applying MALDI matrix using a sieve method.[7] We applied this 

method to Vibrio cholerae (O1 El Tor A1552, rugose variant, Rifr) which overproduces the biofilm 

matrix due to increased c-di-GMP signaling[8], and a smooth variant of this V. cholerae strain which 

produces a smooth, biofilm depleted phenotype.[8,9] We validated our imaging results by adapting a 

riboswitch biosensor[4,10] for detecting c-di-GMP for use in biofilm colonies as an orthogonal 

method for spatial detection of c-di-GMP.   

Results: We have optimized MALDI matrix selection, sample preparation, and MS parameters to 

enhance c-di-GMP ionization while maintaining untargeted m/z signals for other small molecules. 

This approach demonstrates that c-di-GMP detection by MALDI-IMS has a distinct spatial 

distribution within different regions of the biofilm colony of V. cholerae and that these spatial 

distributions are distinct between the rugose and smooth colonies. The overall spatial distribution of 

c-di-GMP detected using the biosensor aligns well with the MALDI-IMS results in V. cholerae. We 

further show how this method can be extended to detect c-di-GMP in other biofilm producing bacteria 

including the symbiont, V. fischeri and the pathogenic Pseudomonas aeruginosa PA14.   
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Conclusions: Bacterial populations within biofilms differentiate their metabolic activity according 

to physical and  chemical  environmental  gradients.[1]  Our MALDI-IMS  approach  facilitates  

research  on chemical gradients in heterogeneous bacterial biofilms. We focus on c-di-GMP 

metabolism as the central signaling system for biofilm production, and identify chemical signals that 

are spatially associated with c-di-GMP metabolism and biofilm secretion. This approach builds a 

foundation for studying  the  complex  chemical  signaling cascades that may affect V. cholerae in a  

host environment  by  creating  a  model  for studying spatial distribution and changes in c-di-GMP 

production across biofilms.   
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Introduction: Açaí seed is the main industrial residue of pulp production, representing 85% 

of the fruit’s dry weight. It is estimated that 1.4 million tons of this material are irregularly 

discarded annually, causing significant environmental and sanitary issues [1]. There are still 

few studies on the chemical characterization of açaí seed, and identifying the location and 

content of specific metabolites in a tissue can help to correlate their function and develop 

new strategies for processing this biomass. In this context, matrix- assisted laser 

desorption/ionization imaging mass spectrometry (MALDI-IMS) combines the 

identification of ionized molecules with their spatial distribution on the surface of the 

analyzed  tissue.  However,  obtaining  thin  slices  from  unusual  samples  to  be  IMS 

compliant using existing histological protocols is still challenging. In the case of açaí seeds, 

the challenge lies in their resistance to fracture, as the açaí seed can withstand mechanical 

damage greater than 950 N [2]. Thus, this work developed an IMS-compatible sectioning 

protocol to map the açaí seed metabolites.  

Methods: Different strategies were evaluated for obtaining thin sections of seeds, being the 

combination of the following steps the most suitable option: (i) softening of seeds by water 

immersion for 24 h; (ii) longitudinal section of seeds to obtain half-seeds using a razor blade 

and a hammer; (iii) half-seeds inclusion in gelatin; (iv) sectioning using a cryostat at -20 °C 

to obtain sample slices with <20 µm thickness; and (v) collection of samples in an indium 

tin oxide coated glass slide covered by a double-face copper tape to avoid sample wrapping 

and ensure adhesion after unfreezing; (iv) storage of samples in a -80 ºC freezer, if necessary. 

The slices were also used for the histological image, and the dihydroxybenzoic acid (DHB) 

matrix was added by sublimation. The spectra were acquired in positive mode, with 75-µm 

lateral resolution and 200,000 mass resolution from 500 to 3000 Da in an FT-MS Solarix 

XR 7T (Bruker) with SCiLS Lab software [3].  

Results: The adapted protocol enabled the analysis of açaí seeds by MALDI-IMS. The data 

identified B-type procyanidin (PC) oligomers (dimer up to octamer) and A-type 

procyanidins (trimer up to pentamer) with one and two A-type interflavan linkages [4]. The 

pixel representation suggests that PCs are present only in the seed tegument with no 

detection in the endosperm. The IMS also exhibited peaks representing polysaccharides. 

Hexose dimers, trimers, and tetramers appeared almost exclusively in the core of the 

endosperm, indicating their availability in the seed to trigger the germination process [3].  

Conclusions: This study provided an approach for preparing açaí seeds for MALDI-IMS 

mapping  metabolites.  The  sample  preparation  enabled  the  analysis  with  excellent 

resolution, helping identify the spatial distribution of main metabolites of açaí seed.  
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Introduction: Information of administered drugs in biological tissues or organs is important to 

understand their clinically-relevant properties, efficacy, potential side effects, and toxicity. Mass 

spectrometry imaging (MSI) is a label-free and highly sensitive imaging technique that offers 

accurate visualization of drugs and their metabolites in the tissue sections. Among several tools  of  

MSI,  matrix-assisted  laser  desorption/ionization  MSI  (MALDI-MSI)  is  most commonly used 

for mapping of drugs, their metabolites and other analytes. In this study, we used a newly developed 

MALDI-MSI tool known as iMScopeTM QT for rapid pharmacokinetics analysis of imipramine and 

chloroquine.  

Methods: Thirteen weeks old C57BL/6 male wild type (WT) were treated with imipramine and 

chloroquine (30mg/kg) for pharmacokinetics analysis of these drugs. After 2 hours of injection all 

major organs were collected. Thereafter, 10µm section from mice kidney, brain, and liver were  

prepared  and  MSI  data  were  acquired  applying  a  quadrupole  time-of-flight  mass spectrometer 

equipped with  atmospheric pressure MALDI source (iMScopeTMQT, Shimadzu, Japan).  Prior  to  

acquire  MSI  data,  MALDI-MSI  methods  were  optimized  for  rapid  (9- 10spectra/sec) imaging 

of imipramine, chloroquine and their metabolites with higher sensitivity at higher spatial resolution.   

Results: Applying iMScope QT, we revealed the localization of imipramine, chloroquine, and their 

metabolites in the diferent organs of mice for the first time. In our current study, we observed that 

the imipramine and its metabolites were highly accumulated in the Upper medula of mice kidney, 

where chloroquine and its metabolites were significantly accumulated in the pelvis and inner medula 

of mice kidney. Additionally, higher accumulation of imipramine were noted in the hindbrain, 

midbrain, thalamus, hypothalamus and septum of the brain of treated mice. Chloroquine and its 

metabolites were also detected throughout the brain of treated mice, however their notable 

accumulation were observed in the lateral ventricle, 4th ventricle, and fornix of the brain. These 

drugs and their metabolites were also successfully detected in the liver of treated mice. As 

perspective, we intend to prepare mice with different doses and treatment period for the detailed 

pharmacokinetics analysis of these drugs in all major organs of mice applying iMScope QT.   

Conclusion: In our preliminar study, we have revealed specific localization of imipramine, 

chloroquine and their metabolites in different organs of mice for the first time applying a newly 
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developed tool of MSI named iMScope QT. Now we are preparing samples with different doses and 

time-points to explore detailed pharmacokinetics of these drugs in mice. We hope that our work will 

be helpful to understand detailed metabolism, function and side effects of those drugs.  

Acknowledgments: We are greatfull for AMED (21ak0101179) and MEXT (Imaging platform, 

JPMXS0410300221) for the support. 
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Challenges and Applications – Multimomics 
 

Integrative transcriptomics and proteomics reveal regulatory factors 

involved in embryogenic competence acquisition during somatic     

embryogenesis of sugarcane  
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Introduction:  Somatic  embryogenesis  (SE)  is  essential  for  the  genetic  manipulation  of 

agronomically  important  traits  in  sugarcane,  but  the  regulatory  processes  involved  in  the 

acquisition  of  embryogenic  competence  are  poorly  understood.  Here,  we  advanced  the 

comprehension of the molecular basis of embryogenic competence acquisition by integrating 

high-throughput transcriptomics and proteomics approaches.  

Methods:  Embryogenic  (EC)  and  non-embryogenic  calli  (NEC)  were  compared  at  the 

multiplication phase. Three biological replicates of EC and NEC were used to evaluate the 

transcriptomic and proteomic profiles.  

Results: A total of 1332 proteins were identified in the proteomic analysis, of which 842 were 

differentially accumulated proteins (DAPs) in the EC/NEC comparison. Among them, 40 proteins 

were unique in NEC and 43 in EC. In the transcriptomics analysis, 58843 transcripts were 

detected, of which 1,974 were up-regulated and 1,392 down-regulated. A comparison of 

differentially  expressed  genes  (DEGs)  and  DAPs  revealed  a  low  correlation.  Only  104 

genes/proteins were shared in both approaches, including those involved in reactive oxygen 

species scavenging, TOPLESS, and HISTONE DEACETYLASE 1 (HDT1). The most enriched GO 

terms in the transcriptomics analysis were involved in cell structure and DNA metabolic process, 

while those enriched in proteomics were involved in metabolic processes and related to organellar 

components. KEGG pathways were enriched mostly in DNA replication and bioenergetic  

metabolism  for  transcriptomic  and  proteomic  data,  respectively.  Key  SE transcription factors 

(TFs) were detected only in transcriptomic data comprising the WRKY, B3, Jumonji, SNF2, and 

AUX/IAA families and involved in important biological processes such as regionalization, histone 

demethylation, meristem development, and cell fate specification. The PPI network with both 

datasets reveals the interaction mostly of up-regulated regulatory factors with EC-related 

proteins/genes. Up-regulated TFs from SNF2 families, ABI3, and ELF6 with EC-related proteins 

HDA6, transducins involved in chromatin assembly, components from MCM complex, and ARP4. 

The up-regulated RBR1 is a central hub in a network with EC- related genes and proteins involved 

in the specification of cell fates and epigenetic regulation.  
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Conclusions:  Embryogenic  competence  acquisition  is  regulated  differentially  at  both  the 

transcriptional and post-transcriptional levels. Important transcription factors involved in the  

somatic embryogenic process such as FUS3, ABI3, and WUSCHEL RELATED HOMEOBOX 9a, 

were detected only in transcriptomic analysis. Several SE-related TFs positively regulate proteins 

involved with SE, mainly with epigenetic dynamics and regulation of gene expression. The 

integrative approach helps to decipher useful insights that may not be provided individually from 

mRNA or protein expression, expanding our knowledge of the dynamics and regulatory processes 

involved in somatic embryogenesis.  
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Skin Secretion of Phyllomedusa species: Peptidomics and Metabolomics and 
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Introduction: Phyllomedusa frogs are known by the highly active peptides secreted by their skin  

granular glands  [1].  Besides proteins  and peptides,  their  secretions  are composed of biogenic 

amines, alkaloids and lipids [2], which are poorly described. This research shows the metabolomic 

and peptidomic approaches with the aim to discover new active molecules from the Amazonian 

frogs.  

Methods: The skin secretion samples from P. camba, P. palliata and P. tomopterna were collected 

in nature (at Acre State) by scraping and washing their skin with water. To the peptidomic analysis, 

the protein amount in each sample were quantified by Qubit, reduced, alkylated, analyzed by 

NanoLC-MSn (QExactive Plus) and the peptides were identified via Proteome Discoverer 

(ThermoScientific) using the Netobatrachia database (Uniprot). To the metabolomic  analysis  50  

µL  of  each  sample  was  diluted  in  150  µL  of  MeOH,  freezed, centrifuged and the supernatant 

concentrated. Each sample was resuspended in 50 µL of MeOH 5% with formic acid 0,1% and 

analyzed by UHPLC/MSn (QExactive Plus) on negative and positive  ionization  modes.  The  data  

were  submitted  to  Compound  Discoverer  3.3 (ThermoScientific), MSDial 4.9.2 and MSFinder 

3.52 software for metabolite identification. Moreover,  the  interaction  of  the  main  metabolites  

with  specific  (human)  receptors  were investigated by molecular docking by Autodock 4.2.6 

software [3], aiming to discover active molecules and forward the (in vitro) assays.  

Results: The peptidomic analysis identified with full sequence coverage 27 peptides in P. camba, 

27 peptides in P. palliata and 12 peptides in P. tomopterna, among them dermaseptins, 

phylloseptins, medusins, hyposins, dermorphins and dermatoxin. Other peptides-like families also 

were identified based on their unique peptides beside the incomplete sequence coverage. The 

metabolomic analysis identified more than 5.000 features in each Phyllomedusa sample, being that 

the most abundant analytes correspond to truncated peptides. Among the main identified metabolites 

are cevadine, carnitine, piperidine, isoprene, methyl palmitate, palmitoyl sphingomyelin  and  

ergocristine.  Cevadine  has  been  described  as  a  voltage-gated  sodium channel activator and our 
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in silico docking with the sodium receptor type NaV1.7 yielded -9.2 kcal/mol energy, which 

corresponds to a competitive energy compared with the ligand PF- 05789771 [4].  

Conclusions: The Phyllomedusa skin secretions have shown a wide diversity of composition on 

both proteomic and metabolomic analyses, among them cevadine has in silico evidence as a potential 

analgesic activity, that should be tested by further assays.   

Acknowledgments: We are grateful to FAPERO (PAP-Universal 05/2021) and FIOCRUZ-RO 

(PROEP 01/2021) for the financial support, and to the Laboratory of Support to Technological 
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for providing high quality infrastructure for the LC-MS analysis.  
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Challenges and Applications – High Resolution MS 

Applications 
 

Cocaine and its metabolites LC/MS analysis in zebrafish exposed  
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Introduction: Illicit drugs were considered as potential harmful pollutants in aquatic ecosystems. 

Cocaine (COC) is an environmental pollutant commonly detected in surface, drinking and 

wastewater [1]. COC is metabolized to benzoylecgonine (BE) and ecgonine methyl ester (EME) 

by different metabolic pathways [2]. Zebrafish (Danio rerio) is a common biological model that 

have been used in toxicological investigations in several studies [3]. In this work, we determined 

by LC/HRMS (Q-Orbitrap) the COC  and  its  metabolites  in zebrafish exposed to the alkaloid.  

Methods: Zebrafish was exposed to COC (20 ng L-1) during one month. COC and its metabolites 

were isolated from zebrafish by ultrasound-assisted solid-liquid extraction (USLE) and analyzed 

by UHPLC-ESI+-Q-Orbitrap-HRMS. For MS operation, ESI positive ion mode was evaluated for 

the determination of COC and its metabolites. Acquisition mode Full-MS and Single Ion-

Monitoring (SIM) were used, with different capillary voltages at the ESI interface (1.5 to 5.5 kV), 

and fragmentation patterns were obtained at different HCD-cell energies (10 to 70 eV). COC, BE 

and EME certified reference material were used for quantification with the external calibration 

method.   

Results:  COC was the principal alkaloid detected in zebrafish extract BE and EME were not 

detected in zebrafish extract at instrumental conditions used. The highest LC peak area in the 

extracted ion chromatograms (EIC) of the [M+H]+ ions were obtained using 1.5 kV of  spray  

voltage.  The mass defect (Δppm) for all  ions  measured  didn’t  exceed  2  ppm.  The LOD of BE, 

COC and EME were 8.7, 20 and 9.4 ng L-1, respectively, and their LOQ were 29.1, 66.6 and 31.4  

ng L-1,  respectively.  Typical fragments of COC were detected at 30 eV HCD-cell energy.  

Conclusions: cocaine was bioaccumulated in zebrafish under controlled exposition to this alkaloid 

for one month.  

Acknowledgements: Universidad Industrial de Santander and Laboratory of Chromatography and 
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References:  

1. Daughton, C. G. Illicit drugs: contaminants in the environment and utility in  forensic 

epidemiology.  In  Reviews  of  Environmental  Contamination  and  Toxicology  Volume  210. 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

404  

Whitacre, D. M., Ed.  Reviews of Environmental Contamination and Toxicology.  Springer New 

York: New York, NY. 2011. 210, 59–110.  
2. Mulé, S. J.; Misra, A. L. Cocaine: distribution and metabolism in animals. In Cocaine and 

Other Stimulants.  Ellinwood, E. H., Kilbey, M. M., Eds.  Advances in Behavioral Biology. 

Springer US: Boston, MA. 1977. 21, 215–228.  
3. Hill, A. J.; Teraoka, H.; Heideman, W.; Peterson, R. E. Zebrafish as a model vertebrate for 

investigating chemical toxicity. Toxicological Sciences, 2005. 86, 6–19. 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

405  
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from Scutellaria (Lamiaceae) plants and study of their antioxidant activity  
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Introduction:  The genus  Scutellaria  (Lamiacea)  has  more  than  400  species  distributed  in 

temperate regions and tropical mountains around the world. The Scutellaria spp. plants have a wide 

variety of bioactive compounds of the flavonoid type [1]. In folk medicine, these substances are 

used to control various conditions such as influenza, asthma and pneumonia [2].  

Methods: In this study, aerial parts of three species of Scutellaria (100 g) were collected at the 

CENIVAM Agricultural Pilot Center (Bucaramanga, Colombia), were dried and ground. Extracts 

were obtained by ultrasound-assisted solvent extraction. The chemical characterization was carried 

out by UHPLC/ESI-Q-Orbitrap-HRMS, in positive and negative ion acquisition modes, the mass 

spectra and fragmentation patterns of reference substances were used for positive identification. The 

isotopic ratio of [M+H]+ and [M-H]- ions and fragmentation patterns were also studied.  

Results: Flavones and flavanones were the main secondary metabolites present in the Scutellaria 

spp. extracts, dihydrobaicalein-glucuronide, baicalin and baicalein were the principal compounds. 

The antioxidant activity was measured by the ORAC technique, a value of 3828 µmol Trolox®/g, 

2513 µmol Trolox®/g y 2904 µmol Trolox®/g was found for the S. coccinea, S. incarnata and S. 

ventenatii x S. coccinea extracts, respectively.  

Conclusions:  Most  of  the  analyzed  compounds  gave  higher  chromatographic  signals  in  the 

positive ion acquisition mode. The flavonoid compounds were responsible for the antioxidant 

properties, being dihydrobaicalein-glucuronide and baicalin the major contributors to this activity.  
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Introduction: Hyptis colombiana (Lamiaceae family) is a shrub native to the Colombian and 

Venezuelan Andes [1, 2]. The plants from genus Hyptis are traditionally used for the treatment of 

digestive and menstrual disorders, and for respiratory diseases [1]. Hyptis spp. also have 

antimicrobial and antioxidant activities [2].   

Methods: The essential oils (EOs) and extracts were obtained from H. colombiana plants collected 

in  three  phenological  stages  (vegetative,  flowering  and  post-flowering)  in  the experimental 

plots of CENIVAM (UIS, Bucaramanga, Colombia). The EOs were analyzed by GC/MS.  The  

hydroethanolic  extracts  were  analyzed  by  ultra  high-performance  liquid chromatography  

(Vanquish  UHPLC  Thermo-Fisher  Scientific,  Germering,  Germany), equipped with an 

Orbitrap™ mass detector (Q-Exactive, Thermo-Fisher Scientific, Bremen, Germany). The 

antioxidant capacity of the EOs and of the extracts was determined by the ABTS+•and ORAC 

methods.   

Results: The major EO compounds identified by GC/MS were: (E)-β-caryophyllene (24.0%), 

germacrene D (19.0%), sabinene (10%), and caryophyllene oxide (10.0%). Ten compounds were 

identified by UHPLC-ESI+/-/Orbitrap-HRMS in the H. colombiana extracts, as follows: 

rosmarinic ([M-H]-, m/z 359.07614) and caffeic ([M-H]-, m/z 179.03388) acids, rutin ([M+H]+, m/z  

611.16066),  apigenin-C,C-diglucoside  ([M+H]+,  m/z  595.16574),  among  others.  The 

antioxidant capacity of the EOs (ABTS+• 404 ± 2 μmol Trolox®/g EO and ORAC 540 ± 42 μmol 

Trolox®/g EO) and of the extracts (ABTS+• 1430± 50 μmol Trolox®/g extract and ORAC 10760 ± 

101 μmol Trolox®/g extract) was relatively high.   

Conclusions: The antioxidant capacity was higher in the EOs and the extracts obtained from   

H. colombiana plants in the post-flowering stage. The antioxidant capacity of the extracts was 

probably due to rosmarinic acid present at high concentration.  
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Introduction: Pelargonium graveolens (family Geraniaceae), an aromatic plant native to the 

South African, is known as rose geranium or sweet-smelling geranium [1], and is used in 

traditional medicine to treat menstrual flow, inflammation, hemorrhoids, diabetes, diarrhea, 

among others. Also, it is considered to have antioxidant activity [2,3].  

Methods:  P.  graveolens  plants  were  collected  in  the  experimental  plots  of  CENIVAM 

(Barbosa,  Colombia).  The  plant  material  was  distilled  by  microwave  radiation-assisted 

hydrodistillation (MWHD) for 60 min (15 min x 4), using Clevenger apparatus, with a Dean- Stark  

trap  and  microwave  radiation  heating  set  at  60%  capacity  (1350  W).  Chemical 

characterization of essential oil (EO) was performed by GC/MS and GC/FID. The extracts were 

analyzed by LC/MS, in positive and negative ion acquisition modes. The antioxidant activity of 

extracts was evaluated by ORAC and ABTS+• methods.   

Results: The major compounds identified in the geranium EO  were geraniol (45 ± 1%), citronellol 

(8 ± 1%), decanoic acid (7 ± 3%), linalool (5.4 ± 0.7%), 10-epi-γ-eudesmol (5 ± 1%), and iso-

menthone (4.4 ± 0.3%). In the P. graveolens extracts were identified rutin, catechin,  

epigallocatechin,  gallic  acid,  kaempferol-3-O-arabinoside,  quercetin-O-hexoside- pentoside,  

and  luteolin-7-O-glucoside.  The  values  of  µmol  Trolox®/g  extract,  of  the  P. graveolens 

extract, evaluated by the ORAC method was 2100 ± 344 167 µmol Trolox®/g extract, while the 

antioxidant activities measured by the ABTS+• method were 900 ± 167 µmol Trolox®/g extract.  

Conclusions: The geranium EO distilled from plant material grown in Santander, Colombia, 

fulfills the specifications established in the ISO 4731:2012. The extracts obtained from the residual 

material after plant distillation were rich in flavones, flavanols and coumarins with high 

antioxidant activity.  
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Introduction:  L.  origanoides  (phellandrene  chemotype)  is  considered  promising  for  its 

aromatic and pharmacological properties. This plant grows wild in Central America, northern 

South America and the Antilles [1]. In order to take advantage of post-distilled plant material 

(residual biomass), two compounds were isolated and purificated (pinocembrin and galangin). 

 Methods:  L.  origanoides  was  collected  in  Santander,  Colombia,  and  its  taxonomic 

identification was carried out at the Herbarium-UIS. After the obtainment of essential oil by steam  

distillation,  the  residual  biomass  was  used  to  isolate  a  supercritical  CO2  extract employing 

a THARS-SFE 2000 equipment. The extract chemical characterization was made using 

UHPLC/ESI-Q-Orbitrap-HRMS. An amount of 200 mg of extract was fractionated by 

Prep/HPLC.  

Results: The extraction yield from post-distilled plant material was 1.8 ± 0.1% (w/w). Ten 

compounds  were  identified  (eriodictyol-7-O-glucoside,  quercetin-3-O-glucoside,  taxifolin, 

pinocembrin, galangin, among others) using UHPLC/ESI-Q-Orbitrap-HRMS, a comparison with 

the retention times (tR) and the mass spectra of reference substances. Pinocembrin and galangin 

had the highest relative abundance and were isolated by Prep/HPLC. The isolation yields of 

pinocembrin and galangin were 55,6 % and 2,1 %, respectively.  

Conclusions: It was possible to isolate pure compounds, as pinocembrin (555 mg/ g extract) and 

galangin (21 mg/ g extract), from a CO2 supercritical extract obtained from residual plant material 

of L. origanoides, after its distillation.   
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Introduction:  Ocimum  campechianum  is  an  aromatic  herb  of  the  Lamiaceae  family. 

Recently, rosmarinic acid has been reported by Tachinni et al. [1] as one of the main 

compounds  present  in  the  O.  campechianum  extracts.  The  rosmarinic  acid  is  a  plant 

secondary metabolite with an important antioxidant activity [2].  

Methods: The extracts were obtained from O. campechianum after plant distillation by solvent 

extraction and solid-phase matrix dispersion (MSPD) techniques. Chemical analysis was  

performed  by  UHPLC-ESI/Orbitrap-MS  operated  in  positive  and  negative  ion acquisition 

modes. The identification of the secondary metabolites was based on exact mass measurement, 

on study of fragmentation patterns and isotopic ratios, and using also standard compound for 

comparison of tR and MS.  

Results: Rosmarinic acid (major compound), ursolic acid, luteolin, rutin, and apigenin were 

the phenolic compounds identified in the extracts obtained from O. campechianum plant 

material  after  its  distillation.  The  yields  for  MSPD  and  hydroethanolic  extraction, 

respectively, were higher for the extracts obtained from dried plant material (11.4% and 8.9%)  

before  distillation,  in  comparison  to  those  obtained  for  plant  material  after  its distillation 

(6.3% and 5.3%). 

Conclusions: The major secondary metabolite identified in all O. campechianum extracts was 

rosmarinic acid and its higher amount was found in the MSPD extracts isolated from plant 

material after its distillation (1.1±0.5 µg substance/mg extract), in comparison with the material 

before distillation (0.6±0.2 µg substance/mg extract).  
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Introduction: Argyreia nervosa (Convolvulaceae) seeds contain ergoline alkaloids (EAs), such 

as ergine (LSA), ergometrine, penniclavine, among indole derivatives [2]. The EAs are known for 

psychotropic effects and for generating the ergotism condition. A. nervosa has been used in the 

India traditional medicine (Ayurveda). The EAs were utilized as precursors to obtain the semi-

synthetic derivatives used for medicinal purposes, e.g., the Parkinson´s disease treatment, 

vasoconstriction, postpartum hemorrhage, etc [2].  

Methods: A. nervosa seeds were collected from CENIVAM research experimental plots (UIS, 

Bucaramanga, Colombia). The extracts were obtained using matrix solid-phase dispersion 

technique (MSPD), with modified C18 silica gel as adsorbent and acetone as elution solvent. The 

EAs chemical identification in the extracts was carried by HPLC/DAD and  UHPLC- ESI+/Orbitrap-

MS.  

Results:  The yield of extraction was 14.7 %, various compounds were identified in A. nervosa, 

i.e., ergine (LSA) C16H18N3O (Δppm = 1.5) [(M+H)+, m/z 268.14401] and their typical ion-

products at m/z 223.1224 C15H15N2 [(M+H)-CONH2]+ and m/z 251.11731 C16H15N2O 

[(M+H)-NH3]+, lysergic acid C16H17N2O2 (Δppm = 1.3) [(M+H)+, m/z 269.12784] and its 

ion products at m/z 223.12250 C15H15N2 [(M+H)-COOH2]+, m/z 254.10439 C15H14N2O2 

[(M+H)-CH3]+, lysergic acid α-hydroxyethylamide C18H22N3O2 (Δppm = 1.9) [(M+H)+, m/z 

312.17004], and its fragments at m/z 268.14401 C16H18N3O [(M+H)-C2H5O]+, and at m/z 

294.15955 [(M+H)-H2O]+.  

Conclusions: The results showed the presence of several ergoline alkaloids in A. nervosa seeds. 

Ergine (C16H18N3O) was the most abundant EA present in the A. nervosa seeds extracts.  
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Introduction:  Lippia  origanoides  (Verbenaceae  family),  phellandrene  chemotype,  is  an 

aromatic shrub native to Central America and the northern region of South America [1]. This plant 

material is used to distill essential oil. Plant material after distillation could be also used to obtain 

extracts rich in bioactive compounds, e.g., pinocembrin and galangin [2]. 

Methods:  L.  origanoides  plants  were  collected  in  Santander,  Colombia.  Taxonomic 

identification was carried out in the Herbarium-UIS (Bucaramanga, Colombia). The plant material 

after distillation was used to obtain extract using supercritical CO2 with ethanol-water as a 

modifier. A THAR-SFE 2000 equipment was used. The chemical characterization was done by 

UHPLC/ESI-Orbitrap-MS operated in positive and negative ion acquisition modes. The 

quantification was done with standard substances using external calibration curve. 

Results: The chemical characterization by UHPLC/ESI-Orbitrap-MS allowed confirmatory 

identification  of  eight  compounds  and  three  substances  were  identified  only  tentatively. 

Pinocembrin  (145  ±  1  mg/g  extract)  and  galangin  (31  ±  1  mg/g  extract)  were  the  main 

compounds. The other identified compounds were found with relative abundances lower than 1%. 

The mass spectra were obtained by SIM-SRM, using AIF and stepped-scan acquisition modes.  

Conclusions: The analysis by UHPLC/ESI-Orbitrap-MS of L. origanoides extract obtained with  

supercritical  CO2,  showed  that  the  extract  was  rich  in  pinocembrin  and  galangin, flavonoids 

with high biological activity.  
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Introduction: Solanum (Solanaceae) is a genus with more than 1,500 species. Solanum plants are  

native  to  Central  and  South  America  [1].  The  leaves  and  roots  of  S.  erianthum  are 

traditionally used for the treatment of cancer and malaria. S. crotonifolium is a poorly studied 

Colombian native plant, of which only the antigenotoxic potential of extracts obtained by SFE- 

CO2, has been reported [2].   

Methods: The S. crotonifolium plant material was collected in Velez-Santander, Colombia. 

Extracts were isolated by supercritical fluid extraction (SFE), using CO2 at 400 bar, 40 g/min and 

10% ethanol, in a Thar SFE-2000-2-FMC50 system. Ethanol extracts were obtained in and 

ultrasonic bath 50 oC (1 h), using ethanol (70%). An UHPLC-MS with electrospray interface 

(UHPLC-ESI(+/-)-Orbitrap-MS,  Dionex  Ultimate  3000,  Exactive  Plus  Thermo  Scientific, 

Sunnyvale, CA. USA) was used for extract analysis. [M+H]+ and [M-H]-  ions accurate masses 

were  obtained  by  ESI-MS  operated  in  dual  mode.  The  ORAC  and  ABTS+  assays  were 

performed in a microplate multimode reader.   

Results: UHPLC-ESI(+/-)-Orbitrap-MS analysis of S. crotonifolium showed that the extracts 

contained  glycosylated  derivatives  of  quercetin,  kaempferol  and  chalcones.  The  ethanolic 

extracts possessed the highest antioxidant activity evaluated by ORAC (1500 ± 70 µmol TE/g) 

and ABTS+ (190 ± 8 µmol TE/g) in comparison with those obtained by CO2-SFE which values 

were 460 ± 8 and 103 ± 4 µmol TE/g extract, for the ORAC and ABTS+ assays, respectively. 

Conclusions: This is the first study on the chemical composition and antioxidant activity of the 

native Colombian plant, Solanum crotonifolium.  
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Introduction: Turnera diffusa is an aromatic species of the Turneraceae family, native to México y Centro 

América [1]; studies carried out on the essential oil (EO) distilled from T. diffusa grown in Colombia, 

showed its interesting biological activities [2].   

Method: T. diffusa plants were collected in the experimental plots of the CENIVAM-UIS- Barbosa. The 

EOs were obtained by steam distillation from fresh plant material. Fractionation was carried out in a 

distillation tower with a rotating column at reduced pressure; quantifica-tion was performed by GC/FID, 

and characterization was carried out by gas chromatography using two columns, one polar (DB- WAX) 

and the other apolar (DB-5MS), coupled a mass selective detector (MSD) with electron ionization (EI, 70 

eV). Linear retention indices, com- parison of the experimental mass spectra with those reported in the 

Wiley, Adams and NIST databases, and certified reference substances were used for compounds 

identification.  

Results: The major components in the T. diffusa EO were aristolochene (18.2%), dehydrofu- quinone 

(16.9%) and γ-gurjunene (7.2%); two fractions were obtained: the volatile fraction  was rich in p-cymene 

(41.4%), Δ3-carene (11.3%) and limonene (8.1%); the heavy fraction contained aristolochene (22.3%), β-

selinene (9.2%) and dehydrofuquinone (20.2%) as major components. The EO of T. diffusa, both its 

volatile fraction and heavy fraction showed antioxidant activities, measured by ABTS+• radical-cation 

assay, values of 40±1, 48±2 and 25±1 µmol Trolox®/g, were obtained respectively.  

Conclusions: The T. diffusa EO and its fractions showed variations in their antioxidant activity. The 

highest antioxidant activity corresponded to the volatile fraction of this EO.  
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Introduction: The development of new compounds with inhibitory activity of Mpro, one of the target- 

proteases of SARS-CoV-2, remains as a relevant issue even in a context of return to normalization of the 

pandemic [1]. The multicomponent protocols such as UGI-4CR, which employs aldehyde, carboxylic 

acid, amine and an isonitrile to yield a peptide-like compound, have become very useful. The UGI-4CR 

has  a  unique  potential  of  producing  a  large  number  of  compounds  with  different  substituents  and 

biological activities as well [2]. In this study we observed the fragmentation in tandem MS experiments 

of these protease inhibitor candidates to establish the knowledge about a series of UGI-4CR peptoids 

focusing on the future investigations regarding their pharmacokinetics and stability.  

Methods: 16 UGI-4CR peptoids were subjected to MS/MS assays in a microOTOF-QII equipped with 

Apollo II ESI source (Bruker). The assays used argon as collision gas and ramped CID voltages to record 

spectra in different fragmentation stages.   

Results: A significant  variation in fragmentation pattern was observed comparing compounds with 

different residues along the molecule back-bone. In peptoids prepared with formic acid, the product ion 

scanning  experiments  showed  a  consistent  loss  of  CO.  The  use  of  chiral  benzylamines  induced  a 

fragmentation  pattern  different  from  those  observed  using  alkyl  amines  such  as  phenethylamine. 

However, no remarkable outcome was observed when different aldehydes where employed.  

Conclusions: During this systematic study of peptoids by ESI-MS/MS it was observed a consistent 

substituent-dependent fragmentation pattern. Although, there was not found any significant correlation 

between the aldehyde residue of the peptoid and the CID product ions yielded.  Furthermore, it is possible 

to anticipate that some of these behavior would occur during the proteolysis processes in biological 

medium.  

Acknowledgments: Capes for the financial support (GBR fellowship)  

References:   

1. Rahmah, L. et al. Pharmacol Rep. 2022, 25, 1–24; 
2. Fouad M.A. et al. RSC Adv. 2020, 23, 10, 70, 42644-42681.  



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

416  

Development of a comprehensive analytical method for determining 

emerging contaminants using UHPLC-ESI(±)-Orbitrap MS  

Alexander Andrey Lopes1, Raquel V. S. Silva1, Vinícius Barreto Pereira1, Clarisse L. Torres1, 

Débora de Almeida Azevedo1 

1Technological Development Support Laboratory (LADETEC), Federal University of Rio de 

Janeiro (UFRJ), Rio de Janeiro, RJ 21941-598, Brazil 

alexander.andrey@outlook.com.br 

Keywords: UHPLC-HRMS, emerging contaminants, environmental chemistry. 

Introduction: Emerging contaminants (ECs) are chemical compounds whose presence in the 

environment is not regulated by governments and agencies, and have been detected in water and 

soils due to the advancement of instrumental techniques. They encompass hormones, antibiotics, 

sulfonamides, among others [1][2], and present potential environment risks and hazard effects in 

human health due to bioaccumulation and environmental transport characteristics. Therefore,  

comprehensive  methods  capable  of  monitoring  such  compounds  in environmental samples are 

very desirable [3]. In this study, an Ultrahigh-Performance Liquid  Chromatography-Hybrid  

Quadrupole-Orbitrap  Mass  Spectrometry  (UHPLC- HRMS) system was employed for monitoring 

15 substances considered ECs in aqueous samples.  

Methods: The analyses were performed using an Ultimate 3000 UHPLC system (Dionex) equipped 

with a Hypersil Gold C18 column (100 mm × 2.1 mm × 1.9 μm) (Thermo) operating at 40 ºC. The 

injection volume was 2 μL. The mobile phase consisted of a mixture of ultrapure water (mobile 

phase A) and methanol (mobile phase B) both containing 0.1% formic acid, pumped at a flow rate 

of 0.40 mL min-1. The linear gradient program was as follows: 0.0– 1.0 min, 15% B; 1.0–7.0 min: 

linear gradient to 100% B; 7.0–9.0 min: 100% B; 9.0–9.1 min: linear gradient to 15% B; 9.1–11.0 

min: 15% B. The detection of ECs was carried out using  a  Q-Exactive  HRMS  (Thermo),  equipped  

with  a  heated  electrospray  ionization source. Nitrogen sheath gas, auxiliary gas and sweep gas 

flow were set at 35, 10 and 2 au, respectively. The capillary temperature was 350  ◦C, the spray 

voltage was set at 2 kV switching between positive and negative modes. The data were acquired in 

full-scan mode (100 to 1500 Da) at resolution of 70,000 FWHM at a rate of 1.5 Hz.  

Results: A  preliminary  study  with  the  substances  17α-ethenyl-estradiol,  β-estradiol, 

diethylstilbestrol, diethylstilbestrol, estriol, estrone, salicylic acid, ketoprofen, diclofenac, naproxen,  

enrofloxacin,  erythromycin,  oxytetracycline,  sulfadiazine,  sulfamethoxazole, and 

hydrochlorothiazide, was performed using direct infusion into ESI (±)-Orbitrap HRMS, in  both  

ionization  modes  without  the  addition  of  chemical  modifiers  to  evaluate  the generated  mass  

spectra.  After  this  data  collection,  chromatographic  injections  were performed. The method 

proved to be suitable for the analysis of initial selected 15 CEs in aqueous samples. A  more 

comprehensive  list with 47 substances  is aimed, englobing pharmaceutical contaminants, personal 

care products, antioxidants and hormones, all of which are of great academic and governmental 

interest.  

Conclusions: The  optimization  of  the  comprehensive  method  for  analysis  in  the  UHPLC-ESI  

(±)- Orbitrap MS system is still being carried out, showing promising results for pharmaceutical 

contaminants, but the substances that showed the lowest sensitivity are hormones, requiring method 

improvements.  
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Introduction: In the environmental disaster caused by oil spill in Brazilian coast in 2019, the 

state of Pernambuco stood out as one of the most affected.  Data described in the literature by 

Oliveira et al. (2020)[1] and Carregosa et al. (2021)[2] suggest that there is a chemical similarity 

of this petroleum material with oils from Venezuelan oil basins. Given the large proportions and 

the immeasurable negative impact caused by the event, we raise the question as to the possibility 

of other inputs of oils contributing to the spill of 2019. Thus, the objective of this study was to 

determine the similarities or eventual dissimilarities in the chemical composition of the oil 

samples collected on different beaches of Pernambuco, Brazil after the oil spill in 2019 using a 

geochemical forensic evaluation.  

Methods: We have collected 12 samples of oil material on the Pernambuco coast in the months 

of September and October of 2019. The samples were submitted to  solid-liquid extraction and 

analysis by Gas Chromatography-tandem Mass Spectrometry (GC-MS/MS) using the Multiple 

Reaction Monitoring (MRM) acquisition mode with Electron Ionization (EI) and triple 

quadrupole analyzer, following a previous methodology.[2] The biomarkers of classes m/z 

370>191, m/z 398 >191, m/z 412>191, m/z 426 >191, m/z 372>217, m/z 386>217 and m/z 

400>217 were monitored and a multivariate statistical analysis of the data was performed.  

Results: The GC-MS/MS profiles of terpanes and steranes biomarkers allowed us to identify a 

similarity for all the samples, except for one of them, which was named sample10 (collected on 

the beach of Maria Farinha, north coast of Pernambuco). Unlike the other eleven remaining 

samples,  we  have  not  found  in  sample10  the  18α(H)-oleanane  and  its  isomer  18β(H)- 

oleanane, which are characteristic biomarkers present in samples from the large spill of the year 

2019[2]. The diagnostic ratio of biomarkers was used to perform statistical studies, and the  

interpretation  of  Principal  Component  Analysis  (PCA)  and  Hierarchical  Component 

Analysis (HCA) with heatmap reinforce that there is a geochemical dissimilarity of sample10 

when compared with the other eleven samples. As a perspective for the poster presentation, 

Fourier Trasnform Mass Spectrometry (FT-Orbitrap MS) studies are being carried out.  

Conclusions: The preliminary results point out that one of the samples represents a distinct 

biomarkers distribution when compared with oil samples from the spill of 2019 that occurred on 

the beaches of Pernambuco. Thus, a geochemical investigation is being carried out to point out 

a possible origin.  
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Introduction: Understanding how weathering processes affect spilled oil is essential, whether 

for legal reasons to identify culprits through fingerprint analysis, or for environmental reasons to 

determine the toxicity of the spilled oil and/or to apply the most appropriate cleanup method. 

Several studies have focused on the effects of long-term weathering processes on oils after oil 

spills without considering the changes in chemical composition that occur shortly after the release  

of  oil  into  the  environment  [1–5].  Therefore,  the  present  study  provides  a comprehensive  

chemical  characterization  to  understand  the  changes  in  the  chemical composition of SEAL 

27 (°API = 27) and SEAL 20 (°API = 20) oils from the Sergipe-Alagoas basin exposed to two 

simulated situations, one under marine conditions and the other in a river environment.  

Methods: During the 72 hours of simulated weathering, five aliquots were taken from each oil 

exposed to the marine and river environments after 0h, 12h, 24h, 48h, and 72h. The aliquots were 

subjected to SARA fractionation to follow the gravimetric distribution of the saturated, aromatic 

and resinous fractions. The saturated fractions were evaluated by GC-FID and the resin fraction 

by UHRMS.  

Results: Regarding the effect of the marine environment on the oils, the SEAL 20 crude oil 

underwent molecular changes caused mainly by evaporation and/or dissolution processes, with 

no significant changes in the gravimetric distribution of saturates, aromatics, and resins (SAR 

fractions). There were no changes in saturated markers, determined by GC-FID, and no 

molecular changes in compounds with basic and acidic natures. The SEAL 27 oil showed 

significant gravimetric changes for the SAR fractions, while abiotic oxidative processes were 

evidenced for the O1 and O2 heteroatomic classes, according to the analysis using H-ESI(−)- FT-

Orbitrap  MS.  This  evidenced  that  the  SEAL  27  oil  was  more  susceptible  to  abiotic 

oxidation  processes,  being  more  vulnerable  to  weathering  processes  in  the  early  stages. 

Concerning the effect of the riverine environment on the molecular composition of the crude oils, 

it was found that this was a naturally more oxidative environment for the components of the 

SEAL 20 and SEAL 27 oils, which resulted in greater molecular changes, with mostly biotic 

oxidative tendencies. In addition, the SEAL 20 oil was more susceptible to oxidative processes, 

compared to the SEAL 20 oil.  

Conclusions: The results obtained in this work may be useful for assessing the initial status of 

intermediate and heavy oils in the early stages of a spill, in addition to providing a suitable basis 

for assessment of the efficiency of remediation methods.  
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Introduction  The continuous growth of world energy demand, encourages the oil industry to 

advance towards the exploration of unconventional oils, which is heavier and richer in polar and 

non- volatile compounds (NSO) [1], located in deep and ultra-deep regions, such as the pre-salt in 

Brazil [2].The characterization of NSO compounds is relevant for all stages of its value chain. The 

Fourier Transformed Ion Cyclotron Mass Spectrometry (FT-ICR MS)  is the main ultra- high 

resolution mass analyzer in the characterization of polar and non-volatile fraction used to the 

majority analysis in crude oil [3]. Thus was performed an comprehensive differentiation of two 

Brazilian basins lacustrine oil from pre-salt using three different data matrix for a widely 

visualization of main variables responsible for differentiation. The variable used were m/z to 

performing a rapid and efficient differentiation, the distribution of DBE, number of carbon and 

heteroatom groups.  

Methods Thirty oil samples from two different offshore Brazilian basins were selected for 

analyses. MS analyses was performed using ESI in the negative ion mode and a 7.2 Tesla LTQ FT 

Ultra mass spectrometer (Thermo Scientific, Bremen, Germany). Subsequently the ESI(-)-FT- 

ICR MS analyses and molecular formula attribution with PetroMS 2.0.  Thus the classify method 

PLS-DA was  used to  further explore differences of the ionizable polar and non- volatile crude 

oil fraction for the set of samples.   

Results  The main classes obtained were N1, N1O1, N1O2, O1 and O2 and this is in agreement 

with previous studies [4], [5], [6], [7], [8], [9]. In sequence, it was obtained sulfur compounds such 

as O1S3, O2S3, O4S1, S1, O3S1, N3O3 and N1O3. Proportionally, Basin A has more N1, O1S3, 

O2S3, O4S1, S1 and N1O3 groups, while Basin D has more N1O1, N1O2, O1, O2, O3S1 and 

N3O3. On the other hand, the number of DBE distribution; it is notable that proportionally Basin 

A has more groups with DBE among 1-5 while Basin D has groups with higher DBE. Finally, 

Basin A has more groups with carbon numbers among 10 and 30, while Basin D has more groups 

among 40 and 60. The number of carbon and DBE in these samples is higher compared with other 

lacustrine oils, which indicates that the Brazilian oil is heavier. 

Conclusions It was possible perform the discrimination between the Basin using three different methods 

each one using  a data matrix different demonstrating that using the data matrix (I) was possible performing 

the discrimination with few preprocessing data, with the data matriz (II) was possible achieve the better 
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figures of merit and the (III) data matrix was possible study the differatiation in the each  compound  class,  

obtain  the  VIPs  of  each  molecular  formula,  study  the  thermal  maturity, indicating  the  Basin  A  with  

more  thermal  maturity  and  the  Brazilian  oil  more  havier than other lacustrine oils already studied.  
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Introduction: In the characterization of asphaltenes by mass spectrometry (MS), atmospheric 

pressure photoionization (APPI) and electrospray ionization (ESI) are typically used [1,2]. 

However, the formation of deposits in capillaries during the analysis is a recurrent issue [3]. 

Asphaltene deposition in conduction lines and capillaries echoes asphaltene deposition in 

reservoirs, wells, pipes, and pumps. Hence, studying the composition of asphaltenes with high 

tendencies to precipitate is fundamental to the understanding the mechanisms involved in this 

phenomenon.  However, these studies require ionization sources that tolerate this sample behavior. 

In this context, condensed-phase ionization sources, such as the laser desorption ionization (LDI), 

become alternatives to studying asphaltene. Therefore, in this contribution we demonstrate LDI 

as an effective tool for the characterization of asphaltenes by Fourier transform ion cyclotron 

resonance (FT-ICR) MS without the occurrence of any capillary obstruction during the analysis. 

In addition, structural information about asphaltene fractions was obtained by using collision-

induced dissociation (CID) experiments [3].  

Methods: The asphaltenes were precipitated, washed, fractionated, and analyzed according to the 

method reported by Silva et al [3]. Briefly, purified C7-asphaltenes were adsorbed on dried silica 

and placed in a Soxhlet apparatus to perform fractionation using the following eluotropic series:  

acetone, acetonitrile (ACN), Hep, Heptane/Toluene 1:1 vol/vol (Hep/Tol), Tol, 

Tol/tetrahydrofuran 1:1 vol/vol (Tol/THF), THF, and THF/methanol 4:1 vol/vol (THF/MeOH). 

Finally, all the samples were analyzed in positive-ion mode LDI on a SolariX FT-ICR MS.   

Results: LDI (+) FT-ICR MS was effective in analyzing unstable asphaltenes. The ionization 

efficiency of each sample through positive-ion LDI source was calculated. Then, the results 

reinforced the importance of fractionating asphaltenes, as in the analysis of an unfractionated 

sample, most compounds undergo ionic suppression. In sequence, through the CID experiments, 

it was verified the separation of samples enriched in island and archipelago motifs. In addition, it 

was possible to calculate the relative percentage of product ions originated from the cleavage or 

alkyl bridges between aromatic cores in archipelago-type structures. Conclusions:  Herein, 

positive-ion LDI was introduced as an adequate tool to ionize asphaltenes. In addition, structural 

characterization of the fractions was performed by using CID experiments. Therefore, using these 

tools it was possible to characterize asphaltene samples enriched in island and archipelago motifs.   
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Introduction: Identifying the source of oil spill is fundamental for the definition of strategies and 

choices of efficient analytical methods that can be used in the characterization of the chemical  

composition  of  the  petroleum  material.  Gas  chromatography/mass  spectrometry (GC/MS) is 

frequently used in geochemical studies focused on the chemical characterization of samples from 

oil spills in natural environments. In addition, Fourier Transform MS (FT-MS) techniques, such 

as FT-Orbitrap MS, have provided data of ultra-high resolution and mass accuracy in analyses of 

complex chemical mixtures as oils. Since the end of 2019, the entire Brazilian community has 

been following the immeasurable environmental impacts caused by the contamination of the 

Northeast coastal coast by a material from oil exploration. We aim to evaluate the temporal 

chemical modification of samples of this oil spill in 2019 on the coast of Pernambuco (PE), Brazil.  

Methods: Three samples of oils were collected between September 2019 and April 2021 in the 

beaches  of  municipalities  of  Cabo  de  Santo  Agostinho/PE  and  Ipojuca/PE. The  GC/MS 

analyses were performed using the Multiple Reaction Monitoring (MRM) acquisition mode 

following  previously  established  methodology,[1]  in  equipment  model  TQ8040  (Shimadzu 

Corporation, Japan) with EI (Electron Ionization) ionization source at 70 eV. Electrospray 

ionization (ESI) and atmospheric pressure photoionization (APPI) were used in a FT-Orbitrap MS 

instrument according with parameters described by Castiblanco et al., 2020.[2] 

Results: The  GC/MS  results  allowed  the  identification  of  twenty-three  different  classical 

petroleum biomarkers in all samples, belonging to the classes of regular terpanes and steranes. 

The biomarker isomers 18α(H)-oleanane and 18β(H)-oleanane identified at the m/z 412>191 

transition was shown to be present in the chromatographic profiles of all samples, indicating 

chemical compatibility with the oils coming from the mysterious spill that occurred on the 

Brazilian coast in 2019. In the evaluation of the diagnostic ratios of biomarkers, similarities were 

found for all three samples, which were collected in different dates, however, it was possible to 

detect an intense weathering process in the most recent samples collected in 2021, which  

culminated  in  a  decrease  in  the  linear  hydrocarbon  intensities,  showing  that 

biodegradation/photo-oxidation  processes  in  the  environment  affected  the  chemical 

composition. As perspective, FT-MS studies are being carried out to corroborate with the 

indications of temporal chemical modifications in different environments.  

Conclusions: We concluded that terpanes and steranes biomarkers and their diagnostic ratios can 

safely be used for correlations of a source with a crude oil spill site, because they do not change 

over time.  
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Introduction: In Organic Geochemistry crude oils are traditionally characterized by using the 

well-known GC-MS analysis of saturated and aromatic hydrocarbons biomarkers1. In the last 

decade,  a  more  comprehensive  knowledge  of  the  petroleum  polar  constituents  has  been 

achieved  by  using  FT-ICR  MS  due  to  its  growing  capability  to  identify  unequivocally 

molecules with high accuracy and high throughput2. Different ionization sources generate ions 

through different ionization mechanisms and therefore access molecules of different polarities, 

molar mass, and aromaticity3. Highlight these differences between crude oils is crucial in 

geochemical assessments with respect to the origin, thermal evolution, and biodegradation, for 

example4.   

Methods: Thirty crude oils samples were analyzed by ESI (-), APCI (+), APPI (+), and LDI (+) 

ionization sources in an FT-ICR MS 7T SolariX 2xR. instrument. The data were acquired with a 

special arrangement to promote the highest possible resolving power and a resolution of 790,000 

at m/z 400 was achieved by harmonizing the electric-magnetic field in the cell of ICR (ParaCell)5. 

The crude oil composition in terms of hydrocarbons (HC), nitrogen (N), oxygen (O), and sulfur 

compounds (S) was obtained from mass spectra processing using Composer 1.0.6. software.    

Results: In this study, the evaluation of different ionization sources considering the species of HC, 

N, O e S classes individually is described. Briefly, LDI(+) was shown to be more sensitive to N 

species, APCI(+) ionized a greater number of S species and also HC species with DBE < 3, 

APPI(+) was more effective to HC species with DBE ≥ 4, and finally, the ESI (-) proved to be the 

most suitable for O species. From these observations, a guide with different approaches to 

accessing geochemical studies was proposed. For thermal evolution studies, the alterations 

verified on HC and S species are better evaluated by APPI, APCI, and LDI and the best choice is 

dependent on the DBE range of interest. APCI ionizes more saturated species, APPI species with 

intermediary DBE values, and LDI more aromatic structures. For origin studies, the ratios between 

different elemental classes like H/C, N/C, O/C, and S/C ratios, are highly related to the  type  of  

organic  matter.  In  this  case,  ESI(-)6,  and  APPI(+)  were  considered  the  most appropriate 

techniques. Migration and biodegradation studies should be carried out preferably by ESI(-) 

analysis considering N and O2 species composition. LDI (+) has a great contribution in samples 

with very low solubilities like asphaltenes and high aromatic structures7.   

Conclusions: This study demonstrates that the combination of  four different FT-ICR MS 

ionization  sources  can  provide  more  comprehensive,  detailed,  and  complementary 

compositional data for crude oil samples. Each ionization source reveals a piece of the puzzle in  

these  extremely  complex  sample  systems,  adding  value  to  petroleum  geochemical 

assessments.  
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Introduction:  Diesel  comprises  a  complex  mixture  containing  hydrocarbons  and,  in  low 

concentrations, compounds containing nitrogen, sulfur, and oxygen atoms [1]. Many studies over 

the past years have attempted to classify diesel as a stable or unstable composition since this fuel 

can still degrade during storage or thermal oxidative process [2,3]. Products generated as a result 

of such degradation are the reason for the formation of soluble gums and insoluble organic  

particulates,  which  in  turn  cause  a  negative  influence  on  engine  performance. Therefore, we 

report a study of the chemical composition of many ultra-low-sulfur diesel (ULSD)  samples  by  

ultra-high  resolution  mass  spectrometry  (UHR  MS)  combined  with chemometric approaches.     

Methods: ULSD samples were classified as stable (29 samples) and unstable (10 samples) 

composition.  A  total  of  20  µL  of  the  ULSD  diesel  samples  were  diluted  to  1  mL  of 

toluene/methanol (70:30, v/v) solution containing 0.5% of ammonium hydroxide and 0.5% of 

formic acid for negative and positive-ion mode ESI analyses. The data obtained from the mass 

spectra  were  imported  to  the  MATLAB  software  and  a  matrix  containing  the  molecular 

formulas' intensities to the respective sample was built. Afterward, chemometric approaches (PCA 

and SPA-LDA) were applied.  

Results: In ESI (-), the presence of non-basic nitrogen (e.g., carbazoles) is the one that causes 

failures in the stability of ULSD samples. In addition, the PCA combined with variables selected 

by SPA-LDA described the classification of stable and unstable ULSD samples. The variables that 

most contributed to this separation were native oxygenated compounds known as antioxidants  

present  in  stable  samples  [4].  Conversely,  basic  nitrogen  compounds  (e.g., quinolines and 

acridines) were detected by ESI (+) for stable samples. These compounds, in general, are present 

in middle distillates, but their presence did not influence in the precipitate’s formation [5]. 

However, for unstable diesel, the mass range detected included intense ions that do  not  pertain  

to  any  of  the  measured  homologous  series  and  may  represent  a  soluble macromolecular  

oxidatively  reactive  species  (SMORS)  formation  present  in  the  middle distillates [6]. Besides, 

loadings analysis describes that compounds of Ox classes are the most influence variables 

belonging to unstable samples.   

Conclusions:  Preliminary  experiments  employing  ESI-MS  were  conducted  to  study  the 

chemical composition effect on ULSD stability. In summary, the presence of non-basic nitrogen 

compounds could be intimately related to the instability of ULSD samples, whereas, basic nitrogen 

compounds did not influence. Additionally, the presence of Ox classes detected by ESI (+), 

probably products of oxidative degradation of hydrocarbons, could be closely related to the 
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instability of ULSD samples. These results express the potential of using ESI-MS coupled with 

chemometric approaches as a valuable tool for diesel stability investigations. 
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Introduction: In 2019, the coast of northeastern Brazil was impacted by the arrival of a high 

amount of oil slicks. This incident is considered the most extensive oil spill registered in tropical 

oceans, affecting many coastal ecosystems and communities. The state of Ceará was the second 

state with the highest number of environmental conservation units affected [1]. In this context, 

this work aims to investigate the ingestion of oil by turtles found dead on beaches of the State of 

Ceará after the 2019 oil spill. In addition to the saturated compounds assessed by gas 

chromatography,  the  acidic  polar  compounds  were  assessed  by  high-resolution  mass 

spectrometry. The composition of the organic extract from the gastrointestinal tract (GIT) of the 

turtles was compared to the composition of the 2019 spilled oil.  

Methods: The samples assessed in this work (T06, N26, and T18) are GIT removed from turtles 

stranded dead on the beaches of Ceará. They were collected from February 2019 to August 2020 

by researchers from the GTAR-Verdeluz project. The frozen GIT was lyophilized, and the organic 

compounds extracted with dichloromethane optimized by vortexing, sonication, and 

centrifugation  followed  by  filtration.  The  organic  extracts  were  analyzed  by  gas 

chromatography (GC-FID) to assess n-alkanes, pristane (Pr), and phytane (Ph), and Fourier 

Transform Ion Cyclotronic Resonance Mass Spectrometry (FT-ICR MS) using electrospray 

ionization in negative mode to assess acidic polar compounds. Two 2019 spilled oil samples 

collected on beaches of the Ceará were also assessed.  

Results: All samples showed GC-FID chromatographic profiles characteristic of petroleum, with 

a complete series of n-alkanes, Pr and Ph, and unresolved complex mixture (UCM). The gas 

chromatogram for sample T06 resembles the 2019 spilled oils, showing well-resolved series of n-

alkanes over a smooth UCM, in a unimodal distribution [2,3]. From the ESI(-) FT-ICR MS results, 

sample T06 presented a very similar heteroatom class distribution to the 2019 spilled oils, with a 

higher abundance of the classes N1, O2, NS, O1, and N1O1. The DBE distribution of the N1, NS, 

O1, and N1O1 classes are also very similar between the T06 and 2019 spilled oil samples, 

corroborating the ingestion of the oil by the turtle. Higher differences were observed by the DBE 

distribution of the O2 class, in which sample T06 shows characteristics of less biodegraded oil 

than the 2019 spilled oils. One possible explanation is that the oil that remained in  the  

environment  under  weathering  process  suffered  some  extension  of  biodegradation, whereas 

the oil ingested and absorbed by the turtles remained with the characteristics of the just-released 

oil.  
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Conclusions: The set of results presented in this work reinforces the contamination by oil 

ingestion in the investigated sea turtles, likely causing them to die after the 2019 oil spill. The 

ESI(-) FT-ICR MS results corroborate their characteristics of the 2019 spilled oil.  
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Introduction: In August 2019, the entire coast of northeastern Brazil was hit by a high amount of 

spilled oil, with forty tons of oil collected from the coast of the State of Ceará [1]. In January 2022, 

a new oil spill occurred on the shoreline of Ceará. Accidents involving oil spills are a global 

problem as they affect many ecosystems and coastal communities [2]. Accordingly, it is essential 

to identify their origin and investigate their fate.  These  studies  can  be  carried  out  using  

resistant  biomarkers  assessed  by  gas chromatography  [3]. In  addition,  the use of ultra-high  

resolution  mass spectrometry techniques, such as the FT-ICR MS [4], has expanded these studies, 

especially in the evaluation of weathering effects. In this context, this study aims to apply ESI(-) 

FT-ICR MS as a complement to investigate the 2019 and 2022 oil spills off the coast of Ceará.  

Methods: The set of samples encompasses eight spilled oils, two oils collected in October and 

November 2019 (P01E#2019 and P02W#2019), and six oils collected in January 2022 (P01#2022 

to P06#2022) along the eastern state of Ceará [3]. The oil was extracted from the material collected 

on the beaches using dichloromethane by vortexing followed by centrifugation. The whole oil was 

analyzed by ESI(-) FT-ICR MS 7T SolariX 2xR to assess the acidic polar compounds.  

Results: Azevedo et al. [3] showed that the spilled oils collected in the cost of Ceará in 2022 had 

the same source, however, with a distinct origin from the oils that reached the Northeast coast of 

Brazil in 2019. The results from the ESI(-) FT-ICR MS analysis of these  oils  corroborate  these  

results.  The  six  2022  spilled  oils  show  a  resembling heteroatom class distribution, as follows 

(in abundance descending order): N1, O2, O3, O1, NO, NO2, O4, and O4S (> 3%). The DBE 

distribution of these classes is also very similar among the oils. On the other hand, the 2019 

samples presented a distinct class distribution, as follows: N1, O2, NS, O1, NO, and O4S (> 3%). 

Additionally, the 2019 oils presented a higher abundance of N and NS classes, while the 2022 oils 

presented a higher abundance of oxygenated classes (e.g., NO2, NO3, O3, O3S, and O4). Worthy 

to note is that it was detected in the 2022 samples several NyOxSz classes (Y = 1-3; X = 2-6; Z = 

1-2). However,  these  results  should  be  considered  with  precaution  since  acidic  polar 

compounds are very susceptible to weathering processes [4]. The higher abundance of oxygenated 

classes in the 2022 oils can indicate a higher photooxidation process under the spilled oil. In 

contrast, biodegradation seems to have affected more the 2019 oils since they present lower A/C 

ratio values (Kim et al. [5]; 0.24 and 0.56) than the 2022 oils (0.77 to 1.27).  
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Conclusions: The results from the ESI(-) FT-ICR MS analysis corroborate the distinct origin of 

the 2019 and 2022 oil spills on the coast of Ceará, in addition to bringing light on the most active 

weathering effects acting on the spilled oils.  
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Introduction:  The toxicity of  chemical  components  in  produced  water  (PW)  and  their 

unknown identity drive the need to conduct structural determination studies of these substances 

[1].  The  molecular  diversity  and  complexity  of  these  matrices  require  the  application  of 

advanced methodologies of structural characterization, therefore, PW samples were analyzed by  

orthogonal  analytical  instrumentation  techniques  such  as  HPLC-MS/MS,  and  the  data 

obtained  were  evaluated  by  bioinformatics  tools  that  allow  the  annotation  of  known 

compounds, molecular networks for propagating information from spectral libraries and getting 

candidate substances from in silico fragmentation experiments.  

Methods: Several dereplication tools were employed including Molecular Networking-GNPS, 

Network Annotation Propagation (NAP), MolNetEnhancer, Dereplicator Plus, MS2LDA, 

Feature-Based Molecular Networking (FBMN), and CFM-ID4. At first, data from molecular 

networks were obtained and analyzed (Molecular networking), and the search for substances in 

spectral libraries (Spectral library  search),  whose  approach  compares  spectra  of  known 

molecules with experimental spectra and MS/MS data confronted with a reference library. In 

addition, spectral library screening can be configured to match known molecules exactly or use 

variable dereplication to identify putative analogs of known compounds.  To improve the ranking 

of candidate structures and increase the confidence level of the structural annotations, the in silico 

NAP fragmentation tool was used. For more accurate quantification data from the determination 

of ion abundance and  to  resolve  isomeric  compounds,  the  Feature-Based Molecular Networking 

(FBMN) tool was used. The separation of compounds by chemical class was performed using the 

data mining tool MolNetEnhancer. The search strategy for analogous compounds was employed 

using the same data from searches in spectral libraries and molecular networks (Molecular 

networking).  

Results:  Sebacic acid was the most abundant  dicarboxylic  acid  among  the  annotated 

compounds, while longer chain acids, such as undecanedioic acid, were the least abundant. Mass 

differences are reported, as well as the functional groups that may be present. Mass differences 

are reported, as well as the functional groups that may be present. The molecules showed losses 

of alkyl groups, such as -CH2-CH2-CH=CH2, and, mainly, differences in the mass of methylene 

groups (-CH2) referring to the homologous series.  

Conclusions:  The  tool  classified  the  compounds  mainly  into  benzenoids  (8  compounds), 

carboxylic acids and derivatives (over 50 compounds), and heterocyclics containing other 

heteroatoms (36 compounds). Regarding the toxicity of the annotated compounds, substances such 

as heptanedioic acid and pimelic acid have ecotoxicological effects, therefore, the disposal of 
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samples containing these constituents in marine environments can cause toxic effects on the 

ecosystem.   
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Introduction: Palm oil, derived from Elaeis guineensis is the most consumed vegetable oil in the 

world, with a high potential for its use in the biofuel industry [1]. The expansion of this crop in 

marginal areas can face challenges, such as the water deficit encountered in most parts of the 

globe, which can lead to an impact on the oil palm fruit harvest and palm oil production [2]. The 

objective of this study was the metabolic profiling characterization of palm oil leaves submitted 

to different drought stress.  

Method: The metabolic profiling of Elaeis guineensis leaves was performed on 8 control samples 

(normally irrigated) and 8 samples without irrigation, where 4 were collected at 7 days of drought 

stress and the other 4 were collected at 14 days of drought stress. An extraction protocol, which 

uses a mixture of solvents (water, methanol and methyl tert-buthyl ether), was used to extract a 

wide range of metabolites, from polar to non-polar, in a single shot. All samples were analyzed on 

a UHPLC system equipped with a reversed-phase Acquity UPLC BEH C8 column. High-

resolution mass spectrometry (HRMS) was performed on a Q-TOF analyzer using an electrospray 

source in ESI(+)-MS and ESI(-)-MS. Acquired data were pre-processed using XCMS Online for 

feature detection and retention time alignment and further exported to MetaboAnalyst 4.0 for 

multivariate analysis. After the XCMS pre-processing, data matrices were obtained from ESI(+)-

MS (3364 features) and ESI(-)-MS (2539 features).  

Results: Using PCA, both ESI(+)-MS and ESI(-)-MS datasets presented a clear segregation 

between control, drought stress of 7 days and drought stress of 14 days, showing that the 

metabolism is highly affected by the lack of water. More importantly, the 7 days group was closer 

to the control group, when compared to the 14 days group, reflecting the metabolism changed 

gradually from 7 to 14 days.  HCA confirmed the results, where the 14 days group was the furthest 

among the groups. On ESI(+)-MS heatmap, there was a higher ratio variation between up and 

down-regulated metabolites in each group, whereas on ESI(-)-MS the up- regulation prevailed, 

with metabolites having a higher concentration on the 14 days period. The mummichog algorithm 

[3] with putative identification was applied and, on ESI(-)-MS, 92 metabolites were identified 

with a fold change higher than 2, with numerous pathways affected, e.g., Pyrimidine metabolism,  

TCA cycle, isoleucine biosynthesis,  asparagine biosynthesis, flavonoid biosynthesis, etc. On 
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ESI(+)-MS, 18 metabolites were identified with fold > 2, where the  most  affected  pathways  

indicated  were:  flavonol,  syringetin  and  leucodelphinidin biosynthesis.  

Conclusion: The analysis of the metabolic profile of the present study was efficient to correlate 

and differentiate groups of palm oil plants submitted to different levels of drought stress. The 

identification of metabolites and their pathways can be used in future multi-omics analyses.  
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Introduction: Cassava ranks fourth among the main crops in terms of total planted area and 

production in tons in the state of Sergipe [1]. The harvested biomass residue presents a high 

potential as raw material for the pyrolysis process, to produce bio-oil in good yields, which was 

chemically characterized by UHRMS employing different ionization sources.  

Methods: Cassava harvest residue (aerial part of the plant and rhizome) was collected in the rural 

area of the state of Sergipe, Brazil. The material was sun drying, milled, and subjected to the 

pyrolysis process at the temperature of 600 °C in a rotary kiln reactor previously described by 

Santana et al., 2019 [2]. The pyrolytic oil was comprehensive characterized by UHRMS analysis.  

Results: The cassava pyrolysis resulted in a bio-oil yield of 12.6%, in the UHRMS analysis, the 

APPI(−) spectra presented a lower influence of ion suppression which resulted in spectra with 

more homogeneous intensities, presenting ions with higher m/z, such as recognized in the C  

versus  DBE  plot,  represented  by  ions  distributed  in  a  larger  region on  the  diagram. 

Histograms presented the same representative oxygenated chemical classes (O2‒5) for bio-oil 

constituents in negative ionization mode, differing only in relative intensities between the HESI 

and APPI. The van Krevelen plots show that the constituents of these classes are distributed mainly 

in the regions assigned to phenolic compounds (O/C ~0.1‒0.6 and H/C ~0.6‒1.3) and lipidic 

compounds (O/C ~0.1‒0.3 and H/C ≥ 1.2) [3,4]. Analysis by both HESI and APPI ion sources 

operating in positive ionization mode presents the  same  nitrogen-containing  classes  (N1‒2  e  O1‒

2N1‒2),  which  differ  only  in  the  relative intensities. APPI(+) histogram analysis showed fewer 

Ox classes and fewer oxygen atoms in these classes, in which O2 and O3 classes were ionized in 

both ionization sources. This result is due to the characteristics of the compounds mainly ionized 

by the APPI source, medium to low polarity compounds. The high number of N-containing classes 

can be explained due to the amount of elemental nitrogen determined in the bio-oil, which is 

around 1.8%. van Krevelen diagram showed that the distribution of bio-oil constituents is in the 

H/C region from 0.5 to 1.5 and N/C <0.25, which can be proposed to be mostly as aromatic 

compounds with pyridine, imidazole, or pyrazine skeletons, that may come from the thermal 

degradation of biomass proteins.  

Conclusions: The data of the UHRMS bio-oil comprehensive characterization showed that the 

HESI and APPI ionization sources are pretty equivalent in the function of bio-oil speciation. Both 

sources promote the ionization of the same chemical classes and the ion distribution obtained by 

van Krevelen plots, making it possible to confirm this information. However, APPI had the 

advantage over HESI of suffering less ion suppression interference, which makes it more suitable 

for this analysis kind.  
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Introduction: Aiming at the best use of the macaúba (Acrocomia aculeata) endocarp with an 

application of greater added value, the pyrolysis of this material producing, in addition to charcoal, 

a bio-oil and biogas, which may be of interest to other industrial branches, such as biorefinery to 

production target molecules, the agronomic and biotechnological sectors for the production of 

agricultural bioactives like biodefensives and biostimulants (COLOMBO et al, 2018). For this, it 

is extremely important to characterize the products generated from the pyrolysis of macaúba 

endocarp, however, the characterization of pyrolytic bio-oil is difficult, as it has a complex 

composition, with the presence of compounds of various sizes, structures and functional groups, 

requiring numerous sophisticated characterization techniques, such as GC- MS, however it is 

necessary that the bio-oil be fractionated for better elucidation. In this context preparative liquid 

chromatography (Prep-LC) is an exceptional purification technique, the objective is to isolate as 

much as possible of the components desired (FORNSTEDT; FORSSÉN; SAMUELSSON, 2017). 

This work aims to use the Prep-LC technique to obtain fractions from bio-oil obtained by pyrolysis 

of macaúba endocarp and elucidate them in GC-MS.  

Methods: For the pyrolysis process, 150 g of macaúba endocarp with a granulometry of 20 MESH 

were weighed and placed in the Benchtop Pyrolysis Reactor at a temperature of 450°C with a 

residence time of 1 hour. Prep-LC was performed in a Bucchi Pure C-810 Flash equipment, using 

a FP ID Si 24g column as stationary phase, hexane (A) and ethyl acetate (B) as mobile phase in a 

32 mL/min flow rate. The gradient of mobile phase was initially 100% A until 4.2 min, so 85% A 

until 8.4 min, 70% A until 16.8 min, 50% A until the end of the chromatographic separation (25.5 

minutes). The UV sign was monitored at 220, 224, 280 nm and full scan (200 – 400 nm). All the 

peaks that have been identified was collected in 50 mL tubes. Characterization was performed on 

a Thermo Scientific GC-MS Trace 1300 ISQ QD with a TG-5MS (30x0.25x0.25), in a PTV 

Injector 1:200, flow of He 1.0mL/min at 200°C. The oven starts at 50°C (3 min) with rate of 

20°C/min to 190°C (5 min), and 260°C (5 min) at 5°C/min. The MS TIC in EI 70eV at 290°C and 

Source 250°C and mass 25-400amu. The chromatograms were analyzed by Thermo Xcalibur Qual 

Browser 4.0 and the peaks were selected using the Genesis Algorithm and use NIST MS 2.2 for 

the elucidation of the compounds.  

Results: Were observder six groups of compounds (Fig 1) on the Prep-LC that were elucidated 

on the GC-MS.  

 

 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

443  

Fig 1: Prep-LC Chromatogram  

 

The GC-MS analyzes (Fig 2) showed a distribution mainly of phenolic compounds, ketones, 

aldehydes and carboxylic acids, such as catechol, guaiacol, acetic acid and cresol.  

Fig 2: GC-MS Chromatograms.  

 

Conclusions: The use of Prep-LC with GC-MS for the characterization of macauba endocarp bio-

oil using was satisfactory.  
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Introduction: Brazil is one of the world’s largest producers of sugarcane, and with ~38% of the 

total world production also a source of Sugarcane bagasse (SCB) and straw (SCS) residual 

biomasses [1,2], which can be converted into valuable products for the chemical industry by 

thermal conversion process as pyrolysis for bio-oil production [3]. The production of bio-oil from 

SCB has been extensively explored in recent years [4], however, SCS, which has a chemical and 

energy potential comparable with bagasse, is still an undervalued residue of the sugarcane 

industry. In view of this, aiming at the production of bio-oils from SCB and SCS, this work made 

the evaluation of the chemical composition of both pyrolytic liquids by applying bio-oilomics 

studies.  

Methods:  SCB  and  SCS  were  collected  from  the  sugarcane  biorefinery,  located  in 

Iracemápolis, São Paulo, Brazil. After collection, the biomasses were sun-dried, milled, and 

subjected to pyrolysis at a temperature of 500 °C in a microreactor tubular oven, as described in 

our previous work [5]. The pyrolytic oils produced were characterized by UHRMS analysis using 

a HESI(±)-FT-Orbitrap MS system.  

Results: Pyrolysis of SCB and SCS resulted in ~65% pyrolytic liquid yield for both feedstocks. 

Analysis by HESI(–)-UHRMS revealed that the acidic constituents of the produced bio-oils refer 

to oxygenated species containing 1 to 12 oxygen atoms and with comparable relative abundances 

among the samples. When evaluating the molecular distribution of the species in the van Krevelen 

diagram, a similar distribution profile was observed between the two bio-oils, where species of 

aromatic character, commonly attributed to lignin derivatives, were the main molecules detected 

in the negative ionization mode. The basic components of the bio-oils, detected by HESI(+)-

UHRMS, concerned oxygenated molecules (classes O2-11), and nitrogen compounds (N1-3, O1-6N1, 

and O1-3N2). The van Krevelen diagram for the different groups of compounds showed that the 

oxygenated species mainly refer to holocellulose derivatives, ionized mainly as [M+Na]+ adducts, 

while the nitrogen compounds are derived from the protein matrix present in the biomass. 

Furthermore, it was observed that the molecular distribution profile is equivalent among the 

samples, which indicates a similar composition among the bio-oils.  

Conclusions: The results showed that both biomasses produce pyrolytic liquids with similar 

yields to each other. Moreover, the compositions of these products exhibit a high degree of 

equivalence  since  the  same  compounds  were  formed  during  the  pyrolytic  process.  Thus, 

sugarcane bagasse  and  straw can potentially  be used by the sugarcane sector to  produce 

renewable-based industrial chemicals from the pyrolysis process, enabling the industry to expand 

its product portfolio through the sustainable management of its residues.  
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Introduction: The definition of a chromatographic analysis speed based simply on analysis time 

is an outdated concept to define conventional chromatography, fast chromatography, and 

emerging  high-resolution  techniques  such  as  comprehensive  two-dimensional  and 

comprehensive three-dimensional gas chromatography combined with a broad range of mass 

spectrometers. The separation speed can be classified using the Average Theoretical Peak Time 

concept (ATPT), defined for the first time in 2022 [1]. This concept can also be used to develop 

and evaluate analytical methods. The application of ATPT will be demonstrated for the analysis 

of  biofuels,  as  well  as  the  GC×GC/TOFMS  parameters  that  are  relevant  to  improve  the 

separation speed.    

Methods: Here,  the  metric  average  theoretical  peak  time  (ATPT)  is  demonstrated  and  

applied  for separation speed, considering conventional and multidimensional separations of 

biofuels. This metric  was  applied  in  several  contexts  to  demonstrate  its  robustness  to  evaluate 

chromatographic separations for different techniques and analytical conditions. Applications also 

demonstrates the advantages of the use of ATPT as a method development metric tool.  

Results: ATPT can be defined as the time (in ms per peak) needed to elute a theoretical peak in a 

chromatographic system. Using this metric, it was possible to classify the analytical separations 

of biofuels in ranges, proposed for a normal speed (ATPT higher than 4000 ms/peak), high speed 

(ATPT range from 600 to 4000 ms/peak), very high speed (ATPT range from 200 to 600 ms/peak),  

hyper  speed  (ATPT  range  from  3.3  to  200  ms/peak)  and  ultra  high  speed chromatography 

(ATPT lower than 3.3 ms/peak), that combines time and efficiency metrics.   

Conclusion: The application of the separation speed concept of ATPT to biofuel analysis was 

successful to compare and classify different analytical methods and techniques. This is the first 

metric  that  can  be  applied  to  compare  separation  speed  of  one-dimensional  and 

multidimensional techniques.   
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Introduction: Biodiesel is an alternative renewable fuel (biofuel) composed of long-chain mono-

alkyl esters (fatty acid  esters).  This  biofuel  is,  nowadays,  produced  from  reactions  between  

short-chain  alcohols  (like methanol or ethanol), oils and fats of vegetable or animal origin, from 

different sources, including frying oils  and  various  oilseeds  [1].  The  process  of  oxidation  affect  

the  fuel  and  consequently  changes  its characteristics, compromising your income. In this context, 

the need arises for a study to characterize the products of the oxidative degradation of biodiesel, to 

neutralize the formation of these products. Thus, the present work aims to develop a method for 

characterizing the oxidation products of biodiesel. 

Methods: The concentrated biodiesel samples were diluted in iso-propanol, leaving a concentration 

of 0.5%. After this  dilution,  the  samples  were  already  prepared  for  injection  into  the  Ultra  

Efficiency  Liquid Chromatography equipment with a reversed-phase C-18 column. The Mobile 

Phase gradients are: (A) Acetonitrile: Water (1:1)/Formic Acid 0.1%  and (B) iso-Propanol/Formic 

Acid 0.1%.It is important to note that the races were held in two different acquisition modes and 

separately.  

Results: Initially, a liquid chromatography method coupled to high-resolution mass spectrometry 

was optimized, with 18 minutes of total time, and the possibility of increasing the separation 

efficiency was observed, thus developing a method with a longer run and the ramp. In order to 

evaluate the separation between the sample components, the separation efficiency between the peaks 

was used for comparison purposes. The resolution of the same pairs of peaks, identified by the exact 

mass, was calculated in the two analyses. Then, the results shows that the peak 1 in method a was 

0.25 and in the method B was 1.31. From the results, it is evident the improvement in separation 

efficiency using method B, with the achievement of a resolution, for the peak analyzed was higher 

than 1.0.  

Conclusions: The use of a complex parameter objective, easily and quickly obtained, proved to be 

efficient to evaluate the separation between the components of a mixture.  
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Introduction:  Lubricating  oils  play  a  fundamental  role  in  the  functioning  of  automotive 

vehicles. The techniques used to monitor the quality parameters of these oils are geared towards 

physical-chemical  analysis,  with  viscosity  being  the  main  characteristic  to  be  analyzed. 

Currently, the National Petroleum Agency (ANP) [1]uses analyzes that are not sufficient to 

evaluate the composition of lubricating oils.   

Methods: A total of 6 samples of synthetic oils and 6 samples of mineral oils, which are most 

commercialized and therefore comprise a representative pool of samples for the Brazilian market. 

The equipment used to acquire the ESI-MS data was an LCMS-2020 monoquadrupole (Shimadzu) 

operated both at the positive and negative ion modes, in the m/z range of 50- 1000.[2–4]  

Results: Mineral and synthetic lubricant oils can be easily distinguished via ESI(+)-MS of a 

simple water extract, which detects a very unique and representative pool of markers for these oils 

from different origins. Adulteration and counterfeiting are therefore easily detected  

Conclusion: The ESI(+)-MS protocol herein presented seems therefore to offer a simple, fast, and 

cost-effective approach for monitoring the quality as well as adulteration and counterfeiting of 

lubricant oils.  
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Introduction: The illegal sale of counterfeit products is a problem that affects several 

industrial sectors, including perfumery, since falsified perfumes can be quite profitable [1]. 

This practice can pose risks to consumers' health [1] since counterfeit perfumes often contain 

cheaper compounds, which can be toxic and even prohibited by cosmetic industry 

regulations. In addition, most of these fake products are not subjected to dermatological and 

quality control tests [3]. This work aimed to evaluate the performance of FTIR, NMR, and 

MS techniques in discriminating authentic Armani Code and Polo Black perfumes from their 

forgeries.  

Methods: Samples of authentic and counterfeit Armani Code by Giorgio Armani and Polo  

Black  by  Ralph  Lauren  were  analyzed  by  different  methods.  To  differentiate counterfeit 

from authentic products, we performed GC-MS analysis (GC 7890, coupled to the mass 

detector – MSD 5975 C - Mass Selective Detector of Agilent Technologies – CA, USA). In 

addition, the samples were submitted to direct analysis in positive ESI (+) MS mode in the 

Mass spectrometer LCMS 2020 – Shimadzu Corporation, Kyoto, Japan, equipped with a 

mono quadrupole mass analyzer. Aliquots of the perfumes samples submitted to the 

evaporation process in a drying oven were used for Infrared Spectroscopy analyses, carried 

out in an FTIR spectrophotometer equipped with an attenuated total reflection  (ATR)  

accessory  –  Shimadzu  IRAffinity-1.  The  evaporated  samples  also underwent  NMR  

analysis,  in  a  60MHz  bench  spectrometer  –  NMReady- 60PRO/Nanalysis.  

Results: Through GC-MS, it was possible to identify the main compounds in perfume 

formulations. This approach allows the identification of adulterating chemicals as well as 

sample-specific compounds. FTIR and 1H NMR spectroscopic techniques were also useful 

in the discrimination of perfumes through evaporated samples analysis, which can be 

evidenced by the separation of the groups by PCA and PLS-DA, as well as the percentage  

of  variation  explained  by  the  two  main  components.  Finally,  mass spectrometry (ESI+) 

by direct infusion provided distinct fingerprints for the original and false perfumes samples. 

Besides, these analyses can be done on compact, lower-cost commercial mass spectrometers 

such as the LC2020 (Shimadzu Corp).  

Conclusion: A single GC run takes approximately 30 minutes. In the case of FTIR and 

NMR, there is a need to evaporate perfume samples to remove the solvent, increasing the 

analysis time and making the process difficult. Therefore, it can be said that the ESI 
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technique requires minimal sample preparation, easy handling, can be automated, and, in a 

few minutes, it is possible to visualize a set of protonated molecules that can be used as 

markers  of  the  originality  of  perfumes.  In  addition,  these  analyses  can  be  done  on 

compact, lower-cost commercial mass spectrometers. These characteristics gave a greater 

advantage to this technique when compared to the other methodologies performed in this 

study.  
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Introduction: Bisphenol A (BPA) is a well-known endocrine disruptor that ultimately leads to 

several diseases such as breast cancer and uterus cancer [1]. BPA can be detected by a variety of 

techniques, such as Mass Spectrometry. By using the electrospray technique with ESI, it can be 

determined the amount of the analyte in different solutions [2]. Currently, many routes for the 

elimination of such contaminant from water and materials are under development, aiming either 

the reduction to safe limits or complete elimination of the disruptor. One way of removal is the 

filtration involving either native or chemically modified membranes [3]. Membranes can be 

modified to perform better results, such as mixed matrix membranes (MMM). MMMs are an 

incorporation of a material in a disperse matrix phase, such as polymeric phase [4]. The aim of 

this work is to simulate a possible water treatment protocol involving newly synthesized MMMs 

containing silica-cdots nanocomposites that leads to decontamination of water with high 

concentration of BPA.  

Methods: Chemically modified filtration membranes are produced following the procedure of 

Zheng et. al, 2021 [5], with modifications, was carried in a teflon beaker, combine 1.0 g of silica 

matrix produced, 1.0 g of glucose and 20 mL of sodium hydroxide 1M. Pour the misture in the 

PES support and let them for 10 min. Kindly blown the membrane with compress nitrogen, for 

about 30 min. After that, 20 mL of TMC in hexane (0.05% w/v) was added and left for 2.0 min. 

Remove the solution from the membrane and then wash with 20 mL of hexane, two times. Let the 

membrane to dry for 1 h before use.  

Results: BPA is mostly retained by the application of the MMM involving the nanocomposite 

without other metal oxides in the final composition. The results can reach almost 100% efficiency. 

Nonetheless, a good amount of BPA still could be captured with the application of the silica- 

zirconia-cdot nanocomposite, which reached 65% of capture.  

Conclusions: A new chemically modified membrane has been developed and tested. The product, 

which is MMM shows a good potential for water treatment applications. The decontamination of 

BPA is an example that not only confirms such efficiency but also opens a new line of materials 

research for environmental remediation.  
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Introduction: The omega-3s EPA (eicosapentaenoic acid) and DHA (docosahexaenoic 

acid) are found in fish oil. Because of their chemical structure, EPA and DHA are sometimes  

referred  to  as  long-chain  omega-3s  [1].  There  are  several  omega-3 supplements being 

sold with the most varied composition and prices and all claim to contain  EPA  and  DHA,  

so  our  study  aims  to  comprehensively  characterize  these supplements by mass 

spectrometry (MS).   

Methods:Were analyzed 5 samples  (F01, G01, L01, N01 and V01) of fish oil supplements, 

dissolving 0.1 mg.mL-1 in chloroform. ESI(+)-MS spectra  were acquired using a LTQ XL 

Ion Trap Mass Spectrometer in the m/z range of 100-1200.  

 Results:  Significant  differences  in  the  levels  of  compounds  among  sample  were 

observed. We know that omega-3 polyunsaturated fatty acids (n-3 PUFAs), especially EPA 

and DHA, are well documented in the literature. The theoretical Fatty acids (FAs) 

compositions of the TAGs from fish oils are EPA (E-C20:5ɷ-3) and DHA (D-C22:6ɷ- 3). 

Myristic acid (M-C14:0), palmitic acid (P-C16:0), and stearic acid (S-C18:0) as the main 

saturated and palmitoleic acid (Po-C16:1) and oleic acid (O-C18:1) as the major 

monounsaturated FAs (MUFAs) [2]. ESI(+)-MS fingerprints of TAG compositions of 

sample fish oil supplements shows TAG in their [TAG + H]+ forms identification by LIPID 

MAPS [3], were found in the samples F01 and G01: EEE (G60:15), C63H92O6 and m/z 946; 

EEO (G58:11), C61H96O6 and m/z 926; DDP (TG60:12) C63H98O6 and m/z 952; EPoPo 

(TG56:05) C59H104O6 and m/z 910; EPP/EPoM (TG52:05) C55H96O6 and m/z 854; DMM 

(TG53:05) C53H90O6 and m/z 824;DMO/EOS/DPS (TG54:07) C57H96O6 and m/z  878;  

DMP/EPS  (TG52:06)  C55H94O6  and  m/z  852;  EOP/ESS/DPP  (TG54:06) C57H98O6 and 

m/z 880; DOS (TG56:08) C59H98O6 and m/z 904; DSS (TG52:06) C55H94O6 and m/z 

904;The TAGs DDP, EPoPo and DMM were not found in sample L01.Samples N01 and 

V01 did not show any of the TAGs already described, which may compromise the quality 

of these fish oil supplements.  

Conclusions: Electrospray (ESI)  is soft ionization techniques that generate intact TAG 

molecular ions are useful for characterization fish oil supplements. We believe that with the  

advancement  of  our  studies,  the  identification  with  MS/MS  and  a  quantitative 

comparison will be able to corroborate the identification of products with higher quality for 

the consumer.  
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Introduction: Watercourse pollution has increased worldwide, requiring improvements in the water 

purification process. Water treatment plants (WTP) are responsible to clean and distribute this 

important  natural  resource,  but  the  solid  residue  generated  from  this  process  presents thousands 

of potential organic pollutants which requires a powerful separation technique to characterize  it  [1].  

Comprehensive  two-dimensional  gas  chromatography  (GC×GC) associated  with  time-of-flight  

mass  spectrometry  (TOFMS)  can  be  employed  in  these complex samples [2-3]. The objective 

of this work was to develop a rapid analytical method to study organic pollutants present in WTP 

sludge.  

Methods: The WTP residues were collected from an ETA located in Barra Mansa city (RJ- Brazil). 

The organic compounds were extracted using the QuEChERS methodology according to  the method 

used by Cerqueira  et  al [5].  Fast-GC×GC/TOFMS  analysis consists of an adaptation of a previous 

study [4] using a Restek Rtx-5 column with a 10 m × 0.18 mm × 0.20 μm film thickness coupled to 

a Rxi-17Sil column with a 1.0 m × 0.15 mm × 0.15 μm film thickness.  

Results: The optimized chromatographic method resulted in the separation of over 4000 compounds 

in less than 20 min. Among these, 333 compounds were tentatively identified according to direct 

comparison of the mass spectrum with the NIST database, a minimum of 80% spectral similarity 

was adopted.  All the tentatively identified occupied almost 63% of the chromatographic space and 

they were classified in their respective chemical classes. In this sample was found compounds 

belonging to different chemical classes, such as: acids, alcohols, esters, aromatic esters, lactones, 

ethers, ketones, halogenates, aliphatic hydrocarbons, cyclic hydrocarbons, aromatic hydrocarbons, 

hormones, nitrogenous, phenols, phosphorous, phthalates, aldehydes and sulfur.  Several that were 

tentatively identified in the sludge extracts can be classified as persistent organic pollutants. Among 

these compounds it is possible to mention hormones derivatives such as hexestrol, cholesta-3-ol and 

sitosterol, drugs such as tocopherol and propoxyphene, plasticizers such as dibutylphthalate, 

halogenated compounds such as brominated flame retardants. Several other compounds containing 

oxygen groups such as ketone and free fatty acids have also been identified.  The results of this study 

allowed the evaluation of the different chemical characteristics of this residue, as well as the impact 

on a possible disposal in soil and water.  

Conclusions: The use of fast-GC×GC/TOFMS cryogenic-free thermal modulator was successful 

applied in the investigation of environmental organic pollutants in sludge samples from a WTP in 

Brazil, as it was able to separate from volatile to high molecular weight compounds, such as hormone 

derivatives. In a way, this work was the precursor in the study of WWTP sludge characterization, 

since there are not many reports in the literature about this topic.  
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Introduction:  Lysine  is  a  versatile  amino  acid  that  can  be  the  target  of  many  post- 

translational modifications (PTMs). Such PTMs include succinylation and malonylation, two 

PTMs with intrinsic relations to energy metabolism, starting with their precursors: succinyl- CoA  

and  malonyl-CoA,  and  progressing  to  their  high  prevalence  on  mitochondrial  and metabolic  

proteins  [1,2].  Since  many  multifactorial  diseases,  including  schizophrenia,  are known to 

have dysregulated energy metabolism [3-8], studying these modification profiles can provide 

insight into another layer of biological regulation to understand their etiology, progression, and 

treatment.  

Methods: Several datasets from 1D and 2D liquid chromatography-mass spectrometry were 

reanalyzed in silico for succinylated and malonylated proteins. These datasets consisted of 

postmortem  brain  tissue  from  patients  with  schizophrenia  and  controls,  mitochondrial 

enrichments  of  these  tissues,  and  human  oligodendrocytes  in  culture.  The  glutamate 

hypothesis-based schizophrenia model MK-801, three antipsychotics, and co-treatments were 

studied  in  cell  cultures.  The  peptides  were  quantified  with  label-free  quantitation,  and 

bioinformatic tools extracted site-based data and affected biological pathways.  

Results: The levels of several hundred modified peptides were found to be dysregulated in 

response  to  antipsychotics,  varying  between  each.  Biologically  interesting  proteins  also 

exhibited  an  attenuated  profile  in  MK-801/antipsychotic  cotreatments.  Postmortem  brain 

regions showed differences in global modification profiles in both number and direction of 

dysregulation, with biological pathway enrichment by the dysregulated, modified proteins.  

Conclusions:  This  is  the  first  known  study  to  investigate  malonylation  in  the  context  of 

neurological  disorders  or  their  treatment,  and  very  few  have  begun  investigations  into 

succinylation in this context. It serves as proof-of-concept that these PTMs respond to both internal  

and  external  stimuli,  highlighting  the  need  for  continued  study.  Changes  in modification can 

be studied as potential biomarkers for schizophrenia and its treatment, as well as highlight 
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otherwise unseen modulations in biological pathways that are altered in disease or related to 

medication side effects.  
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Introduction: After sustaining a skin injury, healthy individuals heal in a predictable manner 

through a cascade of interconnected molecular and cellular events [1]. However, full-thickness 

cutaneous  trauma,  due  to  the  lack  of  dermis,  leads  to  difficulty  in  epithelialization  by 

keratinocytes, developing a fibrotic scar, with less elasticity than the original skin, which may 

have  disorders  in  predisposed  individuals,  resulting  in  hypertrophic  scar  and  keloids.  [2] 

Biomedical materials have excellent characteristics such as good biocompatibility and low 

immunogenicity, which can temporarily replace traditional materials used as primary dressings, 

fill damaged tissues or organs, and induce cell infiltration and proliferation, promoting wound 

repair and healing. [3]  

Methods:  In  this  work,  a  qualitative  proteomic  analysis  was  performed  to  evaluate  the 

molecular mechanism involved in the wound healing process induced by collagen matrices 

extracted  from  Nile  tilapia  skin  with  Glycosaminoglycans  (M_GAG)  and  without  (M) 

Glycosaminoglycans, in an in vivo study using immunocompetent murine model after 14 and 21 

days post-full-thickness skin injury. Tryptic peptides for each group were analyzed on an M-Class 

ACQUITY UPLC® system (Waters Corporation, Milford, MA) coupled to a Synapt XS  

quadrupole  Q-ToF  mass  spectrometer  (Waters  Corporation,  Wilmslow,  UK).  Gene Ontology  

and  Reactome  Pathways  were  performed  by  DAVID  to  analyze  the  molecular dynamics 

changes characterized by differentially expressed proteins (DEPs).  

Results: Label-free mass spectrometry detected 1,399 protein groups with a 1% false discovery 

rate (FDR) at the peptide and protein levels. Overall, 361 and 551 proteins were differentially 

expressed in the groups analyzed in 14- and 21-days post-injury, respectively, by an ANOVA 

multiple sample test followed by Turkey’s post-hoc test. Molecular analysis revealed that both 

skins were markedly represented by modulation of the immune system, with emphasis on 

controlling the acute response of inflammation at 14- and 21-days post-injury. Furthermore, both  

groups  showed  significant  enrichment  of  pathways  related  to  RNA  and  Protein metabolism, 

suggesting an increase in protein synthesis required for tissue repair and proper wound  closure.  

Other  pathways,  such  as  keratinization,  Vitamin  D3  metabolism,  and extracellular matrix 

organization, were also enriched in the groups treated with M Matrix.   

Conclusion: Both matrices improved wound healing in a full post-thick skin lesion. However, 

molecular  analysis  reveals  that  the  Collagen-mediated  healing  matrix  lacking 
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glycosaminoglycan (M) exhibited a phenotype more favorable to tissue repair, making it more 

suitable for use prior to skin grafts.  
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Introduction: According to the PAHO, yellow fever is endemic in 47 countries in Africa 

and South America. In August 2022 an epidemiological alert warned about the current 

outbreaks in Brazil and highlighted the importance of vaccination to control them. Yellow 

fever virus uses a mosquito vector and the symptoms of the illness vary from mild to severe, 

that represent 15% of cases with 50% mortality risk due to renal, hepatic, neurological 

impairment, and hemorrhage. Diagnostic techniques include immunoassays and PCR from 

patient serum. In this study, we performed proteomics analysis on serum samples from 

different patients who either recovered or died from yellow fever using trapped ion mobility 

spectrometry (TIMS) coupled to quadrupole-time of flight mass spectrometry to evaluate 

and understand the progression of this disease.  

Methods: Pooled serum samples from a control group, a group recovered from infection 

and group from patients who died of yellow fever were analyzed by 2 workflows: no 

depletion (ND) and by depletion (D) with acetonitrile. Serum proteome samples were 

digested with trypsin and 200 ng was loaded on column. Data were obtained using a 

timsTOF Pro 2 instrument coupled to a nanoElute (Bruker Daltonics) operating with an 

Aurora nano column (25 cm x 75 µm ID, C18 - IonOpticks, Australia) at 300 nl/min in 80 

min total run for DDA analysis and 60 min total run for dia-PASEF analysis using a library 

free approach. Raw data were processed using MSFragger or DIA-NN 1.8 at 1% FDR - 

protein level  

Results: Global proteome analysis identified around 1,300 protein groups in DDA mode 

and 2,000 protein groups in dia-PASEF from D serum. From ND samples, number of 

identified protein groups was 876 and 1,400 by DDA and dia-PASEF respectively. Total 

number of unique peptides across all analyses was 15,000. Using Label Free Quantification, 

the number of identified protein groups was 500, 800 and 1,600 when control, recovered 

and death groups were compared respectively. Several quantified proteins were up or down 

regulated across the 3 groups. In the death group compared to the control, for example, the 

hemoglobin (beta subunit) is increased about 54x, while the immunoglobulin lambda was 

increased around 381x and the transferase Formimidoyltransferase-cyclodeaminase showed 

more than a 1000-fold change in this group. Bleeding episodes and liver damage are 
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common symptoms in severe conditions and our findings reflect the clinical evidence. Other 

proteins are being evaluated to clarify the disease evolution. Pearson correlations between 

replicates showed values above 0.97 using match between runs. This data covers a dynamic 

range of 5 orders of magnitude of protein intensity (abundance).  

Conclusions: TIMS using a DDA and dia-PASEF approaches on patient’s serum, provide 

a high number of identified protein groups that can be used as biomarkers of yellow fever 

disease progression, enabling a deep evaluation of the disease pathophysiology.  
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Introduction: The understanding of the importance of the epicardium in heart repair has increased the 

interest in developing strategies to explore its regenerative potential for human therapies [1,2]. 

Following myocardium infarction, epicardial cells are activated and provide a source of progenitor cells. 

MALDI Mass Spectrometry Imaging (MSI) is a powerful tool that facilitates the molecular complexity 

of tissue, at a proteomic level, to be mapped entirely in situ and in this context may highlight molecular 

alterations that occur during the healing process following pharmacological therapy [3,4].  

Methods: Thin epicardial slices were obtained by vibratome slicing. Cultured slices are treated with 

novel compounds targeting epicardial-derived cells (EPDCs) proliferation. Epicardial layer and tissue 

architecture maintenance are verified by immunohistochemistry (IHC) assays. Then, Formalin-fixed 

paraffin-embedded (FFPE) epicardial slices were analyzed by MALDI-MSI targeting the generation of 

preliminary protein profiles from epicardial and myocardial regions.  

Results: Epicardial and myocardial slices provided an optimum model for studying epicardium 

physiology and applying pharmacological therapies. IHC assays demonstrate the maintenance of the 

epicardial layer on the porcine slices, by Wilms tumour protein (WT1) and mesothelium targeting 

antibodies.  The  MALDI-MSI  analysis  provided  a  preliminary  region-specific  protein  profile, 

discriminating epicardial from myocardial areas (ROIs). The average spectra were differentiated by 

Principal  Component  Analysis  (PCA),  whereas  the  pairwise  ROC  approach  was  employed  to 

highlight the peaks that differentiate the two groups, with AUC > 0.8, such as ions at m/z 976.50, 

1019.64 and 2705.45. Additionally, nano-scale liquid chromatography tandem mass spectrometry (nLC-

MS/MS) identifies relevant proteins, such as dermatopontin, plasminogen and Blood-vessel epicardial 

substance.  

Conclusions: Considering the similarity in morphology and physiology of the human and porcine heart, 

the employed tissue-slicing approach provides a relevant translational research model for exploring 

pharmacological therapy. MALDI-MSI proved to be a suitable approach to highlight and explore 

molecular pathways implicated in the epicardial regenerative response of ischemic injuries into the 

myocardium.  
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Proteomic analysis of burn tissue regeneration upon treatment with 

biological dressing of Tilapia (Oreochromis niloticus) skin in comparison to 

treatment with silver sulfadiazine  
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Introduction:  The  use  of  xenografts  for  the  treatment  of  burns  and  surgical reconstructions 

is a strategy widely used in some countries. Findings show that the use of Tilapia skin as a raw 

material for such xenografts makes the tissue remodeling process faster and more efficient compared 

to standard treatment with silver sulfadiazine, such as better re-epithelialization time and less need 

for analgesics and local anesthetics (1-4). However, the molecular mechanisms on which the action 

of this biological dressing is based are still not fully understood. This project aims to comparatively 

analyze the proteomes of cells from the burned region treated with an occlusive dressing of Tilapia 

skin (TIL group) in relation to cells from areas treated with silver sulfadiazine ointment (SULFA 

group) or with saline solution (SHAM group).  

Methods: Total  protein  extraction  was  performed  from  regenerating  tissue samples 

from mice with 2nd degree burns on days 3, 7 and 14 of each group, using a 30% urea 

buffer and maceration in a porcelain crucible. The protein extracts were then reduced 

with dithiothreitol, alkylated with iodoacetamide and  trypsinized,  and  finally  analyzed  

by  QExactive™   UHMR  Hybrid Quadrupole-Orbitrap™  liquid  chromatograph  coupled  

mass  spectrometer (LC-MS). The generated spectra were processed by PatternLab™  

software for the identification of differentially expressed proteins (DEPs) and 

Reactome™  for analysis of the pathways most represented by the DEPs of the pairs of 

TIL/SHAM and TIL/SULFA groups.   

Results: From the analysis in the Reactome software, it was possible to verify that, in relation to the 

SHAM group, the TIL group presented hyperexpression of pathways such as: metal sequestration 

by antimicrobial proteins (p-value = 0.000079), which helps in the restriction of growth microbial 

(5); antimicrobial peptides (p-value = 0.03), proteins with broad spectrum of activity against 

bacteria, viruses and fungi (6); GPVI (glycoprotein VI)-mediated  activation  cascade  (p-value  =  

0.05),  related  to  platelet  activation  and hemostasis (7); production of ROS (reactive oxygen 

species) and RNS (reactive nitrogen species) in phagocytes (p-value = 0.006), crucial for the innate 

immune response (8). Analyzing  the  PDEs  of  the  SULFA  and  TIL  groups,  immune  system,  

the  main overexpressed  pathways  in  the  TIL  group  were  neutrophil  degranulation  (p-value  = 

0.001),  innate immune  system  (p-value =  0.002)  and  antigen  processing  and  cross- presentation 

( p-value = 0.012).  
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Conclusions: There is a greater activation of the antimicrobial mechanisms and the innate immune 

system in the TIL group compared to the SHAM and SULFA groups, which may be  related  to  the  

good  results  of  this  biomaterial  as  a  biological  dressing.  Further investigations analyzing 

additional variables will contribute to elucidate the mechanisms of action of Tilapia skin.  
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Health Sciences – Sportomics 
 

Untargeted metabolomics: Evaluation of the performance of athletes in 400-

meter dash by GC-MS  
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Introduction: Metabolomics is defined as the set of metabolites synthesized by a biological system, 

including all low molecular weight compounds (less than 1500 Da). [1] The term sportomics brings 

metabolomics with a focus on the metabolic changes that occur in the individual during physical 

exercise. High-intensity physical exercises are a means of inducing metabolic stress, similar to what 

occurs in cases of a hypermetabolic state, so these results can be used to understand how the body 

responds to other extreme situations, such as trauma and sepsis. [2, 3, 4]   

Methods: Urine samples were obtained from athletes of 400 m events, which trained at the 

“Organização Funilense de Atletismo” (ORCAMPI) (6 athletes, being 3 females, and 3 males). 

Samples were collected in two stages: General Training and Specific Training, colleting the first 

morning urine (F) and the urine collected immediately after training (L). Samples were derivatized 

using the protocol of Garcia et al. [5]   

Analyses were performed on a GC–MS Agilent 7595 instrument equipped with a quadrupole mass 

analyzer. Analysis conditions were those established for retention time comparisons by the Fiehn 

library (Agilent Technologies). [6] Spectra acquired by GC-MS were pre-treated by MS-DIAL 

software (version 4.90). Data normalization was performed using weighted scatter plot  smoothing  

(LOWESS,  version  1.1).  Statistical  analysis  was  performed  using MetaboAnalyst 5.0 software.  

Results:  The ANOVA test was used to determine the metabolites that varied significantly over the 

collections, using p-value ≤0.05. The following combinations among those collected were analyzed: 

1- General Training (G-FL); 2- Specific Training (S-FL); 3- General Training vs Specific Training 

(GS-F); 4- General Training vs Specific Training (GS-L). Some significant features were   found, 

namely:  i)  lactic  acid,  which was  was higher in  samples collected immediately after training, and 

can be considered as an exercise biomarker, since it is produced in the muscles during intense activity 

[7]; ii) guaiacol, which is a product first isolated from Guaiac  resin  used  as  an  expectorant,  

antiseptic,  and  local  anesthetic  [8];  iii)  3-methyl-2- oxobutanoic acid and p-cresol, which have 

been related to diseases, the former as a metabolite from the incomplete breakdown of branched-

chain amino acids, and the later as a biomarker for uremia and renal failure [9, 10]; iv) benzoylformic 
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acid, 4-hydroxyphenylacetic acid and lactamide, which are related as features from exogenous 

sources. [11, 12, 13]  

Conclusions: The GC-MS investigation of the global metabolomic profile of urine samples from  

high-performance  athletes in  the 400-meter category  allowed identification of some putative 

biomarkers of physical exercise, related to different stages of training. The following steps involve 

a deeper discussion of the biological interpretation of these biomarkers and validation to confirm 

their relationship with the practice of this sport.  
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Health Sciences – Drugs Monitoring & Discovery 

Vortex-assisted liquid-liquid microextraction combined with liquid 

chromatography tandem mass spectrometry for simultaneous 

determination of cardiovascular drugs in human plasma  
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Introduction: Hypertension  and  dyslipidemias  are  among  the  main  risk  factors  for  the  

development  of cardiovascular diseases, which are responsible for the death of approximately 17 

million people each year [1]. There are several drugs available for the treatment of these diseases. 

Methods for the simultaneous analysis of several of these drugs are useful in a wide range of 

situations. In this context, this study aimed to develop a modern method for the simultaneous 

determination of eight cardiovascular drugs in human plasma.  

Methods: The HPLC-MS/MS analyses were carried out on an Agilent 1200 system coupled to a 

Sciex QTRAP 5500 mass spectrometer. Mass spectrometry conditions, chromatographic 

separation, and sample preparation were optimized. Chromatography was performed on a 

Phenomenex Onix Monolithic C18 column, maintained at 30 ºC. The mobile phase consisted of 

0.1% aqueous formic acid solution and acetonitrile, in gradient elution mode, delivered at a flow 

rate of 1.0 mL min-1. The injection volume was 10 µL. The HPLC eluent was split 1:10 to 100 L 

min-1 into the mass spectrometer. Nitrogen was used as both nebulizing and desolvation gas. Mass 

spectrometry detection was performed in the positive ionization mode. Blank blood samples, 

obtained from volunteers, and patient blood samples, obtained from 20 different volunteers who 

received antihypertensive or hypocholesterolemic therapy, were collected. The blank plasma 

samples were spiked with the analytes for method development and validation. For VALLME 

optimization, pH, sodium chloride concentration, volume of buffer solution, extraction solvent 

(type  and  volume),  and  vortex  stirring  time  were  evaluated.  The  method  was  validated 

according to international guidelines [2,3]. After validation, the method was applied to the patient 

samples.  

Results: The method was validated, showing to be selective (interfering peak areas less than 20% 

of the analytes  peak  areas  at  lower  limit  of  quantification),  precise  (RSDs  between  0.53%  

and 16.22%), and accurate (80.20-114.96%). Furthermore, the analytical curves were well fitted 

and the matrix effect did not affect method reliability. Suitable recoveries and lower limits of 

quantification were achieved. The developed method was successfully applied for the analysis of 

plasma samples obtained from volunteers attending a hospital service.  
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Conclusion: A bioanalytical method for the determination of eight cardiovascular drugs in human 

plasma was developed. To the best of our knowledge, this is the first method to employ VALLME 

to simultaneously determine cardiovascular drugs in a biological sample. The method proved to 

be simple, fast, and environmentally friendly, since it required low volumes of organic solvent, 

required few minutes for sample processing, and took only 8 minutes for chromatography. 

Furthermore, the VALLME procedure required low volume of sample and could be useful in the 

analysis of samples from neonates and babies.  
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Introduction: HIV still be a major public health problem, with high incidence in some countries1. 

HIV develop resistance to drugs, so new antiretroviral drugs are still needed2. LASFAE 036 is an 

Etraverine analog, developed in Farmanguinhos/Fiocruz. LASFAE 036 has a high activity against 

HIV in cell culture assay, and it is also active against Etravrine resistant strains3. An important  

step  in  drug  development  process  is  pharmacokinetics  (PK)  evaluation4.  For LASFAE 036 

PK evaluation, a UPLC-MS\MS method, based in multiple reactions monitoring (MRM) was 

developed.  

Methods: LASFAE 036 and internal standard were synthetized in Farmanguinhos. Blank mouse 

plasma, furnished by Far-manguinhos pharmacology laboratory, was used as matrix. Solvents 

were from Merck. Method was developed in a Shimadzu LCMS-8045 system, with a HSST3 

column (Waters). Chromatographic condition is a gradient, with phase A H2O 0,1% formic acid, 

phase B acetonitrile 0,1% formic acid. MRM optimization was done with Labsolution software 

tool (Shimadzu). Data were processed with Insight software (Shimadzu).  

Results: The first step was optimizing chromatography conditions. LASFAE 036 showed good 

retention in HSST 3 column and a good resolution from internal standard, using a 6 min gradient 

(10 to 90% phase B). After that, ionization conditions were optimized. LASFAE 036[MH+ 423] 

showed two more abundant transitions, 423>248(+) and 423>195(+). First transition is used for 

quantification and second transition for confirmation. Ions ratio was stable in all experiments. 

Method is selective, without relevant interference signal in blank plasma. A low carryover was 

observed. Method is linear from 5-130 ng/mL, R2 = 0,9998. Matrix effect is low, for both low and 

high concentration. 

Conclusions: UPLC-MS/MS method demonstrated selectivity, with a low carry over and an 

adequate linear range. In the near future, this method will be use in LASFAE 036 non 

compartmental PK study in mouse.  
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Introduction: N-acetylcysteine (NAC) can be used for symptomatic treatment in patients with 

Sjörgren syndrome (SS)1, and plasma levels of NAC as well as levels of glutathione (GSH) which 

results from NAC metabolism, might be useful for therapeutic drug monitoring (TDM)2 in these 

patients. Liquid chromatography coupled with mass spectrometry (LC-MS/MS) is a gold standard 

for drug measurement in TDM3. Thus, we developed and validated a LC–MS/MS method to 

measure NAC and GSH plasma level in patients with SS treated with NAC. 

Methods: Plasma (200 µL), 20 µL of internal standard (NAC-d3 and GSH-d5) at 300 nmol, 200 

µL of Ditiotreitol and 200 µL of Trichloroacetic acid 10% were vortexed and centrifuged. Then 

10µL of the supernatant were injected to an Accucore PFP column (50×2.1mm) eluted with mobile 

phase (0.75mM ammonium formate in 0.01% formic acid and 0.01% formic acid in acetonitrile) 

at 0.3 mL/min. Consistent signals with m/z 163.9>122 (NAC) and 307.8>162 (GSH)  were  

obtained  using  LC-MS/MS  system.  Method  validation  included  linearity, precision, accuracy, 

carry-over, and matrix effect.   

Results: NAC, NAC-d3, GSH and GSH-d5 eluted respectively at 1.01, 1.00, 0.88 and 0.85 min. 

The method was linear from 50to1000ng/mL for NAC (r2= 0.999) and for GSH (r2= 0.997). 

Precision assays yield a coefficient of variation of 4.5%and5.8% for NAC, respectively at low and 

high concentration, and 6.8%and17.8% for GSH, respectively at low and high concentration. The 

accuracy at low, medium, and high concentration was 88.4to114.9% for NAC and 80.1to102.0% 

for GSH. The method was carry-over safe, and no significant matrix effect was registered. The 

method was applied to measure NAC and GSH in plasma from 58 SS patients treated with NAC.  

Conclusions: The UPHLC-MS/MS method for the measurement of NAC and GSH in plasma was 

successfully developed, validated, and applied for TDM in SS patients treated with NAC.  
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Introduction: Envenomation caused by Venezuelan rattlesnakes, such as Crotalus durissus 

cumanensis (Cdc), exhibits a mixed phenotype characterized by neurotoxicity and hemorrhage [1]. 

Cdc is a widely-ranging specie whose biochemical composition and hemostatic activity of its venom 

can vary in an intraspecific manner [2]. This indicates a higher complexity of venom composition of 

Cdc in spite of previous proteomic reports found no more than 10 protein families in Cdc venom 

from Falcon State and Colombia [3,4]. In this work, we compared the proteome and hemostatic 

activities in venoms from Venezuelan rattlesnakes, Cdc and Crotalus vegrandis (Cv). Cdc venom 

was isolated from individuals found in Lara State, Venezuela, a population that had not been studied 

before. Whilst, Cv venom come from a geographically- restricted  rattlesnake,  whose  snakebite  

produce  extremely  bleeding  episodes  and  the mechanisms that trigger these hemostatic effects 

remain elusive [1].  

Methods: To this end, we performed proteomic analyses in orbitrap MS/MS, De novo peptide 

sequencing by PEAKS software, and protein composition was investigated by Peptide Spectra 

Matching (PSM) using Proteome Discoverer and Similarity Sequence Searching (SSS) under 

PepExplorer tool from Patternlab  for  proteomics  software.  Secondly,  hemostatic  activity  in  both  

venoms  was characterized  using  coagulant  methods,  as  well  as  amidolytic  assays,  

fibrin(ogen)olytic activities were determined.  

Results: Proteomic analyses revealed Cdc venom contained 219 proteins whereas In Cv venom, we 

detected 114 proteins, reporting at least 5 new protein families in both venoms. Cdc is mainly 

composed by crotamine followed by PLA2 and SVSP. Unlike,  PLA2,  SVMP  and  LAAO  enzymes  

were  more  abundant  in  Cv  venom.  We hypothesized that the absence of crotamine and a higher 

proportion of hemostatic toxins could be related with a higher anticoagulant and fibrin(ogen)olytic 

activity observed in Cv compared with Cdc venom. On the other hand, we only found peptides 

matched Daboia russelli FX activator in Cdc venom which activity was verified using FXa deficient 

plasma and amidolytic assay.  

Conclusion: This is the first report of FXa like activity in rattlesnake venom. Our results revealing 

that the simultaneous application of SSS and PSM approaches is useful to discover minority  toxins  

in  venoms.  In  addition,  it  is  possible  that  hemorrhagic  effect  upon  Cv envenomation  is  mainly  
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related  with  a  high  proportion  of  metalloproteases  and  LAOO enzymes.  Together,  our  

evidences  leading  address  pharmacological  mechanisms  behind snakebite for the improvement 

of antivenom therapy.  
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Health Sciences – Cancer Research 
 

Tissue Lipidomic Profile In Adenocarcinoma Of The Rectal Before And 

After Neoadjuvant Therapy Using Mass Spectrometry Imaging 
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Introduction: Rectal cancer incidence and mortality have been increasing globally partly due to 

the aging of the population but also due to changes in the distribution and prevalence of risk 

factors, particularly those related to diet and socioeconomic development [1]. Tumour 

evolution and the response to neoadjuvant chemoradiotherapy (neoCRT) are related to 

changes in intracellular lipid metabolism and in the tumoral micro-environment [2]. This 

work aims to characterize lipidomics changes in rectal adenocarcinoma tissues of patients 

before and after neoadjuvant CRT. 

Methods: Samples of tumoural tissue were taken from patients (n=17) at the Hospital 

Universitário São Francisco da Providência de Deus in Bragança Paulista, São Paulo, before 

and after neoadjuvant CRT (Ethics Committee CAAE 14958819.8.0000.5514) and frozen. 

After slicing on a cryostat, samples were subjected to mass spectrometry analysis by 

DESI-MSI (Desorption Electrospray Ionization Mass Spectrometry Imaging). 

Results: This study found lessened intensities of membrane phospholipids, ceramides, and 

pro-inflammatory fatty acids of the omega-6 family, such as gamma-linolenic, arachidonic, 

and adrenic acids in the tissues after neoCRT. 

Conclusions: The identification of these lipids collaborated towards obtaining a better 

understanding of the physiopathology of rectal cancer. The technique is promising for future 

use in evaluating the effect of neoCRT and tumor progression. 
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Introduction: Wilms Tumour (WT) is a paediatric kidney tumour, frequent in patients 

between 0-14 years old. It is completely curable with overall survival of ~90% [1]. However, 

cases with high-risk classification or established recidive have reduced overall survival to 

~50% [2]. A better risk-classification method is still necessary, and the search for improved 

biomarkers follows this path toward personalized treatment [3]. This work aims to identify 

differences among risk groups, integrate the spectrometric generated data into previous 

transcriptomic ones, and explore new ways to classify these samples. 

Methods: Untargeted Mass Spectrometry-based Metabolomics (LC-ESI-QToF) was used to 

analyze tissue profile (NK, Normal Kidney; WT, Wilms Tumour) under the CAAE 

09981018.3.0000.5274 and integrate it into the previously generated RNA-Seq data. Data were 

treated and analyzed in R. 

Results: Forty-six features were statistically significant to risk classification, achieving a 

classification power of 85% (WT) and 90% (NK), respectively. Among these, 22 received 

identification suggestions. In correlation analysis and pathway enrichment analysis, 4/46 

metabolites and 17/2569 genes were highly correlated, increased according to the risk 

classification, and present in the same pathway, the Glutathione (GSH) metabolism. Also, the 

Glycerophospholipid (GPL) metabolism appears to be altered. 

Conclusions: Our data suggest the reprogramming lipidome metabolism maintains cellular 

proliferation and tumour progression due to lipogenesis (GPL), and the GSH pathway on ROS 

balance prevents cellular apoptosis. Positively associated with chemoresistance for the 

high-risk group was observed, implying the subtherapeutic effect of Actinomicine D, one of 

the chemotherapy agents. The importance of multi-omics and thoughtful data analysis was 

substantial to make sense of these merged data. Additionally, the current methodology should 

be better developed for translation medicine, but it is a great sample of its capabilities in 

clinical usage. 
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Introduction: Renal cell carcinoma (RCC) represents the most common type of kidney cancer 

and is associated with high mortality despite the progress of surgical and medical management. A 

non-invasive diagnostic test is still not available due to the lack of RCC-specific biomarkers in 

body fluids. We have previously described a significantly altered profile of sulfatides in RCC 

tumor  tissues  [1],  motivating  us  to  investigate  whether  these  alterations  are  reflected  in 

collectible body fluids and whether they can enable RCC detection.   

Methods: We collected and further analyzed 143 plasma, 100 urine, and 154 tissue samples from 

155 kidney cancer patients, together with 207 plasma and 70 urine samples from 214 healthy 

controls. Mass spectra were measured using a high-resolution MALDI LTQ Orbitrap XL mass 

spectrometer (Thermo Fisher Scientific, Waltham, MA, USA) and 9 aminoacridine was used as 

MALDI matrix.  

Results: For the first time, we report the significant concentration changes of sulfatides in plasma 

and urine of RCC patients. Elevated concentrations of lactosylsulfatides, decreased concentrations 

of sphingomyelins with long saturated N-fatty acyls, and hydroxylated sulfatides are the crucial 

alterations in RCC and are more emphasized in the advanced tumor stage. Similar trends in body 

fluids and tissues indicate that RCC-related processes widely influence lipid metabolism. We built 

binary classifiers that detect RCC based on plasma and urine lipidome dysregulations, and we 

show that the plasma lipidome alterations enable distinguishing between early-stage RCC and 

controls.   

Conclusions: Our results [2] demonstrate the considerable potential of specific lipid screening 

in biofluids for RCC detection and monitoring in clinical settings.   
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Introduction: Oral squamous cell carcinoma (OSCC) is the most common oral cavity cancer, 

responsible for 90% of all cancers in the head-neck region, except for non-melanoma skin cancer 

[1]. A fast, accurate, and cheap diagnosis is required to detect the presence of OSCC in the 

preliminary stages providing better chances of success in cancer treatment. In general, the 

diagnosis is performed using proteomics and histological data. However, lipids play a key role in 

cellular metabolism [2, 3]. Therefore, understanding the lipid differentiation between healthy and  

cancer  tissues  could  be  important  to  predict  biomarkers  candidates  and  improve  the diagnosis 

system. Furthermore, a new methodology for simultaneous RNA and lipid extraction using 

TRIzol® solution was developed, and the lipid profile in both sample groups was studied.  

Methods: The samples stored in TRIzol® solution were homogenized and submitted to liquid- 

liquid  microextraction  using  chloroform  as  an  extractive  solvent.  The  organic  phase  was 

collected and submitted to the Bligh & Dyer extraction [4]. The extracts were evaporated and 

resuspended  in  a  mixture  of  isopropanol:acetonitrile:methanol:water  (3:3:3:1),  adding 

ammonium formate at 5 x 10-4 mol L-1. An analytical curve of tissue in methanol and another one 

of tissue in TRIzol® solution were performed for method evaluation. Intra-day and inter- day  

precision,  accuracy,  absolute  recovery,  and  matrix  effect  were  evaluated  in  three concentration 

levels (n=5). Cryosections of gingiva tissue (healthy and cancer ones) with 10 µm thickness were 

analyzed by matrix-assisted laser desorption/ionization mass spectrometry imaging (MALDI-

MSI).  

Results: Limits of detection and quantification were estimated in the order of ng mL-1 with good 

linearity (r² > 0.99), precision and accuracy (< 15%), and absolute recovery values ranging from 

90 to 110%. The partial least-square discriminant analysis (PLS-DA) was performed in all samples 

clustering the healthy samples and separating them from the cancer ones. The PLS- DA revealed 

that 15 lipids were responsible for describing the healthy group in the positive ion mode, while 8 

lipids described the cancer one. In the negative ion mode, 10 lipids described the healthy group, 

while 10 lipids described the cancer one. Furthermore, MALDI-MSI revealed differences in the 

distribution of lipids responsible for OSCC classification in tumor and healthy tissues.  

Conclusions:  The  present  study  reports  a  reliable,  accurate  and  precise  methodology  for 

simultaneous extraction of RNA and lipids from the same sample. Regarding the MALDI-MSI 

analyses, it is possible to conclude that the most important lipids selected by the OPSDA for OSCC 
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classification were present only, or mostly in the cancer samples while in the healthy tissue these 

lipids were extremely low abundant.  
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Introduction: Breast cancer (BC) is the most common cancer worldwide. Invasive carcinoma is 

responsible for almost 100% of BC cases, presenting phenotypic and genotypic subtypes [1]. 

Neoadjuvant chemotherapy (NACT) has gained notoriety due to its ability to reduce tumor 

size, avoiding surgical interventions. NACT is a test bench for tumor sensitivity to 

chemotherapy. Patients who achieved a pathological complete response (pCR) after NACT 

had higher rates of disease-free survival (DFS) and overall survival (OS) than women with 

residual disease [2]. Thus, this work aims to use untargeted metabolomics to investigate 

differences related to the chemoresistance processes of women with breast cancer. 

Methods: This project is a cohort study on 80 women with invasive BC who underwent 

NACT followed by surgery and showed resistance (n=64) or sensitivity (n=16) to NACT. 

Plasma samples were collected before NACT and after surgery. The Research Ethics 

Committee approved the study of UNICAMP (CAAE: 69699717.0.0000.5404). Untargeted 

Mass Spectrometry-based Metabolomics (LC-ESI-QToF-MS) was used to analyze the polar 

(HILIC chromatography) and non-polar (reverse phase chromatography, RP) plasma profiles. 

Compounds with a significant difference (t-test, p<0.05) between resistant and sensitive 

women were putatively identified using Progenesis QI and the publicly available compounds 

library (Lipid Maps, HMDB, MassBank, and LipidBlast). The identified compounds were 

used to evaluate the pathway alterations by performing Pathway Analysis by the 

Metaboanalyst 5.0 platform. 

Results: HILIC chromatography recovered 161 compounds, while 20 were identified. RP 

chromatography recovered 192 compounds, while 55 were identified. Glycerophospholipids, 

Sphingolipids, Carboxylic acids, and Fatty Acids were found between the chemical classes of 

the compounds. The pathway analysis revealed the following pathways as the significant 

ones: Glycerophospholipid metabolism, Linoleic acid metabolism, and Taurine and 

hypotaurine metabolism. 

Conclusions: A total of 353 compounds were found as significantly altered in the plasma 

metabolome of resistant/sensitive women, among 75 were putatively assigned. Three 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

485  

pathways were ranked as the most impacted ones. RP analysis recovered a higher number of 

compounds than HILIC chromatography, probably due to the availability of molecular 

databases. The molecular signatures from the plasma of women resistant or sensitive to NACT 

can help understand the effect of this unwanted process and can potentially be used as a screening 

tool to reduce unnecessary exposure to such a devastating treatment.  

Acknowledgment: This work was supported by CAPES (project # 88887.511153/2020-00) and 

FAPESP (grant # 2019/04314-6). 

References: 

1. Thomas M, Kelly ED, Abraham J, Kruse M. Invasive lobular breast cancer: A review 

of pathogenesis, diagnosis, management, and future directions of early-stage disease. Semin 

Oncol. 2019;46(2):121-132. 

2. Krug D, Loibl S. Neoadjuvant chemotherapy for early breast cancer. Lancet 

Oncol. 2018;19(3):e129.



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

486  
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Introduction: Diabetes Mellitus (DM), a condition characterized by hyperglycemia, has been 

growing at an astonishing rhythm. In 2004 it was predicted that there would be a total of 366 

million people with DM in the world [1]. According to IDF, in 2019 this number has already 

reached 463 million. Besides the known risks of retinopathy, nephropathy, among others, DM is 

both, correlated and a known risk factor for colorectal cancer (CRC) [2]. Besides favoring the  

incidence  of  CRC,  DM  also  accelerates  its  progression,  worsening  its  prognosis  [3]. 

Previously, hyperglycemia, the DM hallmark, has been shown to lead to aberrant glycosylation of 

CRC cells, heightening their malignancy both in vivo and in vitro [4]. As most diagnostic markers 

used in CRC targets glycosylation and/or differentially glycosylated antigens [5], it becomes 

important to develop new diagnostic tools fine-tailored towards CRC in diabetic patients.   

Methods: Murine adenocarcinoma cells (MC38) were cultured in normoglycemic- (LG) and 

hyperglycemic-like conditions (HG). The samples were lysed and processed with trypsin and 

PNGase-F, purified in cotton-HILIC columns, derivatized with procainamide for N-glycans 

analysis.  For  metabolites  analysis,  the  polar  metabolites  were  extracted  using  a 

chloroform/methanol/water  partition  and  the  polar  phase  was  dried,  resuspended  in  50% 

acetonitrile in water, diluted three times in water. For analysis of both the N-glycans and 

metabolites samples, a liquid chromatography coupled with an ESI QTOF mass spectrometer (LC-

MS) was used.  

Results: Among the data obtained, 67 N-glycans composition were identified in MC38 cells 

cultured  in  LG  and  HG.  Although  there  weren’t  any  noticeable  changes  in  the  ratios  of 

sialylated, fucosylated and mannosylated N-glycans in each condition, cells cultured in HG had a 

higher abundance of N-glycans, with a higher amount of fucosylated and mannosylated glycans. 

Samples cultured in HG also showed an increased amount of hybrid N-glycans. Among the hybrid 

N-glycans, there were more solely fucosylated, solely sialylated, and simultaneously fucosylated 

and sialylated glycans. The changes observed in fucosylated hybrids were mostly due to an 

increase in core fucosylation.  Among the identified N-glycans, 16 were differentially expressed, 

mostly mannosylated and fucosylated, with a minority of them being sialylated. One N-glycan 

expressed in HG cells wasn’t found in LG cells. Metabolomics analysis of polar metabolites 

indicated that the alterations observed in the N-glycosylation may be mostly due to and increased 

activated monosaccharides pool, through an increased glucose influx.   
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Conclusions: The alterations found here demonstrates the aberrant aspect of N-glycans in CRC 

cells exposed to HG conditions and shows that these changes are mostly due to an increased pool 

of activated monosaccharides in these cells, advocating for development or repositioning of 

effective treatments against CRC specifically for diabetic patients.   
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Introduction: Oral squamous cell carcinoma (OSCC) is a worldwide health problem and usually 

the diagnosis is delayed [1, 3]. The diagnosis of the disease is  based on clinical examination and 

histopathological analysis of the biopsy. Enzymes related to sphingolipid metabolism have been 

reported to be altered in this pathology and sphingolipids in samples collected by non-invasive 

techniques can help in precise diagnosis [1, 2, 3]. The objective of this work was to apply a 

sphingolipids quantitative method to analyze biological samples obtained from patients by non-

invasive techniques, such as saliva and oral cytology.   

Methods The collection of saliva samples from patients and controls, and oral cytology by 

brushing (malignant lesion and paired non-tumor tissue) was standardized and the bioanalytical 

method was validated. Subsequently, lipids were extracted with a mixture of methanol and 

chloroform, dried in a stream of nitrogen, and analyzed by using a method of coupled liquid 

chromatography  triple  quadrupole  mass  spectrometry.  The  mixture  of  nine  sphingolipid 

analytical standards was obtained commercially and used in the preparation of solutions of 

bioanalytical  method  validation.  Control  samples  collected  from  healthy  individuals  were 

analyzed to verify the sphingolipid profile. The validation of the bioanalytical method was 

performed following FDA and Anvisa guidelines [4, 5].  

Results:  The  LC-QqQ-MS/MS  bioanalytical  method  has  been  validated,  with  extraction 

recovery, linearity, precision, detection, and quantification limits for adequate quantification of 28 

sphingolipids. As expected, the sphingolipids profile of the supernatant and precipitated material 

from saliva samples and oral cytology were different. In the salivary supernatant, 10 sphingolipids 

belonging to two subclasses were detected: ceramides and sphingomyelins. In oral brushing 

cytology and salivary precipitate, 25 sphingolipids were detected. However, our results showed 

that the three types of biological samples probably do not have enough amount of sphingosine, 

sphinganine 1-phosphate and sphingosine 1-phosphate to be detected. 

Conclusions: We validated a test using LC-QqQ-MS/MS to determine the sphingolipidomic 

profile of samples collected by non-invasive techniques. The perspective of this work is to apply 

the validated methodological strategy in clinical studies to select new prognosis and diagnosis 

biomarkers  using  saliva  and  oral  cytology  samples.  Besides,  the  integration  of  clinical, 
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pathological,  and  sphingolipidomic  data  can  provide  new  tools  for  early  diagnosis  and 

prognosis in oral oncology.  
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Introduction: Breast cancer is the most common type of cancer in the world, and highly affects 

women [1]. Chemotherapy may be the first modality in the treatment of a primary breast  tumor  and  

are  usually  performed  with  a  combination  of  drugs  [2].  However, chemotherapy does not only 

act on cancer cells, but also on non-tumor cells, resulting in side effects  [2].  Functional  foods  are  

an  important  source  of  substances  capable  of  acting  at different stages of tumor development, 

in addition to decreasing toxicity in non-tumor cells [3]. Oxyresveratrol (ORV) is a hydroxystilbene 

found in blackberry (Morus alba L.) and presents several biological effects, such as antioxidant and 

anti-inflammatory activity [4]. Our group previous results of cancer cells lines viability assays 

showed for the first time the in vitro anticancer effect of ORV and its associations with 

chemotherapeutic drugs doxorubicin (DOX) and melphalan (MEL), which lead us to suggest that 

ORV and its combinations as promising candidates for clinical trials. The present work had the 

objective to investigate the incorporation of oxyresveratrol, doxorubicin (DOX), melphalan (MEL) 

and its metabolites in the human breast cancer cell lines MCF-7 and MDA-MB-231. 

Methods: The samples of treated breast cancer cell lines with the three substances (ORV, DOX and 

MEL) and their combinations were extracted, then injected into a liquid chromatograph coupled to 

a high- resolution mass spectrometer with electrospray ionization source. Commercial standards of 

ORV, DOX and MEL were also injected to confirm  chromatographic peaks’ identity, by comparing 

their retention times and the fragmentation profile of their mass spectra. Xcalibur 2.2 (Thermo 

Scientific) and TraceFinder 3.2 software were used for integration and putative annotation or 

identification of chromatographic peaks. 

Results: Oxyresveratrol was observed in all cells treated with this substance, except for one, MCF-

7 treated with oxyresveratrol in combination with melphalan. Melphalan was not detected in any 

sample treated with such substance. Doxorubicin was observed in all samples treated with such 

substance, in addition, two of its metabolites were putatively annotated, 7-deoxydoxorubicinone and 

doxorubicinol.  

Conclusions: Our results indicate that the treatment of both cell lines with the mentioned substances  

showed  an  effective  incorporation  of  doxorubicin  and  possibly  two  of  its metabolites and in 
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most cases of samples treated with oxyresveratrol, but did not show an incorporation of melphalan, 

probably due to its low treatment concentration.  
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Health Sciences – Clinical Diagnosis 
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Introduction: Pompe disease is an inborn error of metabolism caused by the intralysosomal 

accumulation of glycogen due to α-glucosidase acid enzyme deficiency [1]. It has a significant 

impact on health and life quality, and may lead to death in the first years of life [2]. Gold diagnosis 

methods are enzymatic/molecular analyses and urine glucose tetrasaccharide (Glc4) screening by 

HPLC. However, they are invasive procedures or time-consuming for sample preparation.  Thus,  

a  simple  methodology  for  targeted  analysis  and  Glc4  quantification combined  with  untargeted  

analysis  in  dried  urine  on  filter  paper  (DUFP)  using  liquid chromatography-high resolution 

mass spectrometry (LC-HRMS) was developed.  

Methods: For the method development, urine samples were spiked with Glc4 and acarbose (IS) 

solutions and added on 5 x 2.5 cm filter papers (Whatman 903), which were dried for 24h on 

plastic boxes at ambient temperature. The extraction was performed using ACN:H2O 1:1% (v/v) 

containing 0.1% of NH4OH under agitation for 15 min. The extract was  centrifuged and analyzed 

by LC-HRMS/MS in negative ionization mode combining targeted and nontargeted experiments. 

The stability of Glc4 and other metabolites in the DUFP cards were evaluated over 30 days and 

under different storage temperatures (4, 22 and 50 °C). Then, the method was applied to analyze 

DUFP of 15 Pompe patients and 15 healthy subjects.  

Results: The method showed a linear range between 1-20 μg/mL, LOQ of 1.0 μg/mL, LOD of 

0.03 μg/mL, repeatability of 3.8% (n=9) and mean recovery of 93 ± 3.8% (n=9) at three 

concentration levels. The Glc4 as well as other metabolites in DUFP showed stability up to 7 days 

at 4 and 22 °C, and up to 3 days at 50 °C. Literature data for liquid urine have demonstrated 

metabolic stability for just 24h at 4 and 22 °C [3]. For the Glc4 quantification, no statistical 

difference (p > 0.05) was found between the DUFP and liquid urine samples. PCA analysis 

demonstrated that there is a trend of separation between Pompe patients and healthy subjects. PLS-

DA analysis confirmed the results from PCA.  

Conclusion: The developed LC-HRMS method was efficient for the direct Glc4 quantification. 

Multivariate analysis showed that the method was sensitive enough to discriminate between 

Pompe patients and healthy subjects. Also, the use of DUFP cards showed to be a viable way to 

avoid rapid metabolic degradation from urine. Thus, the use of dry urine samples can be used as 

an alternative of collecting material, making it possible even to transport urine without 

refrigeration.  



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

493  

Acknowledgments: Brasil (CAPES) – Finance code 88882.183778/2018.1, JCNE/FAPERJ– E-

26/202.707/2018.  

References: 

[1] Muraoka, T. et.al.; Internal Medicine, 2011, 50, 2987. 

 [2] Chien, Y.H. e Hwu, W.L.; Biologics, 2007, 1, 195. [3] Wang, X. et al. Metabolites, 2019, 9, 

203. 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

494  

LC-Orbitrap MS targeted analysis of urinary glycosaminoglycans 

combined with untargeted metabolomics for the investigation of 

mucopolysaccharidoses  

Clarisse Torres1, Fernanda Scalco2, Maria Lúcia Oliveira2, Rafael Garrett1 

 

1Laboratório de Metabolômica (LabMeta, LADETEC), Instituto de Química, Universidade 

Federal do Rio de Janeiro   
2Laboratório de Erros Inatos do Metabolismo (LABEIM, LADETEC), Instituto de 

Química, Universidade Federal do Rio de Janeiro  

clarissetorres@hotmail.com 

Keywords: GAGs, urine, LC-HRMS, metabolomics 

Introduction: Mucopolysaccharidoses (MPSs) are rare inherited metabolic diseases caused by 

the deficiency of lysosomal enzymes needed to break down glycosaminoglycans (GAGs). The 

deficiency of specific enzymes leads to the accumulation within the lysosomes of undegraded 

GAGs. This leads to organ dysfunction represented by a variety of clinical symptoms such as 

organomegaly,  mental  retardation,  among  others.  Thus,  specific  GAG  measurement  aids 

diagnosis, therapy monitoring and disease screening [1]. In this study, we performed targeted 

analysis  of  urinary  GAGs  using  liquid  chromatography-high  resolution  tandem  mass 

spectrometry (LC-HRMS/MS) with untargeted metabolomics for a preliminary investigation of 

different types of MPS.  

Methods:  Urine samples from 11 healthy volunteers and 7 MPS patients (MPS I, II, III, IV and 

VI) were selected. Disaccharides from chondroitin, dermatan, heparan and keratan sulfates (CS, 

DS, HS, KS) were obtained by methanolysis as described elsewhere [2]. A pooled QC was 

prepared by mixing 5 µL of each sample after preparation procedures. The samples were 

analyzed using a Waters HILIC-Amide column in a Thermo Q-Exactive Plus MS equipped with 

an ESI source in positive mode. Full scan with MS/MS experiments and PRM of target 

disaccharides were acquired. Multivariate data analysis was performed in the Metaboanalyst 

platform. This study was approved by the Institutional Ethics Committee (HUCFF-UFRJ– 

number 3120923).  

Results:  In the targeted analysis by the PRM experiment, an increased excretion of DS and HS 

related to MPS I, II, III and VI was observed. It confirms the biomarkers related to those types 

of MPS. Multivariate analysis was applied to the methanolized sample data to search for 

additional biomarkers. PCA showed that QCs were properly clustered and a clear separation 

between the MPS and control groups. PLS-DA showed that HS and CS ions were among the 

highest VIPs, but other features not related to GAGs were observed. Molecular networking 

revealed a KS trisaccharide apparently related to MPS IV. However, further investigation must 

be pursued related to its potential specificity.  

Conclusions:  Targeted analysis of GAG disaccharides derived from methanolysis of MPS urine  

samples  showed  increased  levels in DS  and HS  related to MPS I,  II,  III  and VI. Multivariate 

analysis was used to differentiate control from MPS groups. PLS-DA showed VIPs not related 

to GAGs, indicating that other compounds are important to enhance method selectivity.  
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Introduction: Fabry disease, an X-linked inborn error of metabolism, results from pathogenic 

mutations in  the  α-galactosidase  A  gene  (GLA).  These  mutations  reduce  or  abolish  the α-

galactosidase  A  activity  [1],  and  results  in  accumulation  throughout  the  body  of 

glycosphingolipids in the lysosomes, including globotriaosyl-sphingosinein (lyso-GB3), in 

particular the kidney, heart, and brain [2]. Lyso-GB3 may be elevated in symptomatic patients and 

supports a diagnosis of Fabry disease. It may also be helpful as a tool for monitoring disease 

progression as well as determining treatment response in known patients.  In  addition,  measurement  

of  Lyso-GB3,  may  provide  additional  diagnostic information in the evaluation of uncertain cases, 

such as in asymptomatic heterozygous female patients, individuals with novel GLA variants of 

unclear clinical significance, as well as asymptomatic patients identified by family screening [2].  

The aim of this study was to develop and validate a simple, rapid and sensitive LC- MS/MS method 

for quantification the Lyso-GB3 in dried blood spot (DBS) samples. 

 Methods: All experiments was performed on Waters TQ-S Micro LC-MS/MS system. The gradient 

chromatographic separation was performed using a Waters BEH C18 column in 3.5 min. One DBS 

punch of 3.1 mm diameter was used for analysis in a microtiter plate and then, a solvent extraction 

containing stable isotope analogue of Lyso-GB3 was added. After incubation  time,  the  supernatant  

was  directly  injected  into  LC-MS/MS  system.  The method was validated for linearity, carryover, 

intra and inter-day precision and the limit of quantification was determined. A comparison with a 

reference lab was conducted by analysis of 56 real samples from routine (26 abnormal samples and 

30 normal samples) and was evaluated by Passing-Bablok regression.  

Results: The method was linear between 0.2-100.0 ng.mL-1. The recovery was between 81.0 and 

139.7%,  that  was  acceptable  considering  CLSI  guideline  for  DBS  validation  (CLSI NBS04-

A). The  intra and inter-day precision  was  below of 12.1% and the limit of quantification was 0.2 

ng.mL-1. The Passing-Bablok regression with the real samples was y = 1.139x – 0.0238 and 

Spearman coefficient was 0.929.   

Conclusion: In conclusion, the LC-MS/MS method for Lyso-GB3 determination in DBS samples 

was successfully validated. The sample preparation is simple and the chromatographic method is 

rapid for routine laboratory. The application in real samples demonstrated a good correlation with a 

reference laboratory that ensure the method as an important tool to help the diagnosis and monitoring 

the treatment of known Fabry patients.  
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Introduction: New Psychoactive Substances (NPS) are defined as a group of substances produced 

from molecular modifications in known drugs, in order to evade from nominal-list-of-controlled- 

substances-based  legislation  [1].  These  molecules  appear  as  a  public  health  problem,  since 

information about their toxicity is poorly known. Thus, the evaluation of metabolism of these 

molecules  and  the  identification  of  their  respective  metabolites  is  extremely  important  to 

understand their toxicology [2]. Eutylone is an NPS, first identified in Brazil in 2017 by the Federal 

Police [3], with an increased number of seizures in the United States in the last years [4].  

Methods: To evaluate the metabolic stability, reference materials of Eutylone and Dapaconazole 

(internal control) were incubated with rat liver microsomes (RLM) at 2 mg/mL for different times 

(0, 3, 5, 10, 15, 30 and 60 minutes). The ionization source was electrospray ionization (ESI) in 

positive mode. Both substances were analyzed in multiple reaction monitoring (MRM) mode (for 

Eutylone, were monitored the transitions 236.1>188.0 and 236.1>174.0 m/z; and Dapaconazol, only 

415.0>159.0 m/z). For the elucidation of the metabolites, the same procedure was employed, using 

an incubation time of 15 minutes, but the material was analyzed by LC- HRMS QTOF, model 

LCMS9030 (Shimadzu, Kyoto, Japan). Spectra were acquired in ESI+ using: MS fullscan, with 

scan ranges set from 80-400 m/z; and MS/MS mode, with scan ranges set from 80-300 m/z and CE 

35±15 eV.  

Results: In the metabolic stability experiment, we could define the susceptibility of Eutylone in a 

microsomal medium. The levels of this drug decreased considerably within time. After 3 minutes 

of incubation, about 30% remained unmetabolized; being almost undetectable after 10 minutes of 

reaction with the microsomal enzymes (Fig. 1).  
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Fig. 1. Figure showing the biotransformation rate of Eutylone.  

Only one metabolite (Metabolite 1) was found following the described method. This product of 

biotransformation is generated through a demethylenation reaction. The MS/MS spectra of 

Eutylone and its metabolite, as well as their fragments and structures are displayed in fig. 2.  

 

Fig. 2. The MS/MS spectra obtained and the proposed fragments of Eutylone and Metabolite 1.  

The restricted number of metabolites found in this preliminary data may be due to the low 

concentration of the drug employed for this assay, since previous studies have demonstrated the 

requirement of higher concentrations of the analyte [5].  

Conclusions: Here we described significant kinetic information about an NPS with increasing 

number of seizures and a restrict number of pharmacological data. To our knowledge, this is the 

first study that evaluates pharmacokinetic parameters of Eutylone in RLM. Hence, we report a quick 

metabolization profile of the drug using 2 mg/mL RLM. Furthermore, we could detect one 

metabolite, even using a low concentration of the analyte when compared to the literature.  
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Introduction: Exocyclic DNA adducts are among the deleterious DNA lesions induced by 

occupational and environmental carcinogens that have been studied over the years due to their 

major  role  in  mutagenesis  and  carcinogenesis  processes[1,2].  Lipid  peroxidation  is  also 

considered one of the main sources of DNA adduct formation [3]. Previously, we demonstrated 

that singlet molecular oxygen (1O2) can react with the lesion 1, N²-etheno-2'-deoxyguanosine 

(1,N²-εdGuo) through cycloaddition [2+2] resulting in 2'-deoxyguanosine (dGuo) as a final 

product, which means that the 1O2 restored the normal nucleoside. Furthermore, in this reaction, a 

1O2 intermediate product containing a diol group in its structure was detected [4]. Therefore, the 

aim of the present work was the elucidation of chemical mechanisms involved in the oxidation 

reactions of other additional ethenoadducts 1, N6-etheno-2'-deoxyadenosine (1,N6- εdAdo) and 3, 

N4-ethenocytosine (3,N4-εCit) by ¹O through analysis and characterization of generated products 

mainly by mass spectrometry (MS).  

Methods: Adducts 1,N6-εdAdo and 3,N4-εCit were synthesized by the reaction between 21- 

deoxyadenosine (dAdo) or cytosine and chloroacetaldehyde. Type II photosensitization using 

bengal rose and endoperoxide thermodecomposition (DHPN16O2 and DHPN18O2) were used to 

generate 1O and 18[1O2], respectively. The stability of the products was also evaluated. The 

detection  and  characterization  of  products  were  achieved  by  high-performance  liquid 

chromatography coupled with electrospray ionization tandem mass spectrometry (HPLC–ESI- 

MS/MS) using isotopic labeling and nuclear magnetic resonance analysis (NMR).  

Results: Oxidation of 1,N6-εdAdo resulted in the formation of N-formyl-dAdo and dAdo products. 

We proposed that 1O reacts by cycloaddition [2+2] with the etheno group forming an unstable 

intermediate product, N-formyl-dAdo, which cleaves and losses a formyl group resulting in the 

dAdo as a final product when incubated at 37°C. Data obtained from mass spectrometry with 

isotopic labeling showed that 18O was incorporated in the formyl product confirming the 

participation of  1O2 in the formation of the product. Oxidation of 3,N4-εCit resulted in the 

formation of cytosine-glycol, N-formyl-cytosine, and cytosine. Interestingly, cytosine-glycol and 

N-formyl cytosine decomposed to cytosine as final product when incubated at 37°C. Data obtained 

from MS with isotopic labeling showed that 18O was incorporated in the formyl and glycol 

product, confirming the participation of 1O2 in the formation of both products. The formation 

mechanism of cytosine-glycol is not yet well established yet.  

Conclusions: Data obtained in this work suggest that the reaction of 1O2 with 1, N6-εdAdo and 3, 

N4-εCit resulted in the formation of dAdo and a cytosine as final products, respectively. Therefore, 

from these results, we suggest the possible role of  1O2 in the cleanup of DNA ethenoadducts by 

regenerating the normal nucleobase cytosine and dAdo.  
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Introduction: Vitamins have important roles in physiological functions to maintain good 

health[1-3].  Scientific  publication  reports  their  potential  implication  in  different 

pathogenesis caused by oxidative stress. Their role as biomarkers is evaluated. Vitamin A, C, 

E, K1 and 25-OH-Vitamin D in serum are extracted and a quantification using Laser Diode 

Thermal Desorption and tandem mass spectrometry (LDTD-MS/MS) is chosen as a fast-

analytical technique.  

Methods: For Vitamin A, E and 25-OH-Vitamin D, LLE extraction process is performed. 

Two step sample preparations are used for Vitamin K1: LLE+SPE. Salt Assisted Liquid- 

Liquid Extraction (SALLE) is used to extract Vitamin C sample. Finally, 3 to 6 µL of 

extracted samples were spotted onto LazWell96 plates and evaporated to complete dryness 

before analysis by LDTD-MS/MS. A flow rate of 3 to 6 L/min with air as a carrier gas and a 

laser power ramp are used on the LDTD system to desorb dry sample. Mass spectrometers 

are operated in positive MRM mode for the analysis of Vitamin A and E and negative MRM 

mode for the analysis of Vitamin C. To increase the method specificity for Vitamin K1 and 

25-OH-Vitamin D analysis, ion mobility combined to MRM transition is used. LDTD-DMS-

MS/MS methods use positive MRM mode for Vitamin K and negative for 25-OH-Vitamin D.   

Results: Calibration curves ranging from 0.5 to 20 µg/mL for Vitamin E and 0.1 to 4 µg/mL 

for Vitamin A were prepared in a depleted serum. Total vitamin C is calculated as the  sum  

of  DHAA  and  AA.  Under  APCI  ionisation  mode  condition,  a  complete transformation  

of  AA  into  its  oxidative  form  DHAA  is  observed.  Calibration  curves ranging from 1 to 

100 µg/mL of Vitamin C in depleted serum are used. The peak area against the internal 

standard (IS) ratio was used to normalize the signal. Preliminary data show the regression 

correlation coefficients (r) obtained are greater than 0.99. For Vitamin A and E, inter-run 

accuracy values between 91 and 113 were obtained and the precision results were lower than 

13% CV. The inter-run precision and accuracy results obtained for vitamin C ranged between 

3% and 6%, and between 96% and 102%, respectively. Vitamin K1 exhibits few fragments 

that may be used for quantitation. Ion mobility and sample cleanup (LLE+SPE) removed the 

interferent peak. Quantitation of 0.1 to 5 ng/mL was achieved with a correlation coefficient r 

= 0.99. Superoxide formation is used for the analysis  of  25-OH-Vit  D.  Effective  separation  

is  accomplished  by  adduct  formation, product ion yield and ion mobility. Calibration curves 

range from 6 to 149 ng/mL and 5 to 151 ng/mL for 25-OH-D3 and D2 respectively. The inter-

run assay precision is ranging from 3 to 12%. For all vitamins, analysis of real samples shows 

equivalence between LC- MS/MS and LDTD-MS/MS.   

Conclusions: Vitamin analysis at 9 seconds/sample is reached using LDTD-MS/MS and 

simple sample preparation.  
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Introduction: Cobalt was incorporated, in 2015, to the World Anti-Doping Agency 

(WADA) Prohibited List [1] due to its effect on stimulus of erythropoiesis. However, its 

analysis is yet a challenge because of the incompatibility with classical strategies 

available in anti-doping laboratories [e.g. gas chromatography (GC) or liquid 

chromatography (LC) coupled with mass spectrometry (MS)]. Therefore, the 

development and validation of an analytical method for quantification of Co in human 

urine by LC-MS through a complexation strategy with diethyldithiocarbamate [DDC, 

(C2H5)2NCSS-] ligand is described.  

Methods: The method constituted in a microwave-assisted digestion of urine samples as a 

first step. After neutralization, the complexation with DDC and oxidation with citric acid 

were performed before the liquid-liquid extraction (LLE) with tert-butyl methyl ether. The 

organic phase was evaporated to dryness and samples were reconstituted with the initial 

chromatographic condition. Palladium and rhodium were used as internal standards for the 

LC-MS analyses. The validation was performed based on the Laboratory Technical Note on 

Analytical Method  Validation  for  Doping  Control  [2]  and  WADA  Technical  

Document– TD2021IDCR [3]. Limit of identification (LOI), carryover, stability in 

autosampler (20 °C, 48 hours), robustness, precision, and intermediate precision were 

evaluated. Twelve urine samples from different volunteers were used, divided equally in 

two days. A trace element  freeze-dried  human  urine  control  from  RECIPE  (Germany)  

was  used  as  a reference certified sample for verification of method performance.  

Results: Retention time and relative ion intensities of three m/z transitions of Co-DDC 

complex were used as identification criteria. The microwave-assisted digestion was essential 

to eliminate  the  matrix  effect,  not  only  to  avoid  ion  suppression  in  the  electrospray 

ionization,  but  mainly  due  to  the  strong  and  non-specific  bond  of  Co  with  matrix 

components and sediments. The LOI was estimated in 2.5 ng mL-1, no carryover was 

observed for 100 ng mL-1 and the samples were stable for 48 hours in autosampler (20 °C). 

The method was robust when considering DDC and citric acid volumes, time for the LLE 
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and temperature in evaporation step. The CVs at 10 ng mL-1 level of Co were 7 % and 13 % 

in days 1 and 2, respectively. Intermediate precision was evaluated considering all  samples  

analyzed  in  both  days  and  resulted  in  11  %.  Finally,  the  measured concentration of 

the certified urine was within the reference interval provided by the manufacturer, 

demonstrating the method accuracy.   

Conclusions: As a conclusion, a quantification method for Co in human urine by LC-MS 

based on its complexation with DDC ligand was developed and validated according to the 

WADA recommendations. A microwave-assisted digestion was employed for the 

elimination of matrix, which was essential to obtain results with high precision and accuracy.   
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Introduction: The liver is the central metabolic organ in the human body,  and there are numerous 

models for predicting drug metabolism, ranging from computational models to in vitro animal 

models using mice and dogs [1]. However, developing alternative methods to animal 

experimentation has been extensively the subject of research for safety testing and metabolism de 

drugs in the toxicology field [2]. Recently, to improve the understanding of human liver 

metabolism, researchers have established a model of precision-cut liver slices sourced from 

porcine that resemble the behavior of the human liver as an ex vivo culture [3]. The introduction 

of the mass spectrometry technology is promising in pre-validation of this toxicity testing, which 

may significantly gain from the inclusion of metabolite identification in studies. This work used 

Acetaminophen (APAP) to show the efficiency model. To demonstrate Mass Spectrometry 

applicability, we performed a simultaneous analysis of samples exposed to APAP at different 

times and compared the presence of medicine and its metabolites during 24h.  

Methods: The samples stored in Medium DMEM High glucose solution were homogenized and 

submitted to liquid-liquid extraction using methanol and acetonitrile (1:1) and 0.1% formic acid 

as an extractive solvent [4]. The organic phase was collected and submitted to the clean- up step 

with dispersive solid C18. The extracts were centrifuged and filtered. An analytical curve  was  

performed  for  method  evaluation.  Intra-day  and  inter-day  precision,  accuracy, absolute 

recovery, and matrix effect were evaluated in three concentration levels. Times 0h, 3h, 9h, 12h, 

and 24h were analyzed. Experiments were performed using a triple quadrupole Sciex 4500 by 

electrospray ionization mass spectrometry infusion (ESI-MSI). The full scan mass spectra  were  

acquired  (m/z  50–600)  and  MS/MS  was  required  for  APAP  and  specific metabolites.  

Results: The APAP was evaluated from Limits of detection and quantification in the order of ng 

mL-1 with good linearity (r² > 0.99), precision and accuracy (< 15%), and absolute recovery values  

above  80%.  The  metabolites  verified  acetaminophen  glucuronide  (APAP-G), acetaminophen 

sulfate (APAP-S), 4 Aminophenol (PAP), para-aminophenol sulfate (PAP-S), and para-

aminophenol glucuronide (PAP-G) were compared at 0h to 24h. The determination revealed that 

APAP decreases intensity at the end of 24h, while the metabolites increase, describing a metabolic 

activity in a system. Furthermore, ESI-MS reveals differences in the metabolite distribution over 

time.  

Conclusions:  Mass  Spectrometry  analysis  was  employed  in  ESI-MS  experiments  as  a 

prominent technique for pre-validation alternative method animal experimentation.  
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Introduction: Around 144 cannabinoids have been identified in cannabis plants, among them 

tetrahydrocannabinol  (THC),  cannabidiol  (CBD),  and  cannabinol  (CBN)  are  the  most 

prominent  [1].  Considering  the  cannabis control scenario and that cannabis use has been 

progressively  accepted,  it  becomes  increasingly  important  to  determine  the  presence  of 

cannabinoids in biological samples. However, THC analysis represents an analytical challenge 

due the low bioavailability and a well-known adherence in propylene containers that can directly 

affect the analysis result, impairing its determination in biological samples, promoting the  

necessity  for  innovative  and  applicable  extraction  methods.  Miniaturized  extraction techniques 

allow the use of custom sorbent phase with different types of materials including magnetic 

nanoparticles (MNPs) [2]. However, the use of MNPs as a sorbent for extracting psychoactive 

substances in biomatrices remains poorly explored. The aim of this work was to evaluate 

commercial MNPs as an extraction sorbent applied to dispersive solid phase extraction (dSPE) 

with a LC-MS/MS compatible methodology to the determination of cannabinoids in postmortem 

blood.   

Methods:  The extraction method consists in mixing the adsorbent to 100 µL of postmortem blood 

in a vortex mixer for 1 minute. Then, the supernatant is separated from the MNPs using a 

neodymium magnet, placed in a 3D printed microtube rack, eliminating the necessity of 

centrifugation. After discarding the supernatant, the desorption solvent solution is added to the 

nanoparticles, mixed, separated and analyzed. Response surface methodologies were used to 

optimize the parameters that influence in this technique such as pH, MNP mass and desorption 

solvent. A Nexera UFLC system coupled to a LCMS-8045 triple quadrupole mass spectrometer 

(Shimadzu, Japan) was used for the analysis.   

Results: Acidic pH and ZnSO4 promoted a significant decrease in the analytical response based 

on the chromatographic peak areas. Compared to control, results were on average three times 

higher at pH 10 for all tested compounds. We obtained better results with higher mass of 

nanoparticles and the surface graphic showed that the desorption solvent with the best recovery 

was a mix of isopropanol, acetonitrile and methanol (1:1:1).   

Conclusions: The results inferred that MNPs are efficient to extract THC, CBN and CBD from 

postmortem blood in the optimized conditions. Improvements in the analytical response can be 

made by drying and reconstituting the extract. In addition, protein precipitation achieved by 

solvents can be an alternative to ZnSO4 promoting a better interaction between the analytes and 

the MNPs.   
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Introduction:  Antidepressants  have  widely  been  prescribed  for  the  treatment  of  several 

disorders  [1].  Therefore,  a  simple,  straightforward,  and  low-cost  analysis  is  crucial  in 

toxicological field. The aim of this work was to develop and validate a method using well-plate 

dried plasma spot followed by fast-GC/MS detection for the determination of venlafaxine, 

fluoxetine,  desvenlafaxine,  amitriptyline,  norfluoxetine,  nortriptyline,  imipramine  and, 

desipramine in human plasma.   

Methods:  The solvents were optimized using the simplex-centroid design. The volumes of 

sample and extraction solvent, drying time, time of shaking and speed of shake were determined 

using a fractional factorial experiment 24. Each design was performed by software Statistica 8.0. 

To perform this technique a 24-well-plate was used one filter in each well. An aliquot of 75 μL of 

plasma was transferred into each well and dried for 1 min at room temperature. Then, 320 μL of a 

mixture with methanol and acetonitrile in the proportion 1:1(v/v) with internal standard (ketamine-

d6) at concentration of 500 ng/mL. The plate is placed on the orbital shaker for 10 min at 200 rpm. 

An aliquot of 200 μL of the solvent extraction was collected, dried and, the residue was 

reconstituted with 50 μL of methanol. An aliquot of 2μL was injected in the analytical system. 

Analysis were performed in a GC-MS-QP 2010 Plus gas chromatography coupled to a mass 

spectrometry (Shimadzu, Kyoto, Japan). Chromatographic separation was achieved in a RH-Rix-

5MS (20 m×0.18 mm×0.18 μm). The ultrapure helium was used at a constant flow of 1.52 mL 

min-1. The injector temperature was set at 250°C and the initial oven temperature was set at 180°C 

holding for 0.50 min, increasing to 200°C, and held for 0.3min, then increased to 300°C and 

holding for 1.20min, totalizing 4.3min of chromatographic run. The quantification of the analytes 

was performed in Scan. 

Results: The developed method has been validated. The LLOQ was 20 ng/mL for venlafaxine and 

imipramine, which concentration ranges used were 20-900 ng/mL. To desvenlafaxine, 

nortriptiline, desipramine, fluoxetine, norfluoxetine, and amitriptiline, the LLOQ established were 

60 ng/mL and the concentration ranges used were 60-900 ng/mL. All analytes presented a 

coefficient of determination (r2)≥0,99. The selectivity and carryover were tested and no effect was 

observed. Precision and accuracy were acceptable. Stability up to thirty days has already been 

completed and no significant degradation has been observed.  
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Conclusion:  The technique proposed in this work presents a quick analysis considering the 

extraction procedure and chromatography. Therefore, the implementation of this methodology can 

optimize analytical workflow.  
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Introduction: In recent years, the evaluation of the exposure to pesticides has gained great attention 

due to their adverse health effects [1]. Therefore, it is necessary to develop routine  analytical  

methodologies  that  are  efficient,  sensitive  and  selective  for  the determination of pesticide 

residues in biological matrices at trace levels [2]. Blood is one of the most assessable matrices for 

the determination of pesticide residue exposure in humans. However, the analysis of pesticide 

residues in human plasma is a great challenge due to the complexity of the matrix type and the wide 

spectrum of compounds to be determined [1]. The objective of this work was the development and 

validation of a multiresidue method for the analysis of >230 pesticides in plasma by gas 

chromatography coupled to high resolution mass spectrometry detector (GC-Q-Orbitrap).  

Method:  Total  analysis  time  was  29  min.  The  sample  preparation  procedure  was performed  

by  liquid-liquid  extraction  assisted  by  a  step  of  salting-out  and  protein precipitation. Different 

types of solvents and salts were tested. The best conditions were obtained with 400 µL of plasma, 

400 µL of n-hexane, 500 mg of sodium sulfate and 50 mg of ammonium sulfate. The final extract (2 

µL) was analyzed by GC-Q-Orbitrap, using a  splitless  injection  mode,  selecting  a  resolving  

power  of  60,000  (FWHM)  on  the analyzer.  

Results: The method was validated for 231 different pesticides (insecticides, fungicides, herbicides), 

obtaining good linearity (R² > 0.9910) with limits of quantification (LOQ) between 1 and 10 µg L-

1. The accuracy was evaluated through recovery tests at 4 levels (1, 2.5, 5 and 10 µg L-1) and the 

values ranged between 70 and 120%. The precision values (intra and inter-day) were in all cases less 

than 20%. The developed method has the advantages of high sensitivity, precision and selectivity. 

Finally, the method was applied to more than 20 human plasma samples, detectingresmethrin 

between 1.5 and 6.1 µg L-1. 

Conclusions:  The  results  demonstrate  that  the  proposed  method  is  suitable  for  the 

determination of pesticides in human plasma.  
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Introduction: Echinodorus macrophyllus is popularly known in Brazil as “chapéu-de-couro”, and 

is traditionally used in the treatment of rheumatism and arthritis[1]. The anti-inflammatory activity 

of this species is related to flavonic C-glycosides, diterpenes and cis and trans aconitic acids[2]. 

Considering the report of the anti-inflammatory activity of this species and the available data on its 

chemical composition, this species has a promising potential for the development of herbal 

medicines. Therefore, the present work aims to carry out the chemical characterization by LC-MS 

of a standardized extract produced from E. macrophyllus leaves, as well as to evaluate its 

antiarthritic activity in vivo in an acute model of antigen- induced arthritis (30, 300 mg/kg).  

Methods: To define the chemical profile of the 50% hydroethanolic extract  of  E.  macrophyllus,  

the  chromatographic  profile  was  obtained  by  Ultra  Performance  Liquid Chromatography 

coupled to Diode Array Detector and Mass Spectrometer (UPLC-DAD-ESI-MS). The identity of 

the extract’s chemical constituents was determined by the analysis of the m/z ratio of the protonated 

ions in full scan mode, in addition to fragmentation studies using precursor and product ion scans. 

The samples (propylene glycol and herbal medicine 30 and 300 mg/kg, p.o.) were administered by 

gavage to C57/BL6 mice (n=6/group) challenged by the injection of methylated bovine serum 

albumin (5 mg/mL, 10 μg/well) in the tibiofemoral joint. Euthanasia took place 12 hours after 

treatment and the joint lavage, periarticular tissue and histological material were collected[3].  

Results: The compounds identified in the extract in the herbal medicine were: cis- and trans-

aconitic acids, homoorientin, chicoric acid and swertisin using reference standards, caffeoyl-

feruloyl-(2R,3R)-(+)-tartaric acid, di-feruloyl-(2R,3R)-(+)- tartaric acid, identified by their 

fragmentation pattern, with losses of caffeoyl and feruloyl units and identification of the 

deprotonated ion referring to tartaric acid. These compounds were described for E. macrophyllus 

for the first time. The extract (30, 300 mg/kg, respectively) showed a reduction in the migration of 

total inflammatory cells (66.2 ± 2.7% and 88.7 ± 11.1%), mononuclear cells (48.9 ± 9.9% and 81.0 

± 18.8%) and polymorphonuclear (80.9 ± 11.4% and 96.9 ± 3.8%) to the joint. In addition, it 
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inhibited the release of the inflammatory cytokine IL-1β (43.63 ± 20.9% and 45.17 ± 18.2%) and 

CXCL-1 chemokine (61.6 ± 18.4% and 64.3 ± 15.4%) in the periarticular tissue.  Histological 

analysis showed that animals treated with the extract showed a lower number of inflammatory cells 

and tissue damage.  

Conclusions: The reported data on antiarthritic action and chemical characterization of the 

standardized extract of E. macrophyllus leaves corroborate the traditional use of the species as an 

anti-inflammatory and stimulate studies for the development of an orally administered herbal 

medicine with this species.  

Acknowledgments: To CNPq for grants (MPR and LPMS) and funding granted to the project in 

the public notice CNPq MS SCTIE Decit 19/2018  
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Introduction: Biopharmaceuticals are now consolidated as essential to the treatment of several 

diseases. Inside this class, therapeutical proteins are prominent molecules with a large clinical 

application,  including  autoimmune  diseases  and  different  types  of  cancer.  For  the  proper 

development and production of these molecules it is crucial to characterize their structural and 

physical-chemical  properties,  which  can  impact  the  product  efficacy,  safety,  and  non- 

compliance to regulatory requirements. LC-MS has been an essential tool in these evaluations, 

due its versatility, high sensibility, and precision. In the Brazilian scenario, the MS core facility 

of Fiocruz, unit Parana, has offered shotgun proteomics analysis for a decade, and is now 

challenged by the increasing demand of therapeutical protein characterization. Here, we present 

sample preparation and LC-MS methods used to the implementation of therapeutical proteins 

analyses by LC-MS. The analyses included protein intact mass (PIM), disulfide bond mapping 

(DBM), protein sequencing (PS), and host cell proteins (HCP) of two monoclonal antibodies 

(mAb).  

Methods:  For  the  implementation  of  the  analyses,  the  antibodies  nivolumab  and 

pembrolizumab were used. For DBM, PS, and HCP analysis (the latter included samples untreated 

or after mAb depletion), the antibodies were digested in urea with Lys-C, trypsin or Glu-C. For 

PIM, the samples (untreated or reduced) were diluted in 0.1% formic acid. One microgram of 

digested or undigested samples were injected into an Ultimate 3000 RSLC coupled to an Orbitrap 

Fusion Lumos (Thermo Scientific). The data were analyzed in Unidec, BioPharma Finder, Peaks 

DB, or MaxQuant platforms.  

Results: The results showed here are only for method implementation purpose, not representing 

a full characterization of the analyzed mAbs. In PIM analysis, the deconvoluted spectra showed 

the intact molecule comprising the glycoforms (untreated samples), and the light and heavy chains 

(reduced samples). DBM and PS analysis addressed all nine predicted disulfide bonds and 

confirmed the amino acid sequences, respectively. Last, HCP analysis showed best results in the 

samples in which the mAb was depleted through affinity purification, allowing the establishment 

of a preliminary qualitative method for HCP analysis.  

Conclusions:  To  reach  the  presented  results,  different  parameters  including  sample 

preparation, LC-MS and data analysis were evaluated, enabling the core facility team to learn on 

analyzing mAbs by LC-MS. The methods still need to be optimized, and other analysis should be 

implemented, such as glycosylation mapping and glycan identification. Nonetheless, this work 

represents one step closer to strengthening competencies nationally, leading to the availability  of  

a  portfolio  of  analyses  applied  to  monoclonal  antibodies  and  support  the development of 

biosimilars.  
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Introduction: Acrylonitriles are conjugated compounds obtained by the reaction of 

acetonitriles with aldehydes. Their pharmacological activity was reported by Nawwar in 

1993, as  well as  the antimicrobial  potential of several  acrylonitriles, making these 

molecules  promising  compounds  for  the  development  of  new  antimicrobial  drugs 

(Eltyshev  et  al.,  2021).  The  simpler  molecules  of  acrylonitriles  also  demonstrated 

fungicidal (Yuan, 1986) and antiparasitic (Freeman, 1975) activity. Thus, the planning of 

the new molecules of these compounds containing groups with potential for biological 

activity is in line with the current needs to face antimicrobial resistance.  

Methods: Aroylacetonitriles  were synthesized from the reaction between aromatic esters 

with acetonitrile under anhydrous reaction conditions. Next, the reactions of condensation 

of aroylacetonitriles with aldehydes to obtain aromatic acrylonitriles with different 

substituents on the aromatic ring, which increases the bioactive potential of the new 

planned compounds (Almeida, 2007). The reactions were monitored by Mass 

Spectrometry (ESI-MS), Nuclear Magnetic Resonance (NMR), and infrared (FTIR-ATR).  

Results The synthesis of the new compounds was confirmed by spectroscopic methods, 

with a satisfactory yield. And purified by recrystallization.  

Conclusions New acrylonitriles, derived from aroylacetonitriles, have been successfully 

reached  and  their  structures  confirmed  by  mass  spectroscopy,  nuclear  magnetic 

resonance spectroscopy and infrared spectroscopy.  
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Introduction: Immunosuppressants were one of the pillars that made organ transplantation a routine 

process in hospitals around the world. Among the thousands of compounds that have immunosuppressive 

activity, we can highlight tacrolimus and sirolimus [1–3]. The quantification of these immunosuppressants 

for  therapeutic  monitoring  is  extremely  important  for  patient  safety.  Therefore,  the  search  for 

methodologies that combine practicality, reliability, cost/benefit, and routine throughput are motivating the 

development of new analytical strategies. In this study we developed a quantitative methodology for the 

determination of tacrolimus and sirolimus by MALDI-MS. An HPLC-PDA literature-base protocol was 

used as reference standard to compare the analytical performance [2–4].  

Methods: The HPLC-PDA method used a mixture of methanol and aqueous ammonium formate (80:20) 

as mobile phase on a Luna C18 column to perform the separation. The analyte solutions were prepared 

using  methanol  and  the  calibration  curves  were  prepared  over  the  range  of  0.05-3.0  mg/mL.  The 

MALDI-MS  method for tacrolimus  and sirolimus  was developed  and  optimized  employing  analyte 

solutions in methanol, alpha-cyano-4-hydroxycinnamic acid matrix and sodium iodide as cationizer. The 

curves previously analyzed via HPLC-PDA were 10-fold diluted, over the range 0.005-0.3 mg/mL.   

Results: Both techniques showed linearity, obtaining R2 greater than 0.99, for the analyzed ranges. In 

addition, the solutions used in the curves presented accuracies within the stipulated range of 85-115%. For 

sirolimus, the method via MALDI-MS displayed greater sensitivity for both curves studied, where the 

calibration curve showed a lower limit of detection (0.0019 mg/mL) and quantification (0.0057 mg/mL). 

However, tacrolimus did not present equivalent results and the HPLC-PDA protocol proved to be more 

sensitive for presenting a lower detection limit (0.0054 mg/mL) and quantification (0.016 mg/mL) for the 

compound.  

Conclusions: The results obtained proved to be motivating for the performance and study of MALDI-MS 

technique for the quantification of immunosuppressants, especially for sirolimus because of its linearity, 

precision, and sensitivity. However, other further investigations are under conduction to better understand 

the limitations of this approach.  
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Introduction: Bioequivalent drugs are those that have identical active pharmaceutical 

ingredients in the same blood concentrations over time and with the same routes of 

administration. There are several tests required to prove that a generic drug is 

pharmaceutically equivalent to the reference drug[1]. Scopolamine butylbromide or 

butylscopolamine bromide is an anticholinergic used for the treatment of stomach, intestinal, 

menstrual, urinary and biliary colic, with prolonged anesthetic action and is widely used around 

the world.[2] 

Methods: The quantification of butylscopolamine was performed with precision and accuracy tests, 

using an eight-point calibration curve between 40 pg/mL and 10 ng/mL, and quality controls at 

concentrations of 120 pg/mL, 4.8 ng/mL, 7.5 ng/mL and 15 ng/mL. Matrix and carryover effects, 

selectivity, short-term and long-term stabilities, post-sample preparation, and between freezing 

cycles were evaluated. A pool of drug-free plasma was used as a blank matrix in the tests. Was 

used d9-butylscopolamine as internal standard (IS) by adding 50 μL of solution at 500 pg/mL to 

300 μL of plasma aliquots. The matrix and IS were evaluated with blank and zero samples (blank 

+ IS). Sample preparation was performed using liquid-liquid extraction with 1.45 mL of 

dichloromethane, agitation for 30 s and centrifugation at 3000 rpm and 4 °C for 1 min. 1 mL of the 

organic phase were dried under nitrogen flow at 40 °C. The samples were resuspended in 150 

μL of acetonitrile:water (25:75) and homogenized. LC-MS/MS analysis were performed on 

a Xevo TQ-S system (Waters), with an Acquity UPLC HSS T3 column (2.1 x 100 mm, 1.8 

μm); gradient mobile phase: 5 mM ammonium formate + 0.1% formic acid:acetonitrile; injection 

volume: 3.5 μL; run time: 1.7 min; positive-mode electrospray ionization; MRM mass 

monitoring: 360.2 - 194.2 Da (analyte) and 369.4 - 203.3 Da (internal standard). 

Results: The method proved to be selective for the analyte and IS in different matrices and no 

residual effect was observed. High precision and accuracy were obtained, with deviations in curve 

and controls concentrations below 8% in the linearity range, with quantification limits between 2 

and 500 pg/mL. Analyte stability assays demonstrated that 5 freeze-thaw cycles are maximum for 

drug quantification in plasma. Was observed that after 6 hours at room temperature in the 

biological matrix, the degradation process of butylscopolamine begins, however, the working 

solutions of the analytical curve and controls remained stable after 20 hours at room temperature 

(~25°C). After extraction, the analyte was stable for 120 hours at 25°C and for 190 days in the 

biological matrix at -20 and -70°C. 
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Conclusions: All parameters evaluated in the quantification of butylscopolamine in human plasma 

proved to be adequate regarding the reliability of the method, which proved to be very effective in a 

pharmaceutical bioequivalence study. 
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Health Sciences – Clinical Research 

Aedes aegypti cells infected with MAYV: a proteomic analysis  
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Introduction:  Mayaro  virus  (MAYV)  is  an  Alphavirus  responsible  for  a  mosquito-borne 

tropical disease with clinical symptoms similar to Dengue virus fever [1]. In addition to its recent  

territorial  expansion,  this  virus  may  be  responsible  for  an  increasing  number  of outbreaks. 

Currently, no licensed vaccine is available [2]. Aedes aegypti is promiscuous in its viral 

transmission and thus an interesting model to understand MAYV-vector interactions [3], given 

the mechanisms by which this virus affects mosquito host cells are not clearly understood. 

Understanding this interaction is one of the ways to develop strategies for virus control.   

Methods: Aedes aegypti Aag-2 cells in biological triplicates were infected with a Brazilian 

MAYV isolate at MOI 1 to perform a comparative proteomic analysis using a label-free 

semiquantitative bottom-up proteomic analysis. Time-course analyses were performed at 12 and  

48  hours  post-infection  (hpi).  After  spectrum  alignment  and  changes  of  the  relative 

abundance level calculation, the identified proteins were annotated and analyzed by Gene 

Ontology, KEGG pathway analysis.   

Results: The total proteome analysis allowed the identification of 5,330 peptides and the mapping 

of 459, 376 and 251 proteins in each cell harvesting time (control, 12 and 48hpi). A total of 161 

mosquito proteins were found to be differentially abundant during the timecourse, most of them 

related to host cell processes, including redox metabolism, translation, energy metabolism and 

host cell defense.   

Conclusions: Our data highlight several mosquito proteins modulated by the virus, revealing that 

MAYV manipulates mosquito cell metabolism for its propagation while increases the expression 

of host proteins implicated in viral defense.   
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Introduction: Parkinson’s disease (PD) is the second most common neurodegenerative 

disease. Regarding progression, PD can be classified according to the Hoehn and Yahr 

staging scale (H&Y) where patients are classified as early, middle or advanced according to 

motor impairment [1,2,4]. So far, there is no biomarker in the blood to identify the disease 

and the diagnosis is exclusive clinical. Regarding the biomarkers identification, proteomics 

allows the identification of the protein expression profile present in a given biological  

sample  unequivocally,  providing  valuable  information  about  signaling pathways presents 

in different groups of patients [3]. Thus, a research design that includes clinical features and 

high resolution mass spectrometry strategies is extremely important to identify proteins as 

putative biomarkers. The aim of this work was to perform a comparative proteomic analysis 

of WBC and exosomes in samples from PD patients and to compare with healthy controls 

(HC) using a shotgun label-free proteomic methodology in order to identify possible 

biomarkers related to the H&Y staging scale of the disease.  

Methods: The cohort consisted in 97 PD patients classified in early, middle and advanced 

according to the H&Y classification and 32 HC that were carefully selected. All blood 

samples  were  collected  and  then  processed  to  obtain  their  WBC.  Exosomes  was 

enrichment of blood plasma using the ExoQuick® Kit. From these WBC and exosomes, 

protein  extraction  and  subsequent  shotgun  proteomic  analysis  were  performed; 

LCMS/MS  (Q-Exactive  plus,  EASY-nLCII).  The  results  were  analyzed  by 

bioinformatics.  
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Results: A total of 724 and 253 proteins were identified and quantified in WBC and 

exosome samples, respectively, across all PD patients and HC. Among these proteins, 

unique and differentially expressed proteins were identified and analyzed in the different 

samples. To find over- and underrepresented characteristics we used up or downregulated 

proteins together with the exclusively identified in PD patients vs HC. Were found 16 and 

19 upregulated and 4 and 22 downregulated proteins in PD patients compared to HC, in 

exosome  and  WBC  sample,  respectively.  We  identified  biological  pathways  and 

processes related to alterations mainly involving oxidative stress, and an inflammatory 

profile that led us to evaluate the pro and anti-oxidant profile of these samples as well as 

whether there are changes in the oxidative stress index. We observed an increased pro- 

oxidant profile mainly in the early classification and a reduced antioxidant capacity in the 

H&Y subgroups when compared to HC. The stress index is seen increased in the H&Y 

subgroups, especially in the advanced classification when compared to the HC.  

Conclusion: This work contributes to the literature with proteomic data from unpublished 

exosomes  and  WBC  related  to  different  clinical  classifications,  bringing  a  new 

perspective on the possible identification of prognostic blood biomarker processes in PD.  
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Introduction: SARS-CoV-2 infection poses a global health crisis. In parallel with the 

ongoing world effort to identify therapeutic solutions, there is a critical need for 

improvement in the prognosis of COVID-19. We developed a plasma proteome 

fingerprinting method that predict two classes of COVID-19 severity identified by a 

platform  that  combines  machine  learning  with  matrix-assisted  laser  desorption 

ionization mass spectrometry analysis [1,2]. 

Methods: We tested two biological fluids, plasma and saliva. For plasma samples, 1 µL of 

sample was purified using a C18 stage-tip, and proteins were eluted directly on MALDI 

plate. The spectra were acquired and we trained six classification models for sample  

classification  between  High-Risk  for  hospitalization  and  Low  Risk  for hospitalization. 

Next, we validated two protein biomarkers for COVID-19 severity. For saliva samples, a 

total of 2 µg of proteins were directly spotted on MALDI plate.  The spectra were acquired 
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and we trained six classification models for sample classification between Severe of Mild 

conditions. We then evaluated the best model in an independent dataset. 

Results: For plasma samples, we achieved an overall accuracy of 92%, sensitivity of 93%, 

and specificity of 92% in the classification task. We identified two distinct regions in the 

MALDI-TOF profile belonging to the same proteoforms. A combination of SDS– PAGE 

and quantitative bottom-up proteomic analysis allowed the identification of intact and 

truncated forms of serum amyloid A-1 and A-2 proteins as biomarkers for COVID-19 

severity. For saliva samples, we achieved an accuracy of 88.5%, specificity of 85% and 

sensitivity of 91.5% for classification between mild/moderate and severe conditions. When 

we tested the model performance in an independent dataset, we achieved  an  accuracy,  

sensitivity  and  specificity  of  67.18,  52.17  and  75.60% respectively. 

Conclusions: Unbiased discrimination of high- and low-risk COVID-19 patients using a 

technology that is currently in clinical use may have a prompt application in the noninvasive 

prognosis of COVID-19. Further validation will consolidate its clinical utility. Serum 

Amyloid A1 and A2 are already described as biomarkers for viral infections in the acute 

phase [3], thus these biomarkers cannot be directly correlated to COVID-19. Saliva is 

already reported to have high inter-sample variation [4], which impaired the model’s 

performances; however, our results demonstrates that this approach  has  the  potential  to  

be  a  prognostic  method  for  COVID-19.  Further investigation using a larger dataset is 

necessary to consolidate the technique. 
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Introduction:  Various  ocular  and  systemic  diseases  affect  the  eye  function.  The 

development of methods of analyzing and quantifying proteins from eyes is challenging and 

not fully explored. We developed the Cellular Imprinting Proteomics Assay (CImPA) for the 

study of the ocular conjunctival proteome using a combination of impression cytology and 

mass spectrometry. Four different extraction buffers were compared to determine protein ID, 

quantification and reproducibility. The optimized CImPA will help in understanding ocular 

alterations in pathophysiological conditions at molecular level.  

Methods: The impression cytology procedure to sample the ocular surface proteome was 

performed according to our previous work [1]. For the optimization of CImPA, four different 

extraction buffers were compared: A- phosphate-buffered saline (PBS); B- urea buffer; C- 

sodium deoxycholate buffer (SDC); and D -acetonitrile - methanol buffer.  Three 

independent impression cytology membranes per method were collected from one healthy 

subject. The extracted proteins were reduced, alkylated and trypsin digested. The resulted 

peptides were analyzed by LC-MS/MS.   

Results: A total of 2219 proteins were identified and quantified for all groups. The searches 

per group resulted in 1200 proteins for buffer A (PBS); 1824 proteins for buffer B (urea); 

1751 proteins for buffer C (SDC) and 1281 proteins for buffer D (acetonitrile- metanol). A 

total of 455 exclusive proteins were identified in all groups. The CImPA allowed us to map 

proteins from different tissues, being the majority associated to the brain, epithelium, and 

different ocular compartments.  

Conclusions: Among the different lysis buffers evaluated, the chaotropic agent (urea) and 

surfactant (SDC) showed the highest number of protein identification, more unique peptides 

and exclusive proteins, solubilizing more hydrophobic proteins. The optimized protein 

extraction and sample preparation conditions for the CImPA can be applied to clinical 

cohorts to investigate alterations in the ocular proteome.  
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method for detection of neural and ocular disorders applied to congenital zika virus 

syndrome. Journal of proteome research, 19(11), 4496-4515. 
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Introduction:  Parkinson’s  disease  (PD)  is  a  neurodegenerative  disorder  in  which  the 

progressive loss of dopaminergic neurons from the substantia nigra occurs.1 It is known there are 

sex differences in PD development, an example of this is that the incidence and prevalence of  the  

disease  in  men  are  higher.  Besides  that,  evidence  has  shown  that  estrogen  is neuroprotective 

to the dopaminergic system, which suggests possible protection for women.2 Some androgen also 

seems to have a neuroprotective effect, so androgen therapy has been studied for PD treatment but 

still with variable results.3 In addition, although still controversial, the levels of cholesterol, a 

precursor molecule of steroid hormones, tend to be reduced in patients with PD.4 Thus, this project 

aims to evaluate the level of 11 endogenous steroids in the plasma of PD patients and healthy 

controls (HC) and correlate the data obtained with the clinical characteristics of these patients.   

Methods: A quantitative analytical method was developed and validated in which the plasma 

sample preparation was based on endogenous steroids' enzymatic hydrolysis and liquid-liquid 

extraction followed by derivatization. The instrumental system used was a TSQ 8000 Evo Triple 

Quadrupole  GC-MS/MS.  Analytical  curves  were  constructed  with  analyte  standards  for 

quantification and their deuterated forms were utilized as internal standards. Samples from PD 

patients (n =133) and healthy controls (n = 39) were collected and classified by sex and following 

the disease’s phenotype, severity, and age of onset. Univariate and multivariate analyses were 

performed to compare steroid levels between patients and control samples, and among different 

groups of patients according to the classifications.   

Results: Regarding the male cohort, the levels of all steroid hormones were higher in patients 

(n=82)  than  in  HC  (n=8),  but  statistically  significant  differences  were  observed  for 

androsterone, etiocholanolone, and estradiol levels.   Pathway-based enrichment analyses show a 

threefold increase in steroid hormone biosynthesis in male patients. These results were not 

observed in the female cohort (patients, n=51 and HC n=31). Androstenedione, the common 

precursor of male and female sex hormones, was significantly higher in male patients in 

comparison to women. This behavior is not recognized among controls regardless of age. The 

same is seen for etiocholanolone and androsterone, of which androstenedione is a precursor. 

Estrogen levels were also higher in male patients than women, and although this response has also 

been seen in controls, it was more significant among patients. This outcome brings to discussion 

the supposed protection of women by estrogen.   
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Conclusion: Although data analysis and biological interpretation are still being carried out, the 

steroid hormone biosynthesis pathway seems to be higher in male patients, as well as estrogen 

levels. A bigger male control cohort would be important to confirm these results.   
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Introduction: Cortisol  is  a  steroid  hormone  produced  in  the  adrenal  glands.  Cortisol  

has important metabolic functions, such as regulation of the circadian cycle, participation in 

gluconeogenesis, among others. The variation in the level of cortisol, whether caused by 

tumors or indiscriminate use of drugs, leads to various dysfunctions in the body, making the 

correct quantification elevated plasma concentrations of endogenous or exogenous cortisol 

in the body can cause an endocrine disorder called Cushing’s disease (CD). CD is a rare 

pathology and relatively common in middle age to elderly dogs. Its diagnosis is complex, 

the evaluation is based on the observation of the history and clinical signs; physical 

examination and additional tests. The objective of this work was to apply the quantitation 

method to determination cortisol in dog’s plasma, in order to evaluate its applicability.  

Methods: Sample preparation was performed from dog plasma. To 50 L of plasma, was 

added 75 L  of  type  1  water,  10 L  of  internal  standard  (cortisol-D4)  and  375 L  

of  cold acetonitrile. The extract was submitted to centrifugation 13000 g for 15 min and the 

supernatant  was  dried  under  N2  flow.  Resuspension  and  analysis  was  performed  in 

UHPLC-HRMS, C8 column (1,7 m, 50 x 2,1 mm) system following 16 minutes run with 

a mobile phase composed of (A) 5.0 mM ammonium formate water solution and (B) 

methanol, and a mass spectrometry data obtained through a reaction monitoring acquisition 

at a positive mode.  

Results: According to the liquid chromatography and mass spectrometry data was able to 

detected cortisol in 0,25 ng/mL. The range of the calibration line was between 0,5 ng/mL 

(limit of quantification) and 30ng/mL. The quantification transition for cortisol (retention 

time 7,70 min) and cortisol-D4 (retention time 7,68 min) was respectively m/z 363 → m/z 

121, and m/z 367 → m/z 121. The results were presented: Patient ID 01→12.1 ng/mL; ID 

02 →13.6 ng/mL; ID 03 →10.9 ng/mL; ID 04 → <LQ; ID 05 → <LQ; ID 06 →16.9 ng/mL; 

ID 07 →7.2 ng/mL. The plasma of patient ID07 was submitted to radioimmunoassay 

analysis, the value obtained was 76 ng/mL, at least 10 times higher than the value obtained 

by LC-HRMS. The liquid chromatography coupled with mass spectrometry presented 

selectivity adequate, absence of interferences in the target analyte retention time and higher 

sensitivity than the established method for determining cortisol in dogs..   

Conclusion: The method was duly validated and it was possible to quantify cortisol using a 

low sample volume. Comparison of the result of CL-MS with radioimmunoassay from the 

same  sample  showed  discrepant  results.  This  can  be  explained  because  the 

radioimmunoassay is a technique that uses the ligand antibody, being able to bind to 

exogenous  metabolites  and  cortisol.  In  other  hand,  LC-MS,  has  specificity  and 

selectivity, being increasingly recommended.  
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Introduction: Cortisol is the main glucocorticoid in human body, responsible for different 

functions, such as auxiliating the circadial rhythm and reaction to stress. Increase or decrease in  

cortisol  leads  to  problems  in  human  body  and  can  be  caused  by  tumors  in  HPA 

(hypothalamic–pituitary–adrenal) axis. Immunoassays, which is commonly used for routine 

analysis, usually leads to wrong quantification due to low specificity of these methods [1]. In this 

work, we developed LC-MS/MS methods for cortisol quantification in urine and plasma samples 

and applied to 22 healthy volunteers (16 men and 6 women).  

Methods: Plasma samples were prepared by protein precipitation with acetonitrile, using 50 μL 

of volume. 2 mL urine samples were prepared by enzymatic hydrolysis, followed by solid phase 

extraction with C18 cartridges. Cortisol-D4 was used as internal standard (IS) in all analyses. 

Matrix blanks were prepared with synthetic urine and simulated body fluid [2] with 7% (w/v) 

bovine albumin. Methods were validated according to Brazilian Health Regulatory Agency 

guidelines. UHPLC was performed using a C8 column, under 300 mL.min-1 flow gradient 

conditions with water and methanol, both containing 5 mM ammonium formate and formic acid 

0.1% (v/v). Total time run for urine samples were 11 minutes and 16 minutes for plasma samples. 

Mass spectrometer (triple quadrupole) with electrospray ionization in positive mode and selected 

reaction monitoring as detection mode was employed. Five transitions were monitored for cortisol 

and its IS.  

Results: Calibration curves were linear over a concentration range of 0.5 – 300 ng mL-1 for plasma 

(r² = 0.9970) and 1.0 – 200 ng mL-1 for urine (r² = 0.9912). No matrix effect was observed in both 

analyses. Methods were selective, had good precision, accuracy and sensibility (limit of 

quantification = 0.15 ng.mL-1 in plasma and 0.10 ng.mL-1 for urine). Evaluation of healthy 

volunteers showed higher values and higher variation in women than men in urine and plasma. 

These results may be due to estrogen administration, since most women in our cohort used 

contraceptive pills, which can increase cortisol levels. One individual from masculine gender 

presented values that are typical of cortisol suppression after ACTH inhibition; this value can be 

associated with steroid treatment (testosterone replacement). It is important to notice that several 

factors can alter cortisol levels, which difficult to establish a reference value in healthy volunteers. 

Despite that, methods were able to correctly quantify cortisol and can be used as a tool for clinical 

diagnosis.  
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Conclusions: Urine and plasma methods were validated and presented good precision and 

accuracy values. Evaluation of the reference population group and results showed high variation 

between individuals of same gender, in both matrices. Women values were significantly higher 

than men in plasma and this result may be due to contraceptive pills that can alter cortisol 

production.  
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Introduction:  Gestational  diabetes  mellitus  (GDM)  is  an  increasing  condition  that 

affect  approximately  8,3%  of  pregnancies  worldwide[1].  GDM  has  substantial 

implications on maternal health as a consequence of a failure to maintain the healthy muscle 

during pregnancy [2–4]. Translational studies have described that this pelvic floor muscle 

disorder is caused by a Gestational Diabetic-induced- Myopathy (GDiM) of  the  Pelvic  

Floor  Muscle  (PFM)  and  Rectus  Abdominis  Muscle  (RAM)  detected either  in  pregnant  

women  or  in  diabetic  pregnant  rats[5–7].  We  hypothesized  that knowledge  of  GDiM  

metabolic  profiling  would  impact  managing  health  and  the diagnosis,  prevention  and  

treatment  of  disease.  Identifying  clinically  relevant metabolites  may  improve  the  

management  of  women  with  GDM  and  Pregnancy- specific urinary incontinence.  

Methods: The study was performed on data from the DIAMATER study, a prospective 

observational  cohort,  following  the  inclusion  criteria  already  defined  [8].  Rectus 

abdominis  samples  (RAM)  of  40  women  were  obtained  during  C-section.  Sample 

extraction: to maximize the coverage of metabolites for profiling analysis, liquid-liquid 

extraction by methanol/water/chloroform is used to separate polar (aqueous phase) and non-

polar  (organic  phase)  molecules[9].  Metabolites  are  extracted  by  methanol. Analysis of 

all metabolites is carried out using, and C18 reversed phase chromatography and Bruker Q-

TOF. The combination of high resolution/accuracy LC-MS and GC-MS techniques are used 

to maximize metabolite coverage in selected samples. Statistical analysis: Multivariate and 

univariate analyses were done using Microsoft Excel and Metaboanalyst 4.0.  

Results : Overwall, 7697 features were detected when comparing the GDM with non- GDM 

group. This features, 36 are up regulation in GDM group and 76 features are down  

regulation.  As  classes  of  molecules  with  the  greatest  changes  were  lipids, 

flicerophospholipids  and  sphingolipids.  The  pathways  that  obtained  the  most 

modifications were related to lipid metabolism, such as: sphingolipid metabolism, PS 

synthesis.  
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Conclusions: Sphingolipids may play a role in insulin signaling. Insulin deficiency is 

accompanied by changes  in  ceramide metabolism  in  skeletal  muscle. The increased 

concentration of free fatty acids in skeletal muscle may mediate some effects of insulin 

deficiency,  producing  a  pro-inflammatory  scenario  contributing  to  the  pathology  in 

skeletal muscle. These lipids can serve as skeletal muscle biomarkers in gestational 

hyperglycemic myopathy.  
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clinical metabolomics  
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Introduction: The  at-home  sample  collection  process  for  application  in  metabolomics analysis 

needs to be fast and carried out in order to guarantee the stability of the metabolites. The use of 

conventional ‘pee-in-a-cup’ sampling method is not only messy but also puts at risk sample 

contamination. The use of dried urine filter paper for urine was an advance in terms of storage and 

transport. However, makes difficult metabolite quantification and filter paper contaminants make 

the analysis process more challenging. Recently, the urine sample collection  technology  using  

Mitra®1  devices  with  absorbent  VAMS®  tips  allows  the collection of a precise specimen volume 

of urine/blood sample in addition to guaranteeing metabolic stability at room temperature for seven 

days.  In this study, we evaluate the versatility of using this microsampler for urine collection and 

application in non-target metabolomics.  

Methods: To evaluate the ability of the microsampler (30uL) to adsorb metabolites of different 

chemical classes, standards of thirty-eight polar and non-polar metabolites were spiked in synthetic 

urine and put in contact with the microsampler. Non-target metabolomic analysis was performed 

using a urine sample from healthy individuals collected at the Instituto  de  Puericultura  e  Pediatria  

Martagão  (IPPMG/UFRJ)  and  compared  with  the microsampler and its absence. The 

microsampler extraction procedure was performed using steps of sonication, agitation, 

centrifugation, and concentration. The samples were evaluated using LC-HRMS   

Results: The comparison of the analysis of the spiked metabolites in the synthetic urine using Mitra, 

with the same sample without Mitra microsampler showed the presence of metabolites with similar 

intensity (RSD< 12%). The non-target analysis of the real urine samples showed equivalence in the 

profile and the intensity in the samples extracted from the microsampler and extracted without it. 

The analysis allowed the identification of 210 metabolites of different chemical classes, such as 

amino acids and fatty acids.  Conclusions: Mitra microsampler was able to analyze comprehensive 

classes of polar and non-polar  metabolites.  The microsampler can  be used to explore new 

metabolites and biomarkers in clinical metabolomics using the untargeted metabolomics strategy.  

Acknowledgments:  Coordenação  de  Aperfeiçoamento  de  Pessoal  de  Nível  Superior (CAPES-

PrInt)  
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Health Sciences – Cancer Proteomics 

Proteomic analysis of primary tumors and paired brain metastases in lung 

adenocarcinoma patients identifies survival-related protein candidates  
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Introduction: Approximately 50% of all lung cancer patients have existing metastases at the time 

of diagnosis. In lung adenocarcinoma (LADC), brain metastases are the most common and have 

a significant negative impact on patients’ outcome. We aimed to identify prognosis- and survival-

related proteins by proteomic profiling of LADC patients using a unique cohort of 58 primary 

tumors and their corresponding brain metastases.  

Methods:  The  116  FFPE  samples  were  processed  according  to  our  previously  described 

method [1]. Proteomic analysis was performed by isobaric labeling using TMTpro 16-plex. 

Peptide fractions were analyzed on an Ultimate 3000 pump coupled to a QExactive HF-X 

following high pH fractionation. Raw data were searched using PD 2.4. Further data analysis was 

performed using Perseus, RStudio, Graphpad prism and QuPath programs.  

Results: A total of 7,418 proteins were quantified across all samples. Unsupervised clustering on 

the primary samples defined four patient groups that showed differences in both clinical and 

histopathological  parameters.  Comparison  of  the  short-  and  long-survival  patient  groups 

identified several differentially expressed proteins within the primary and metastatic tumors, 

separately. Datasets associated with these proteins were subjected to ROC curve and Kaplan- 
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Meier analyses. In primary tumors, we identified 19 proteins (e.g. SLC25A44 and SUN2) 

associated with “Disease Specific Survival”, while in the metastatic samples 51 proteins (e.g. 

TBRG4 and PPT1) related to “Survival after Brain Metastasis Surgery” were found.  

Conclusions: This study is based on a large and unique cohort of paired primary and metastatic 

tumors from LADC patients. Our findings provide insight into the biology of brain metastasis 

development in LADC and, through the identification of new biomarkers, may contribute to the 

improvement of patient stratification and personalized treatment.  
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Proteomic analysis reveals the interaction of β-actin and non-muscle myosin 

II in the nucleus  
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Introduction: Actin is found abundantly in eukaryotic cells. It can be found as filaments (F actin) 

and monomers (G actin). Both exert different functions in cells and have a key function in the 

motility of the cells [1]. Similarly, myosin is another important protein in the cell. In the family of 

myosin, it is found that non-muscle myosin II (NMIIA). This myosin family is considered a motor 

protein important for signal transduction, cytokinesis, and translocation of the actin cytoskeleton 

[2,3]. The interaction of β-actin and NMIIA in the nucleus is unknown. Our work aims to 

demonstrate the interactions of these two proteins in the nucleus.  

Methods: The nuclear protein fractions of the U2OS cells were isolated in two experimental 

conditions. The first condition was non-treated cells, and the second group was treated with 200 

nM of Latrunculin-B. Then β-actin was immunoprecipitated (IP) with a monoclonal antibody. IPs 

were collected, fractionated by SDS-PAGE, and visualized with Coomassie blue. Gel bands were 

cut and submitted to Gel Protein ID proteomic analysis. The data was analyzed using Scaffold 

Q+/Q+S software to determine the relative abundance of interacting proteins. Finally, it was used 

the string program to confirm interactions between proteins.   

Results: The proteomic analysis on the Scaffold revealed nine nuclear proteins only in the non- 

treated U2OS cells group and 32 proteins in cells treated with Latrunculin. Furthermore, it was 

observed in the volcano plot analyses comparing treated and non-treated groups the same proteins 

seen in the Venn diagram, with the P-value < 0.01. Furthermore, the string program confirmed the 

strong interaction of β-actin with the NMIIA and other proteins found in the proteomic analysis.  

Conclusion: In summary, the data presented demonstrate that β-actin interacts in the nucleus with 

several proteins, and NMIIA is one of its most abundant actin interactors within the nucleus. This 

interaction may be important  to investigate new functions for nuclear actin filaments.  
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Unraveling differentially expressed proteins in tissues with precursor 

lesions of cervical cancer   

Luana Quadros de Souza Leão1; Sofia Angiole Cavalcante2; Jonas Balan de Padua3; Zeliene 

Araújo de Souza3; Anderson Ferreira Gonçalves3; Joseph Albert Medeiros Evaristo4; Gabriel 

Reis Alves Carneiro4; Fábio César Sousa Nogueira4; Priscila Ferreira de Aquino2 

1Department of Chemistry, Federal University of Amazonas (UFAM) 
2Leonidas and Maria Deane Institute, FIOCRUZ 

 3Amazonas Oncology Control Center Foundation (FCECON) 
4Technological Development Support Laboratory (LADETEC), Proteomics Laboratory 

(LABPROT) – UFRJ  

luanaleao@ufam.edu.br 

Keywords: Cervical intraepithelial neoplasia, tissue, proteomic, mass spectrometry 

Introduction: Cervical cancer (CC) is one of the most prevalent neoplasms in the Brazilian female 

population. In Amazonas, the CC is the most incident and the 1st cause of cancer deaths in women 

[1]. Usually, the development of this disease is preceded by lesions known as cervical intraepithelial 

neoplasia (CIN), graded from 1 to 3, being the stages 2 and 3 the high-grade lesions [2]. Despite 

several actions taken to contain the advance of this disease in Amazonas, the incidence and 

mortality rates of this neoplasm remain high [3]. In this context, advances in mass spectrometry 

together with the proteomic approach can contribute to the understanding of this evolution. So, 

this work aims to characterize the profile of proteins presents in tissues with high-grade 

intraepithelial neoplasms and their respective adjacent margins.  

Methods: This study has ethical approval (CAAE 71342417.4.3002.502). In this, we collected 

cervix's tissues (adjacent margin and the lesion portion) of patients diagnosed with CIN 2 and 3.  

For proteomic analysis, the samples were pulverized and subjected to a protein extraction followed 

by a digestion protocol using the enzyme trypsin. These samples were analyzed by an Easy-nLC  

1000  nanochromatography  system  coupled  online  to  a  Q  Exactive  Plus  mass spectrometer 

(Thermo Fisher Scientific). The data obtained were analyzed by the PatternLab for proteomics V 

software to validate, compare and demonstrate the differentially abundant proteins in the types of 

samples studied.  

Results: A total of 783 proteins between CIN2 and CIN3 were identified, with a higher number 

of exclusive proteins in CIN2. In a more detailed, we called attention to the Conjugating Enzyme 

SUMO UBC9, which studies have already shown the upregulation of this protein in cervical  

lesions,  being  also  a  possible  biomarker  for  oncogenic  HPV  infection  [4].  When comparing 

CIN2 – lesion versus adjacent margin, we found 304 exclusive proteins in the CIN2 lesion, as 

Desmocholine-2 and Lamina B1, which already been found differentially abundant in samples 

from patients with cervical cancer [5] Furthermore, in the CIN3 lesion, we highlight proteins such 

homologue of cell division control protein 42 (CDC42) and actin-related proteins 2 and 3, which 

are related to progression according to the evolution of CC [6].  

Conclusions: In this study, we identified proteins that can be associated with specific molecular 

processes  of  carcinogenesis  as  the  growth  and  invasion  cellular,  in  tissues  of  cervical 

intraepithelial  neoplasia.  So,  such  data  can  be  aided  to  the  molecular  understand  of  the 

mechanisms of progression in this type of cancer.  
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Proteomic identification of potential mesenchymal biomarkers for high- 

grade ovarian serous carcinoma through the study of exosomes released by 
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Introduction:  The  promotion  of  cell  signaling  and  morphological  changes  during  the epithelial-

mesenchymal transition (EMT) favors the spread of metastatic disease. Exosomes are extracellular vesicles 

that cells release under a variety of circumstances and contain proteins essential for  cell-to-cell  

communication.  In  order  to  find  promising  biomarkers  for  ovarian cancer classification, we analyzed the 

proteome of exosomes produced after EMT induction.   

Methods: After 24 hours of serum deprivation, EMT was induced in the ovarian cancer cell line CAOV3 by 

10 ng / mL EGF for 96 hours. After decellularization, exosomes were recovered from the supernatant using 

the exoEasyMaxi kit (Qiagen) and characterized. Employing LC- MS/MS, the exosome proteins were 

identified, characterized, and quantified using Label-Free Quantification (LFQ). Inferential comparative 

statistical analyses were used to integrate the proteomic  data  with  the  mRNA  expression  TGGA  database  

in  order  to  find  possible biomarkers.   

Results: The CAOV3 exosomes generated during EMT were 150 nm in diameter, similar to those generated 

in the control condition. The proteome results indicate 100 up and 57 down among 157 proteins that were 

identified as differently accumulated between EMT-induced or not.  PLAU,  LAMB1,  COL6A1,  and  TGFBI  

were  identified  as  potential  biomarkers  of  the mesenchymal HGSOC subtype through an integrative 

analysis of up-accumulated proteins with the TCGA transcriptome signature.   

Conclusions: Potential biomarkers of the aggressiveness of ovarian cancer can be discovered through the 

integration of proteome analysis and other OMICS. Our findings call for more research  into  how  PLAU,  

LAMB1,  COL6A1,  and  TGFBI  affect  ovarian  cancer  outcomes.  

Acknowledgements: This Project was founded by CNPq, CAPES and FAPESP (CTC-CEPID). 

 

mailto:germanoaf@hotmail.com


III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

546  

Health Sciences – Human Diseases 

Proteomics of axenic and intracellular amastigote lifeforms of Trypanosoma 
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Introduction: The protozoan Trypanosoma cruzi is the etiologic agent of Chagas disease, that 

affects about 6-7 million people worldwide, mostly in Latin America [1]. T. cruzi has a complex 

life cycle with life stages inside insect vectors (epimastigote and metacyclic trypomastigote) and 

mammalian hosts (bloodstream trypomastigote and amastigote). The biological plasticity of the 

parasite is reflected by the proteome throughout its life cycle. In this study we performed a 

quantitative proteome analysis of amastigote (the intracellular replicative form found in human 

hosts) isolated from infected  cells  as well as amastigotes  from axenic cultures  in replicative and 

non-replicative conditions.  

Methods: Intracellular amastigotes (AI) were obtained by mechanical disruption of T. cruzi- 

infected Hela cells followed by centrifugation and DEAE-cellulose chromatography. Axenic 

amastigotes were prepared by differentiation of trypomastigotes after 9 h of incubation in DMEM 

pH 5.0 (AD5) [2]. Then, AD5 amastigotes were incubated in LIT (AL7) or DMEM (AD7) both 

with pH 7.2. Proteins from AI, AD5, AD7 and AL7 amastigotes were extracted with  Rapigest  

(Waters),  under  sonication.  Protein  samples  were  trypsin  digested  and  the resulting peptides 

were desalinized and submitted to nano-UHPLC Dionex Ultimate 3000 coupled to Orbitrap 

Elite™ mass spectrometer (Thermo Scientific). Protein identification and quantification were 

performed in Metamorpheus [3] with uniprot T. cruzi reference proteome database. For AI sample 

a parallel identification was performed using a concatenated database of T. cruzi and Homo 

sapiens. Quality control and statistical analysis were performed in pmartR [4], and VSclust [5]. 

Results: The method used for intracellular amastigote isolation was efficient since more than 90% 

of identified proteins belonged to T. cruzi (2333 proteins). Cell counting showed that AD5 cells 

did not replicate, while the replication of AL7 started before 18 h of growth and AD7 replication 

started after 42 h. Proteomic analyses identified 3134 protein groups, and abundance profile  

revealed  remarkable  difference  between  AD5  and  replicative  conditions.  Cluster analysis 

revealed two protein clusters with changes between AD5 and replicative conditions, one showing 

increased abundance in AD5, and other decreased abundance in AD5. Cluster with higher 

abundance in AD5 were related to microtubule and dynein complex. Moreover, two kinetoplast 
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DNA-associated proteins presented a great fold change (5 < Log2FC < 3) with increased 

abundance in replicative condition, suggesting relevant role of these in amastigote replication.  

Conclusions:  The  intracellular  amastigote  isolation  method  was  efficient,  suggesting  a 

promising approach to study amastigotes with phenotypical traits more similar to in vivo T. cruzi.  

Abundance  reduction  of  proteins  related  to  microtubule  and  dynein  complex  and kinetoplast 

DNA-associated proteins abundance increase  may be important to  the start of amastigote 

replication after amastigogenesis. 
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Introduction: Schistosomiasis is a neglected tropical disease affecting over 200 million 

people worldwide1. The etiologic agents are parasites from the genus Schistosoma. 

Infectious and inflammatory processes often occur concomitantly with changes in lipid 

and lipoprotein metabolism. Apolipoproteins have been reported to play key roles 

during host-parasite interactions, through modulation of the immune response2. 

Previous studies from our research group have demonstrated alterations in the 

expression profile of lipid metabolism related-proteins in the context of experimental 

schistosomiasis3. The focus of this work was to evaluate the expression profile of 

apolipoproteins and the lipid profile in the context of experimental infection by S. 

mansoni in the BALB/c mouse. 

Methods: Serum samples from non-infected and S. mansoni-infected BALB/c mice 

were collected at 5th and 7th week post-infection. RapigestTM was employed to enhance 

protein solubilization during in-solution digestion and samples were submitted to 

reduction and alkylation using DTT and Iodoacetamide respectively, prior to enzymatic 

digestion with trypsin. Approximately 400 ng peptides were injected into the Dionex 

3000 UHPLC coupled to a Q-Exactive mass spectrometer. Spectral data were 

interrogated using PEAKS Studio v8.5 against Mus musculus for protein identification 

and label-free quantification. The serum lipid profile was determined through levels of 

Total Cholesterol, HDL Cholesterol and Triglycerides using colorimetric detection 

methods using a Calm SBA2000 instrument. VLDL cholesterol levels were estimated by 

dividing triglyceride levels by 5, as reported in the literature4. 

Results: Compositional analysis resulted in the identification of 492 proteins distributed 

within 333 protein groups. Among these, 12 apolipoproteins in the serum were 

identified. Label-free quantitation revealed that 7 apolipoproteins were differentially 

abundant: ApoA (II and IV), ApoB-100, ApoC (II III and IV), and ApoD. Most of them 

showed downregulation at the 5th post-infection and upregulation at the 7th week in the 

infected serum, with exception of ApoA-II. The lipid profile revealed decreased Total 

Cholesterol and HDL at 5th week post infection. The levels of VLDL and Triglycerides 

decreased at 5th week and increased at the 7th week. The latter corroborating the 

expression levels of ApoA-IV and ApoC's. The atherogenic fraction increased at the 7th 

week, in agreement with increased levels for ApoB-100. 

Conclusions: The proteome composition of sera during S. mansoni infection revealed a 

significant modulation of lipid metabolism. Major alterations are probably related to 

mobilisation of lipids, as judged by the changes in the serum levels of apolipoproteins, 

possibly to sustain the metabolic demand of the immune response. Future analyses will 
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aim for a deeper understanding of the serum proteome to discover biomarkers of the 

disease and the  metabolic implications triggered by S. mansoni. 
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Introduction:  Cartilage-hair  hypoplasia  (CHH)  is  a  rare  disorder  characterized  by 

metaphyseal  bone  dysplasia  associated  with  hypotrichosis,  immunodeficiency,  and 

predisposition to malignancy. It is caused by recessive variants in the RMRP gene that 

encodes  the  RNA  component  of  Mitochondrial  RNA  Processing  Endoribonuclease 

(RNAse  MRP).  This  ribonucleoprotein  plays  an  important  role  in  various  cellular 

processes, such as mitochondrial DNA replication, pre-rRNA processing and ribosome 

maturation  and  cell  cycle  regulation  [1].  However,  molecular  mechanisms  behind 

pathogenesis of CHH remain unclear.   

Methods: To better characterize the cellular pathways involved in CHH, we performed a 

shotgun proteomic study from leukocytes. For this, blood samples were collected from 16 

patients and 5 healthy controls. Proteins were extracted from leukocytes, that was previously 

isolated by Red blood cells lysis buffer. Label-free LCMS/MS strategy (Q- Exactive plus, 

EASY-nLCII, Thermo Fisher Scientific) was performed and the results were analyzed by 

bioinformatics using Proteome Discovery, Perseus, FunRich, Reactome and GraphPad 

Prism softwares.   

Results: The most relevant biological processes and pathways related to the differentially 

expressed  proteins  in  patients  group  were:  cell  cycle,  cellular  responses  to  stimuli, 

metabolism  of  RNA,  gene  expression,  programmed  cell  death,  DNA  repair,  DNA 

replication and metabolism of proteins. These findings corroborate with the common 

properties of RMRP [2]. Furthermore, we also found significantly decreased levels in many 
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pathways, like TGFB, NOTCH and Hedgehog, indicating that RMRP RNA could be under 

control by these pathways]. An altered WNT signalling were also observed. Increased 

canonical Wnt/β-catenin signalling has also been reported in zebrafish model for  CHH  and  

pharmacological  inhibition  of  this  pathway  partially  rescued  the chondrodysplasia-

related phenotype [3]. It has also been described that Wnt/β-catenin signalling enhances 

RMRP in colon cancer cells [4]. Our results could indicate that this relation also occur in 

leukocytes, possible correlating with haematological phenotype.  

Conclusions: The approach presented in this work is the first report describing the global 

proteomic  changes  in  CHH  leukocytes  and  it  could  improve  the  knowledge  of  the 

biological behaviour of this disease. Furthermore, these data could even contribute to the 

discovery of future therapeutic targets.  
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Introduction:  In  recent  years,  MS  imaging  of  metals  using  LA-ICP-MS  has  attracted 

attention in many research fields, including basic biology and toxicology. The most important 

advantage of imaging by LA-ICP-MS is that it can provide high quantitatively in a broad dynamic  

range  because  various  elements  that  exist  on  the  tissue  surface  can  be  ionized simultaneously 

with high efficiency. For this reason, a variety of reports on MS imaging of metals  using  LA-

ICP-MS  have  been  published  on  topics  such  as  the  distribution  of endogenous metals in 

animal and human tissues, research on the toxicity of cadmium in the rat placenta, the effects of 

dibutyltin on placental and fetal toxicity in rats, and research on lead poisoning in seabirds.  

Methods:  Specimens  were  taken  from  a  patient  with  symptoms  of  hemorrhagic  gastritis 

during  gastric  biopsies.  They  were  anonymized,  and  after  tissue  formalin-fixation,  the 

sampled tissue was stored as paraffin-embedded tissue specimens (FFPE blocks). The La standard 

sample was prepared with gelatin to obtain final concentrations of 90, 450, 900, and 3600 μg/g.  

The instruments used in this study were an ICPMS-2030 (Shimadzu Corporation) as the ICP-MS 

and an LSX-213 G2+ laser ablation system (Teledyne CETAC Technologies). The MS imaging 

data analysis  software IMAGEREVEAL™ MS (Shimadzu Corporation) was used in data display 

and quantitative analysis.  

Results: The average La concentration was 4 × 104ppm, and because P was also co-localized in 

areas where La had accumulated, it is thought that La precipitated in the form of lanthanum 

phosphate. Based on a comparison with the immunohistochemistry (IHC) obtained with the anti-

CD68 antibody, which detects markers expressed by macrophages, it is considered that an 

inflammation response occurs in La accumulation areas because the specimens were also CD68-

positive in La localization areas. La accumulation areas were also observed in H&E stained 

tissues, and crystal-like precipitates were observed in those areas. In the future, the importance of 

applications in which LA-ICP-MS is used to acquire information that cannot be obtained  by  

pathological  staining  alone  is  expected  to  increase  accompanying  the development of various 

new metallic preparations  

Conclusions: In this study, lanthanum in gastric tissue was visualized by LA-ICP-MS. The 

average La concentration was 4 × 104 ppm, and because P was also co-localized in areas where  

La  had  accumulated,  it  is  thought  that  La  precipitated  in  the  form  of  lanthanum phosphate. 

Based on a comparison with the immunohistochemistry (IHC) obtained with the anti-CD68 

antibody, which detects markers expressed by macrophages, it is considered that an inflammation 

response occurs in La accumulation areas because the specimens were also CD68-positive in La 

localization areas. La accumulation areas were also observed in H&E stained tissues, and crystal-

like precipitates were observed in those areas. 
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Introduction: The modulation of the endocannabinoid system has been implicated in 

several biological processes and highlighted as crucial to neurodevelopmental [1]. Several 

studies point to the deregulation of cannabinoid signaling in schizophrenia (SCZ) [2,3]. In 

this way, the present study proposes to derive neural cells from iPSC of patients with 

schizophrenia, thus recapitulating the processes that occur during neurodevelopment, and 

evaluating the proteomic profile of these neural cells before and after treatment with 

cannabinoids. 

Methods: Neural stem cells (NSCs) derived from two iPSC control strains (GM79A and 

CF2CL2) and two schizophrenia strains (GM60B and GM61B) were treated with the 

following cannabinoid drugs: CBD (C. sativa component), WIN55,212-2 (CB1/CB2 

agonist) and anandamide (AEA; endocannabinoid) at a concentration of 1µM. After 24 

hours, cells were collected, and proteins were extracted and submitted to the FASP protocol 

for tryptic digestion. Shotgun proteomics was performed on Synapt G2-Si. Fragmentation 

spectra (MS/MS mode) were acquired in MSE mode (data independent analysis - DIA). GO 

terms were analyzed with the clusterProfiler R-package and Cytoscape software. 

Results: After two pairwise comparisons for each cannabinoid treatment we obtained the 

following differentially expressed proteins results (adjusted p<0,05): 75 (control-derived 

NSCs - VEHxCBD) and 131 (SCZ-derived NSCs - VEHxCBD), 348 (control-derived NSCs - 

VEHxWIN55) and 507 (SCZ-derived NSCs - VEHxWIN55), 255 (control-derived NSCs - 

VEHxAEA) and 705 (SCZ-derived NSCs - VEHxAEA). GO analysis evidenced terms 

significantly enriched (p.adjust <0.05) for all experimental groups. The main highlighted 

GO terms demonstrated that the exposure of NSCs to CBD could be modifying the 

proliferation and differentiation capacity of these cells. Also, the modulation of the 

endocannabinoid system through the activation of its receptors by WIN55 and AEA 

promotes alterations of the VEGFA-VEGFR2 pathway and thus may modify important 
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processes related to NSCs like neurogenesis. Finally, activation of cannabinoid receptors on 

NSCs by AEA modulates cell signaling related to Rho GTPases, and maybe influences 

important processes in neurodevelopment and SCZ. 

Conclusions: Here we present many differentially expressed proteins and biological 

processes found enriched in cannabinoids treatments, which can impact the differentiation 

and proliferation of neural stem cells when compared to SCZ and control-derived cells. 

These findings are relevant to better understanding the disorder and defining some 

interesting targets to deepen. 
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Introduction: Trypanosoma cruzi, the etiological agent of Chagas disease, must adapt to 

different environments during the life cycle involving two hosts. In the midgut of the insect 

vector, T cruzi epimastigotes convert into a metacyclic trypomastigote through 

morphological  and  biochemical  changes[1].  This  study  aimed  to  identify  proteins 

differentially abundant between virulent (CL-Brener) and non-virulent (CL-14) strains at 

epimastigote (Epi) and metacyclic trypomastigote (MT) stages and validate them as 

potential virulence factors.  

Methods: T. cruzi CL-Brener and CL-14 epimastigotes forms were cultivated in LIT 

medium. Parasites of both strains were collected after four days (exponential) and nine days 

(stationary). MT of both strains were obtained after ten days of cultivation  in GRACE 

medium and purified on a DEAE-cellulose column. Proteins were extracted and digested 

with trpsin[2]. Tryptic peptides were analyzed by nanoflow LC-MS/MS before bioinformatic 

analyses.  

Results: A total of 4.945 proteins were quantified. Interestingly, CL-14 presented more up-

regulated  proteins  at  the  Epi  exponential  and  stationary  phases  (222  and  232, 

respectively) than CL-Brener (189 and 190, respectively). However, on MT form, CL- 

Brener presented more up-regulated proteins than CL-14 (730 and 402, respectively). 

Proteins  more  abundant  in  CL-14  epimastigotes  were  associated  with  metabolic 

processes, while ribosomal activity and cell differentiation processes were enriched in the 

CL-Brener. In the MT stage, we detected in the CL-Brener more virulence factors such as 

Tryparedoxin 1, Metallocarboxipeptidase 1, Cysteine peptidase C and Calpain-like. In 

addition, we identified proteins related to flagellum specifically found in the non-virulent 

(paraflagellar rod component) and virulent strains (Flagellar calcium-binding protein and 

paraflagellar rod protein 3). These proteins have been proposed as therapeutic targets.   

Conclusions: These results showed a proteome-wide remodelling in the virulent and non- 

virulent  strains  during  epimastigote  to  metacyclic  trypomastigote  stages.  Proteins 
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described as virulence factors were regulated between the two strains and the different 

stages.   
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Introduction:  Anxiety  disorders  have  become  prevalent  in  the  general  population,  often 

associated with other disorders or medical conditions, and can have a major impact on quality of 

life [1-3]. The diagnosis of anxiety disorders, like other mental disorders, is made with only 

clinical and symptomatic information due to the lack of available objective biomarkers [3]. In this 

way, the advent of metabolomics for the determination of the metabolome as a chemical reflection  

of  the  phenotype  of  a  given  biological  system  is  often  used  to  understand  the 

pathophysiological processes involved in the progression of the disease, as well as to search for 

new diagnostic or prognostic biomarkers of various diseases of the organism [4,5].   

Methods: The research publications on studies employing human participants or animal models 

were taken into consideration following a literature search using the PubMed database. The 

investigation was done on September 15, 2022. The publications were obtained by looking up 

their  titles  using  the  search  phrases  "(metabolomics  OR  metabolite  OR  metabolic  OR 

metabolome AND anxiety)".  

Results:  Since  the  diagnosis  of  anxiety  disorders  currently  mostly  depends  on  symptom 

checklists rather than actual, objective laboratory investigations, efforts have been undertaken to  

distinguish  anxiety  patients  from  healthy  people  or  with  some  preexisting  disease  by 

metabolite analysis. Differential metabolites were arranged based on the number of citations they  

received  in  each  manuscript,  as  well  as  their  comparative  trends  among  the  study 

participants. Once such information was available, a graphic was constructed to illustrate which 

differential  metabolites  are  cited  more  frequently  in  the  evaluated  papers.  The  metabolic 

pathway analysis was performed with these metabolites the top three metabolic pathways were 

observed: aminoacyl-tRNA biosynthesis; alanine, aspartate and glutamate metabolism; and 

arginine biosynthesis. A Venn diagram was made with all reported differential metabolites to 

illustrate common metabolites in the different samples types. Plasma and urine have the greatest 

concentrations of common metabolites while none were found simultaneously in the five different 

samples.  

Conclusion: Studies on human anxiety were often used to describe different illnesses. It is 

important to remember that the group of anxiety disorders is quite diverse from a clinical and 

etiological standpoint. Additionally, it has not been well investigated whether metabolomic 

indicators can predict or control the therapeutic response to anxiolytic drugs and psychotherapy. 

Future  research  should  examine  metabolomics  modifications  in  anxiety  brought  on  by 

psychotherapy treatment, as this might further our understanding of the molecular foundations of  

how  psychotherapy  affects  symptom  change  and  how  these  alterations  are  linked  to 

metabolomic changes.  
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Introduction: Psychiatric disorders have been explored by so-called “omics” sciences, such as 

genomics, transcriptomics, proteomics, and metabolomics. However, these sciences generate a 

large volume of data that require algorithms for identification and quantification, which is a great 

challenge [1, 2]. Thus, machine learning algorithms associated with multivariate analysis strategies 

have been used in omics sciences as classification and prediction tools for different molecular 

profiles. Unfortunately, there are few studies aiming to establish a predictive model for psychiatric 

diseases, with even fewer to predict the best treatment for each patient, as the only currently 

available strategy is trial and error. Taking the complex aspects of psychiatric diseases  and  multi-

omic  techniques  into  account,  this  project  aims  to  employ  tools  of proteomics, metabolomics, 

and other omics via publicly available data in conjunction with machine learning strategies to 

establish a predictive model for the response to treatment of schizophrenia [3-5].  

Methods: We collected datasets from the literature through a systematic review followed by 

metanalysis. The validation of the method and the prediction model will be based on the 

investigation of plasma proteins and metabolites from 30 adult patients classified as good or poor 

responders to three different antipsychotics. Statistical strategies and machine learning will  be  

used  to  establish  a  predictive  model,  applicable  to  the  therapeutic  response  of antipsychotics.  

Results:  We  analyzed  two  proteomics  and  metabolomics  datasets  related  to  the treatment 

response to 3 different antipsychotics in schizophrenia patients. We also prepared plasma samples 

from those same patients, and analyzed and compared the results. Using an ANOVA and PLS-DA 

test,  9 potential metabolic markers  were  considered for validation through targeted lipidomics.   

Conclusions: This project’s results are currently preliminary and depend on a careful selection of 

additional datasets to be investigated to obtain potential response markers. As such, our results 

are still inconclusive thus far. The methods may yet be altered to ensure that the clinical model 

presents a robust binary model to distinguish between patients responsive to treatment from those 

who are non-responders. Following this model, a panel of potential biomarkers will be validated.  
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Introduction Inherited metabolic disorders (IMD) comprise a large group of serious diseases 

caused by defects in enzymes or other proteins. These include short-chain fatty acid acyl-CoA 

dehydrogenase deficiency (SCADD) [1], manifested by blocked beta-oxidation, and a deficiency of 

the fifth enzyme of oxidative phosphorylation, ATP synthase [2], caused by mutations in the 

TMEM70 gene. The aim of this study was to characterise the biochemical processes in patients 

suffering from SCADD, TMEM and their combination.  

Methods To comprehensively describe changes in the metabolic profile of patients, 58 serum and 

78 urine samples were used and subjected to a targeted metabolomic approach. Analysis was 

performed using ultra-performance liquid chromatography coupled with triple quadrupole. The 

obtained  data  were  processed  and  statistically  evaluated  by  univariate  and  multivariate 

(un)supervised methods.  

Results Targeted metabolomic analysis detected 126 metabolites in serum and 142 in urine. Both 

materials showed significant differences in the metabolic profile of patients depending on the 

disease compared to controls, especially in the levels of organic acids and amino acids. Conclusions 

Disease biomarkers ethylmalonic acid and butyrylcarnitine [3] were significantly elevated in serum 

and urine of SCADD patients. The serum profile of TMEM patients was strongly  influenced  by  

increased  levels  of  hydroxylated  acylcarnitines.  The  urine  analysis revealed accumulated 

intermediates of the citrate cycle and carbohydrate metabolism. Patients with the combination of 

both diseases were similar to TMEM patients in terms of metabolic profile changes. The findings 

of this study may importantly contribute to the understanding of the pathological changes caused 

by these defects and improve diagnostic approaches.  
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Method development and validation to identify and quantify 

Vanillylmandelic acid (VMA), Homovanillic acid (HVA), and 5- 

hydroxyindoleacetic acid (5-HIA), biogenic amines related to carcinoid 

tumors and neuroblastomas, by LC-MS/MS. 
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Introduction: Carcinoid tumors and neuroblastomas are disorders in which some neurotransmitters 

are produced [1], [2]. The first one is characterized by the overproduction of serotonin, which the 

main metabolite is 5-Hydroxyindoleacetic acid (5-HIA) [1], [3]. In the second disease, 

approximately 90% of the tumors produce catecholamines, another class of neurotransmitters [2]. 

Vanillylmandelic acid (VMA) and Homovanillic acid (HVA) are the main final products of 

catecholamine metabolism,  being that the first  one is  a metabolite of epinephrine and 

norepinephrine, and the second one a terminal metabolite of dopamine [4]. Due to the great clinical 

importance of these disorders and since the detection of these analytes has some analytical issues, 

is necessary to develop a very sensitive method to identify and quantify VMA, HVA, and 5-HIA in 

the same run using a very simple and rapid sample preparation to use in a large-scale clinical 

laboratory.      

Methods: In a deep-well plate, it was added an aqueous solution of formic acid, and the samples, 

standards, and controls were then added to their respective wells. Next, the deuterated internal 

standards were added. The plate was then homogenized and centrifugated. To analyze the samples, 

it was used a Waters AcquityⓇ UPLC as a chromatography system coupled with a Waters Xevo 

TQ-S Micro Mass Spectrometry, and a kinetex XB-C18 1.7 µm x 50 mm x 2.1 mm (Phenomenex) 

as a separation column. Mobile phase A was composed of an aqueous solution of formic acid, and 

mobile phase B was a solution of formic acid in methanol. Mass spectrometry was used in the ESI-

positive mode.   

Results: The developed method was validated following some figures of merit and statistical 

analysis. The first assessed parameter was the carryover effect. It was made F and T-tests, and, by 

the results, this effect was not observed in the developed method for VMA, HVA, and 5- HIA. 

Linearity was the second parameter assessed, and, for VMA, the range of concentration was 0.5 to 

50 mg.L-1, and the R2 of the test was 0,998. For HVA, the range was 0.5 to 100.0 mg.L-1, and the 

R2 was 0,996. For 5-HIA, the range was 0.5 to 100.0 mg.L-1, and R2 were 0,998. It was not found 

matrix effect for the three analytes. VMA had an average recovery of 101.4 %, HVA of 101.3%, 

and 5-HIA of the 101.1%. The average accuracy for VMA was 0,68%, for HVA 0.46%, and 5-HIA 

1.23%. The average precision values were 3.5% for VMA, 3.95% for HVA, and 3.15% for 5-HIA. 

The limit of quantification was 0.5 mg.L-1, and the limit of detection was 0.1 mg.L-1 for the three 

analytes.   

Conclusions: The validated method presented good results in relation to the figures of merit 

assessed; besides, it has a suitable time of chromatography run, great sensitivity, and a rapid and 

simple sample preparation proceed, considering a large-scale routine in a clinical laboratory, in 

which many samples arrive every day.   
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Introduction: Kidney diseases are a worldwide problem, leading different groups to mimic 

acute kidney injury, especially ischemic injury in vitro, to unravel the molecular and cellular 

events that occur within the renal tissue. Our objective was to  analyze  the  lipid  pattern  of  

human  renal proximal tubular HK-2 cells in the presence or absence (control group) of 

antimycin A, an ATP depletion  agent,  by  liquid  chromatography coupled  to  high-resolution  

mass  spectrometry (LC-HRMS/MS).  

Methods: HK-2 cells were cultured in K-SFM or ischemic  buffer  (Antimycin  A  10  μM  

plus Deoxyglucose  1  μM).  Lipids  were  extracted following the protocol previously 

described [1]. Internal  standard  (D-erythro-sphingosine-d7-1- phosphate)  was  used.  

Chromatographic separation  was  performed  in  gradient  elution using a Waters CSH C18 

column maintained at 45◦C and flow rate was 400 μL/min. The mobile phase  used  followed  

the  protocol  previously described  [2]. The injection volume was 5 μL. The  LC  system  was  

coupled  to  a  mass spectrometer,  Q-Exactive  Plus,  with  an electrospray ionization source  

(ESI).  Full scan experiments were carried out in ESI+ and ESI-, in the m/z range of 100–1200, 

followed by the data-dependent acquisition experiment (ddMS2 Top3).  LC-HRMS/MS  data  

were  imported  to MS-Dial  4.9  software  for  data  pre-processing. Both positive and negative 

MS spectra were used. Lipid annotation was performed comparing the m/z of the precursor ion 

with error < 5.0 ppm and MS/MS  spectra  with  those  of  the  MS-Dial LipidBlast  library.  

Statistical  analysis  was performed by Metaboanalyst. To  targeted  sphingosine  1-phosphate  

(S1P) analysis  the  mobile  phase  used  followed  the protocol  previously  described  [3].  

Mass spectrometer  was  operated  in  ESI+. Quantification was set up in the Parallel Reaction 

Monitoring mode in addition to the ddMS2 Top3 full  scan  experiment  (m/z  120-1200).  Data 

acquisition  was  performed  with  Xcalibur  3.0 software. Peak integration and calibration 

were performed using TraceFinder 3.1 software. 

Results: We detected different lipid “signature” related to ischemia, including an altered 

pattern in  some  sphingolipids.  Indeed,  we  were  also interested  in  the  potential  of  these  

cells  to augment the levels of lipids that mediate cellular protection/repair  processes,  so  we  

decided  to targeted S1P analysis, a potential candidate. We showed that S1P levels are 

augmented (  4x) in the injured cells.   

Conclusions:  In  response  to  ischemia,  HK-2 cells  characteristic  lipid  changes,  including  

an increase in  different sphingolipids. Our results may shed light on the pathogenesis of 

ischemia kidney  disease  and  can  provide  evidences  to validate the prospection of lipids as 

new potential biomarkers  or  as  possible  pharmacological targets for kidney disease.  
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Introduction: Two variants (VL and VH) of Trypanosoma cruzi calpain CAP5.5 have been 

indicated as potential biomarkers for Chagas disease progression towards the initial stage of its 

cardiac form [1]. In order to select one variant to proceed with the biomarker verification and 

validation pipeline, our group evaluated the relative abundance of the variants in the clinically 

relevant forms of T. cruzi (Y strain): the bloodstream trypomastigote (trypo) and the amastigote 

(ama).  However,  the  methods  for  parasite  obtainment  favors  both  intra  and  inter  sample 

variation  regarding  the  level  of  host  molecule  contamination.  Considering  the  mass 

spectrometry-based  quantification  methods,  this  particularity  is  a  major  aspect  for  data 

normalization. Therefore, although the relative abundance of CAP5.5 variants was determined by 

targeted proteomics, the experiment was carefully designed so that the difference of T. cruzi tryptic 

peptide present in each sample was considered in the data normalization process.  

Methods: Trypos (n=5) were isolated from heart puncture of infected Swiss mice [2], while amas 

(n=5) were obtained from mice primary cardiomyocyte culture after in vitro infection [3]. Proteins 

were extracted [1] and digested with trypsin according to the FASP protocol [4]. Following  

peptide  quantitation,  samples  were  analyzed  in  the  Q  Exactive  Plus  mass spectrometer. Each 

sample was first submitted to a data-dependent acquisition method (DDA), and  immediately  after,  

to  a  parallel  reaction  monitoring  (PRM)  carried  out  in  technical triplicate. Thereby, the PRM 

data were normalized by both the total ion current median acquired by this method and the 

normalization factor calculated to correct the ratio difference of tryptic peptide abundance from 

T. cruzi present in each digest estimated based on the DDA results.   

Results: According to the shotgun data, the abundance ratio of parasite’s peptide varied greatly in 

trypo extracts (43 to 72%), whereas in ama homogenates it ranged from 87 to 90%. As for the 

PRM results, 11 peptides common to both CAP5.5 variants and 9 exclusives to one or the other 

were successfully monitored and detected with technical and biological variation ≤ 35%. 

Interestingly, the foldchange of the normalized area under the curve of all common peptides 

indicates a trend to a higher abundance of CAP5.5 in trypo in comparison to ama (p-value < 

0.0001). Furthermore, the foldchange analysis of the exclusive peptides points the CAP5.5VH  as 

the predominant variant in both groups.   

Conclusion: Due to the normalization process applied, the relative abundance of CAP5.5 and its 

variants was determined in greatly different matrices in terms of diversity between the parasite’s 

evolutive forms and of contamination level with host proteins. As a result, the prevalent 

CAP5.5VH was selected to continue with the biomarker verification step.  
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Introduction: In 2020, 241 million malaria cases and 627,000 deaths were reported around the 

world, mainly due  to  Plasmodium  falciparum  infection  (World  Health  Organization,  2022).  

The  main treatments: artemisinin-based combination therapies and atovaquone-proguanil (CDC, 

2019; World Health Organization, 2021) are under threat, mostly because the increasing number of 

P. falciparum isolates resistant to them. Although the asexual stages of P. falciparum are dependent 

on glycolysis to synthetize ATP, its mitochondrion is vital to the parasite (MacRae et al., 2013). 

Understanding mitochondrion’s energy metabolic pathways is essential for developing other 

antimalarials. Here, we aim to identify new compartment proteins using ascorbate peroxidase 2 

(APEX2) proximity-dependent biotinylation (Rhee et al., 2013) followed by mass spectrometry 

analysis and in silico prediction.   

Methods: P.  falciparum  culture  was  transfected  with  an  episomal  plasmid  containing  APEX2, 

hemagglutinin (HA) tag and a signal peptide (SP) of thioredoxin reductases (TrxR) to address the  

plasmid  to  the  mitochondrion.  Wild  type  and  transgenic  parasite  cultures  were supplemented 

with biotin-phenol, followed by the addition of H2O2 for 1 min of oxidizing which generates biotin-

labelled proteins. Expression and localisation of SP-HA-APEX2 and proteins biotinylated, were 

verified by Western blotting (WB) and immunofluorescence assay (IFA) using streptavidin and 

anti-HA respectively. PierceTM anti-HA magnetic beads were used to identify SP-HA-APEX2. In 

parallel, in silico predictions and data mining were performed using UniProt and PlasmoDB 

Databases to predict mitochondrion and apicoplast proteins and their GO term categorizations. For 

apicoplast, predicted dataset were compared to studies of in silico and BioID-based proteomic 

profiling (Boucher et al., 2018; Ralph et al., 2004).   

Results: The WB showed the expression of the APEX2-HA and biotinylated proteins. IFA showed 

that APEX2-HA  and  biotinylated  proteins  did  not  colocalised  to  mitochondrion  labelled  by 

MitoTracker® but diffused in the parasite cytoplasm. The in silico and data mining approach 

predicted 708 mitochondrion proteins and 781 apicoplast proteins, in which 108 proteins were 

found to be in common to both organelles.  

Conclusion: Although WB showed that biotinylated proteins using APEX2 was successfully done, 

IFA showed that the plasmid has not been addressed to the mitochondrion, revealing that the SP 

sequence should be changed. A new plasmid containing a corrected SP sequence of TrxR was 

designed  and  construct,  to  identify  experimentally  the  mitochondrion  proteins.  Therefore, 

experiments will be performed again, and biotinylated proteins will be identified using mass 

spectrometry.  Mitochondrion  and  apicoplast  in  silico  analysis  will  allow  us  to  refine  the 

experimental results. Overall, our work has showed that APEX2 technology can be used for 

organelle mapping in P. falciparum.  
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Introduction. The formation of neurons and the human nervous system has unique 

characteristics. The molecular machinery that coordinates axon growth and pathfinding has 

yet to be elucidated. As human brain development is unique, knowledge based on animal 

models is limited and access to samples of human fetal brain in good condition is difficult. 

Brain organoids allow to investigate the process of their development and it is possible to 

produce them from each patient a precision/personalized medicine context in the future[1]. 

In this context, we use quantitative proteomics to identify and quantify crucial proteins in 

neurodevelopment and define the protein profile of a patient with agenesis of the corpus 

callosum (ACC), a congenital anomaly related to neural disorders.  

Methods. Cultured iPSC colonies were dissociated and aggregated to form embryoid bodies 

(EBs) that were grown for 6 days and transferred for four days in static culture in the  

neurodifferentiation  media  1%  N2  supplement  (Gibco),  1%  GlutaMAX  (Life 

Technologies), 1% MEM-NEAAs, 1% P/S and 1 μg/ml heparin in DMEM/F12 (Life 

Technologies). Subsequently, brain organoids were cultured on orbital shakers, shaken at 90 

rpm, in neurodifferentiation medium with vitamin A. Proteins were extracted using 7 M 

urea, 2 M thiourea, 50 mM HEPES 75 mM NaCl, 1 mM EDTA and protease inhibitor 

cocktails (Roche®) and digestion step using 1:50 Trypsin (Promega®)[2]. Peptides were 

desalted in spin-columns, then labeled with iTRAQ 4-plex (ABSciex), pré-fractionated in  

LC  with  hilic  column  and  analyzed  in  nLC  MS/MS  with  Q-exactive  Plus 

(ThermoScientific®).  the  bioinformatics  analyses  were  performed  using  Proteome 

discoverer 2.4, Perseus 1.6.14.0, metaboanalist and metascape[3].  

Results. From the iTRAQ label-based MS data, a longitudinal analysis of controls on 

different days (45, 60, and 75) to compare with a cross-sectional study of ACC organoids 

was performed. We observed that the group of organoids with ACC differs from the other 

control organoids and approaches later stages. The trajectory of developmental controls was 

defined and pathways related to cellular stress and the maturation and development of 

neurons and axons are enriched throughout development. ACC patient related proteins were 

identified and alterations in pathways and in proteins such as MAPK3, EFNB1, and APP, 

necessary for correct guidance of callosal axons during cortical development, show possible 

failures during these processes.  
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Conclusions.  Developmental  analysis  indicates  that  brain  organoids  shape 

neurodevelopment  at  crucial  times  for  their  formation,  increasing  their  neurological 

complexity over time of culture. The study of the ACC patient, reveals the possibility of 

modeling different disorders and observing the patient's specific molecular profile for 

medicinal purposes.  
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Introduction: Nutritional, environmental, or hormonal insults early in life modulate biological 

systems and increase the risk of lifelong metabolic diseases such as obesity and non-alcoholic 

fatty liver disease (NAFLD). Both obesity and NAFLD have been associated with increased 

activity  of  the  endocannabinoid  system  (ECS).  The  ECS  is  composed  of  the  lipid 

endocannabinoids anandamide (AEA) and 2-arachidonoylglycerol (2-AG), which bind to CB1 

and  CB2  receptors  and  are  metabolized  by  fatty  acid  amide  hydrolase  (FAAH)  and 

monoacylglycerol lipase (MAGL) enzymes. ECS activity can be modulated by dietary fatty acids.  

Fish  oil  (FO)  supplementation,  rich  in  omega-3  fatty  acids,  stands out for its hypolipidemic 

effect and it is recommended in the attenuation of obesity and other metabolic diseases [1]. 

However, it is unknown whether this effect can be mediated through maternal diet modulating the 

ECS in the offspring. In this study, we investigated the effect of maternal perinatal high-fat (HF) 

diet and gestational FO supplementation on ECS components in the liver of male and female 

offspring at birth.   

Methods: Female Wistar rats received a standard (9% fat) or HF (29% fat) diet 8 weeks prior 

mating and during pregnancy. A subgroup of HF dams received 3% FO supplementation in the 

HF  diet  (35%  fat),  exclusively  during  pregnancy  (HFFO).  Liver  endocannabinoids  were 

accessed by LC/MS and cannabinoid signalling by western blot or RT-PCR.  

Results: Maternal HF diet increased liver CB1 content in male offspring (p<0.05) compared to 

the control group, with no change in females. Interestingly, maternal FO supplementation reduced 

CB1 in both males (p<0.05) and females (p<0.05), compared to their matched HF groups. 

Maternal HF diet reduced CB2 content in the liver of female offspring (p<0,05) without changes 

in males. Maternal FO supplementation during pregnancy had no effect on CB2 content.  Neither  

maternal  HF  diet  or  FO  supplementation  changed  Faah  or  Mgll  gene expression in the liver 

of male and female offspring at birth. Toward endocannabinoids, FO reduced the liver content of 

AEA in male offspring (p<0.05), compared to the HF group. In the female offspring, maternal HF 

diet reduced the liver content of AEA compared to the controls (p<0.05). HF and FO 

supplementation reduced the content of the endocannabinoid 2-AG compared to the control group 

in both sexes (p<0.05).   

Conclusions: These results demonstrate that maternal HF diet alters the liver ECS in neonate rats, 

before the development of obesity, with an increase in CB1 only in male offspring, possibly 

contributing to lipogenesis and the origins of NAFLD already observed in adulthood. Maternal  

FO  supplementation  during  pregnancy  normalized  liver  CB1  content  in  male offspring and 

reduced endocannabinoid levels, regardless of sex. These results suggest that maternal  nutrition  

at  critical  stages  of  development  can  modulate  the  offspring's  ECS, predisposing or preventing 

the onset of metabolic diseases.   
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Introduction:  Recent  studies  have  shown  that  zika  virus  could  usurp  normal  EVs  pathways,  

thus increasing their subpopulations which can trigger high production of EVs detrimental to the 

immune system [1,2]. In this study, we investigated proteome changes in the exosome-rich fraction 

of the serum of CZS and healthy donors (Control).  

Methods: Sixty serum samples from children (n30=CZS; n30=Control) were  isolated  by  size  

exclusion  chromatography  (Izon  qEV  column)  (Ethics  Committee: 86696618.7.0000.5467).  

Based  on  MISEV  guideline  [3],  the  EVs-isolated  were  characterized  with transmission electron 

microcopy, nanoarticle-tracking analysis, western blot (expression of CD9 positive and ALIX 

negative). Then we separated different sized EV subpopulations, evaluating EV average size, relative 

abundance, Z potential, and concentration of proteins and nucleic acids. Finally, with proteomics 

analysis by Nano LC-MS/MS QToF XEVO G2 we assessed EV markers and protein content. 

Principal component analysis (PCA) was performed using MetaboAnalyst 5.0 analysis tool and we 

generated a list of significantly differentially expressed proteins. ROC-AUC analysis was performed 

to obtain diagnostic power of individual candidate proteins and refine the list of proteins in order of 

the diagnostic power [4].  

Results: With our protocol we obtained the EVs-isolated profile with a radius ranging from 20 up to 

250nm, divided into 4 subpopulations divided into 5 fractions. As confirmed by microsocpia 

eletronica, the EV size, profile and the relative percentage of each subpopulation were different in 

each fraction. In addition, EVs from CZS showed a creasing trend of Z potential and protein 

concentration, but not of nucleic acid content, with increasing size.  The proteomic analysis 

highlighted important changes in the protein composition of EVs. We identified 2,767 unique tryptic 

peptides and 152 proteins that were significantly altered with a P value of <0.05 and a q value (FDR) 

of <0.05 - using at least two unique peptides for quantification. Most proteins were downregulated 

(136 downregulated versus 16 upregulated), demonstrating that CZS provokes a remarkable  change  

on  the  proteome.  Some  main  pathways  related  to  positive  regulation  of neurofibrillary tangle 
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assembly and CoA-transferase activity were downregulated. The majority of upregulated proteins 

were involved in humoral immune response mediated by circulating immunoglobulin, B cell 

mediated immunity, positive regulation of apoptotic cell clearance and adaptive immune response. 

EVs  increased the  expression of  IL-3 and  IL-7 but  not  IL-6 in macrophages, showing a clear 

immunomodulatory effect. Functional analysis suggests that EVs could be used as a pre-treatment 

tool to alleviate the response of the IL-6. Reactome pathways associated with signaling by the B Cell 

Receptor; cytokine signaling in immune system and antigen processing.  Preliminary proteomic 

results showed several protein clusters, including different cysteine peptidases that may explain the 

biological effect in macrophages. Further we believe that Q92599 protein on the serum were 

expressed by the macrophage and neutrophils which has been suggested to be involved in the 

inhibition of T-Cell response [5]. 

 Conclusions: The characterization and proteomic profiling of zika virus-specific circulating EVs as 

a biomarker discovery strategy may provide translational applications improving the quality of life 

of children with CZS. The potential of these proteins as biomarkers is being evaluated. We will be 

tracking and analyzing more samples from this patient at the same time. However, further validation 

in clinical trials is needed.  
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Introduction. Ultraviolet light (UV) is the most energetic radiations of the solar spectrum that 

reaches the human eyes. The light passing through the cornea is transmitted to the lens, where it is 

absorbed. As high- energy photon radiation implies a strong biological damage potential in 

absorbing tissues, exposure to UV light represents a health hazard. Indeed, exposure to UV rays is a 

proven risk in many ocular diseases including photoconjunctivitis, pterygium, climatic droplet 

keratopathy, photokeratitis and cataracts. Since UVA wavelengths represent ~95% of the incident 

solar UV radiations, they are suspected to play an important part in the onset of these pathologies. 

It is well documented that UVA exposure has deleterious effects that could promote in the eye 

molecular consequences and proteins aggregation. UVA primary biological toxicity arises from the 

photo-production of reactive oxygen species (ROS). Excessive ROS levels rapidly result in oxidative 

damage to proteins1. The main purpose of this work is to get insight into the mechanism of protein 

aggregation in lenses eyes induced by 1O2 using mass spectrometry. Here we developed an orbitrap-

nLC‐MS/MS approach to examine the presence of 2-oxo-histidine-histidine (2‐oxo‐ His‐His) cross-

link in different bovine lenses.   

Methods.  Lenses were obtained from 7 female bovine (12 years-old). Each lens was homogenized 

and extract [Tris-HCl buffer (20 mM), pH 7.0, methionine (2 mM), DTPA (0.1 mM), protease 

inhibitor cock- tail]. The homogenate was centrifuged at 20,000 g for 30 min at 4 °C and the soluble 

proteins was separated. The  fractions  were  digested  [DTT  (10  mM),  IAA  (50  mM),  NH4CO3  

(50  mM)]  with  trypsin  gold (protein/trypsin of 50:1) for 21 h at 37 °C. The LC-MS/MS system 

was an Easy-nLC 1200 coupled to an Orbitrap Fusion Lumos with a nanospray source (Thermo 

Fisher). DDA was performed in the positive mode with the following settings: spray voltage 2050 

kV, capillary temperature at 300 °C, and S-Lens RF level at 30%, full-scan in profile mode, mass 

range of m/z 400–1600, resolution of 120,000, AGC target of 4E5 ions, charge states of 2–7 in a 

cycle time of 3 s with High-collision dissociation (HCD) at a resolution of 30,000 using centroid 

mode. All MS/MS spectra were searched against bovine data bases from Uniprot, using the Mascot 

(version 4.0). For analysis of cross-links, the raw files or the mascot generic files (MGF) were loaded 

in SIM-XL (version 1.4.2.1).   

Results:.  We first evaluated proteins present in bovine lenses with opacity by SDS-PAGE. All 

fractions have strong protein bands in the 10–30 kDa region corresponding to monomeric proteins, 

diffuse bands in the 45–60 kDa region (dimers) and protein aggregates that barely entered the gel. 

MS analysis of the tryptic digest proteins obtained from bovine lenses showed that they were 

composed mainly of crystallin proteins, which were sequenced with good peptide coverage. Next, 

the tryptic digests of fraction were deeply analyzed for the presence of cross-links. The presence of 

a dimeric cross-link involving a 2-oxo-His-His bond was identified. Herein, we identified the cross-

link HNERQDDHGYIR- HNERQDDHGYIR at m/z [817.3672]+4  (exact  mass  3265.4382,  error  

0.5  ppm)  from  Alpha-Crystallin  A  chain  (CRYAA)  and HEERPDEHGYIAR–

VKVLGDVIEVHGK at m/z [603.7199]+5 (exact mass 3013.5369, error 6.4 ppm) from Heat Shock 
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Protein Beta-6 (HSPB6) and Alpha-Crystallin B chain (CRYAB). Indeed, MS and MS/MS analysis 

of the cross-linked peptides showed 38 different cross-links between 2-oxo-His-His.   

Conclusion.  Through this work, the results demonstrate that 1O mediated oxidation and promoted 

the formation of intermolecular covalent bonds between 2‐oxo‐His‐His. However, the UVA-induced 

changes in the crystallin structure can accumulate in significant amounts during the life span of an 

individual and make a substantial contribution to the development of cataract. Lastly, this work has 

demonstrated that 1O2‐ mediated crosslinks have the potential to function as biomarkers for oxidative 

stress related disorders. 
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Health Sciences – Peptidomics 

Quantification of the components of the Renin Angiotensin System in the 
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Introduction: The Renin-Angiotensin System (RAS) can be divided into two functional arms: the 

canonical axis, with hypertensive, fibrotic and proliferative effects, and the non-canonical axis, 

which antagonizes the other [1,2]. It has already been observed that several physiological 

processes have a pattern of oscillation over time, such as the expression of “clock genes” 

throughout the day. These cyclical changes are an important factor in systems homeostasis. The 

oscillations of the SRA components have not been fully elucidated yet, however there are strong 

indications that this system presents temporal changes. For example, a higher incidence of 

myocardial infarction is observed in the mornings [3], studies have shown changes in blood 

pressure throughout the day [4,5], and in the concentration of the enzyme renin and the RAS 

peptide Angiotensin II, using the radioimmunoassay technique [6,7]. Thus, we seek to evaluate, 

using a more selective technique, liquid chromatography coupled to targeted mass spectrometry 

(LC-MRM) whether the components of the RAS really undergo temporal changes in their 

concentrations and, if so, try to establish a relationship between the oscillations of the protective 

(non-canonical) and classical (canonical) axes.  

Method: Male C57Bl6/J mice with approximately 12 weeks old, from the Centro de Bioterismo 

(ICB-UFMG) were used. The animals were kept under controlled environmental conditions 

(ambient temperature of 23 ± 2 °C and light/dark cycle of 12 h), with free access to water and 

food. The animals were euthanized at four different times (ZTs), the blood and heart were 

collected, and the samples were processed through a solid phase extraction using a C18 column. 

The quantification of RAS peptides in the samples was performed by LC-MRM (XEVO TQS, 

Waters). For the absolute quantification of analytes, a calibration curve was performed using 

standard peptides (Angiotensin I, Angiotensin II, Angiotensin A, Angiotensin 1-7, Angiotensin 1-

5 and Alamandina) at different concentrations. Data were analyzed using the TargetLynx software 

(Waters) and the JTK_CYCLE algorithm was used for statistical analysis.  

Results: At first,  all RAS  peptide components showed some degree of variation in  their 

concentrations at the different ZTs tested (ZT0, ZT6, ZT12, ZT18). Preliminary results showed 

that only Angiotensin II varies in a circadian way, while the other peptides vary at intervals shorter 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

580  

than 24 hours. Experiments for tissue quantification (intra and extracellular) of the heart are still 

in progress.  

Conclusion:  Preliminary  data  demonstrated  that  circulating  RAS  peptides  have  temporal 

variation. Later, when the analysis are completed, we can try to correlate these changes with 

different levels of activity throughout the day.  
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A new metalloproteinase fragment identified by peptidomic analysis in the 

venom of Bothrops cotiara is an angiotensin-converting enzyme inhibitor   
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Introduction:  snake  venoms  are  complex  mixtures  of  highly  diverse  toxins,  capable  of 

disrupting homeostasis and subduing preys. Venoms have also been sources of lead compounds 

for the development of new drugs. Mass spectrometry-based techniques have been extensively 

used to discover new venom toxins. In this work we used a peptidomic approach to explore the 

venom of Bothrops cotiara and characterize a new metalloproteinase-derived peptide, which is an 

angiotensin-converting enzyme (ACE) inhibitor.  

Methods:  B.  cotiara  venom  pool  (SisGen:  AE3A235)  was  obtained  and  fractionated  as 

previously described1. LC-MS/MS analysis of B. cotiara peptidome was performed on a LTQ- 

Orbitrap  Velos  mass  spectrometer  coupled  to  an  Easy-nLC  II2.  Peptides  were  de  novo  

sequenced or identified by database search in PEAKS Studio 7.5 (BSI) using a custom venom 

peptide database and label-free quantification was performed in Progenesis QI for proteomics 

(NonLinear Dynamics)3. Clotting times, coagulation factor inhibition, platelet aggregation, and 

ACE inhibition were assayed in vitro using synthetic peptides.  

Results: automated de novo analysis of 8,025 MS/MS spectra, followed by database search, led 

to the identification of 119 peptides by database search and 340 new peptides by de novo analysis. 

A novel pyroglutamic acid-containing peptide, named Bc-7a, was identified as a snake venom 

metalloproteinase fragment by homology search. Bc-7a exhibited high affinity (Ki < 1 µM) for 

ACE and modest inhibition of clotting factors (up to 35% for factor XIa at 500 µM). However, it 

was not able to prevent platelet aggregation, nor to prolong prothrombin and activated partial 

thromboplastin clotting times.  

Conclusions: Bc-7a presented a distinct function from that of its putative parent protein, acting as 

an inhibitor of ACE, thus making it a new cryptide4. Nevertheless, the presence of such a  
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proteolytically processed fragment with functional implications illustrates the complexity of snake 

venom composition and their inherent phenotypic plasticity as well as sheds light into a poorly 

explored venom (sub)proteome.  
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Health Sciences – Systems Biology 

Isobaric labeling-based Quantitative Proteomics Interrogates Changes 

in Aedes aegypti proteins during Wolbachia pipientis and Zika Virus 

infection    
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Introduction.  Zika  virus  (ZIKV)  is  a  global  public  health  emergency  due  to  its 

association with microcephaly, Guillain-Barré syndrome and myelitis in children and adults. 

As there is no antivirus therapy or vaccines are available, several strategies have been 

developed to target the main mosquito vector, Aedes aegypti, to reduce the burden of 

different arboviruses[1]. Among such strategies, the use of the maternally-inherited 

endosymbiont  Wolbachia  pipientis  has  been  applied  successfully  to  reduce  virus 

susceptibility and causes a fitness cost in mosquito life-history traits such as fecundity and 

fertility[2]. However, the mechanisms by which Wolbachia orchestrate resistance to ZIKV 

infection and how it influences metabolic pathways leading to differences in egg production 

remains poorly known. In this study, we apply isobaric labeling quantitative mass 

spectrometry (MS)-based proteomics to quantify proteins and identify pathways altered 

during ZIKV infection, Wolbachia infection and co-infection in the Ae. aegypti heads and 

ovaries.  

Methods. Female mosquitoes infected and non-infected with Wolbachia were capture in 

field and virus insertion was performed in vitro. After head and ovaries dissection, proteins 

were extracted using 7 M urea, 2 M thiourea, 50 mM HEPES pH 8, 75 mM NaCl,  1  mM  

EDTA,  1  mM  PMSF,  and  protease/phosphatase  inhibitor  cocktails (Roche®) and 

digestion step was executed using Trypsin (Promega®). Peptides were labeled with iTRAQ 

4-plex (ABSciex®)[3] and fractionated in reverse phase column. Samples were analyzed in 

Q-exactive Plus (ThermoScientific®) and the bioinformatics analyses were performed using 

Graphpad Prism 8.0, Perseus 1.6.14.0, Vectorbase and String sofwares.  

Results.  To the best  of our knowledge, this is  the most complete proteome of  Ae. aegypti  

heads  and  ovaries  reported  so  far,  with  a  total  of  3790  and  3913  proteins identified,  

respectively.  We  were  able  to  identify  ZIKV  polyprotein  peptides  and Wolbachia 

proteins in both tissues, with a quantification of 1044 Wolbachia proteins in complex sample 

tissue of Ae. aegypti ovary. As for head samples, the reduction of ZIKV polyprotein during 

Wolbachia infection was determined by MS and corroborates the idea that Wolbachia helps 
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to block ZIKV infections in mosquitoes. The modified aspects in ovary tissue were mainly 

related to the immune priming enhancement by bacteria presence and the modulation of the 

Juvenile Hormone pathway caused by both infections. Also, in both head and ovaries 

analysis, we show that Wolbachia regulates proteins involved in reactive oxygen species, 

regulating humoral immune response.   

Conclusion. The present study offers a rich resource of data that may help to elucidate 

mechanisms  by  which  Wolbachia  orchestrate  resistance  to  ZIKV  infection  in  Ae. 

aegypti  and  how  the  bacteria  disturbs  insect  reproducibility,  and  represents  a  step 

further  on  the  development  of  targeted  methods  to  detect  and  quantify  ZIKV  and 

Wolbachia in complex tissues.  
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Spatial proteomics reveals subcellular reorganization in human 

keratinocytes exposed to UVA light  
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Introduction: The effects of UV light on the skin have been extensively investigated [1]. 

However, systematic information about how the exposure to ultraviolet-A (UVA) light, the 

least energetic but the most abundant UV radiation reaching the Earth [2], shapes the 

subcellular organization of proteins is lacking. In this sense, subcellular proteomics has 

become a valuable technique to explore subcellular dynamics [3].   

Methods:  Using  subcellular  fractionation,  mass-spectrometry-based  proteomics, machine 

learning algorithms, immunofluorescence, and functional assays, we mapped the subcellular 

reorganization of the proteome of human keratinocytes in response to UVA radiation.  

Results: Our workflow quantified and assigned subcellular localization for over 1,600 

proteins,  of  which  about  200  were  found  to  redistribute  upon  UVA  exposure. 

Reorganization  of  the  proteome  affected  modulators  of  signaling  pathways,  cellular 

metabolism, and DNA damage response. Mitochondria were identified as one of the main 

targets of UVA-induced stress. Further investigation demonstrated that UVA induces 

mitochondrial  fragmentation,  up-regulates  redox-responsive  proteins,  and  attenuates 

respiratory rates.  

Conclusions:  In  summary,  our  data  set  provides  valuable  information  about  UVA- 

triggered  translocation  events  in  subcellular  niches.  Our  validations  specifically 

emphasize the role of this radiation as a potent metabolic stressor in the skin.  
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Development of targeted bile acid LC-MS/MS platform for gut 
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Introduction: The role of nutrition and lifestyle in health is increasing the understanding of 

metabolic disorders. Food supports the symbiotic microbial communities that colonize the digestive 

tract - the gut microbiota. These interact with each other and with the host in  a  symbiotic  

relationship,  participating  in  the  modulation  of  biological  processes essential for health. These 

microbes biosynthesize natural products, which affect the bile acid  biosynthesis.  The  metabolic  

dysregulations  inherent  in  patients  with  metabolic diseases, such as Inborn Errors of Metabolism, 

can be used as a fingerprint for monitoring patient care. In the case of patients with diet therapy, the 

normalization or control of the levels of metabolites can be evaluated. In this project, we 

implemented UHPLC-MS/MS analysis of 44 bile acids to support studies of metabolic diseases such 

as Glycogenosis.  

Methods: To establish the analytical method, 44 standards of bile acid compounds were analyzed 

by LC-MS/MS. The LC analysis was performed using a Waters Acquity HSS T3 column in a 25 

min gradient elution. Analytes were detected using selected reaction monitor (SRM) in negative 

electrospray ion mode and quantified by the internal standard method. Tracefinder software v4.0 

was used to automate data processing. The method was used to analyze fecal samples from patients 

with Glycogenosis and healthy controls.  

Results:  A  platform  based  on  LC-MS/MS  for  the  screening  of  44  bile  acids  was successfully 

developed. The column with non-polar characteristics exhibited suitable separation performance for 

all compounds. Using the MS/MS data as a filter, we created a  semiautomatic  data-processing  

approach  with  high-confidence  identification.  We performed  the  quantification  of  analytes  in  

fecal  samples  from  patients  with Glycogenosis and healthy individuals. As a next step, we will 

perform statistical data processing to assess which bile acids relate to patients' metabolic dysfunction.  

Conclusions: A target platform based on UPLC-MS/MS was implemented to quantify 44  bile  acids  

to  study  metabolic  diseases  such  as  Glycogenosis.  The  platform  will contribute to the 

development of useful tools to better promote clinical suitability for the treatment of this group of 

patients.  
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Health Sciences – COVID-19 
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Introduction: Coronavirus Disease 2019 (COVID-19) is characterized by a dysregulated 

host response. Proteomic studies have shed light in its complex pathogenesis, but there are 

few studies using cells, such as peripheral blood mononuclear cells (PBMCs) [1-4]. Here, 

we used TMT-based quantitative proteomics to characterize PBMCs from COVID- 19 

patients along their clinical course.   

Methods: Blood samples were collected prospectively from 29 patients with COVID-19 

(confirmed by PCR in a nasopharynx swab) and 11 healthy volunteers (HVs), between May 

and September 2020. Samples were obtained at the first day of admission (D0; n=29), after 

seven days of hospitalization (D7; n=17), and 31 days after hospital discharge (Convalescent  

Sample;  CS30;  n=15).  Protein  extraction,  quantification, reducing/alkylating, 

methanol/chloroform precipitations, digestion, and TMT Labeling were performed in 

PBMC [5]. The mass spectrometric data were acquired in a Orbitrap Fusion Lumos and data 

analysis was performed in Proteome Discoverer and imported to the  R  software  

environment  for  further  analysis  [6].  A  protein  was  considered  as differentially 

expressed protein (DEP) between the two groups (D0 vs HVs, D7 vs HVs, or CS30 vs HVs) 

if p < 0.05 and Log2 Fold-Change (FC) < −0.26 or > 0.26. We performed the canonical 

pathway enrichment analysis (CPs) using Ingenuity Pathway Analysis (IPA) and 

constructed a protein-protein interaction (PPIN) using different Cytoscape apps [5].   

Results: A total of 1452 proteins were found in the 72 samples of the 15 TMT batches. 

Compared with HVs, we identified 348 proteins as DEPs in the COVID-19 patients at D0 
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(169 up-regulated and 179 down‐regulated proteins); 249 DEPs on D7 (110 down and 139 

up) and 109 DEPs at CS30 (40 down and 69 up). IPA enrichment analysis identified eight 

CPs in D0, eight in D7, and two in CS30: the TCA Cycle (predicted decrease), unfolded 

protein response, production of NO and ROS in macrophages and IL-8 signaling (predicted  

increase)  were  common  in  D0  and  D7;  and  oxidative  phosphorylation (OXPHOS) was 

common in the three time points (predicted decrease). Based in PPIN we identified  four  

modules,  including  a  module  enriched  for  generation  of  precursor metabolites  and  

TCA  cycle/respiratory  electron  transport.  The  second  module  was enriched to mRNA 

processing. The other two modules have been enriched to myeloid leukocyte activation, 

neutrophil degranulation, and antimicrobial humoral response.   

Conclusions: We found a dynamic response in COVID-19 patients along their disease. 

Proteins related to metabolic pathways are more altered on day D0 and D7, as well as 

proteins  related  to  low-density  neutrophils  (LDNs).  Despite  a  trend  to  return  to 

homeostasis, OXPHOX and actin cytoskeleton signaling remained altered after 30 days of 

hospital discharge.  
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Introduction: Large-scale testing and early diagnosis of COVID-19 are necessary measures to 

combat the SARS-Cov-2 virus spread [1,2]. Currently, the gold standard test for diagnosing the 

disease is the RT-qPCR (reverse transcription-quantitative polymerase chain reaction), which has 

limitations in terms of sensitivity, availability of supplies, and even the time it takes to get the 

results [1,3,4]. In this context, the development of new tests that allow the diagnosis to be obtained 

in a reliable and fast way becomes relevant. This project aimed to identify molecular signatures 

for COVID-19 diagnosis in urine samples using the MasSpec Pen system.   

Methods: 236 urine samples were analyzed using the MasSpec Pen system coupled with mass 

spectrometry, 133 samples from hospitalized patients with symptoms of COVID-19, and 103 

samples from healthy volunteers. LASSO regression and the leave-one-out cross-validation 

feature were used for statistical data analysis. The statistical classifier was constructed based on 

the metabolite profiles of samples from hospitalized patients with positive diagnoses in the RT-

qPCR test and asymptomatic volunteers with negative results. Samples from hospitalized patients 

that presented a negative RT-qPCR test were not used to build the classifier, as were samples 

collected more than 14 days after symptom onset or with more than two days of difference from 

PCR sample collection.  

Results:  LASSO  regression  allowed  the  identification  of  18  ions  that  were  relevant  in 

classifying healthy and infected samples. The statistical classifier reached 100% sensitivity, 100% 

specificity, and 100% predictive accuracy in the training set, and 89% sensitivity, 96% specificity, 

and 94% accuracy in the validation set.   

Conclusions: These data suggest urine analysis with the MasSpec Pen and Mass Spectrometry as 

a promising methodology for rapid screening of COVID-19, with few pre-processing steps, 

without the need for expensive reagents, and with high sensitivity and specificity.  
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Introduction: Coronavirus Infectious Disease 19 (Covid-19) is an infectious disease caused 

by SARS-CoV-2 (severe acute respiratory syndrome  - Coronavirus 2) identified in 

December 2019 on China1. On March, 2020, the disease was declared a pandemic by the 

World Health Organization. The lack of knowledge about the peculiarities of the infection, 

the pathogenesis, the  different  outcomes  and  clinical  complications2  still  motivates  the  

entire  scientific community. Two sub strains of SARS-CoV2 were used, SARS-RJ1 is 

derived from the Spanish lineage  A.23  and  SARS-RJ2  South  American  lineage  B.1.1.334.  

We  also  used  the  virus' structural purified proteins, the Nucleocapsid protein (N) and the 

RBD domain, in order to verify their participation on infection. 

Methods: Vero E6 cells (5 × 105 cells/well) in 6-well culture plates 24 hr before the 

experiment. After, cells were infected with both virus (MOI 0.01) by 1h, wells were washed 

and medium culture were added. Cells infected remained for 48h in culture. For treatment 

with structural proteins, cells were incubated with 2,5 ug or 25 ug of each protein/well for 

48h. Plates were washed with 75 ammonium bicarbonate pH 8 by 5 times and was added  

cold extraction metabolites  solution  (MeoH  80%)5  and  intern  standards  of  extraction.  

LC/MS  data  was performed on HPLC, Bruker maXis Impact and Mass Spectrometer Maxis 

Impact, ESI-Q-TOF (Bruker).  The  metabolomics  results  were  post-processed  on  Mzmine  

ver  2.53  and Metaboanalist platforms; each metabolite peak area chromatogram identified 

was analyzed on Graphpad Prism ver 5 program, applying the One Way Anova statistical 

test with Bonferroni’s Multiple Comparision test. Spectroscopy and morphology of 

structural proteins were evaluated at different pH’s by light scattering, tryptophan 
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fluorescence, Thioflavin T binding (Cary 1Eclipse/Varian  spectrofluorometer)  and  

ultrastructural  fibril  morphology  by  Transmission Electronic Microscopy (JEOL 1200 

EX).   

Results: It was possible to detect 1303 significant metabolites by Fisher's analysis of 

variance with p<0.001 and the groups proved to be independent by the PLS-DA analysis. In 

contrast to virus’ strains, both proteins induced changes in intracellular sorbitol 

concentrations, that are directly  linked  to  osmotic  damage2.  In  addition,  structural  

proteins  significantly  differ  at energetic metabolic changes from those induced by viral 

strains. By spectroscopy analysis we found an increment on light scattering on pH 5 for 

RBD domain and pH 7 for N protein. These events are followed by tryptophan red shifting, 

oligomers and fibril formation3 on different pH’s.  

Conclusions: Viruses are metabolically inert, depending entirely of the host cell to produce 

their components and generate new viral copies and as expected we found alterations on 

energy metabolism  of  target  cells.  Besides  that,  the  metabolic  damages  and  the  

potential  of amyloidogenic structural proteins can be an important key to the understanding 

of disease and cases of long Covid-19.  

Acknowledgments: We want to acknowledge Isadora de Araújo Oliveira and Lívia Barbosa 

for their helpful contribution on LS/MS analysis. Also, Fundação de Amparo à Pesquisa do 

Estado do Rio de Janeiro (FAPERJ) and Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior (CAPES) — Finance Code 001 

 

References: 

1. Zhu, N. et al. A novel coronavirus from patients with pneumonia in China, 2019. N. Engl. 

J. Med. (2020). doi:10.1056/NEJMoa2001017 

2. BRASIL. Ministério da Saúde. DIRETRIZES PARA DIAGNÓSTICO E 

TRATAMENTO DA COVID-19. Secr. Ciência, Tecnol. Inovação e Insumos Estratégicos 

em Saúde - SCTIE (2020). doi:10.1093/cid/ciaa344 

3. Voloch, C. M. et al. Genomic Characterization of a Novel SARS-CoV-2 Lineage from 

Rio de Janeiro, Brazil. J. Virol. 95, 1–5 (2021). 

4. Resende, P. C. et al. Evolutionary Dynamics and Dissemination Pattern of the SARS-

CoV-2 Lineage B.1.1.33 During the Early Pandemic Phase in Brazil. Front. Microbiol. 11, 

1–14 (2021). 

5. Liu, X., Ser, Z., Cluntun, A. A., Mentch, S. J. & Locasale, J. W. A strategy for sensitive, 

large scale quantitative metabolomics. J. Vis. Exp. (2014). doi:10.3791/51358 

6. Mathebula, S. D. Polyol pathway: A possible mechanism of diabetes complications in the 

eye. African Vis. Eye Heal. 74, (2015). 

7. Nyström, S. & Hammarström, P. Amyloidogenesis of SARS-CoV-2 Spike Protein. J. Am. 

Chem. Soc. 144, 8945–8950 (2022).  

                                                           
 

 
 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

595  

Screening of Peptide Libraries for the Receptor-Binding Domain 
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Introduction:  COVID-19  is  caused  by  SARS-CoV-2  or  severe  acute  respiratory 

syndrome coronavirus 2, a single-stranded RNA virus. This virus infects host cells and 

replicates itself using a glycosylated spike protein on the viral envelope. Throughout the 

pandemic, new variants of SARS-CoV-2 continue to emerge. With each new variant comes 

the need to determine changes to receptor binding domain (RBD) of the spike glycoprotein. 

Changes in the RBD can increase or decrease the binding affinity and therefore  directly  

affect  the  transmission  of  the  virus[1,2].  This  study  uses  a  single quadrupole mass 

spectrometer, LCMS-2050 to screen a peptide library derived from the RBDs for the 

Omicron and Delta variants.  

Method: Two different peptide pools sourced from JPT Peptide Technologies were 

chromatographed  using  a  Shimadzu  single  quadrupole  liquid  chromatograph  mass 

spectrometer, the LCMS-2050. Each peptide pool consisted of 53 individual peptides and 

synthetically  represent  the  RBD  of  the  spike  glycoprotein  for  SARS-CoV-2,  Delta 

(B.1617.2) and Omicron (B.1.1.529). The peptide pool samples were diluted to a final 

concentration of 10 μg/mL in  0.1% formic  acid in  water.  A full scan and targeted screening 

method was used to determine initial charge states and differentiate between the two 

samples.  

Results: The LCMS-2050 separated and identified two different SARS-CoV-2 variants 

using unique peptide sequences. Each peptide library consisted of multiple peptides with 

mass  range  of  1514.77  to  2017.47  g/mol.  A  targeted  screening  method  was  then 

developed using the most abundant charge state and individual retention times. Initial 

comparison showed multiple differences in the m/z detected resulting from alterations to the 

amino acid sequence in the RBD of the spike protein. A full scan method with an m/z range 

of 10-2000 in both positive and negative polarity was used to identify the most abundant 

charge state for each peptide. Multiple mutations were identified between Delta (B.1617.2) 

and Omicron (B.1.1.529). For example, Omicron has a mutation that changed glycine 

(G339) to aspartic acid (D339). A second mutation changed three serines (S371, S373, and 

S375) to leucine (L371), proline (P373), and phenylalanine (F375). A third mutation 

changed lysine (K417) to asparagine (N417).  

Conclusions: A  targeted  screening  method  was  developed  for  the  receptor  binding 

domain (RBD) for SARS-CoV-2, Delta (B.1617.2) and omicron (B.1.1.529) variants. 

Mutations  to  the peptide sequences were identified using a single  quadrupole mass 

spectrometer, LCMS-2050, and used to differentiation between two COVID variants. The 

broad scan range and short polarity switching time allowed for simultaneous detection of 
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multiple charge states including the intact charge state in both positive and negative polarity. 

This method could be expanded to include additional mutations of the RBD of SARS-CoV-

2 for differentiation of COVID variants  
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Introduction: High-density lipoprotein (HDL) is known for participating in reverse cholesterol 

transport, although other roles for HDL in health and disease have been described. Recent 

evidences suggest the participation of HDL in infectious diseases [1].  

Methods: We isolated HDL from 41 subjects diagnosed with COVID-19. The subjects were 

divided into two groups: the non-hospitalized group had mild symptoms and recovered at home, 

while the hospitalized group had severe symptoms and required hospitalization. HDL proteins 

were  digested  with  trypsin  and  analyzed  using  an  Orbitrap  Fusion  Lumos  tribrid  mass 

spectrometer  coupled  to  a  nanoLC  system.  We  used  data-independent  acquisition  (DIA) 

proteomics to quantify 29 HDL-associated proteins. To control for technical variability, we 

employed several quality control samples. Data analyses were performed using the software 

Skyline, R and STATA.  

Results: Using proteomics, we showed that the levels of eight HDL proteins were different 

between hospitalized and non-hospitalized subjects independently of sex, triglyceride or HDL- 

cholesterol levels. Five of those proteins were at least 50% more abundant in hospitalized patients, 

such as pulmonary surfactant-associated protein B (SFTPB) and serum amyloid A 1 and 2 (SAA1 

and SAA2, respectively). The other tree proteins were reduced by more than 30%, such as 

apolipoproteins A2 (APOA2) and L1 (APOL1). We applied linear discriminant analysis in five of 

those proteins and we were able to classify COVID-19 subjects according to the severity of the 

disease (error rate of 4.9%). Additionally, abundance of apolipoprotein M (APOM) in HDL was 

inversely associated with odds of death due to COVID-19 complications.  

Conclusions: In summary, hospitalized COVID-19 patients exhibit a profound remodeling of 

their HDL proteome when compared to non-hospitalized patients. Among their differences, we 

found increased abundance of proteins related to immune response and inflammation, and lower 

abundance of proteins related to lipid metabolism. HDL-associated proteins could also classify 

patients according to the severity of the disease. Our results reinforce a role for HDL in infectious 

diseases.  
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Introduction: The COVID-19 pandemic continues to cause a large global impact, accounting 

today more than 6 million deaths [1]. Clinical manifestations that affect the pulmonary system 

are predominantly reported, such as respiratory tract infection and cytokine storm [2], and the 

molecular mechanisms that drive these severe symptoms need to be better understood. Several 

studies have characterized the components of plasma, blood, and serum, revealing possible 

outcomes and biomarkers in COVID-19 [3],  and  in  this  context,  we  used  proteomic  

approaches  to  scrutinize  the pathophysiological events of COVID-19 in platelets [4] and 

extracellular vesicles [5]. Considering that most of the effects are related to the pulmonary 

system, aspirate tracheal fluid could represent a crucial source of molecular information to 

characterize and  anticipate  patients’  outcomes,  mainly  in  differentiating  severe  cases  that  

may progress to discharge or death. In this manner, we aim to determine the proteome 

composition of tracheal-aspirate samples, from survival and non-survival hospitalized patients, 

to reach potential biomarkers correlated to COVID-19 severity.  

Methods: Study includes survivor (S) COVID-19 subjects (n = 7) and non-survivor (NS)  

COVID-19  subjects  (n  =  9)  who  were  hospitalized  and  intubated.  Samples processing was 

performed as previously described [6]. In summary, aspirated samples were lysed, solubilized 

with a mixture of protease and phosphatase inhibitors, reduced, alkylated, and trypsinized. 

Desalted tryptic peptides were applied to nLC-MS/MS using a  Dionex  Ultimate  3000  nano  

LC  system  coupled  to  a  Q-Exactive  HF-X  mass spectrometer.  Raw  data  file  processing  

and  quantification  were  performed  with PatternLab for Proteomics and MetaboAnalyst [4,7].  

Results: Label-free analysis reveal minor distinct proteomic profiles when we compare S and NS 

groups. Of note, 209 exclusive proteins (EPs) were identified for S and 189 Eps were identified 

in NS (FDR < 1%). Partial Least Squares Discriminant Analysis was applied, revealing S and NS 

grouped separately, according to 15 specific proteins. Functional analysis revealed significantly 

enriched pathways in the NS group as innate immune responses, especially leukocyte migration, 

with CD177 playing a central role. Interesting,  CD177  is  a  potential  biomarker  correlate  with  

neutrophil  activation  
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previously identified in serum, capable to differentiate severe COVID-19 group from health 

donors [9]. In this work, we extend these finds and demonstrate that, in tracheal aspirate fluid, 

CD177 is an exclusively protein from patients that do not survive to severe COVID-19, 

highlighting the potential as a biomarker of mortality outcome. Conclusions: We identified the 

proteome of tracheal fluid from each patient ‘group, contributing to understand 

physiopathology of COVID-19. Thus, for the first time we describe, in tracheal aspirate fluid, 

CD177 as an exclusively protein from NS, and a possible biomarker of COVID-19 mortality 

outcome.  
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Introduction: The COVID-19 pandemic has pushed the development of diagnostic tests to meet 

patient needs and provide accurate, sensitive, and fast disease detection. Despite fast 

advancements, limitations related to turnaround time, varying performance metrics due to 

sampling site, illness duration, co-infections presence, and the need for particular reagents still 

exist. We present urine analysis through flow-injection – tandem mass spectrometry (FIA- 

MS/MS) as a powerful approach for COVID-19 diagnosis, targeting the detection of amino acids 

and acylcarnitines. We adapted a method widely known for newborn screening tests on dried blood 

to urine samples to detect metabolites related to COVID-19 infection.   

Methods: We analyzed samples from 246 volunteers with PCR's diagnostic confirmation. Urine 

samples were self-collected, diluted, and analyzed using Flow Injection Analysis (FIA) 

methodology without chromatographic separation with a run time of 4 min. The classifier was 

built  using  75%  of  data  from  healthy  non-hospitalized  COVID-19  PCR  negative  and 

hospitalized COVID-19 PCR positive. We validated the model with the remaining 25% of the 

data.  Cutoff  values  for  positivity  definition  were  selected  based  on  the  receiver  operator 

characteristics  (ROC)  curve  for  training  and  validation  sets.  We  evaluated  the  model's 

performance  for  the  validation  and  test  sets  by  measuring  figures  of  merit,  which  were 

calculated based on the agreement with PCR diagnosis.   

Results: The classifier achieved high diagnostic performances: 97/90% sensitivity, 95/100% 

specificity, 95/97.2% accuracy. Additionally, we predicted on two withheld sets composed of 

suspected hospitalized/symptomatic COVID-19-PCR negative patients and patients out of the 

optimal time-frame collection for PCR diagnosis, with promising results.  

Conclusions: In conclusion, we showed that urine analysis using an adaptation of the known 

method for newborn screening by FIA-MS/MS is a promising methodology for COVID-19 

screening and diagnosis, with the potential to be used even after the peak viral load. Our method 

also revealed substantial changes in the metabolome of infected people and pointed out the relation 

of COVID-19 to metabolic pathways, providing insights into the physiopathology of the disease. 
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Further advancements should focus on measuring the specificity of the method when dealing with 

multiple pathogens and its ability to detect COVID-19 in asymptomatic infected people.   
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Proteomic profile of platelets and extracellular vesicles reflect platelet 

hyper-reactivity and cell death in severe COVID-19  
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Introduction: The advance of the COVID-19 pandemic, caused by the SARS-CoV-2 is still 

the most challenging of global public health. As contagion rates increased, we faced a  group  

of  patients  progressing  to  acute  respiratory  distress  syndrome[1],  severe metabolic  

complications[2],  thrombotic  events[3],  and  coagulopathies[4]  that  have overwhelmed 

healthcare systems and accounted for more than 6 million deaths[5]. This public  health  

urgency  has  redesigned  the  scientific  community's  efforts  to  establish connections 

between disease progression and the pathophysiological mechanisms that trigger  severe  

COVID-19.  In  this  context,  we  describe  the  events  of  platelet aggregation[6][7] and, 

in this work, we expand our investigations, focusing on the role of platelets in 

hyperreactivity and extracellular vesicles (EVs) in patients critically affected by COVID-

19.  

Methods:  In this  study, we performed a label-free proteomics approach to  identify 

responses to infection in platelets and EVs. In parallel, we used flow cytometry to assess the 

cellular origin and procoagulant profile of these circulating structures as well as validation 

platelets experiments in a larger patient cohort. Finally, by distinguishing the biological  

groups  in  critically  ill  patients  with  COVID-19  (survivors  (S)  and  non- survivors  

(NS))  and  healthy  volunteers  (C),  different  computational  analyzes  were applied to 

provide information about the biological processes related to the pathogenesis of the disease.  

Results:   Exclusively  detected  proteins  (EPs)  and  differentially  expressed  proteins 

(DEPs) identified reflected the exacerbation of the immune response in our datasets. In 

platelets, the proteome data was mainly associated with platelet activation, cell death, and 

interferon I-mediated antiviral response while in EVs processes related to complement 

system  activation,  coagulation  cascades,  platelet,  and  neutrophil  degranulation  are 

strongly associated with the pathophysiology of severe COVID-19. Our results also show 
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that, despite the expression of proteins associated with viral replication, platelets are not able 

to propagate the virus, being reprogrammed for antiviral response and cell death as a 

possible defense mechanism. We also reported that compared to control subjects’ plasma 

exhibits elevated concentrations of total circulating EVs in COVID-19 patients, mostly 

secreted from platelets and that have tissue factor (TF)-dependent procoagulant activity 

which significant changes in the proteome of EVs from patients with severe COVID-19.  

Conclusions: Our data indicate that changes in the proteome of platelets and EVs of patients  

affected  by  severe  COVID-19  reflect  the  pathophysiology  of  the  disease, mediated by 

the events of activation of the complement cascade and coagulation, platelet hyperreactivity 

and cell death that impact progression and degree of severity of infection.  
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Urine untargeted metabolomics in COVID-19 patients 
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Introduction:  COVID-19  causes  disbalances  in  human  metabolite  levels  [1]  that  can  be 

detected in urine, a biological matrix with numerous advantages for discovering biomarkers [2]. 

The urine metabolic profile associated with COVID-19 can provide important information about 

the mechanisms and progression of the disease in the human body, reinforcing the possibility of 

developing new diagnostic methods associated with these changes.  

Methods: Urine samples from 246 volunteers were analyzed in an untargeted UPLC-QToF- MS 

method in positive and negative ionization  modes. Samples included volunteers with Positive 

(N=99, POS) and Negative (N=104, NEG) diagnoses for COVID-19. Samples from symptomatic  

negative  (N=43,  Hospitalized-NEG)  volunteers  were  also  included.  Data processing included 

normalization by sum, transformation by generalized logarithm [3], and Pareto scaling. Lasso was 

used to build a statistical classifier and point out important features based on training (75%) and 

validation (25%) sets.  

Results: The Lasso classifier built to differentiate POS and NEG samples achieved good 

performance in the positive (sensitivity: 100/90%; specificity: 99/100%; accuracy: 99/97%) and 

negative (sensitivity: 100/100%; specificity: 99/100%; accuracy of 99/100%) ionization modes 

for  the  training/validation  sets.  Altered  metabolites  (N=179)  were  identified  and  mainly 

comprise carnitines, glycerophospholipids, amino acids, and organic acids. Alterations in the 

pathway of phenylalanine, tyrosine, and tryptophan biosynthesis were found as significant (p= 

0.01).  

Conclusions: The methodology is promising for the diagnosis of COVID-19. The profile of 

metabolites in urine identified critical altered pathways in host metabolism. More analyses are 

currently underway to evaluate the role of these molecular signatures' role in understanding the 

disease.  
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Plasma proteomic profile and immune response of patients with COVID-19  
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Introduction: Coronavirus disease (COVID-19), responsible for the current pandemic, has shown 

a high rate of transmissibility, mortality, and severity. Since the beginning of the pandemic, 

science has been seeking to understand the virus and the response it causes in the human body. 

Humanity has observed the emergence of several vaccines, in record time, but we are still without 

treatment and still with empty gaps about the pathophysiology of this disease. Thus, the present 

study characterized the association of the proteomic profile of the blood plasma of patients with 

COVID-19 with the expression of inflammatory cytokines and oxidative stress.  

Methods: This study has 112 patients with COVID-19 treated at Hospital Naval Marcílio Dias. 

Clinical information was collected from the chart and blood samples for oxidative stress analysis, 

cytokine  dosage  and  proteomic  profile  analysis.  Pro-oxidant  profiles  were  obtained  by 

measuring hydroperoxide levels by high sensitivity chemiluminescence. A mixture containing 

125uL of plasma sample, 865uL phosphate buffer, and 20uL of tert-butyl hydroperoxide was 

monitored in a Glomax luminometer. The integrated area's result under the emission curve was 

expressed as relative light units. The analysis of pro-inflammatory cytokines was performed using  

the  Bio-Plex  Pro  human  cytokine  27-plex  panel  kit,  in  human  plasma.  The characterization  

of  the  patients  plasma  proteomic  profile  will  be  performed  by  label-free quantitative analysis 

and mass spectrometry analysis.  

Results: We classified patients according to the WHO severity criteria as mild, moderate, severe, 

and critical with the development of SARS. We correlated oxidative stress between groups, but 

no significant  difference  was  observed.  When  evaluating  the  use  of  invasive  mechanical 

ventilation, it was observed that patients who underwent mechanical ventilation showed a higher 

level of oxidative stress when compared to patients who did not need this type of support. In 

addition, we also observed an association of D-dimer with lipid peroxidation. In the cytokine 

analysis, the mild/moderate group had higher levels of IL1b in relation to the severe/critical 

patients. In addition, IL-8 levels are also increased in this group. In the proteomic analysis, it is 

expected  to  find  at  least  50  proteins  with  differentiated  expression  in  the  plasma  of 

severe/critical patients (Battaglini et al. 2022). This will help to understand the signaling pathways 

and the patients immune response to infection.  
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Conclusion: The patient with COVID-19 who arrives at the hospital already with increased 

oxidative stress is more likely to progress to the severe form of the disease and require mechanical 

ventilation. An association of lipoperoxidation with high levels of D-dimer was also found. The 

results of the cytokine analysis suggest a protective association of the cytokines IL1b and IL8, 

however we highlight the need to increase the number of samples to reduce the variance found in 

this group.  
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Introduction: multisystem inflammatory syndrome associated with coronavirus disease 2019 

(COVID-19) in children (MIS-C) is a relatively novel condition occurring weeks to months’ post  

SARS-CoV-2  acute  phase[1].  This  syndrome  can  cause  damage  in  the  heart,  lungs, kidneys, 

brain, skin, eyes and gastrointestinal organs. Despite clinical manifestations are shared with other 

pathologies such as toxic shock syndrome (TSS), macrophage activation syndrome (MAS)  and  

Kawasaki  disease  (KD),  the  role  of  SARS-CoV-2  infection  and  the pathophysiological 

mechanisms of MIS-C are still unknown[2]. In this work we study the plasma proteome of children 

who were infected by SARS-CoV-2 and presented MIS-C between 7-48 days after hospital 

admission and compare with those who were infected but did not develop the syndrome.  

Methods: Three Groups were used: MIS-C: 15 samples from infected patients who develop MIS-

C after 7-48 days of hospital admission; Sev-COVID: 8 samples from infected childern that 

required mechanical ventilatory assistance but does not present the syndrome, and Mild- COVID: 

15 samples from infected children who did not require mechanical ventilation and did not have 

MIS-C. Average age was: 5.86 ± 4.73 years old. Samples were digested using S-trap protocol and 

quantified by label-free nLC-MS/MS in data dependent acquisition mode.  

Results: Were identified 954 proteins in total and the pairwise comparison between the 3 groups 

using T-Test (p-value < 0.05) resulted in 281 differentially expressed proteins. Annotation 

enrichment  analysis  showed  proteins  related  to  cortical  cytoskeleton  and  ADP  metabolic 

process in the comparison of MIS-C vs Sev-COVID. The analysis of MIS-C vs Mild-COVID 

revealed hydrogen peroxide metabolic processes and high-density lipoprotein particle as main 

annotations. Finally, comparison between Sev-COVID vs Mild-COVID showed process of 

regulation of cell shape, response to toxic substances and also hydrogen peroxide metabolic 

process. Hierarchical clustering of all differentially expressed proteins showed 2 clusters of 

proteins the first one is also related to toxic substances and hydrogen peroxide metabolism and the 

second one is associated to humoral immune response and defense response to bacteria and 

regulation of endopeptidase activity.  

Conclusions:  Process  commonly  found  dysregulated  are  associated  to  hydrogen  peroxide 

metabolism which can be linked oxidative stress and was previously related to MIS-C and other 

similar syndromes such as Kawasaki disease[3]. However, interesting annotations such as 

cytoskeleton-associated processes and nucleotide phosphorylation were also identified when 

comparing MIS-C with severe cases of COVID-19 infected child.  
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Introduction:  The  unexpected  emergence  of  the  SARS-CoV-2  pathogen  led  to  the 

COVID-19 pandemic [1]. Although the pandemic´s impact has reduced, the molecular 

mechanisms that determine which COVID-19 cases become severe and fatal have still not 

been fully elucidated [2],[3],[4]. In this regard, the proteomic profile of nasal swabs from 

patients  with  known  clinical  out-comes  can  provide  valuable  data  so  that  these 

mechanisms can be understood. So, this work aims to characterize the profile of proteins of 

patients who died with COVID-19 in Amazonas and the molecular mechanisms that may be 

related to the patient's fatal clinical outcome.  

Methods:  This  study  was  approved  by  the  Ethics  Committee  with  CAAE: 

37311020.0.0000.0005.  Samples  of  nasopharyngeal  swabs  of  patients  who  died  or 

survived of COVID-19, and with and without comorbidities were trypsin digested. Then, 

the peptides  mixture  was submitted the  reverse phase chromatography/tandem  mass 

spectrometry using Fusion Lumos Orbitrap mass spectrometer (Thermo Fisher®). The 

shotgun data analysis was performed with the software PatternLab for proteomics V [5], and 

in the Metascape and Reactome [6] pathway database.  

Results:  A  total  of  1,194  proteins  were  identified,  with  redundancy,  in  COVID-19 

patients  who  died  (regardless  of  their  comorbidity  status).  In  more  detailed,  an 

exploratory analysis showed a total of 113 unique proteins and 71 proteins significantly 

more abundant in COVID-19 patients who died. In contrast, the fibronectin protein was the 

most abundant in patients who survived COVID-19. The enrichment analysis of the 

differential  proteins  showed  that  pathways  as  neutrophil  degranulation,  glycolysis, 

regulation of peptidase activity, coagulation and complement cascade were related to the 

main activities in patients who died. Some examples were: chaperone HSP8A, which is 

involved in a vesicle traffic pathway; the HSP90AA1 and the HSP90AB1 proteins [7], which 

are directly involved in a process called “HSP90 chaperone cycle for steroid hormone 

receptors” and are important in the folding of newly synthesized proteins and modulation of 

the immune response [8],[9].  

Conclusions: In this study, we identified proteins that presented a great importance for the 

replication and maintenance of SARS-CoV-2 infection in patients who died with COVID-

19.  In  addition,  these  data  provide  information  that  can  contribute  to understanding  
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the  relationship  between  pathogen-host,  as  well  as  highlighting  some proteins that can 

be a potential prognostic marker of this disease severity.  
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Introduction: The COVID-19 pandemic has posed a challenge for healthcare systems 

around the world [1]. In Brazil, the state of Amazonas presented an epidemiological profile 

that called attention, where some of the most worrying strains of the virus were detected, 

with an impact on viral infectivity in host, the P1 strain  [2], [3], [4]. In this context, the shotgun 

proteomics can contribute to understand more about the strains of SARS-CoV-2 and the 

molecular processes involved in the infection. Thus, the objective of this work was to 

explore the proteomic profile of patients who were affected by different lineages of SARS-

CoV-2 in Amazonas.  

Methods:  This  study  was  approved  by  the  Ethics  Committee  with  CAAE: 

37311020.0.0000.0005. Samples of nasopharyngeal swabs of patients infected with P1, 

B.1.1.28, B.1.1.33 and P2 strains were digested with trypsin. The peptides mixture was 

submitted to the reverse phase chromatography/ tandem mass spectrometry using Fusion 

Lumos Orbitrap mass spectrometer (Thermo Fisher®). The shotgun data analysis was 

performed with the software PatternLab for proteomics V [5], DiagnoProt [6] and in the 

Metascape and Reactome pathway database.  

Results: The symptoms reported by the patients were characteristic of other respiratory 

viruses; with the exception of retroocular pain that was reported only by patients affected by 

the P1 lineage. Exploring the protein profiles obtained, 46 proteins exclusive to P1 (e.g. 

ORF9B) were identified; one protein for the B.1.1.28 lineage (PGLYRP1) and two exclusive  

proteins  for  the  B.1.1.33  lineage  (SCGB2A1  and  CTSH).  Proteins  with significantly 

elevated abundances were also observed: for P1, five proteins (including LGALS3 and 

LGALS3BP); for B.1.1.33, three proteins including AKR1B10 (which may be involved in 

the cytokine storm of COVID-19 [7]); for B.1.1.28 the catalase protein and for P2 the 

glutaredoxin-1. The enrichment analysis revealed pathways in which the identified  proteins  

were  acting,  especially  related  to  the  processes  of  neutrophil degranulation, 

glycolysis/gluconeogenesis, cellular response to stress, and epithelial cell differentiation. 

Besides of that, the analysis with software Diagnoprot 2.1 allowed the detection of specific 

mass spectra for each group of patients and the separation of strains P1 and B.1.1.28 and 

strains P1 and B.1.1.33.   

Conclusions: In this study, we identified proteins with important roles in the cytokine storm 

of COVID-19, involved in the elimination of reactive oxygen species, and the P1 lineage 



III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

614  

showed the most diverse protein profile. The pathways responsible for obtaining energy and 

immune response were the most represented by the identified proteins. Thus, these data 

provide information that can contribute to the understanding of the pathogen- host 

relationship, highlighting some proteins and processes of great importance for the SARS-

Cov-2 strains.  
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Introduction:  The  COVID-19  pandemic  was  declared  in  March  2020  and  brought 

challenges to the scientific community [1]. In Brazil, the Amazonas state was severely 

affected by the disease, leading its health system to collapse, culminating in the oxygen crisis 

in January 2021 [2], [3]. In this context, shotgun proteomics can contribute to the 

understanding of the mechanisms of COVID-19 severity, the host response to different 

variants, the response of individuals vaccinated against SARS-CoV-2 and help to identify 

molecular processes during infection. Thus, the objective of this work was to explore the 

proteomic profile of patients affected by SARS-CoV-2 in Amazonas.  

Methods:  This  study  was  approved  by  the  Ethics  Committee  with  CAAE: 

37311020.0.0000.0005. Three patient groups were analysed: death versus non-death; 

affected by the P1, B.1.1.28, B.1.1.33 and P2 strains; and vaccinated patients affected by the 

omicron variant, symptomatic and asymptomatic, with and without comorbidities. 

Nasopharyngeal  swab  samples  from  were  digested  with  trypsin.  Then,  the  peptide 

mixture was  subjected to reversed-phase chromatography/tandem  mass  spectrometry using 

the Fusion Lumos Orbitrap mass spectrometer (Thermo Fisher®). The analysis of shotgun 

data was performed with the PatternLab software for V proteomics [4], and in the Metascape 

and Reactome[5] pathway databases.   

Results:  A total of 6734 proteins were identified for the study of death versus non-death 

patients; 1566 for the group of patients affected by the different strains of SARS-CoV-2; 

and 1929 identified for the group of omicron variant positive vaccinated patients. In a more 

detailed analysis, we found 71 proteins significantly more abundant in patients who died,  

which  were  mainly  involved  in  the  immune  response  and  cellular  stress (HSP90AA1 

and HSP90AB1) [6],[7]; in the study of the different strains of SARS-CoV-2, patients affected 

by the gamma variant (P1) showed the most distint protein profile, in which  proteins  were  

involved  in  the  host's  immune  response,  in  energy  harvesting pathways and in the 

cellular response to stress. In these patients, the SARS-CoV-2 ORF9B  [8] protein was also 

identified. The omicron-positive vaccinated patients also presented  proteins  were  involved  

in  the  immune  response  and  chemical  stress. Furthermore, an intracellular signalling 

pathway and host regulatory pathways against SARS-CoV-2 was observed; HSP90AB1, 

HSP90AA1, HSPA8, HSP90B1, HSPA4 were some of the proteins present in this pathway 

[9].  
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Conclusions: We characterized the protein profile in different groups of patients affected 

by SARS-CoV-2 in Amazonas, with proteins related to important roles as neutrophil 

degranulation,  viral  replication,  glycolysis/gluconeogenesis,  and  cellular  response  to 

stress. Thus, these data contribute to the better understanding of the interaction of SARS- 

CoV-2 and the host. In addition, it can point to possible therapeutic targets related to 

prognosis of the severity of this disease.  
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Introduction: Since December 2019, the SARS-CoV-2 -  agent  of the global COVID-19 pandemic 

- has been responsible for more than 626 million cases and more than 6.5 million deaths 

(https://ourworldindata.org/coronavirus). Effective vaccines against COVID-19 have been 

developed, trialed, and approved for use at unprecedented timescales. Vaccines produce consistent 

increases in cellular and humoral responses, such as antibody class switching and increase of specific 

neutralizing antibodies (1). However, knowledge about the mechanisms driving  immune  responses  

post-vaccination  are  still  scarce.  In  addition,  the  adoption  of heterologous  vaccination  schemes  

along  the  pandemic  composes  an  even  more  complex scenario. In this study, we recruited a 

cohort of vaccinees, analyzed their PBMC proteomes during four phases, and investigated different 

pathways involved in the vaccination dynamics.  

Methods: We recruited 6 vaccinees who received two doses of CoronaVac and a third dose of 

BNT162b2. Blood samples were collected before vaccination and after each dose (pre-vaccine, after 

1st dose, after 2nd dose and after 3rd dose). PBMCs were isolated, proteins were extracted, reduced, 

alkylated and digested with trypsin (2). Peptides were quantified and labeled with TMT 6-plex 

tagging kit (Thermo Fisher). LC-MS/MS analysis were performed in a Q-Exactive HF-X  hybrid  

quadrupole-orbitrap  mass  spectrometer  (Thermo  Fisher).  Raw  data  were processed using 

Proteome Discoverer Suite (Thermo Fisher) and only proteins quantified in more than 50% of the 

samples were included in the subsequent analysis in the R software. Data was  imputed  on  

R(“randomForest”),  had  its  batch  effect  corrected  (“ComBat”)  and differentially expressed 

proteins (DEPs) identified (Bioconductor) (3). DEPs were subjected to a pathway enrichment 

analysis using DAVID bioinformatics database.  

Results: In summary, we identified 1,959 proteins from Uniprot Homo sapiens database. After 

applying our filters, we ended up with 1,022 proteins, of which 157 were differently expressed 

(p<0.05), when analyzed using ANOVA. These proteins were associated mainly with terms related 

to neutrophil activation, degranulation, and extracellular trap formation; innate immune system;  

metabolism  (carbon  metabolism,  gluconeogenesis,  and  glycolysis)  and  defense response to 

chemical stress and microorganisms.  
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Conclusions: In conclusion, we observed that vaccination caused a significant alteration in the 

biological processes associated with innate immune system and neutrophil activation, which is an 

important pathway for the immune response and immunity generation.   
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Introduction: Steiractinia aspera is a plant from the Asteraceae family, native to Colombia [1]; 

although its hydroethanolic extracts have shown good antioxidant properties in vitro [2], there has 

been little research conducted on the properties and composition of its essential oil.   

Methods: Chemical characterization of S. aspera essential oil was performed by GC/MS using 

both  polar  (DB-WAX)  and  non-polar  (DB-5MS)  chromatographic  columns  (60  m).  Split 

injection (1:30, 1 μL) and MSD (EI, 70 eV) were used. The experimental mass spectra and linear 

retention indexes and those from spectral databases and standard compounds were used as 

confirmatory identification criteria. The essential oil was obtained by steam distillation of S. 

aspera aerial parts. The plants were collected in Bucaramanga (2019) and Barbosa (2021), 

Santander (Colombia).   

Results: A total of 36 compounds were identified in the essential oil from Bucaramanga (2019), 

with the major constituents being α-pinene (24.9%), β-pinene (14.8%), β-phellandrene (10.1%), 

and germacrene D (13.1%). In the essential oil from Barbosa (2021), 56 compounds were 

identified, with  α-pinene  (27.3%),  germacrene  D (19.1%), limonene  (8.2%), and trans-β- 

caryophyllene (8.2%) being the most abundant.  

Conclusions: For both plant harvests (2019, 2021) the major constituents were α-pinene and 

germacrene  D.  However,  the  overall  chemical  composition  of  the  essential  oils  showed 

significant variation between the two different years and places of harvesting.  
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Introduction:  The  competence  of  explants  for  in  vitro  morphogenesis  is  relevant  for 

propagation on a large scale [1]. However, for woody species, little is known about the effect of 

long in vitro subcultures on shoot development and on biochemical and molecular changes.  

Methods: We investigated the effects of long-term subculture of Cedrela fissilis explants on the 

competence of shoot development and alterations in plant hormones, polyamine (PA) metabolism 

and protein profiles. The mass spectrometer was operated in data-independent acquisition for 

identification of proteins [2] and multiple reaction monitoring mode of analyze hormones [1]. 

Results: The subculture cycles of explants affected the in vitro morphogenesis, decreasing the 

growth of shoots from the first subculture compared to the fourth. The contents of free putrescine 

and total free PAs were significantly higher in explants at the first subculture than at the fourth, 

which was relevant to the higher growth of shoots. The activity of the ornithine decarboxylase 

enzyme was higher than  that of arginine decarboxylase. The up- accumulation  of  allene  oxide  

synthase/cyclase  protein  and  down-accumulation  of  protein related to auxin in explants from 

the fourth subculture compared to the first were related to an increase in jasmonic acid and a 

decrease in indole-3-acetic acid content, respectively, leading to a decrease in competence for 

shoot development in the fourth subculture. Moreover, an accumulation on peroxidases, ornithine 

aminotransferase and proline iminopeptidase proteins and a reduction on 60S ribosomal and a 

probable aquaporin protein in explants at the fourth subculture compared to the first were 

associated with a decrease in competence for shoot development. 

Conclusions: The data represent a relevant understanding of explant competence during long-

term subculture to in vitro shoot development at the hormonal content and protein profile and may 

help to improve the large-scale plantlet production of this woody species.  
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Introduction: Somatic embryogenesis is a bottleneck for the development of genetically 

modified plants and represents a biotechnological approach for the in vitro propagation of 

crops, such as sugarcane [1, 2]. However, the modulation of this process involves different 

layers regulating gene expression and cell signalling mechanisms that remain to be 

elucidated [3]. In this study, integrative proteomics and phosphoproteomics analyses were 

performed to study the molecular dynamics involved in the in vitro morphogenesis and 

differentiation of sugarcane somatic embryos.  

Methodology: Embryogenic callus (EC) was induced according to Almeida et al. [3]. For 

somatic  embryo  differentiation  and  maturation,  ECs  were  placed  in  Petri  dishes 

containing 20 mL of maturation MS culture medium supplemented with 30 g L-1 sucrose, 2  

g  L-1  Phytagel  and  1.5  g  L-1  activated  charcoal.  Embryogenic  callus  (EC0, 

multiplication) and after 14 days of maturation (EC14, maturation) were compared (n=5). 

Proteomics and phosphoproteomics comparative analyses were performed for differential 

accumulation analysis in the EC14/EC0 comparison [2,3].  

Results: The EC14/EC0 comparison revealed 251 phosphoproteins and 700 proteins 

differentially  regulated  and  accumulated,  respectively.  Metabolic  pathway  analysis 

showed that these proteins and phosphoproteins were enriched in lysine degradation and 

starch/sucrose metabolism during multiplication, whereas the differentiation of somatic 

embryos was found to involve the regulation of energetic metabolism, including the TCA 

cycle  and  oxidative  phosphorylation.  Multiplication-related  phosphoproteins  were 

associated  with  abscisic  acid  responses  and  transcriptional  regulation,  including topless  

(TPL),  SNF1  kinase  homolog  10  (KIN10),  seuss  (SEU),  and leunig_homolog (LUH) 

proteins. Among the maturation-related phosphoproteins, the  phosphorylation  of  light  

harvesting  complex  photosystem-II,  curvature thylakoid  1b,  vacuolar  proton  atpase  a1  

and  phytochrome interacting  factor  3-like  5  was  found  to  be  associated  with  

bioenergetic metabolism and carbon fixation. The motif analysis revealed 15 phosphorylation 

motifs, including  the  [D-pS/T-x-D]  motif  that  was  unique  among  maturation-related 

phosphoproteins.  Coexpression  network  analysis  of  proteins  and  phosphoproteins 
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revealed interactions among snf1-related protein kinase 2(SnRK2), abscisic acid  responsive  

elements-binding factor 2(ABF2), and  KIN10, which indicated the role of these proteins in 

embryogenic competence. The interactions among different ubiquitin-related proteins and 

histone deacetylase 1could be involved in posttranslational protein modification during 

embryo maturation.   

Conclusions:  These  results  reveal  novel  dynamics  of  protein  regulation  in  somatic 

embryogenesis and identify new potential players in somatic embryo differentiation.  
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Introduction: Rooting is a fundamental step to propagation micropropagated seedlings [1] and 

the investigation of the biochemical and molecular changes during this morphological process in 

tree species can reveal how specific molecules are involved in the induction of adventitious roots 

(AR). 

Methods: We investigated the effects of indole butyric acid (IBA) and inhibitors of polar auxin 

transport and auxin signaling on ex vitro rooting of micropropagated shoots of Cedrela fissilis and 

evaluated the proteomic profile and endogenous contents of indole acetic acid (IAA) during AR 

initiation [2]. 

Results: We observed that the addition of IBA is not necessary for ex vitro rooting and the 

induction of AR was significantly reduced by the (p-chlorophenoxyisobutyric acid—PCIB) and 

polar auxin transport (triiodobenzoic acid—TIBA) inhibitors. The presence of meristematic cells 

and the formation of meristematic centers at the base of shoots at 3 days of rooting were observed 

and promote the formation of ARs. Differential accumulation of proteins related to cell division 

and auxin and the presence of unique proteins related to cell wall modification in shoots at 3 days 

of rooting were associated with higher levels of IAA and initiation of ARs. In addition, 

accumulation of proteins related to dephosphorylation, glycolytic and tricarboxylic acid cycle 

pathways, and reduced accumulation of proteins from isoflavonoid metabolism were associated 

with promoting the initiation of ARs. 

Conclusions: The proliferation of meristematic- type cells was observed on the 3rd day of rooting, 

leading to AR initiation. At this time, auxin-related proteins, cell division and of cell wall 

modification was observed and can be markers of AR initiations. This is the first study showing 

the involvement of protein accumulation and endogenous IAA content in the initiation of ARs 
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during rooting in C. fissilis, an easily rooted endangered woody species from the Brazilian 

rainforest. 
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Introduction: Sour passion fruit (Passiflora edulis Sims) is present in approximately 90% 

of Brazilian orchards [1] due to its superior qualities in relation to plant health, hybrid vigor 

and yield of pulp used in the manufacture of juices [2]. It has economic and social relevance 

and is an alternative crop mainly for family farming agriculture [1]. The aim of this work 

was to evaluate the influence of polyethylene glycol (PEG) on the maturation of somatic 

embryos  associated  with  differential  accumulation  of  proteins  and  changes  in  the 

endogenous polyamine (PA) content during somatic embryogenesis of P. edulis ‘UENF Rio 

Dourado’.   

Methods: Three embryogenic calli (300 mg of fresh matter -each) were inoculated in MS 

culture medium supplemented with 30 g L -1 sucrose, Phytagel, 100 mg L-1 myo-inositol, 

and without (control) or with 6% PEG (3,350 MW). The number of somatic embryos at the 

globular and cotyledonary stages was evaluated at 14 and 28 days of maturation. For free 

PA  determination,  samples  at  14  and  28  days  in  both  treatments  (three  biological 

replicates, 300 mg of FM per sample) were used for analysis by high-performance liquid 

chromatography (HPLC). Additionally, samples of embryogenic callus at 14 days of 

maturation for both control and PEG 6% treatments in the same conditions previously 

mentioned were used for proteomic analysis using a nanoAcquity ultra-high performance 

liquid  chromatograph  (nano-UPLC)  connected  to  a  Q-TOF  SYNAPT  G2-Si  mass 

spectrometer [3].  

Results: PEG 6% promoted the maturation of a significantly higher number of somatic 

embryos at globular and cotyledonary stages when compared to the control treatment. The 

higher somatic  embryo  formation induced by PEG 6% was associated  with  an increase  

in endogenous contents of free spermine, a PA with an important role in the maturation 

process of somatic embryogenesis cultures. PEG also promoted a significantly higher 

content of putrescine and total free PAs at the end of maturation, which was relevant for the 

increase in the number of somatic embryos. Comparative proteomic analyses of 

embryogenic callus at 14 days of maturation allowed the identification of a total of 514 

proteins, and the comparison between embryogenic callus matured under control and PEG 

6% treatments (PEG 6%/control comparison) revealed 51 differentially accumulated 

proteins (DAPs), with 15 up-and 20 down-accumulated, 14 proteins unique to PEG 6% and 

two proteins unique to the control. In addition, PEG 6%/control comparison revealed that  
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PEG  6%  treatment  induced  the  up-accumulation  of  proteins  related  to  ATP metabolic, 

glycolytic, generation of precursor metabolite energy, and the response to light stimulus 

processes. The down-accumulated proteins were related mainly to the cellular metabolic 

process.   

Conclusions: The use of PEG induced the maturation and development of somatic embryos 

of P. edulis Sims ‘UENF Rio Dourado’ by the differential accumulation of proteins and 

modulation of endogenous contents of PAs.  
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Zebrafish Water Tank model as a tool to evaluate phase I and II 
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Introduction: The Zebrafish Water Tank (ZWT) is a new model to research metabolic 

pathways of xenobiotics such as prohibited substances classes disclosed annually by 

WADA. Among the strong sides of the model, it is possible to highlight the use of water as 

matrix of analysis and, in addition, the zebrafish has its genome already mapped, with 

widely used in pharmacological and toxicological investigations [1]. However, steroids 

anabolic agents were barely studied, mainly regarding the enzymatic redox reactions 

typically seen in steroids rings. In this work the ZWT was employed to investigate the 

metabolism of phase I and II of methyltestosterone (MT).  

Methods: The experimental design included 3 tanks containing 200 mL of ultrapure water 

each: negative control with 8 zebrafish; positive control with water spiked with 200 ug MT, 

and a treatment tank with pure water, 8 zebrafish and 200 ug MT. After 8 hours, two aliquots 

were collected from each tank. First aliquots were submitted to a liquid- liquid extraction, 

formation of trimethylsilyl derivatives and analysis in a GC-MS-MS system. The mass 

spectrometry data were obtained through full-scan acquisition [3]. Second aliquots were 

submitted to a solid phase extraction, resuspension and analysis in a UHPLC-HRMS system 

following a 22-minute run with a mobile phase composed of (A) 5.0 mM ammonium 

formate water solution and (B) methanol. The mass spectrometry data were obtained 

through a full-scan and a parallel reaction monitoring acquisition at a negative mode.  

Results: According to the GC-MS data, ZWT was able to yield metabolites previously 

described  in humans. Reduction of α-β unsaturated ketone  in ring A was observed, resulting  

in  the  metabolite  17α-methyl-5α-androstan-3α,17β-diol.  A  minor metabolite 17α-methyl-

5α-androstan-17β-ol-3-one (Mestanolone) was also observed. By the knowledge of the 

enzymatic homology of zebrafish with humans, 17α-methyl-5β- androstan-3α,17β-diol was 

not produced [4]. A putative metabolite which was believed to be an isomer of 17α-methyl-

5α-androstan-3α,17β-diol after comparison of both mass spectra based on the m/z 143 was 

displayed. As for the LC-MS data, the model was able to yield two phase II metabolites. 

They’re known as sulphate metabolites due to the mass spectra showing its molecular ion at 

m/z 385 and its fragment ion being only m/z 97 which is the loss of the sulphate moiety. It’s 

believed that these two sulphate metabolites are from the phase I metabolites discovered by 

the CG-MS-MS analysis. These phase II metabolites are named Long Term Metabolites 

(LTM’s) because they’re found at human urine for a longer period in comparison to the 

phase I metabolites [5].  

Conclusion: the solubility of MT in water was not an issue and the model proved to be an  

effective  tool  to  investigate  phase  I  and  II AAS  metabolites. These  results  open 
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perspective for new projects involving other steroids in the ZWT model aiming, for example, 

investigations about long-term metabolites.  
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Introduction: The MS-CELL research group is located at the Federal University of ABC and was 

created in 2018. The group's research is based on the application of chemical ecology and mass 

spectrometry concepts in the comprehension of diversify phenomena, with emphasis on studies  

of  microorganisms  and  their  metabolism.  Microorganisms  are  some  of  the  most spectacular 

factories of chemical compounds in nature, with compounds used from species communication  to  

chemical  weapons  in  the  most  unusual  battles.  Our  group  seeks  to characterize  these  

molecules  and  understand  their  ecological  role  in  the  most  varied phenomena. Being our 

main focus is the interaction studies between microorganisms and their host plants, seeking to 

improve the management of agricultural pests in a global scenario. 

Methods:  In  our  studies,  we  used  several  characterization  techniques,  such  as  liquid 

chromatography  coupled  to  mass  spectrometry,  gas  chromatography,  nuclear  magnetic 

resonance, MS imaging, among others. These techniques are combined with bioinformatics tools, 

for pre and post treatment of data with a focus on structural characterization (MZmine, GNPS) 

and also statistical analysis (XCMS, MSDial, metaboanalist, etc). Also, combining them with 

other techniques such as: metagenomics, transcriptomics and molecular biology. We have a 

pipeline that we apply these tools in several studies involving microorganisms, plants and other 

biological matrices.  

Results: With the development of these researches, we intend to give back to society the support 

to scientific progress, generating knowledge and products that can bring practical benefits. Our 

group values the strengthening of human resources training and contributes to the production and 

dissemination of knowledge in the area, through the preparation of scientific articles,  patents,  etc.  

For  more  information  about  the  group  visit  https://ms- cell.pesquisa.ufabc.edu.br/, or look for 

the posters of our group at the congress, there are 8 of the most varied themes. We recently 

integrate the formation of the strategic research center INTERAGRO [2] at UFABC, where we 

seek to improving our students with a background in the scientific and business areas, and to bring 

varied solutions to the agricultural sector. Finally, the  group  is  involved  extension  programs  

such  as  CienciON,  a  podcast  with  3  years  of existence, whose objective is to present scientific 

content in a simple and clear way to the population.[3] Interested  in  partnering  or  coming  to  

work  with  us!  We  are  currently  accredited  in  two postgraduate programs at UFABC, science 

and technology/chemistry (CTQ, Capes 6) and Biotechnoscience (BTC, Capes 4).  

Conclusions:  The  MS-CELL  seeks  to  be,  above  all,  an  environment  for  personal  and 

professional improvement, prioritizing the training of its members in the scientific area of business 

and university extension. Enabling the realization of the most diverse projects in the area of mass 

spectrometry and chemical ecology.  
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Introduction: Physiological and biochemical investigations related to seed development and 

germination can provide useful information for seed conservation studies and propagation of 

endangered plants such as Paubrasilia echinata. The objective of this work was to study the 

physiological aspects and the proteomic profile during the development and germination of P. 

echinata seeds.   

Methods:  Seeds  were  collected  at  four,  six  and  eight  weeks  after  anthesis  (WAA).  The 

length,  fresh  and  dry  matter,  germination  (%)  and  proteomic  profile  were  analyzed.  The 

proteomic profile of seeds at eight WAA after 24 hours of germination was also analyzed. Proteins  

were  sequentially  extracted  according  to  their  solubility  in  different  solutions according  to  

the  methodology  of  Romero-Rodríguez  et  al.  [1],  with  modifications,  and analyzed via 

MS/MS mass spectrometry using the shotgun technique [2].  

Results: Immature seeds at six WAA and mature seeds at eight WAA germinated, while immature 

seeds at four WAA were not able to germinate. The sequential extraction revealed that  the  seeds  

at  six  and  eight  WAA  were  composed  mainly  of  albumins,  followed  by globulins and 

glutelins, respectively, while seeds at four WAA  were composed mainly of glutelins.  The  results  

suggest  that  albumins  and  globulins  have  relevant  roles  in  the maturation and germination 

of P. echinata seeds, while globulins are related  to the early development of seeds. The reduction 

in the protein content at 24 hours of germination in all fractions is associated with the mobilization 

of the protein reserves necessary to initiate and maintain the germination process. A total of 956 

proteins were identified in seeds at four, six and eight WAA, of which 470 were differentially 

accumulated (DAPs) in seeds at six WAA when compared to seeds at four WAA. Among DAPs, 

233 were up-accumulated and 66 were down-accumulated, and 171 were unique in seeds at six 

WAA, revealing the accumulation and synthesis of new proteins during seed development. In 

seeds at eight WAA, 69 DAPs were identified when compared to seeds at six WAA, with 56 up-

accumulated and 13 down- accumulated. At germination, a total of 1065 proteins were identified 

in seeds at eight WAA, of which 69 were DAPs in seeds with 24 hours of germination when 

compared to seeds at time  0.  Among  DAPs,  27  were  up-accumulated,  and  42  were  down-

accumulated.  The identified  proteins  were  classified  according  to  the  biological  process  

involved.  Among DAPs,  the  presence  of  proteins  related  to  initiation  and  translational  

elongation  may  be associated with the initiation of germination in P. echinata.   
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Conclusions: These results provide the first high throughput proteomic analysis during seed 

maturation and germination in P. echinata and provide relevant information on the role of proteins  

associated  with  these  biological  processes  and  for  further  studies  on  seed conservation in 

native species.  
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Introduction: DNA methylation is an epigenetic modification regulating a wide range of 

biological processes through modulation of gene expression, including plant in vitro 

morphogenesis  and  somatic  embryo  differentiation.  Inhibitors  of  DNA  methylation, 

such  as  5-Azactidine  (5-azaC),  have  been  used  to  study  this  process  and  optimize 

somatic embryogenesis (SE) in different plant species [1]. However, the roles of DNA- 

methylation associated with SE remain elusive, especially those associated with changes in 

the proteomic profile. Here, we use shotgun proteomics to investigated the regulatory 

processes associated with DNA methylation during SE of sugarcane, a key species to 

production of bioenergy and sugar worldwide.  

Methods:  Embryogenic  callus  (EC) was induced as described previously [2]. After three 

subcultures in the presence of 2,4-D, the EC were transferred to the pre-maturation 

treatments with 0 (control), 1, 5 and 10 µM of 5-azaC for 21 days. Following, the callus 

were maturated for 49 days to investigate the influence of 5-azaC in the embryogenic 

competence  and  somatic  embryo  differentiation.  To  evaluate  proteome  changes 

associated with DNA-methylation during sugarcane SE, three biological replicates from 

control and treatment (EC pre-maturated with 0 and 1µM 5-azaC, respectively) were 

analyzed by LC-HDMS and bottom-up comparative proteomics as described previously [2].   

Results: The pre-maturation of EC with 1µM 5-azaC (62 embryos/callus) improved the 

embryogenic competence and number of somatic embryos when compared to 5 and 10µM 

of 5-azaC and control (54; 30; and 42 embryos/callus, respectively) treatments. The  

proteomics  analysis  revealed  1715  proteins,  of  which  73  were  differentially 

accumulated proteins (DAPs, comparison 1µM 5-azaC/control). Among them, 14 and 17  

proteins  were  unique  to  control  and  1µM  5-azaC  treatment,  respectively.  The functional  

analysis  revealed  oxidoreductase  activity,  plant-type  cell  wall,  and pyrophosphatase  

activity  enriched in up-regulated DAPs. Also, proteins involved in carbon metabolism are 

accumulated in response to 5-azaC treatment. Important proteins involved with cell 

dedifferentiation and energy metabolism, like GDH2, HXK1, and AT1G54220, are up-

accumulated and predicted to interact in the PPI networks. It is possible that 5-AzaC usage 

helps to increase the accumulation of these proteins, that are also related in energetic supply 

during cell dedifferentiation in embryogenic calli of sugarcane.  Furthermore,  the  

CATALASE  2  protein,  uniquely  accumulated  in  the treatment, are related to oxidative 

stress.  
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Conclusion:  The  use  of  1  µM  of  5-azaC  improved  the  rate  of  somatic  embryo  in 

sugarcane, that may be related with the accumulation of proteins related to bioenergetic 

metabolism  and  transcriptional  regulation.  GDH2,  HXK1,  and  AT1G54220 may  be 

important proteins regulated by hypomethylation helping embryogenesis differentiation. 
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Introduction: Dalbergia nigra is a native tree species from the Atlantic Forest that has been 

intensively exploited due to its economic value and is currently threatened with extinction. [1]. 

Studies that aim to evaluate the effect of sealing caps and culture media during in vitro 

germination are relevant to understanding the role of gas exchange in this morphogenetic 

process, as well as changes in the contents of ethylene, CO2, polyamines (PAs) and the 

proteomic profile during seedling growth.   

Methods: Polypropylene lids with and without a microporous membrane [2] and two culture 

media (MS and WPM) in two saline concentrations (50 and 100%) were used. After 45 days, 

germination (%), leaf abscission (%), photochemical efficiency, ethylene, CO2, PAs and 

proteomic profile were determined.   

Results: The use of lids with membranes allowed significantly higher germination, except for 

MS medium, while lids without membranes restricted gas exchange, resulting in higher CO2 

contents and promoting greater leaf abscission in all treatments, being significantly higher  in  

seedlings  maintained  in  MS  culture  medium  (80%),  which  also  showed significantly higher 

ethylene content. Restriction of gas exchange by the use of lids without a microporous 

membrane resulted in an increase in CO2 levels. The contents of total free PAs and free 

Putrescine were not significantly affected by the membrane treatment but were affected by the 

culture medium treatments, with a significantly higher content in the seedlings obtained in 

WPM medium at 50% saline concentration. Seedlings obtained in MS culture medium with 

50% saline concentration and with lids with a microporous membrane showed higher 

spermidine and spermine content than lids without a membrane. A total of 545 proteins were 

identified, of which 101 were differentially accumulated (DAPs). Among the DAPs, 38 proteins 

were up-accumulated, 43 down-accumulated, 10 unique in seedlings grown under microporous 

membrane treatment, and 10 proteins unique in those grown without microporous membrane. 

mailto:claudete@uenf.br


III IberoAmerican Conference on Mass Spectrometry 

Abstracts – Poster presentations 

 

637  

The identified proteins were classified according to the biological process. Among DAPs, the 

presence of the protein aspartate aminotransferase, which is related to ethylene biosynthesis, 

unique in seedlings grown in flasks without a microporous  membrane,  was  associated  with  

greater  ethylene  accumulation  and, consequently, greater leaf abscission. Photosynthesis-

related proteins, such as the protein ATP-sint_ab domain-containing protein, unique in 

seedlings grown in flasks sealed with lids containing microporous membranes, were associated 

with higher photosynthetic rates.   

Conclusions: The results obtained in this study are unprecedented for D. nigra and are 

important for optimizing the in vitro germination and seedling growth of this species.  
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Introduction:  Snake  venoms  are  complex  mixtures  composed  mainly  of  proteins.  Shotgun 

approaches (DDA acquisition) coupled with peptide-spectral matching (PSM) identification have 

described their major protein families, although low-abundance proteins are often underrepresented [1]. 

The pit viper Bothrops asper causes most snakebite envenomation accidents in Southwestern Colombia.  

Its  taxonomy  has  been  revised,  leading  to  a  tripartite  species  classification;  when compared 

amongst themselves, the venoms from B. rhombeatus, B. ayerbei, and B. asper are mostly procoagulant, 

hemorrhagic, and myonecrotic, respectively [2]. In this work, we used micropillar array-based 

chromatography coupled with high-resolution mass spectrometry to investigate these poorly known 

venoms. 

Methods: The three Colombian venoms and the well-characterized venom from Brazilian B. 

jararaca were processed by the FASP method [3]. Peptides were single-shot fractionated on a C18  

µPAC  column  (200  cm,  PharmaFluidics)  hyphenated  to  a  Q  Exactive  HF-X  mass spectrometer 

(Thermo). Peptides were eluted for 240 min using an optimized 3-step gradient (three technical 

replicates). PSM was performed with PEAKS X Pro or PatternLab V algorithms using the Uniprot 

Viperidae database. Peptide and protein ID were filtered to less than 1% FDR and a minimum of 

two unique peptides for identified protein.  

Results:  The  micro-pillar  column  showed  excellent  chromatographic  performance  (peak 

symmetry, FWHM, and reproducibility). Across most gradient time, Q Exactive HF-X acquired 

between 10-20 MS/MS per full MS spectrum, with similar spectral numbers for all venoms. PEAKS´ 

identification yields (#PSM/#MS2*100%) were 10.7% for B. jararaca, 9.2% for B. asper, 8.1% for 

B. ayerbei, and 6.7% for B. rhombeatus. PatternLab V showed comparable performance. The search 

for hidden post-translational modifications (PEAKS PTM) increased the identification yield by 60% 

on average. An additional search for peptide mutations (PEAKS SPIDER) had a minimum influence 

on ID numbers. The main protein families identified were metalloendopeptidases,  C-type  lectins,  

amino  acid  oxidases,  phosphodiesterases,  serine peptidases, and phospholipases A2 (except for B. 

ayerbei). Several low-abundance proteins were also confidently detected. For B. jararaca, the 

number of unique protein families was higher than in other reports [4–6], although previous work 

using more intensive sample and data treatments has reached higher sensitivity [7].   

Conclusions: µPAC allowed for more sensitive detection than regular C18 nanocolumns, but the 

lack of representativity in the databases limited the number of identified spectra. In addition to using 

a diversified strategy to increase the identification yield, more genomic data and protein 

characterization of poorly known venoms are needed to enrich the databases. A software for venom 

protein families quantitation, based on the ionic current of non-redundant peptides, is currently under 

development.  
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