Rt

-

13,

Volume 9 | Issue 2 | November 2019 ISSN 2182-0287

Journal of Integrated

p A e T P i S
" OMICS

a methodological journa

Editors-in-Chief

Carlos Lodeiro-Espino
Florentino Fdez-Riverola
Jens Coorssen

Jose-Luis Capelo-Martinez

N :




JIOMICS

Journal of Integrated OMICS

Focus and Scope

Journal of Integrated OMICS, JIOMICS, provides a forum for the publication of original research papers, preliminary
communications, technical notes and critical reviews in all branches of pure and applied "-omics", such as genomics, proteomics,
lipidomics, metabolomics or metallomics. The manuscripts must address methodological development. Contributions are
evaluated based on established guidelines, including the fundamental nature of the study, scientific novelty, and substantial
improvement or advantage over existing technology or method. Original research papers on fundamental studies, and novel sensor
and instrumentation development, are especially encouraged. It is expected that improvements will also be demonstrated within
the context of (or with regard to) a specific biological question; ability to promote the analysis of molecular mechanisms is of
particular interest. Novel or improved applications in areas such as clinical, medicinal and biological chemistry, environmental
analysis, pharmacology and materials science and engineering are welcome.

Editors-in-Chief

Carlos Lodeiro-Espiiio, University NOVA of Lisbon, Portugal
Florentino Fdez-Riverola, University of Vigo, Spain
Jens R. Coorssen, Brock University, Ontario, Canada

Jose-Luis Capelo-Martinez, University NOVA of Lisbon, Portugal

Regional editors

ASIA North America, Australia and New Zealand
Gary Xiao Randen Patterson
Director of Functional Genomics and Proteomics Laboratories at Center for Computational Proteomics, The Pennsylvania State University, US
Osteoporosis Research Center, Creighton University Omaha, Nebraska, USA
Yue Ge
Yogeshwer Shukla US Environmental Protection Agency, Research Triangle Park, USA

Proteomics laboratory at Indian Institute of Toxicology Research (Council of

Scientific and Industrial Research), Lucknow, I Jens R. Coorssen
Brock University, Ontario, Canada

Europe

Gilberto Igrejas South America

University of Tras-os-Montes and Alto Douro, Life Sciences and
Environmental School, Centre of Genetics and Biotechnology
Department of Genetics and Biotechnology, 5001-801 Vila Real, Portugal

Eduardo Alves de Almeida
Depto. de Quimica e Ciéncias Ambientais, IBILCE - UNESP, Brazil

Martin von Bergen Marco Aurélio Zezzi Arruda

UFZ, Helmholtz-Centre for Environmental Research, Department of
Proteomics, Permoserstr. 15, 04318 Leipzig, Germany

University of Campinas - Unicamp

Carlos H. I. Ramos

Jan Ottervald ChemistryInstitute - UNICAMP, Brazil

Research and Development | Innovative Medicines Neuroscience, CNSP iMed
Science Sodertilje, AstraZeneca, Sweden

JIOMICS® 2019



Associated editors

AFRICA

Saffaj Taouqif
Centre Universitaire Régional d’Interface, Université Sidi Mohamed Ben
Abdallah, route d’'Imouzzar-Fés, Morocco

ASIA

Abdul Jaleel A

Rajiv Gandhi Centre for Biotechnology, Thycaud PO, Trivandrum, Kerala,
India

Ali A. Ensafi

Isfahan University of Technology, Iran

Allison Stelling

Dresden, Germany

Amita Pal

Division of Plant Biology, Bose Institute, Kolkata, India

Ashish Gupta

Centre of Biomedical Magnetic Resonance, SGPGIMS Campus, Lucknow,
India

Canhua Huang

The State Key Laboratory of Biotherapy, West China Hospital, Sichuan
University, PR China

Chaminda Jayampath Seneviratne

Oral Biosciences, Faculty of Dentistry, University of Hong Kong, Hong Kong
Cheolju Lee

Korea Institute of Science and Technology, Seoul,Korea

Chi Chiu Wang

Department of Obstetrics & Gynaecology, Chinese University of Hong Kong,
Hong Kong

Chii-Shiarng Chen

National Museum of Marine Biology and Aquarium, Checheng, Pingtung,
Taiwan

Ching-Yu Lin

Institute of Environmental Health, College of Public Health, National Taiwan
University, Taipei, Taiwan

Chantragan Srisomsap

Chulabhorn Research Institute, Bangkok, Thailand

Chen Han-Min

Department of Life Science, Catholic Fu-Jen University, Taipei, Taiwan

David Yew

Chinese University of Hong Kong, Shatin, N.T., Hong Kong

Debmalya Barh

Institute of Integrative Omics and Applied Biotechnology (IIOAB), India
Dwaipayan Bharadwaj

Genomics & Molecular Medicine Unit, Institute of Genomics & Integrative
Biology (CSIR), Mall Road, Delhi, India

Eiji Kinoshita

Department of Functional Molecular Science, Graduate School of Biomedical
Sciences, Hiroshima University, Japan

Eun Joo Song

Molecular Recognition Research Center, Korea Institute of Science &
Technology, Seoul, Korea

Fan Chen

Institute of Genetics and Developmental Biology, Chinese Academy of Sciences
(CAS), China

Feng Ge

Institute of Hydrobiology, Chinese Academy of Sciences, China

Ganesh Chandra Sahoo

BioMedical Informatics Center of Rajendra Memorial Research Institute of
Medical Science (RMRIMS), Patna, India

Guangchuang Yu

Institute of Life & Health Engineering, Jinan University, Guangzhou, China
Gufeng Wang

Department of Chemistry, North Carolina State University, Raleigh, USA
Hai-Lei Zheng

School of Life Sciences, Xiamen University, China

Heebal Kim

Department of Food and Animal Biotechnology of the Seoul National
University, Korea

Hsin-Yi Wu

Institute of Chemistry, Academia Sinica, Taiwan

Hitoshi Iwahashi

Health Research Institute, National Institute of Advanced Industrial Science
and Technology (AIST), Japan

Hong-Lin Chan

National Tsing-Hua University, Taiwan

Hongying Zhong

College of Chemistry, Central China Normal University, Wuhan, P. R. China
Huan-Tsung Chang

Department of Chemistry, National Taiwan University, Taipei, Taiwan
HuaXu

Research Resources Center, University of Illinois, Chicago

Hui-Fen Wu

Department of Chemistry,National Sun Yat — Sen University,70, Lien-Hai Road
, 80424, Kaohsiung , Taiwan

Hye-Sook Kim

Faculty of Pharmaceutical Sciences, Graduate School of Medicine, Dentistry
and Pharmaceutical Sciences, Okayama University, Japan

Hyun Joo An

ChungNam National University, Daejeon, Korea (South)

Ibrokhim Abdurakhmonov

Institute of Genetics and Plant experimental Biology Academy of Sciences of
Uzbekistan, Uzbekistan

Isam Khalaila

Biotechnology Engineering Department, Ben-Gurion University, Israel
Jagannadham Medicharla

Senior Principal Scientist, CSIR-Centre for Cellular and Molecular Biology,
Hyderabad, India

Jianghao Sun

Food Composition and Method Development Lab, U.S. Dept. of Agriculture,
Agricultural Research Services, Beltsville, USA

Jong Won Yun

Dept. of Biotechnology, Kyungsan, Kyungbuk 712-714, Republic of Korea
Juan Emilio Palomares-Rius

Forestry and Forest Products Research Institute, Tsukuba, Japan

Jung Min Kim

Liver and Immunology Research Center, Daejeon Oriental Hospital of Daejeon
University, Republic of Korea

Kazuaki Kakehi

School of Pharmacy, Kinki University, Kowakae 3-4-1, Higashi-Osaka, 577-
8502, Japan

Kazuki Sasaki

Department of Molecular Pharmacology, National Cerebral and

Cardiovascular Center, Japan
Ke Lan
West China School of Pharmacy, Sichuan University, Chengdu, China

JIOMICS® 2011



Kelvin Leung

Department of Chemistry, Hong Kong Baptist University, Hong Kong

Kobra Pourabdollah

Razi Chemistry Research Center (RCRC), Shahreza Branch, Islamic Azad
University, Shahreza, Iran

Kohji Nagano

Chugai Pharmaceutical Co. Ltd., Japan

Koji Ueda

Laboratory for Biomarker Development, Center for Genomic Medicine,
RIKEN, Tokyo, Japan

Krishnakumar Menon

Amrita Center for Nanosciences and Molecular Medicine, Amrita Institute of
Medical Sciences, Kochi, Kerala, India

Lakshman Samaranayake

Dean, And Chair of Oral Microbiology, University of Hong Kong, Hong Kong
Lal Rai

Molecular Biology Section, Centre of Advanced Study in Botany, Banaras
Hindu University, Varanasi-221005, India

Lei Zhou

Singapore Eye Research Institute, Singapore

Li Jianke

Institute of Apicultural Research, Chinese Academy of Agricultural Science,
Beijing, China, HKSAR, PR China

Ling Zheng

College of Life Sciences, Wuhan University, China

Luk John Moonching

National University of Singapore, Singapore

Mahdi Ghasemi-Varnamkhasti

Department of Agricultural Machinery Engineering, Faculty of Agriculture,
Shahrekord University, Shahrekord, Iran

Manjunatha Kini

Department of Biological Sciences, National University of Singapore, Singapore
Masahiro Sugimoto

Graduate School of Medicine and Faculty of Medicine, Kyoto University
Medical Innovation Center, Japan

Masaya Miyazaki

National Institute of Advanced Industrial Science and Technology, 807-1
Shuku, Tosu, Saga 841-0052, Japan

Ming-Fa Hsieh

Department of Biomedical Engineering, Chung Yuan Christian University,
Taiwan

Mingfeng Yang

Key Laboratory of Urban Agriculture of Ministry of Agriculture P. R. China
Beijing University of Agriculture, China

Mo Yang

Interdisciplinary Division of Biomedical Engineering, the Hong Kong
Polytechnic University, Hong Kong, China

Mohammed Rahman

Center of Excellence for Advanced Materials Research (CEAMR), King
Abdulaziz University, Jeddah, Saudi Arabia

Moganty Rajeswari

Department of Biochemistry, All India Institute of Medical Sciences, Ansari
Nagar, New Delhi, India

Nam Hoon Cho

Dept. of Pathology, Yonsei University College of Medicine, Korea

Ningwei Zhao

Life Science & Clinical Medicine Dept. ; Shimadzu (China) Co., Ltd
Pei-Yuan Qian

Division of Life Science, Hong Kong University of Science and Technology,
China

Peng Zhou

Center of Bioinformatics (COBI), Key Laboratory for NeuroInformation of
Ministry of Education (KLNME), University of Electronic Science and
Technology of China (UESTC)

Poh-Kuan CHONG (Shirly)

National University of Singapore, Singapore

Qian Shi

Institutes of Biomedical Sciences, Fudan University, Shanghai, China
Qionglin Liang

Tsinghua University, Beijing, China

Rakesh Mishra

Centre for Cellular and Molecular Biology, Hyderabad, India

Roger Beuerman

Singapore Eye Research Institute, Singapore

Sameh Magdeldin Mohamed

Niigata prefecture, Nishi-ku, Terao, Niigata, Japan

Sanjay Gupta

Advanced Centre for Treatment, Research and Education in Cancer
(ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai, India

Sanjeeva Srivastava

Indian Institute of Technology (IIT) Bombay, India

Seiichi Uno

Education and Research Center for Marine Resources and Environment,
Faculty of Fisheries, Kagoshima University, Japan

Sen-Lin Tang

Biodiversity Research Center, Academia Sinica, Taipei, Taiwan

Setsuko Komatsu

National Institute of Crop Science, Japan

Shaojun Dai

Alkali Soil Natural Environmental Science Center, Key Laboratory of Saline-
alkali Vegetation Ecology Restoration in Oil Field, Ministry of Education,
Northeast Forestry University, P.R. China

Shipin Tian

Institute of Botany, Chinese Academy of Sciences, China

Songping Liang

Hunan Normal University, Changsha City, China

Steven Shaw

Department of Obstetrics and Gynecology, Chang Gung Memorial Hospital,
Linkou, Taiwan

Suresh Kumar

Department of Applied Chemistry, S. V. National Institute of Technology,
Gujarat, India

Tadashi Kondo

National Cancer Center Research Institute, Japan

Taesung Park

National Research Laboratory of Bioinformatics and Biostatistics at the
Department of Statistics Seoul National University, Korea

Toshihide Nishimura

Department of Surgery I, Tokyo Medical University, Tokyo, Japan
Vishvanath Tiwari

Department of Biochemistry, Central University of Rajasthan, India

Wei Wang

School of Medical Sciences, Edith Cowan University, Perth, Australia
Weichuan Yu

Department of Electronic and Computer Engineering and Division of
Biomedical Engineering, The Hong Kong University of Science and
Technology, Clear Water Bay, Kowloon, Hong Kong, China

Wei-dong Zhang

Lab of Natural Products, School of Pharmacy, Second Military Medical
University, Shangai, China

Wenxiong Lin

School of Life Sciences, Fujian Agriculture and Forestry University, China

JIOMICS® 2019



William Chen Wei Ning

School of Chemical and Biomolecular Engineering Nanyang Technological
University, Singapore

Xiao LiWang

Division of Cardiovascular Diseases, Mayo Clinic, Rochester, MN

Xiao Zhiqiang

Key Laboratory of Cancer Proteomics of Chinese Ministry of Health, Xiangya
Hospital, Central South University, 87 Xiangya Road, Changsha, Hunan
410008, P.R. China

Xiaoping Wang

Key Laboratory of Molecular Biology & Pathology, State Bureau of Chinese
Medicine, China

Xuanxian Peng

School of Life Sciences, Sun Yat-sen University, Guangzhou, China

Yang Liu

Department of Chemistry, Tsinghua University, Beijing, China
YasminAhmad

Peptide and Proteomics Division Defence Institute of Physiological and Allied
Research (DIPAS), DRDO, Ministry of Defence, Timarpur, Delhi-54, India
Yin Li

Institute of Microbiology, Chinese Academy of Sciences, Beijing, China

Yong Song Gho

Department of Life Science, POSTECH, Pohang, Korea

Yoon-E Choi

Chonbuk National University, Iksan-si, South Korea

Yoon-Pin Lim

Department of Biochemistry, National University of Singapore, Singapore
Young-Gyu Ko

College of Life Sciences and Biotechnology, Korea University, Korea
Young-Suk Kim

Department of Food Science and Engineering, College of Engineering, Ewha
Womans University, Seoul, Korea

Youngsoo Kim

Department of Biomedical Sciences, Seoul National University College of
Medicine, Seoul, Republic of Korea

Youxiong Que

National Research & Development Center for Sugarcane, China Agriculture
Research System(CARS), Fujian Agriculture & Forestry University, Republic of
China

Yu-Chang Tyan

Department of Medical Imaging and Radiological Sciences, Kaohsiung Medical
University, Kaohsiung, Taiwan

Yu Wang

Department of Pharmacology and Pharmacy, the University of Hong Kong,
China

Yu Xue

Department of Systems Biology, College of Life Science and Technology
Huazhong University of Science and Technology, Wuhan, China

Yulan Wang

State Key Laboratory of Magnetic Resonance and Atomic and Molecular
Physics, Wuhan Centre for Magnetic Resonance, Wuhan Institute of Physics
and Mathematics, The Chinese Academy of Sciences , China

Zhengwei Yuan

The key laboratory of health ministry for congenital malformation, Shengjing
Hospital, China Medical University

Zhigiang Gao

Department of Chemistry, National University of Singapore

AUSTRALIA AND NEW ZEALAND

Bruno Catimel

Epithelial laboratory, Ludwig Institute for Cancer Research, Post Office Royal
Melbourne Hospital, Australia

Daniel Cozzolino

Barley Research Laboratory, School of Agriculture, Food and Wine, University
of Adelaide, Australia

David Beale

CSIRO Land and Water, Highett, Australia

Emad Kiriakous

Queensland University of Technology (QUT), Brisbane, Australia

Joélle Coumans-Moens

School of Science and Technology, School of Medicine, University of New
England, Australia

Marc Wilkins

University of New South Wales, Sydney, Australia

Maurizio Ronci

Mawson Institute, University of South Australia, Mawson Lakes, Australia
Michelle Hill

University of Queensland, Australia

Michelle Colgrave

CSIRO Livestock Industries, St Lucia, Australia

Nicolas Taylor

ARC Centre of Excellence in Plant Energy Biology & Centre for Comparative
Analysis of Biomolecular Networks (CABiN), University of Western Australia,
Perth, Australia

Peter Hoffmann

Institute for Photonics & Advanced Sensing (IPAS), School of Chemistry and
Physics, University of Adelaide, Australia

Stefan Clerens

Protein Quality &Function, AgResearch Ltd Christchurch, New Zealand

Peter Solomon

Research School of Biology College of Medicine, Biology and Environment,
Australian National University, Australia

Phoebe Chen

Department of Computer Science and Computer Engineering, La Trobe
University, Melbourne, Australia

Richard Christopherson

School of Molecular Bioscience, University of Sydney, Australia

Sham Nair

Department of Biological Sciences, Faculty of Science, Macquarie University,
NSW, Australia

Sylvia Urban

School of Applied Sciences (Discipline of Applied Chemistry), RMIT
University, Melbourne, Victoria, Australia

Valerie Wasinger

Bioanalytical Mass Spectrometry Facility, Mark Wainwright Analytical Centre,
University of NSW, Australia

Wujun Ma

Centre for Comparative Genomics, Murdoch University, Australia

Yin Xiao

Institute of Health and Biomedical Innovation, Queensland University of
Technology, Australia

JIOMICS® 2019



EUROPE

AhmetKoc, PhD

Izmir Institute of Technology, Department of Molecular Biology & Genetics,
Urla, Izmir, Turkey

Alejandro Gella

Department of Basic Sciences, Neuroscience Laboratory, Faculty of Medicine
and Health Sciences, Universitat Internacional de Catalunya,

Sant Cugat del Vallés-08195, Barcelona, Spain

Alessandro Pessione

Universita degli Studi di Torino, Italy

Alexander Scherl

Proteomics Core Facility, Faculty of Medicine, University of Geneva, Geneva,
Switzerland

Alfio Ferlito

ENT Clinic, University of Udine, Italy

Almudena Fernindez Briera

Dpt. Biochemistry Genetics and Immunology, Faculty of Biology —University
of Vigo, Spain

Alfonsina D'Amato

Politecnico di Milano, Department of Chemistry, Materials and Chemical
Engineering "GiulioNatta", Ttaly

Alfred Vertegaal

Molecular Cell Biology, Leiden University Medical Center, The Netherlands
Ali Mobasheri

School of Veterinary Medicine and Science, Faculty of Medicine and

Health Sciences, University of Nottingham, Sutton Bonington Campus,
Sutton Bonington, Leicestershire, United Kingdom

Andre Almeida

Instituto de Tecnologia Quimica e Bioldgica, Universidade Nova de Lisboa,
Portugal

Andrea Matros

Leibniz Institute of Plant Genetics and Crop Plant Research (IPK-Gatersleben),
Gatersleben, Germany

Andrei Turtoi

University of Liege, Metastasis Research Laboratory, GIGA-Cancer Bat. B23,
Belgium

Angelo D'Alessandro

Universita degli Studi della Tuscia, Department of Ecological and Biological
Sciences, Viterbo, Italy

Angelo 1zzo

Department of Experimental Pharmacology, University of Naples Federico II,
Naples, Italy

Antonio Gnoni

Department of Medical Basic Sciences, University of Bari "Aldo Moro", Bari,
Italy

Ana Maria Rodriguez-Pifieiro

Institute of Biomedicine, University of Gothenburg, Sweden

Ana Varela Coelho

Instituto de Tecnologia Quimica e Bioldgica (ITQB) Universidade Nova de
Lisboa (UNL), Portugal

Anna Maria Timperio

Dipartimento Scienze Ambientali Universita della Tuscia Viterbo, Italy

André Nogueira Da Costa

Molecular Carcinogenesis Group, Section of Mechanisms of Carcinogenesis
International Agency for Research on Cancer - World Health Organization
(IARC-WHO), Lyon, France

Andreas Boehm

Steigerfurtweg 8a, D-97084 Wiirzburg, Germany

Andrea Scaloni

Proteomics and Mass Spectrometry Laboratory, ISPAAM, National Research
Council, via Argine 1085, 80147 Napoli, Italy

Andreas Tholey

Division for Systematic Proteome Research, Institute for Experimental
Medicine, Christian-Albrechts-University, Germany

Angel Manteca

Departamento de Biologia Funcional and IUBA, Facultad de Medicina,
Universidad de Oviedo, Spain

Angel P. Diz

Department of Biochemistry, Genetics and Immunology, Faculty of Biology,
University of Vigo, Spain

Angela Bachi

Mass Spectrometry Unit DIBIT, San Raffaele Scientific Institute, Milano, Italy
Angela Chambery

Department of Life Science, Second University of Naples, Italy

Anna-Irini Koukkou

University of Ioannina, Department of Chemistry, Biochemistry Laboratory,
Greece

Antoénio Sebastido Rodrigues

Departamento de Genética, Faculdade de Ciéncias Médicas, Universidade Nova
de Lisboa,Portugal

Arkadiusz Kosmala

Laboratory of Cytogenetics and Molecular Biology, Institute of Plant Genetics,
Polish Academy of Sciences, Poland

Arzu Umar

Department of Medical Oncology, Laboratory of Breast Cancer Genomics and
Proteomics, Erasmus Medical Center Rotterdam Josephine Nefkens Institute,
Rotterdam, The Netherlands

Baggerman Geert

ProMeta, Interfacultary Center for Proteomics and Metabolomics, Leuven,
Belgium

Bart De Spiegeleer

Ghent University, Belgium

Bart Devreese

Laborartory for Protein Biochemistry and Biomolecular Engineering,
Department for Biochemistry and Microbiology, Ghent University, Belgium
Bernard Corfe

Department of Oncology, University of Sheffield, Royal Hallamshire Hospital,
United Kingdom

Bernd Thiede

Biotechnology Centre of Oslo, University of Oslo, Blindern, Norway

Bjorn Meyer

Institut fiir Instrumentelle Analytik und Bioanalytik Hochschule Mannheim,
Germany

Bruno Baudin

Biochemistry Laboratory A, Saint-Antoine Hospital, Hopitaux Universitaires
Est Parisien-APHP, Paris, France

Bruno Manadas

Center for Neuroscience and Cell Biology, University of Coimbra, Portugal
Céndido Pinto Ricardo

Instituto de Tecnologia Quimica e Bioldgica, Universidade Nova de Lisboa, Av.
da Republica-EAN, 2780-157 Oeiras, Portugal

Carla Pinheiro

Plant Sciences Division, Instituto de Tecnologia Quimica e Bioldgica (ITQB),
Universidade Nova de Lisboa, Portugal

Claudia Desiderio

Consiglio Nazionale delle Ricerche, Istituto di Chimica del Riconoscimento
Molecolare (UOS Roma), Italy

Claudio De Pasquale

SAgA Department, University of Palermo, Italy

Carlos Gutiérrez Merino

Dept. Biochemistry and Molecular Biology University of Extremadura, Badajoz,
Spain

JIOMICS® 2019



Cecilia Calado

Engineering Faculty Catholic University of Portugal, Rio de Mouro, Portugal
Celso Reis

Institute of Molecular Pathology and Immunology of the University of Porto,
IPATIMUP, Portugal

Celso Vladimiro Cunha

Medical Microbiology Department, Institute of Hygiene and Tropical
Medicine, New University of Lisbon, Portugal

Charles Steward

The Wellcome Trust Sanger Institute, Hinxton, United Kingdom

Chris Goldring

Department of Pharmacology and Therapeutics, MRC Centre for Drug Safety
Science, University of Liverpool, United Kingdom

Christian Lindermayr

Institute of Biochemical Plant Pathology, Helmholtz Zentrum Miinchen,
German Research Center for Environmental Health, Neuherberg, Germany
Christiane Faste

Section for Chemistry and Toxicology Norwegian Veterinary Institute, Oslo,
Norway

Christer Wingren

Department of Immunotechnology, Lund University, Lund, Sweden
Christophe Cordella

UMR1145 INRA, Laboratoire de Chimie Analytique, Paris, France
Christophe Masselon

Laboratoire de Biologie a Grande Echelle iRTSV/BGE), CEA Grenoble, France
Cosima Damiana Calvano

Universita' degli Studi di Bari, Dipartimento di Chimica, Bari, Italy

David Cairns

Section of Oncology and Clinical Research, Leeds Institute of Molecular
Medicine, Leeds, UK

Daniela Cecconi

Dip. diBiotecnologie, LaboratoriodiProteomica e Spettrometriadi Massa,
Universitadi Verona, Verona, Italy

David Honys

Laboratory of Pollen Biology, Institute of Experimental Botany ASCR, Czech
Republic

David Sheehan

Dept. Biochemistry, University College Cork (UCC), Ireland

Deborah Penque

Departamento de Genética, Instituto Nacional de Saide Dr Ricardo Jorge
(INSA, 1.P.), Lisboa, Portugal

Dilek Battal

Mersin University, Faculty of Pharmacy, Department of Toxicology, Turkey
Domenico Garozzo

CNR ICTP, Catania, Italy

Ed Dudley

Institute of Mass Spectrometry, College of Medicine Swansea University,
Singleton Park, Swansea, Wales, UK

Edoardo Saccenti

University of Amsterdam, Netherlands Metabolomics Centre, The Netherlands
Elena Gonzalez

Complutense University of Madrid, Dept. Biochemistry and Molecular Biology
IV, Veterinary Faculty, Madrid, Spain

Elia Ranzato

Dipartimento di Scienze e Innovazione Tecnologica, DiSIT, University of
Piemonte Orientale, Alessandria, Italy

Elisa Bona

Universita del Piemonte Oientale, DISIT, Alessandria, Italy

Elke Hammer

Interfaculty Institute for Genetics and Functional Genomics, Ernst-Moritz-
Arndt Universitat, Germany

Enrica Pessione

University of Torino, Life Sciences and Systems Biology Department, Torino,
Italy

Eva Rodriguez Suarez

Proteomics Core Facility - CIC bioGUNE, Parque tecnologico de Bizkaia, Spain
Federica Pellati

Department of Life Sciences, University of Modena and Reggio Emilia, Italy
Ferdinando Cerciello

Laboratory of Molecular Oncology, Clinic of Oncology, University Hospital
Zirich, Switzerland

Fernando J. Corrales

Division of Hepatology and Gene Therapy, Proteomics Unit, Center for
Applied Medical Research (CIMA), Pamplona, Spain

Florian Szabados

Dept. of Medical Microbiology, Ruhr-University Bochum, Germany
Francesco Saliu

University of Milano Bicocca, Italy

Francisco J Blanco

Platform of Proteomics, Proteo-Red-ISCIII INIBIC-Hospital Universitario A
Corufia, Spain

Francisco Javier Fernandez Acero

Laboratory of Microbiology, Marine and Environmental Sciences Faculty,
University of Cddiz, Pol. Rio San Pedro s/n, Puerto Real, Cadiz, Spain
Francisco Torrens

InstitutUniversitari de CiénciaMolecular, Universitat de Valéncia, Spain
Frangois Fenaille

CEA, IBiTecS, Service de Pharmacologie et DImmunoanalyse (SPI), France
Frederic Silvestre

University of Namur, Belgium

Fulvio Magni

Department of Health Science, Monza, Italy

Georgios Theodoridis

Department of Chemistry, Aristotle University, Greece

Germain Rousselet

Laboratoire Réparation et Transcription dans les cellules Souches (LRTS),
CEA/DSV/IRCM, Fontenay aux Roses, France

German Bou

Servicio de Microbiologia-INIBIC, ComplejoHospitalario Universitario La
Corufia, Spain

Gianfranco Mamone

Proteomic and Biomolecular Mass Spectrometry Centre, Institute of Food
Science CNR, Italy

Gianfranco Romanazzi

Department of Environmental and Crop Sciences, Marche Polytechnic
University, Italy

Gianluigi Mauriello

Department of Food Science, University of Naples Federico II Naples, Italy
Giorgio Valentini

Universita degli Studi di Milano, Dept. of Computer Science, Italy

Giuseppe Palmisano

Department of Biochemistry and Molecular Biology

University of Southern Denmark, Odense M, Denmark

Helen Gika

Chemical Engineering Department, Aristotle University of Thessaloniki,
Greece

Hugo Miguel Baptista Carreira dos Santos

REQUIMTE-FCT Universidade NOVA de Lisboa, Portugal

Ignacio Casal
FunctionalProteomicsLaboratory, Centro de
(CSIC), Madrid, Spain

Investigaciones Bioldgicas

JIOMICS® 2019



Ignacio Ortea

European Commission, Joint Research Center, Institute for Reference Materials
and Measurements, Geel, Belgium

Ifaki Alvarez

Institut de Biotecnologia i Biomedicina Vicent Villar Palasi, Universitat
Autonoma de Barcelona, Barcelona

Isabel Marcelino

Instituto de Tecnologia Quimica e Bioldgica, Oeiras, Portugal

Isabel Liste

Area de Biologia Celular y delDesarrollo, Instituto de Salud Carlos III, Madrid,
Spain

Isabelle Fournier

University Lille Nord de France, Fundamental & Applied Biological Mass
Spectrometry - EA 4550, Villeneuve d'Ascq, France

Jacek Z. Kubiak

CNRS UMR 6061, University of Rennes 1, Institute of Genetics and
Development of Rennes, Rennes, France

Jane Thomas-Oates

Centre of Excellence in Mass Spectrometry and Department of Chemistry,
University of York, Heslington, UK

Jatin Burniston

Muscle Physiology and Proteomics Laboratory, Research Institute for Sport and
Exercise Sciences, Liverpool John Moores University, Tom Reilly Building,
Liverpool, United Kingdom

Jean-Paul Issartel

INSERM U836, Grenoble Institut des Neurosciences, La Tronche, France

Jens Allmer

Molecular Biology and Genetics, Izmir Institute of Technology, Urla, Izmir,
Turkey

Jerry Thomas

Tecnology Facility, Department of Biology, University of York, UK

Jesus Jorrin Novo

Agricultural and Plant Biochemistry, Proteomics Research Group, Department
of Biochemistry and Molecular Biology, Cérdoba, Spain

Jesus Mateos Martin

Osteoarticular and AgingResearch Lab, ProteomicsUnit INIBIC-Complexo
Hospitalario Universitario de A Coruiia, A Coruiia, Spain

Joan Cerda

Laboratory IRTA, Institute of Marine Sciences (CSIC), Passeigmaritim 37-49,
08003 Barcelona, Spain

Joan Claria

Department of Biochemistry and Molecular Genetics, Hospital Clinic of
Barcelona, Spain

Joao Rodrigues

Instituto de Higiene ¢ Medicina Tropical, Universidade Nova de Lisboa,
Portugal

Joaquim ROS

Dept. Ciencies Mediques Basiques. IRB Lleida. University of Lleida, Spain
Joerg Reinders

AG Proteomics, Institute of Functional Genomics, University Regensburg,
Germany

Johan Palmfeldt

Research Unit for Molecular Medicine, Aarhus University Hospital, Skejby,
Aarhus, Denmark

Jose Andrés Fernandez Gonzilez

Universidad del Pais Vasco, Facultad de Ciencia y Tecnologfa, Spain

Jose Camara

University of Madeira, Funchal, Portugal

Jose Cremata Alvarez

Department of Carbohydrate Chemistry, Center for Genetic Engineering and
Biotechnology, Havana, Cuba

Jose Luis Martin-Ventura

IIS-FJD-UAM, Madrid, Spain

José Manuel Bautista

Departamento de Bioquimica y Biologia Molecular IV, Universidad
Complutense de Madrid, Spain

Jose Manuel Palma

Departamento de Bioquimica, Biologia Celular y Molecular de Plantas
Estacion Experimental del Zaidin, CSIC, Granada, Spain

José Moreira

Danish Center for Translational Breast Cancer Research, Denmark

Juraj Gregan

Max F. Perutz Laboratories, University of Vienna, Austria

Karin Stensjo

Department of Photochemistry and Molecular Science, Angstrém laboratory,
Uppsala University, Sweden

Kathleen Marchal

CMPG/Bioinformatics, Dep Microbial and Molecular Systems, Leuven,
Germany

Kay Ohlendieck

Department of Biology, National University of Ireland, Maynooth, Co. Kildare,
Ireland

Keiryn Bennett

CeMM - Center for Molecular Medicine of the Austrian Academy of Sciences
Vienna, Austria

Kjell Sergeant

Centre de Recherche Public-Gabriel Lippmann, Department 'Environment and
Agro-biotechnologies' (EVA), Luxembourg

Konstantinos Kouremenos

Department of Chemistry, Umea University, Sweden

Lennart Martens

Department of Medical Protein Research, VIB and Department of
Biochemistry, Ghent University, Belgium

Luis P. Fonseca

Instituto Superior Técnico, Centro de Engenharia Bioldgica e Quimica,
Institute for Biotechnology and Bioengineering, Lisboa, Portugal

Luisa Brito

Laboratério de Microbiologia, Instituto Superior de Agronomia, Tapada da
Ajuda, Lisbon, Portugal

Luisa Mannina

CNR, Istituto di Metodologie Chimiche, Rome, Italy

Manuel Avilés Sanchez

Department of Cell Biology and Histology, School of Medicine, University of
Murcia, Spain

Mar Vilanova

Misién Bioldgica de Galicia, Consejo Superior de Inestigaciones Cientificas,
Pontevedra, Spain

Marcello Donini

ENEA -Casaccia Research Center, UTBIORAD-FARM, Biotechnology
Laboratory, Italy

Marco Lemos

GIRM & ESTM - Polytechnic Institute of Leiria, Peniche, Portugal

Marcus Mau

King's College London, UK

Maria Alava

Departamento de Bioquimica y Biologia Molecular y Celular, Facultad de
Ciencias, Universidad de Zaragoza, Spain

Maria De Angelis

Department of Soil, Plant and Food Science, University of Bari Aldo Moro, Italy
Maria de la Fuente

Legume group, Genetic Resources, Mision Biologica de Galicia-CSIC,
Pontevedra, Spain

JIOMICS® 2019



Maria M. Malagén

Department of Cell Biology, Physiology and Immunology, IMIBIC,
Universidad de Cérdoba, Spain

Maria Gabriela Rivas

REQUIMTE/CQFB, Departamento de Quimica, Faculdade de Ciéncias e
Tecnologia, Universidade Nova de Lisboa, Portugal

Maria Mayan

INIBIC, LaCoruiia, Spain

Maria Paez de la Cadena

Department of Biochemistry, Genetics and Immunology, University of Vigo,
Spain

Marie Arul

Muséum National Histoire Naturelle, Département RDDM, Plateforme de
spectrométrie de masse et de protéomique, Paris, France

Marie-Pierre Bousquet

Institut de Pharmacologieet de Biologie Structurale, UPS/CNRS, Tolouse,
France

Mario Diniz

Dept. Quimica-REQUIMTE, Faculdade de Ciéncias e Tecnologia, Universidade
Nova de Lisboa, Portugal

Mark Davey

Catholic University of Leuven (KU Leuven), Belgium

Marko Radulovic

Institute for Oncology and Radiology, Laboratory of Cancer Cell biology,
Belgrade, Serbia

Martin Hajduch

Department of Reproduction and Developmental Biology, Institute of Plant
Genetics and Biotechnology, Slovak Academy of Sciences, Nitra, Slovakia
Martin Kussmann

Faculty of Science, Aarhus University, Aarhus, Denmark

Martina Marchetti-Deschmann

Institute of Chemical Technologies and Analytics, Vienna University of
Technology, Vienna, Austria

Maxence Wisztorski

University Lille 1, Laboratoire de Spectrométrie de Masse Biologique,
Fondamentale & Appliquée, Villeneuve d'ascq, France

Meri Hovsepyan

Institute of Molecular Biology of Armenian National Academy of Sciences
Yerevan, Armenia

Michalis Nikolaidis

Department of Physical Education and Sports Science at Serres, Aristotle
University of Thessaloniki, Greece

Michel Jaquinod

Exploring the Dynamics of Proteomes/Laboratoire Biologie a Grande Echelle,
Institut de Recherches en Technologies et Sciences pour le Vivant, Grenoble,
France

Michel Salzet

Laboratoire de Spectrométrie de Masse Biologique Fondamentale et Appliquée,
INSERM, Villeneuve d'Ascq, France

Miguel Reboiro Jato

Escuela Superior de Ingenieria Informética, Ourense, Spain

Moncef Mrabet

Laboratory of Legumes (LL), Centre of Biotechnology of Borj-Cédria (CBBC),
Hammam-Lif, Tunisia

Ménica Botelho

Centre for the study of animal sciences (CECA)/ICETA, Porto, Portugal
Monica Carrera

Institute of Molecular Systems Biology, Zurich, Germany

Okay Saydam

Molecular Oncology Laboratory, Division of Neuro-Oncology, Department of
Pediatrics Medical University of Vienna, Austria

Ola Soderberg

Department of Immunology, Genetics and Pathology, Uppsala University,
Sweden

Paloma Sinchez-Bel

Dpto. Biologia del estrés y Patologia vegetal, CEBAS-CSIC, Murcia, Spain
Pantelis Bagos

Department of Computer Science and Biomedical Informatics, University of
Central Greece, Greece

Paolo Destefanis

Department of Urology, "San Giovanni Battista - Molinette" Hospital, Turin,
Italy

Pasquale Vito

Universita del Sannio, Benevento, Italy

Patrice Francois

Genomic Research Laboratory, Service of Infectious Diseases, Department of
Internal Medicine, Geneva

Patricia Alexandra Curado Quintas Dinis Poeta

University of Trds-os-Montes and Alto Douro (UTAD), School of Agrary and
Veterinary Sciences, Veterinary, Science Department, Portugal

Paul Cutler

F Hoffman La Roche, Basel, Switzerland

Paulo Vale

IPMA - Instituto Portugués do Mar e da Atmosfera, Lisboa, Portugal

Pedro Baptista

Centre for Research in Human Molecular Genetics, Department of
LifeSciences, Faculdade de Ciéncias e Tecnologia, Universidade Nova de
Lisboa, Caparica, Portugal

Pedro Rodrigues

Centro de Ciéncias do Mar do Algarve, CCMAR, Faro, Portugal

Pedro Santos

CBMA-Centre of Molecular and Environmental Biology, Department of
Biology, University of Minho, Braga, Portugal

Pedro S. Lazo

Departamento de Bioquimica y Biologia Molecular, Instituto Universitario de
OncologiaDel Principado de Asturias (IUOPA), Universidad de Oviedo, Spain
Per Bruheim

Department of Biotechnology, Norwegian University of Science and
Technology, Trondheim, Norway

Phillip Cash

Division of Applied Medicine, University of Aberdeen, Scotland

Philipp Hess

Institut Universitaire Mer et Littoral(CNRS - Université de Nantes - Ifremer),
Nantes, France

Philippe Castagnone-Sereno

Interactions Biotiques et Sante Vegetale, Sophia Antipolis cedex, France
Pierscionek Barbara

School of Biomedical Sciences, University of Ulster, Cromore Road, Coleraine,
BT52 1SA, United Kingdom

Pieter de Lange

DipartimentodiScienzedellaVita, SecondaUniversita degli Studi di Napoli,
Caserta, Italy

Qi Zhu

Dept. Electrical Engineering, ESAT/SCD, Katholicke Universiteit Leuven,
Heverlee, Belgium

Ralph Fingerhut

University Children's Hospital, Swiss Newborn Screening Laboratory,
Childrens Research Center, Ziirich, Switzerland

Ralf Hoffmann

Institute of Bioanalytical Chemistry, Center for Biotechnology and
Biomedicine, Faculty of Chemistry and Mineralogy, Leipzig University,
Germany

JIOMICS® 2019



Rawi Ramautar

Leiden/Amsterdam Center for Drug Research, Leiden University, The
Netherlands

Ricardo Gutiérrez Gallego

Bioanalysis Group, Neuropsychopharmacology Program IMIM-Hospital del
Mar & Department of Experimental and Health Sciences, University Pompeu
Fabra, Spain

Roman Zubarev

Department of Medical Biochemistry and Biophysics, Karolinska Institutet,
Stockholm, Sweden

Roque Bru Martinez

Plant Proteomics and Functional Genomics Group, Department of
Agrochemistry and Biochemistry, Faculty of Sciences, Alicante University,
Spain

Rubén Armaiianzas

Computational Intelligence Group, Departamento de Inteligencia Artificial,
Universidad Politécnica de Madrid, Spain

Ruddy Wattiez

Department of Proteomics and Microbiology, University of Mons (UMONS),
Belgium

Rune Matthiesen

Institute of Molecular Pathology and Immunology, University of Porto,
Portugal

Ruth Birner-Gruenberger

Medical University Graz, Austria

Sabine Luthje

University of Hamburg, Biocenter Klein Flottbek, Hamburg, Germany

Sadin Ozdemir

Department of Biology, Faculty of Science and Arts, Siirt University, Turkey
Salvador Ventura

Institut de Biotecnologia i de Biomedicina, Universitat Autdonoma de
Barcelona, Spain

Sandra Kraljevic-Pavelic

University of Rijeka, Department of Biotechnology, Croatia

Sebastian Galuska

Institute of Biochemistry, Faculty of Medicine, Justus-Liebig-University of
Giessen, Germany

Serge Cosnier

Department of Molecular Chemistry, Grenoble university/ CNRS, Grenoble,
France

Serhat Déker

Cankiri Karatekin University, Chemistry Department, Cankiri, Turkey

Shan He

Centre for Systems Biology, School of Biosciences and School of Computer
Science, University of Birmingham, England

Silvia Mazzuca

Plan Cell Physiology Laboratory, Department of Ecology, University of
Calabria, Italy

Simona Martinotti

Dipartimento di Scienze e Innovazione Tecnologica, DiSIT, University of
Piemonte Orientale, Alessandria, Italy

Soile Tapio

Helmholtz Zentrum Miinchen, German Research Center for Environmental
Health, Institute of Radiation Biology, Neuherberg, Germany

Sophia Kossida

Biomedical Research Foundation, Academy of Athens, Department of
Biotechnology, Athens, Greece

Spiros D. Garbis

Biomedical Research Foundation of the Academy of Athens, Center for Basic
Research - Division of Biotechnology, Greece

Steeve Thany

Laboratoire Récepteurs et Canaux Ioniques Membranaires, UFR Science,
Université d'Angers, France

Stefania Orru

University if Naples Parthenope, Naples, Italy

Stefanie Hauck

Research Unit Protein Science, Helmholtz Center Munich, Neuherberg,
Germany

Stefano Curcio

Department of Engineering Modeling, Laboratory of Transport Phenomena
and Biotechnology University of Calabria, Italy

Susana Cristobal

Department of Clinical and Experimental Medicine Faculty of Health Science
Linképing University, Sweden

Téamara Garcia Barrera

Departamento de Quimica y Ciencia de losMateriales, Facultad de Ciencias
Experimentales, Universidad de Huelva, Spain

Theodore Alexandrov

University of Bremen, Center for Industrial Mathematics, Germany

Thole Ziichner

Ultrasensitive Protein Detection Unit, Leipzig University, Center for
Biotechnology and Biomedicine, Institute of Bioanalytical Chemistry, Germany
Tiziana Bonaldi

Department of Experimental Oncology, European Institute of Oncology, Via
Adamello 16, 20139 Milan, Italy

Tomris Ozben

Akdeniz University Medical Faculty Department of Clinical Biochemistry,
Antalya, Turkey

Tsangaris George

Proteomics Research Unit, Center of Basic Research II Foundation of
Biomedical Research of the Academy of Athens, Greece

UnerKolukisaoglu

Center for Plant Molecular Biology, EberhardKarls University Tiibingen,
Tiibingen, Germany

Valeria Bertagnolo

Department of Morphology and Embryology University of Ferrara, Italy

Vera Muccilli

DipartimentodiScienzeChimiche, UniversitadiCatania, Catania, Italy
Veronica Mainini

Dept. Health Science, University of Milano-Bicocca, Faculty of Medicine,
Monza (MB), Italy

Vicenta Martinez-Zorzano

Department of Biochemistry, Genetics and Immunology

University of Vigo, Spain

Virginie Brun

French Atomic Energy Commission and French National Institute for Health
and Medical Research, France

Vittoria Matafora

Biological Mass Spectrometry Unit, San Raffaele Scientific Institute, Milan, Italy
Vladislav Khrustalev

Department of General Chemistry, Belarussian, State Medical University,
Dzerzinskogo, Minsk, Belarus

Xiaozhe Zhang

Department of Medicine, University of Frioburg, Switzerland

Yuri van der Burgt

Leiden University Medical Center, Department of Parasitology, The
Netherlands

JIOMICS® 2019



SOUTH AMERICA

Alessandro Farias

Neuroimmunomodulation Group, department of Genetics, Evolution and
Bioagents, University of Campinas - SP - Brazil

Alexandra Sawaya

Department of Plant Biology, Institute of Biology, UNICAMP, Campinas, Sdo
Paulo, Brazil

Andréa P.B. Gollucke

Hexalab/Catholic University of Santos, Brazil

Arlindo Moura

Department of Animal Science - College of Agricultural Sciences - Federal
University of Ceara, Fortaleza, Brasil

Bruno Lomonte

Instituto Clodomiro Picado, Universidad de Costa Rica

Deborah Schechtman

Department of Biochemistry, Chemistry Institute, University of Sdo Paulo,
Brazil

Edson Guimaraes Lo Turco

Sao Paulo Federal University, Brasil

Elisabeth Schwartz

Department of Physiological Sciences, Institute of Biological Sciences,
University of Brasilia, Brazil

Fabio Ribeiro Cerqueira

Department of Informatics and NuBio (Research Group for Bioinformatics),
University of Vicosa, Brazil

Fernando Barbosa

Faculty of Pharmaceutical Sciences of Ribeirdo Preto University of Sdo Paulo,
Brazil

Hugo Eduardo Cerecetto

Grupo de Quimica Medicinal, Facultad de Quimica, Universidad de la
Reptblica, Montevideo, Uruguay

Luis Pacheco

Institute of Health Sciences, Federal University of Bahia, Salvador, Brazil
Mario Hiroyuki Hirata

Laboratdrio de Biologia Molecular Aplicado ao Diagnostico, Departamento de
Andlises Clinicas e Toxicoldgicas, Faculdade de Ciéncias Farmacéuticas,
Universidade de Sio Paulo, Brazil

Jan Schripsema

Grupo Metaboldmica, Laboratério de Ciéncias Quimicas, Universidade
Estadual do Norte Fluminense, Campos dos Goytacazes, Brazil

Jorg Kobarg

Centro Nacional de Pesquisa em Energia e Materiais, Laboratério Nacional de
Biociéncias, Brazil

Marcelo Bento Soares

Cancer Biology and Epigenomics Program, Children’s Memorial Research
Center, Professor of Pediatrics, Northwestern University's Feinberg School of
Medicine

Mario Palma

Center of Study of Social Insects (CEIS)/Dept. Biology, Institute of Biosciences,
Univesity of Sdo Paulo State (UNESP), Rio Claro - SP Brazil

Rinaldo Wellerson Pereira

Programa de Pés Graduagio em Ciéncias Genodmicas e Biotecnologia,
Universidade Catélica de Brasilia, Brazil

Roberto Bobadilla

BioSigma S.A., Santiago de Chile, Chile

Rossana Arroyo

Department of Infectomic and Molecular Biology, Center of Research and
Advanced Studies of the National, Polytechnical Institute (CINVESTAV-IPN),
Mexico City, Mexico

Rubem Menna Barreto

Laboratorio de Biologia Celular, Instituto Oswaldo Cruz, Fundagao Oswaldo
Cruz, Rio de Janeiro, Brazil

Vasco Azevedo

BiologicalSciencesInstitute, Federal University of Minas Gerais, Brazil

NORTH AMERICA

Adam Vigil

University of California, Irvine, USA

Akeel Baig

Hoffmann-La Roche Limited, Pharma Research Toronto, Toronto, Ontario,
Canada

Alexander Statnikov

Center for Health Informatics and Bioinformatics, New York University School
of Medicine, New York

Amosy M'Koma

Vanderbilt University School of Medicine, Department of General Surgery,
Colon and Rectal Surgery, Nashville, USA

Amrita Cheema

Georgetown Lombardi Comprehensive Cancer Center, USA

Anthony Gramolini

Department of Physiology, Faculty of Medicine, University of Toronto, Canada
Anas Abdel Rahman

Department of Chemistry, Memorial University of Newfoundland and
Labrador St.John's, Canada

Christina Ferreira

Purdue University - Aston Laboratories of Mass Spectrometry, Hall for
Discovery and Learning Research, West Lafayette, US

Christoph Borcher

Biochemistry & Microbiology, University of Victoria, UVic Genome British
Columbia Proteomics Centre, Canada

Dajana Vuckovic

University of Toronto, Donnelly Centre for Cellular + Biomolecular Research,
Canada

David Gibson

University of Colorado Denver, Anschutz Medical Campus, Division of
Endocrinology, Metabolism and Diabetes, Aurora, USA

Deyu Xie

Department of Plant Biology, Raleigh, USA

Edgar Jaimes

University of Alabama at Birmingham, USA

Eric McLamore

University of Florida, Agricultural & Biological Engineering, Gainesville, USA
Eustache Paramithiotis

Caprion Proteomics Inc., Montreal, Canada

FangXiang Wu

University of Saskatchewan, Saskatoon, Canada

Fouad Daayf

Department of Plant Science, University of Manitoba, Winnipeg, Manitoba,
Canada

Haitao Lu

Washington University School of Medicine, Saint Louis, USA

Hexin Chen

University of South Carolina, Columbia, USA

Hsiao-Ching Liu

232D Polk Hall, Department of Animal Science, North Carolina State
University Raleigh, USA

Hui Zhang

Johns Hopkins University, MD, USA

Ing-Feng Chang

Institute of Plant Biology, National Taiwan University, Taipei, Taiwan

JIOMICS® 2019



Irwin Kurland

Albert Einstein College of Medicine, Associate Professor, Dept of Medicine,
USA

Jagjit Yadav

Microbial Pathogenesis and Toxicogenomics, Laboratory, Environmental
Genetics and Molecular, Toxicology Division, Department of Environmental
Health, University of Cincinnati College of Medicine, Ohio, USA

Jianbo Yao

Division of Animal and Nutritional Sciences, USA

Jiaxu Li

Department of Biochemistry and Molecular Biology, Mississippi State
University, USA

Jiping Zhu

Exposure and Biomonitoring Division, Health Canada, Ottawa, Canada

Jiri Adamec

Department of Biochemistry &Redox Biology Center, University of Nebraska,
Lincoln Nebraska, USA

Jiye Ai

University of California, Los Angeles

John McLean

Department of Chemistry, Vanderbilt University, Nashville, TN, USA

Joshua Heazlewood

Lawrence Berkeley National Laboratory, Berkeley, CA, USA

Kenneth Yu

Memorial Sloan Kettering Cancer Center, New York, USA

Laszlo Prokai

Department of Molecular Biology & Immunology, University of North Texas
Health Science Center, Fort Worth, USA

Lei Li

University of Virginia, USA

Leonard Foster

Centre for High-throughput Biology, University of British Columbia,
Vancouver, BC, Canada

Madhulika Gupta

Children’s Health Research Institute, University of Western Ontario

London, ON, Canada

Masaru Miyagi

Case Center for Proteomics and Bioinformatics, Case Western Reserve
University, Cleveland, USA

Michael H.A. Roehrl

Department of Pathology and Laboratory Medicine, Boston Medical Center
Boston, USA

Ming Zhan

National Institute on Aging, Maryland, USA

Nicholas Seyfried

Emory University School of Medicine, Atlanta, USA

Olgica Trenchevska

Molecular Biomarkers, Biodesign Institute at Arizona State University, USA
Peter Nemes

US Food and Drug Administration (FDA), Silver Spring, USA

R. John Solaro

University of Illinois College of Medicine, USA

Rabih Jabbour

Science Application International Corporation, Maryland, USA

Ramesh Katam

Plant Biotechnology Lab, Florida A and M University, FL, USA

Robert L. Hettich

Chemical Sciences Division, Oak Ridge National Laboratory, Oak Ridge, USA
Robert Powers

University of Nebraska-Lincoln, Department of Chemistry, USA

Shen S. Hu

UCLA School of Dentistry, Dental Research Institute, UCLA Jonsson
Comprehensive Cancer Center, Los Angeles CA, USA

Shiva M. Singh

University of Western Ontario, Canada

Susan Hester

United Stated Environmental Protection Agency, Durnam, USA

Terry D. Cyr

Genomics Laboratories, Centre for Vaccine Evaluation, Biologics and Genetic
Therapies Directorate, Health Products and Foods Branch, Health Canada,
Ontario, Canada

Thibault Mayor

Department of Biochemistry and Molecular Biology, Centre for High-
Throughput Biology (CHiBi), University of British Columbia, Canada
Thomas Conrads

USA

Thomas Kislinger

Department of Medical Biophysics, University of Toronto, Canada

Wan Jin Jahng

Department of Biological Sciences, Michigan Technological University, USA
Wayne Zhou

Marine Biology Laboratory, Woods Hole, MA, USA

Wei Jia

US Environmental Protection Agency, Research Triangle Park, North Carolina,
USA

Wei-Jun Qian

Pacific Northwest National Laboratory, USA

William A LaFramboise

Department of Pathology, University of Pittsburgh School of Medicine
Shadyside Hospital, Pittsburgh, USA

Xiangjia Min

Center for Applied Chemical Biology, Department of Biological Sciences
Youngstown State University, USA

Xiaoyan Jiang

Senior Scientist, Terry Fox Laboratory, BC Cancer Agency, Vancouver, Canada
Xu-Liang Cao

Food Research Division, Bureau of Chemical Safety, Health, Ottawa, Canada
Xuequn Chen

Department of Molecular & Integrative Physiology, University of Michigan,
Ann Arbor, USA

Ye Fang

Biochemical Technologies, Science and Technology Division, Corning
Incorporated, USA

Ying Qu

Microdialysis Experts Consultant Service, San Diego, USA

Ying Xu

Department of Biochemistry and Molecular Biology, Institute of
Bioinformatics, University of Georgia, Life Sciences Building

Athens, GA, USA

JIOMICS® 2019






JOURNAL OF INTEGRATED O MI C S

A methodological Journal

SPECIAL ISSUE: SELECTED ABSTRACTS OF THE III INTERNATIONAL CAPARICA CONFERENCE
IN ANTIBIOTIC RESISTANCE 2019 (IC2AR 2019)

Antimicrobial phthalocyanine activated by indoor light 1
Antibacterial and antibiofilm activities of the NSAID acetylsalicylic acid against Escherichia coli and 2
Staphylococcus aureus

Nontuberculous mycobacterial musculoskeletal infections: a caseseries from a tertiary referral center 3
Sequencing Applied to Modern Clinical Microbiology 4
Taking Antibiotics: A Model of How It Works 5
Opinions and regularity conclusions on drug combination to prevent resistance 6
Strategies to improve infection control and to limit antibiotic resistant infectious agents in dentistry 7
Gold nanoparticles as alternative therapy for antibiotic-resistant bacterial strains 8
One Health Approach for Identifications of Sources/Reservoirs of Multidrug Resistant Potential 9
Pathogens in Wild Animals and their Environment

Associations between infection and colonization and opportunistic antibiotic-resistant Klebsiella 10
pneumoniae

Upshots of a decennium of antimicrobial resistance proteomics 11
Maldi-Tof mass spectrometry applied to modern clinical microbiology: research and identification of 12
biomarkers in multiresistant bacterial species

Dissemination of colistin-resistant bacteria with mobile resistance gene mcr in a rural community of 13
Vietnam

Combating Antibiotic Resistance: Glyconanomaterials, Nanoantibiotics and Drug Repurposing 14
Waterways as Reservoirs of Multi-Drug Resistant Enterobacteriaceae (MDR Ent) in a High-Risk Region 15
for MDR Ent Infection in Children

Detection of ndvB and tssC1 genes implicated in biofilm-specific antibiotic resistance in clinical 16
Pseudomonas aeruginosa strains

Carbapenem resistance genes in Pseudomonas aeruginosa strains from a Portuguese hospital 17
Antibiotic resistance characterization of Enterococcus spp. strains isolated from fish species used in sushi 18
preparation

Analysis of virulence genes and agr types among methicillin-resistant Staphylococcus aureus from 19

infected diabetic foot ulcers

High frequency of ESBL- E. coli producers in pets in Portugal with detection of ST131 clone carrying 20
different variants of CTX-M genes

Phenotypic characterization of methicillin-resistant Staphylococcus aureus (MRSA) of human 21
osteomyelitis
Dalbavancin as a drug to combat resistant Gram-positive bacteria in biofilms and osteomyelitis in rats 22

I-VIHI: |



Prevalence of biofilm-related genes in methicillin-resistant Staphylococcus aureus isolated from patients 23
with septicaemia

Antibiotic resistance in methicillin-resistant Staphylococcus aureus isolated from patients with 24
septicaemia

Detection of TEM-, SHV- and CTX-M-type beta-lactamase production in Escherichia coli from 25
processed meat

Antimicrobial Resistance and Genotypic Characterization of Vancomycin-Resistant Enterococci isolated 26
from Hamburgers and Minced meat

Identification of multiresistant methicillin-resistant Staphylococcus aureus (MRSA) in wild hares (Lepus 27
granatensis) from Portugal

Linezolid resistant cfr-positive methicillin-resistant Staphylococcus aureus isolated from infected diabetic 28
foot ulcers

MRSA-CC398 detection of infection in pigs and piglets carcasses discarded at slaughterhouse level in 29
Portugal

How Pharma has Responded to the Explosion of New Beta-Lactamases 30
Contending with the Black Swans of Resistance 31
Impact of the universal PCV10 use on carriage with drug-resistant Streptococcus pneumoniae among 32

children in Brazil

Influence of Lactobacillus reuteri on the regulation of inflaimmasome genes expression during 33
campylobacteriosis in broiler

The mega-plasmid reported worldwide confers multiple antimicrobial resistance in Salmonella Infantis 34
of broiler origin in Russia

WGS characterization of multidrug-resistant Enterococci isolated from reindeer in the Russia 35
Knowledge and attitudes on antibiotic use and antimicrobial resistance among veterinary and agriculture 36
students

EXTENDEND ABSTRACT OF THE III INTERNATIONAL CAPARICA CONFERENCE IN
ANTIBIOTIC RESISTANCE 2019 (IC2AR 2019)

Heavy metal and antibiotic resistance genes in bacteria from porcine monophasic Salmonella 37

Principles of the antimicrobial control system organization in veterinary medicine and agriculture of the 40
Russian Federation

SPECIALISSUE: SELECTED ABSTRACTS OF THE IIT INTERNATIONAL CAPARICA CONFERENCE
ON ANALYTICAL PROTEOMICS 2019 (ICAP 2019)

Two thousand 19: Outcomes of a decade of antimicrobial resistance proteomics 42
Comparative membrane-associated proteome of Leishmania (Leishmania) infantum and L. (L.) 43
amazonensis

In pathogen bacteria Staphylococcus aureus MazEF Toxin-Antitoxin System (TAS) regulates cell 44
dormancy in response to environmental stress

Comprehensive metabolomics studies to identify biomarkers of type 1 diabetes onset and pancreatic islet 45
stress

Engineering bacterial monooxygenases to produce human drug metabolites 46
Proteogenomic analysis of Mycobacterium tuberculosis Beijing BO/W148 cluster 47

I-VII: 11



Grapevine leaf proteome reveals specific adjustments leading Plasmopara viticola resistance 48

Exploration of the platelet proteomic signature associated with adverse transfusion reactions 49
Chromosome-centric proteomic QR-code: promising tool for personal health molecular monitoring and 50
health analytics.

Computational approach to detect interference in SRM data 51
HAX]1 interactome mapping based on two complementary approaches reveals new functions in oxidative 52

phosphorylation and protein aggregation
A new insight into cryptobiosis: Cell repair in ametabolism 53

Neutrophils response to surgery and ischemia from a proteomic standpoint 54

PRELIMINARY COMMUNICATIONS OF THE IIT INTERNATIONAL CAPARICA CONFERENCE IN
ANTIBIOTIC RESISTANCE 2019 (IC2AR 2019)

One Enterocin AP-7121: combination with colistin against human multi-drug resistant Gram-negative 55
pathogens
One Health Approach for Identification of Sources/Reservoir of Multidrug Resistant Bacteria in Wild 60

Animals and their Environment

ARTICLES OF THE III INTERNATIONAL CAPARICA CONFERENCE IN ANTIBIOTIC
RESISTANCE 2019 (IC2AR 2019)

Differential expression of multidrug-resistance genes in Trichophyton rubrum 65
A Model of How Antibiotics Work 70
ORIGINAL ARTICLES

NIMA-related kinase 7 interacts with Matl and is involved in the UV-induced DNA Damage Response 74

I-VIII: 1



SPECIAL ISSUE
SELECTED ABSTRACTS OF THE VINTERNATIONAL CAPARICA
CONFERENCE ON ANALYTICAL PROTEOMICS 2019 (ICAP 2019)

[-VIII: V



JIOMICS | VOL 9 | ISSUE 2 | NOVEMBER 2019 | 1-81

- JOURNAL OF INTEGRATED OMICS
R R A METHODOLOGICAL JOURNAL
HTTP:/ / WWW.JIOMICS.COM

SPECIAL ISSUE: SELECTED ABSTRACTS OF THE III INTERNATIONAL CAPARICA CONFERENCE IN ANTIBIOTIC RESISTANCE 2019 (IC2AR 2019)

Antimicrobial phthalocyanine activated by indoor light
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ABSTRACT

Photosensitizers, such as porphyrinoids and phenothiazines, can be efficient in photodynamic treatment of drugresistant
bacteria, fungi and biofilms. However, it usually requires the use of special light sources of high intensity such as lasers, and
commonly suffers from fast bleaching. We report the Zn complex of novel tetracationic phthalocyanine with four pyridyl
substituents, which is activated by an inexpensive light-emitting diode lamp or by consumer-grade fluorescent lamps.
Antimicrobial efficacies are extremely high, allowing to inactivate up to 99.9999% of initial populations of drugresistant
Staphylococcus aureus, Escherichia coli, Acinetobacter baylyi, Enterococcus faecalis, and Candida albicans. Inactivation occurs on
the surface of dyeimpregnated cellulose support with the load of chromophore as small as 0.1 g/n?. The required illumination
time is 15-60 minutes. The immobilized dye is well resistant to leaching and bleaching.

Exp. conditions E.Faecalis 583 MRSA88
e 30 min 60min  30min 60 min
I Room light 270 ux  99% 09.999%  99% 99.999%
LED light 4000 ux  99.99% 99.9999%  100% 100%
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ABSTRACT

Multi-drug resistance has been growing abruptly worldwide. Moreover, the development of new antibiotics is scarce and finding
new antibacterial drugs is becoming increasingly difficult. In fact, this process can be risky as requires high investments by
pharmaceutical industries. Therefore, new approaches to counteract the global threat of bacterial resistance, including in the
sessile mode of growth (biofilms), are needed [1]. Repurposing old drugs for new treatment purposes can be an excellent
alternative with lesser potential clinical implications [2]. In this study, the antimicrobial and antibiofilm activities of a non-
steroidal anti-inflammatory drug (NSAID), acetylsalicylic acid, against Escherichia coli and Staphylococcus aureus was evaluated.
The minimum inhibitory and bactericidal concentrations (MIC and MBC) were determined by the broth microdilution method
and culturability on plate count agar, respectively. Its potential to eradicate pre-formed E. coli and S. aureus biofilms (24-h old)
was performed using a microtiter plate assay and characterized in terms of biofilm mass (crystal violet staining)/metabolic
activity (alamar blue staining) reductions and culturability. The MIC values were 1750 ug/mL and 2000 pg/mL for E. coli and S.
aureus, respectively. The MBC was found to be > 2000 pg/mL (the maximum concentration tested) for both bacteria. No biofilm
mass removal was observed. However, acetyl salicylic acid promoted metabolic activity reductions higher than 70% for all
concentrations tested (MIC, 5 x MIC and 10 x MIC). In terms of culturability, a dose dependent effect was obtained, with 3.6-
log CFU (colony-forming units) per cm? reduction at MIC and total loss of culturability at 5 x MIC and 10 x MIC for both
bacteria. Overall, the results obtained suggested that non-antibiotic drugs such as acetyl salicylic acid might be an interesting
alternative and/or complement for antiinfective therapeutic approaches for a post-antibiotic era.
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ABSTRACT

Nontuberculous mycobacteria represent an uncommon but important cause of infection of the musculoskeletal system. Such
infections require aggressive medical and surgical treatment and are often complicated by delayed recognition and diagnosis.
We retrospectively reviewed all 14 cases of nontuberculous mycobacterial musculoskeletal infections treated over a 6year
period by orthopedic surgeons at a university-affiliated tertiary referral center. All patients required multiple anti-microbial
agents as well as aggressive surgical treatment, with 13 of 14 patients ultimately achieving cure. Four patients required
amputation for adequate control of infection. Half of our patients were immunosuppressed at presentation, either by
medications or other medical illness. Six infections involved joint prostheses, and all ultimately required hardware explantaion
and placement of an antibiotic spacer for eradication of infection. Our series highlights the importance of vigilance for
nontuberculous mycobacterial musculoskeletal infection, particularly in patients who are immunosuppressed or have a history
of musculoskeletal surgery.

References:

D. R. Prevots, P. A. Shaw, D. Strickland, L. A. Jackson, M. A. Raebel, M. A. Blosky et al. Am J Respir Crit Care Med. 182 (2010) 970-6.
J. Adjemian, K. N. Olivier, A. E. Seitz, S. M. Holland, D. R. Prevots. Am ] Respir Crit Care Med. 185 (2012) 881-6.

M. Al-Hougqani, F. Jamieson, M. Mehta, P. Chedore, K. May, T. K. Marras. Chest. 141 (2012) 190-7.

A. B. Spaulding, Y. L. Lai, A. M. Zelazny, K. N. Olivier, S. S. Kadri, D. R. Prevots, et al. Ann Am Thorac Soc. 14 (2017) 1655-61.

D. E. Griffith, T. Aksamit, B. A. Brown-Elliott, A. Catanzaro, C. Daley, F. Gordin, et al. Am ] Respir Crit Care Med. 175 (2007) 67-416.
G. S. Smith, A.J. Ghio, J. E. Stout, K. P. Messier, E. E. Hudgens, M. S. Murphy, et al. ] Infect. 72 (2016) 678-86.

P. M. Cassidy, K. Hedberg, A. Saulson, E. McNelly, K. L. Winthrop. Clin Infect Dis Off Publ InfectDis Soc Am. 49 (2009) 124-129.

Correspondence: Email - bennie.lindeque@ucdenver.edu

1-81:3



JIOMICS | VOL 9 | ISSUE 2 | NOVEMBER 2019 | 1-81

- JOURNAL OF INTEGRATED OMICS
R R A METHODOLOGICAL JOURNAL
HTTP:/ / WWW.JIOMICS.COM

SPECIAL ISSUE: SELECTED ABSTRACTS OF THE III INTERNATIONAL CAPARICA CONFERENCE IN ANTIBIOTIC RESISTANCE 2019 (IC2AR 2019)

Sequencing Applied to Modern Clinical Microbiology

C. Sabenga?*, R. Beyrouthy?#, B. Richard*#, P. Poeta®, G. Igrejas!2°

! Department of Genetics and Biotechnology, University of Tras-os-Montes and Alto Douro, Vila Real, Portugal; > Unit of
Functional Genomics and Proteomics, University of Tras-os-Montes and AltoDouro, Vila Real, Portugal; * National Reference
Center for Antibiotic Resistance, Clermont-Ferrand, France; 4 University Hospital Center, Clermont-Ferrand, France; > LAQV-
REQUIMTE, Faculty of Science and Technology, University Nova of Lisbon, Lisbon, Caparica, Portugal; ¢ Department of
Veterinary Science, University of Tras-os-Montes and Alto Douro, Vila Real, Portugal

Available Online: 15 November 2019

ABSTRACT

Multi-Antimicrobial resistance is a global and multifaceted public health issue, which requires a multidisciplinary and holistic
approach as the pandemic spread and evolution of highly resistant bacteria occurs similarly in the human, animal and
environmental settings. Escherichia coli that produces extended-spectrum p-lactamases (ESBL) are one of the major public
health concerns [1]. ESBL, along with other resistance genes, are located on plasmids giving them the ability to disseminate
those resistance genes to other bacterial species [2], including in isolates from wild animal populations [3]. Even though wid
animals are not in direct contact with antibiotics, they are infected by the excessive use in humans and veterinary medicine [4].
A total of 39 Enterobacteriaceae strains were selected from our collection of bacterial isolates from different wild and domestic
animals previously studied. The strains were identified using mass spectrometry. The susceptibility test was performed on 30
antibiotics and ESBL production was detected by both the combination disc test and the double-disc synergy test according to
EUCAST standards. We determined the whole-genome sequences of strains by using de novo assembly of 2 x 150-bp paired-
end reads generated by using sequencing technology by Illumina. Of the 39 strains, 22 were ESBL-producing E. coli. All strains
presented multiresistance and the most frequent ESBL mechanism was the CTX-M-1 and it was associated to IncIl plasmid.
Therefore, ESBL-producing E. coli has disseminated in several species, including in birds that can be considered spreaders of
antibiotic resistance since they can migrate long distances in short periods of time posing a serious risk for the global spread of
multidrug-resistant bacteria.

Acknowledgments:

This work was supported by the Associate Laboratory for Green Chemistry- LAQV which is financed by national funds from FCT/MCTES
(UID/QUI/50006/2019).

References:

[1] A.A. Shah, F. Hasan, S. Ahmed, A. Hameed, Research in Microbiology (2004).

[2] H. Radhouani, N. Silva, P. Poeta, C. Torres, S. Correia, G. Igrejas, Frontiers in Microbiology (2014).

[3] A. Garcés, S. Correia, F. Amorim, J.E. Pereira, G. Igrejas, P. Poeta, Journal of Hazardous Materials (2017).
[4] M. Dolejska, C.C. Papagiannitsis, Plasmid (2018).

Correspondence: Email - carolinasabenca@hotmail.com

1-81: 4



JIOMICS | VOL 9 | ISSUE 2 | NOVEMBER 2019 | 1-81

. JOURNAL OF INTEGRATED OMICS

A METHODOLOGICAL JOURNAL
HTTP:/ / WWW.JIOMICS.COM

Journal of Integrated Omics

SPECIAL ISSUE: SELECTED ABSTRACTS OF THE III INTERNATIONAL CAPARICA CONFERENCE IN ANTIBIOTIC RESISTANCE 2019 (IC2AR 2019)

Taking Antibiotics: A Model of How It Works

Eva M. Ogens

Ramapo College of New Jersey

Available Online: 15 November 2019

ABSTRACT

Almost all children have taken antibiotics as a result of ear infections, strep throat, or other bacterial infections. Some of them
feel better soon and don’t understand why they have to keep taking the medication for the full ten days as prescribed. Others
forget to take the medicine, and then often have to be put on a stronger type of antibiotics. This game enables students to
experience a model of the effects of antibiotics on a population of disease-causing bacteria during an infection. Students learn
how variables such as skipping a day of medication affect the persistence of the disease. A key concept is that almost every
naturally occurring population of bacteria that cause disease has a component that is resistant to antibiotics. By graphing chta,
students can visually understand why it is important to take a complete course of antibiotics to kill all the bacteria and decease
the likelihood of bacteria becoming resistant, which can be harmful to human health and is a major public health problem.
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ABSTRACT

Multi-Antimicrobial resistance seriously threatened human health and economic development. Combination therapy is generally proved to be an
effective strategy to fight resistance, while no regularity conclusion could be drawn to guide its practice, and even some dda on its effects are
conflicting. To further explore it, the fractional inhibitory concentration indexes (FICIs) of three combinations against mehicillin-resistant
Staphylococcus aureus (MRSA) were determined using checkerboard method, and their minimal concentrations inhibiting colony formation by 99%
(MICyoys) and mutant prevention concentrations (MPCs) alone or in combinations including different proportions were determined using agar plates.
The results led to the discovery of regularity conclusions in drug combinations to prevent resistance [1]: (1) The MSW of oneagent is closely related to
the proportion of two agents, and different proportions of a combination would present different MPCs and mutant selection window (MSWs).
Thereby, the MSWs of one antimicrobial agent can be narrowed by combining with another whether it is synergistic or not. Thiscan explain various
results of drug combinations to prevent or fight resistance at present, and even contrary ones [2,3]. Mainly depended on theproportion of two agents,
many combinations had enough potential to prevent resistance [2-4], and even that the susceptibility of one antimicrobial agent might be enhanced by
another in an antagonistic combination [5], while some combinations may result in high mutational frequencies, such as levofbxacin in combination
with lower dose of colistin [4]. (2) The smaller the FICIs of two agents in combinations were, the more probable their MSWs were to close each other,
and the greater the potency to prevent or delay resistance according to MSW and MPC hypotheses [6]. Thus, discovering remarkbly synergistic
combinations closing each other's MSWs were our goals. As two antimicrobial agents in a certain combination usually presented different
pharmacokinetics parameters in vivo, their proportions in blood and infectious tissue would accordingly change, and thus leadto their different MPC
and MSWs. This must fluctuate or even invert the practical effects preventing resistance, and increased the complexity and urcertainty of drug
combination preventing resistance. However, some opinions and measurements can be referred in the practice preventing antimiaobial resistance
based on above regularity conclusions. (1) We might select two agents with similar pharmacokinetics parameters as possible aswe could for synergistic
combination to prevent resistance. (2) As remarkably synergistic combinations would be more favorable to prevent resistance,a new antimicrobial
agent synergistically combining with one or more, as a regular combination like the application of antituberculosis drugs, should be encouraged to be
approved, and even as a hybrid antibiotic such as rifamycin-quinolone. (3) Antimicrobial agents targeting identical macromolecular biosynthesis
pathway with different sites had a great potency to discover synergistic combinations, such as roxithromycin/doxycycline (repectively targets
ribosomal protein 50S and 30S subunits), and trimethoprim/sulfamethoxazole (respectively targets dihydrofolate synthase and reductase) used for a
long time. (4) We can select a weak one to narrow the MSWs of a remarkable one to prevent resistance by greatly increasing the proportion of weak
one in a combination whatever synergistic one or not, while synergistic one is better. For example, one or more natural products from plants, herbs
and traditional chinese medicines can be considered.
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ABSTRACT

Nowadays, other than blood-borne viruses and water-borne bacteria, antibiotic-resistant bacteria are a significant hazard in
dentistry when taking into account the worldwide overuse of antibiotics, the limited awareness on infection prevention
guidelines, and the very frequent lapses and errors during infection prevention. Data sustains the evidence of possible resewoirs
of antibiotic resistant bacterial infections in humans (dental staff and patients) and on dental items in dental offices. We take
into account Staphylococci and Enterobacteriaceae as markers since they are considered prioritized bacteria according to
antibiotic resistance pressure, and are able to adapt to different closed habitat environments (from mechanically ventilated
rooms in health-care facilities to very extreme ones (such as spaceflight)). Furthermore, there is available data for dental settings
and on their virulence factors. In particular, MRSA plays a key role in its colonization in patients and dental workers, presnce
on gloves, resistance (days-months on dry inanimate surfaces), the contamination of different clinical contact surfaces in denta
settings, the ability of some strains to produce biofilm and finally, its low estimated infective dose. Moreover, an alarming
genetic similarity has been shown between MRSAs isolated in dental clinics and some EMRSA clones (EMRSA-15 and EMRSA-
16 lineage). For better healthcare personnel and dental patient safety, we need: 1) to improve knowledge on bioburden and
biofouling, also based on molecular biological methods; 2) education and training initiatives; 3) implementation of infection
control prevention according to guidelines; 4) to limit the hazards in surgical dental settings and HA-MRSA infections.
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ABSTRACT

A strategy to combat infections by bacteria resistant to antibiotics is the development of nanomaterials with photosensitizing
activity. In our group, gold nanoparticles (NPS) stabilized with amoxicillin (amoxi@AuNPs) were obtained[1]. They have the
advantage of being synthesized in a single step and in a few minutes. The evaluation of the antibacterial activity against
methicillinsensitive Staphylococcus aureus (MSSA ATCC 29213) and a methicillin-resistant clinical strain (MRSA 9455) was
carried out by irradiation with white light LEDs (to cover the absorption of the different shapes of NPs) and subsequent
counting in solid medium of the colony forming units. The eradication of biofilms from clinical strains of MRSA and
Pseudomonas aeruginosa (PAE) treated with amoxi@AuNPs was quantified. The biomass of the biofilm was quantified in the
clinical strains MRSA 771 and 773 and in the clinical strains PAE 191150 and 189718, by the staining test with crystal violet
Metabolic activity was determined by reducing the XTT reagent and SEM images. To investigate the mechanism of action of the
amoxi@AuNPs, the generation of reactive oxygen species (ROS) in S. aureus was measured using the dihydrorhodamine 123
(DHR) probe. Results suggest that maximum antibacterial effect was achieved at 30 min of irradiation, with a concentration of
1.5 pg/mL amoxi@AuNPs. A marked reduction in the metabolic activity of the biofilms treated with amoxi@AuNPs and
irradiated was obtained. The metabolic activity was reduced with respect to its untreated controls. The results were corrobomted
by SEM images. Fluorescence microscopy with temporal resolution evaluated the activity of the mentioned NPs in co-cultures of
bacteria and eukaryotic cells. These NPs possess bactericidal activity and an excellent biocompatibility in co-cultures. In order to
give a step towards the application of this technology, we have synthesized in just one step a gel containing AuNPs plus an
antimicrobial peptide (AMP). Casein was the chosen AMP because it is a small biocompatible molecule, relatively cheap and
with gelation properties. SEM images showed spherical NPs (10 + 2 nm diameter) and were stabilized between the casein net.
They have an absorption peak at 544 nm and inhibit the growth of pathogenic strains as Klebsiella pneumoniae and S. aureus
after only 15 min with green LEDs. This is possible because of the combination effect of the AMP and the plasmon excitation.
The application of these nanoparticles for Photodynamic Antimicrobial Therapy is promising to treat infections resistant to
antibiotics given its high stability in vivo, cytocompatibility and also because, until now, the development of resistance has not
been registered.
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ABSTRACT

Bacteria such as extra-intestinal pathogenic E. coli (EXxPEC) and methicillin-resistant S. aureus (MRSA) are important opportunistic
pathogens. They might belong to pandemic, epidemic and/or sporadic clones. Some f the clones are associated with humans, othes are
associated with wild and/or domestic animals. Some clones are shared by both and may be found contaminating the environment. In this
study, we examined the spread of EXPEC and MRSA isolates in a One Health Approach to better understand the sources/reservoirs and
possible transmissions of potential pathogens. E. coli was isolated from fresh fecal samples collected from the endangered Southern Resident
Killer Whales (SRKW) population (Orcinus orca) in 2013. Nine distinct isolates were recovered from 7 SRKW individuals with whole genome
sequencing, de novo assembly and analysis done. Eight were multidrug resistant EXPEC ST73 clonotype C24:H10 isolates taken fiom 7
individuals from 3 pods. The ninth isolate was not antibiotic resistant and was ExXPEC ST127 clonotype C12:H2. All carried a variety of
virulence genes which differed between the ST73 isolates and between the ST73 and the ST127 isolate. Previous studies have shown that the
Puget Sound (Salish Sea), the home to the SRKW, is contaminated with multiple ARGs and antibiotic residues, especially near waste water
treatment plant discharge sites. Their food source, Chinook salmon carry antibiotic residues in their tissue. In 2018, MRSA was non-invasively
collected from macaque (Macaca mulatta) saliva samples (n=13) and environmental samples (n=19) near temple areas in Kathmandu. MRSA
(n=5) from human wound infections in a Kathmandu hospital were also collected. All 37 isolates were characterized using The Aere
StaphyType® DNA microarraysl. Twenty-three (62%) were MRSA CC22 SCCmec type IVa previously found in Nepalese macaque of human
origin and insolated from monkey (n=4; 31%), environmental (n=14; 74%), and human (n=>5; 100%) samples. Eight monkey MRSA were
CC361 SCCmec type IVa. One MRSA isolated from a monkey and environment were CC88 SCCmec type V, previously found in Nepalese
swine samples2. The remaining environmental MRSA included one each, CC121 SCCmec type V, and CC772 SCCmec type V, all of human
origin and 2 CC779 SCCmec type V, potentially a novel clone. All 37 MRSA carried the bla gene, 31 carried the aacA-aadD, 25 dfrA and 21
erm(C) genes. All CC22 isolates carried the aacA-aadD, dfrA and 17 carried the erm(C) genes, while 2 MRSA from macaque, 3 MRSA from
environmental and 1 human MRSA lacked the erm(C) gene. The 1 macaque and environmental CC88 MRSA both carried the aacA-aphD gene
but only the macaque MRSA carried the aphA3 and sat resistance genes, neither previously identified in primate MRSA. Among the 23 CC22
MRSA, 21 carried the PVL locus and tst virulence gene which is unusual and include all the monkey and human isolates and 12 of 14
environmental isolates. This current study suggests that humans are the source of the MRSA identified both in the macaques ard the
environment and may be linked to humans feeding the primates. The most likely source of the EXPEC isolates in the SRKW is either directly
acquired from pollution in the Salish Sea, or from their salmon diet. It is unknown if the EXPEC cause disease in the SRKW or if they
contribute to the ongoing decline of this endangered species.
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ABSTRACT

Multidrug resistant bacteria (MDR) are difficult to eradicate and spread rapidly. In Brazil, Carbapenem Resistant Enterobacteria
(CRE), mainly those producing Klebsiella pneumoniae carbapenemase (KPC), are considered epidemic [1]. Efficient antibiotic
therapies against MDR tend to become scarce, so studies aiming to understand patterns of dissemination of CRE, and
specifically of CRE KPC, are necessary [2,3]. In this work we correlate gastrointestinal and lower respiratory tract colonizaion
with CRE and CRE KPC with hospital acquired infections. We analyzed records of CRE and CRE KPC detected by routine
surveillance carried out the Infection Control Program as well as of CRE and CRE KPC isolated from samples taken for culture
from infected patients (blood, bronchoalveolar lavage, tracheal aspirate and urine). Cases were defined as patients clinically
infected or colonized with KPCproducing K. pneumoniae (KPC-KP) and Carbapenem Resistant K. pneumoniae (CR-KP)
admitted in a large nonteaching hospital between January 2007 and December 2017. A timeseries analysis based on
autoregressive integrated moving average (ARIMA) was used to identify trends in antibiotic resistance incidence. The detection
of CR-KP preceded the detection of KPC-KP in this period, but similar patterns of incidence were observed after 2011. We
identified an increasing trend in resistance to Carbapenems (p < 0.01) and in KPG-KP (p < 0.003) and MDR KP (p < 0.02)
detection. CR-KPand KPC-KP-colonized patients were tracked for infection and results suggest rising prevalence of CR-KP and
KPC-KP, and asymptomatic carriage as important risk factors for infection following colonization. However, these factors alone
do not explain the observed scenario. Whole genome sequencing will be used to further characterize endemic, epidemic and
MDR clones. Gastrointestinal colonization has long been recognized as a reservoir for strains causing hospital acquired
infections [4], but only recently we have the tools, by means of whole genome sequencing, to further characterizeK. pneumoniae
and expand our understanding on differences in infection risk and outcomes regarding specific clones.
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ABSTRACT

Antimicrobial resistance (AMR) is acknowledged today as one of the most concerning threats to global human health and the
world has now started to act concertedly to tackle this problem. However, AMR is not a recent problem being in fact as old as
the discovery and use of antibiotics. For the last 10 years, the Functional Genomics and Proteomics Unit based at the Universty
of Tras-os-Montes and Alto Douro, Vila Real, Portugal, has been aiming to better understand the mechanisms by which bacteria
survive antibiotic action by looking into the entire complement of proteins expressed by resistant strains. Using different
perspectives, the proteomics studies performed have contributed with the knowledge associated with over 2000 proteins that
can, singlehandedly or as a complex whole, hold the key for new insights to unravel AMR. Since 2009, the proteomes of different
Salmonella, Enterococcus, Escherichia coli and Staphylococcus aureus strains have been thoroughly studied with the purpose to
identify either the main proteins present or those differentially expressed between strains. By looking at the whole proteomeor
subfractions of the proteome, studies have been performed to compare resistant strains with different levels of resistance, with
related non-resistant strains and in the presence and absence of antibiotic stress. Protein separation with high resolving power
has been achieved with 2D gel electrophoresis (2-DE) and shotgun analysis has allowed to overcome solubility limitations of
membrane proteins. Hence, a comprehensive coverage of the present proteins has been attained by using 2DE followed by
either matrix-assisted laser desorption/ionization-time of flight (MALDITOF)- or liquid chromatography (LC)- tandem mass
spectrometry (MSMS) together with shotgun LC-MSMS approaches. The study of strains recovered from clinical human
samples provided a better understanding of extended-spectrum beta-lactamase (ESBL) producing E. coli, new insights into
pleural empyema methicillin-resistant S. aureus (MRSA) and an in-depth examination of the mechanisms of quinolone
resistance in Salmonella Typhimurium causing acute gastroenteritis. Multidrug resistant (MDR) E. coli, ciprofloxacin resistance
and vancomycin resistant enterococci were further unravelled through the proteomes of samples recovered from pigs
slaughtered for human consumption. Also, the role of resistant bacteria as environmental reservoirs of AMR was better
elucidated though the proteomes of ESBL-positive E. coli, vanA-positive enterococci and MDR Salmonella recovered from a
variety of free-ranging wild animals including boars, rabbits, seagulls, red foxes and Iberian wolf and lynx. Proteomic
approaches have considerably improved during the past decade, being successfully used to investigate protein expression
profiles. By greatly contributing to a better understanding of the specific mechanisms that contribute to AMR, proteomics has
proved to be the appropriate research tool to overcome this major modern medicine challenge.
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ABSTRACT

Antimicrobial resistance is a global and multifaceted public health issue, which requires a multidisciplinary and holistic
approach as the pandemic spread and evolution of highly resistant bacteria occurs similarly in the human, animal and
environmental settings. Escherichia coli and Enterococcus spp., as commensal bacteria, are usually not responsible for diseases,
but with the acquisition of resistance genes to various antibiotics they can be serious. These bacteria also have a great capacity to
spread these same genes, sometimes to phylogenetically distant bacteria, which represents a serious public health problem inthe
world. Among the pathogens are Escherichia coli Extended-Spectrum p-Lactamase (ESBL) and Vancomycin-Resistant
Enterococci (VRE). This work aims to use the analytical potential of MALDI-TOF mass Spectrometry (MS) to characterize
Escherichia coli and Enterococcus spp. isolates and identify protein biomarkers associated with antibiotic resistance. This would
allow rapid and cost-effective identification of resistance carried out by pathogenic strains in order to more effectively treat
patients and/or better understand the spread of these resistances. The 33 samples of E. coli (ESBL) are from various animals and
22 Enterococcus (VRE) are samples of various types of processed meat. All the samples showed multiresistance to the various
antibiotics and these results are consistent compared to studies carried out on these types of bacteria. In a second step, aMALDI
-TOF MS approach was implemented, not only to characterize strains but mainly to identify biomarkers attesting to their
resistance to antibiotics. Each strain was grown in the presence or absence of different antibiotics. All strains were prepaed
according to the Freiwald and Sauer (1) protocol. The protein fingerprints were then determined by MALDETOF MS in linear
mode over a mass range of 2 to 20 kDa. The resulting data are currently analysed, and the spectra obtained with or without
antibiotics are compared by using the ClinProTools™ bioinformatics software. The putative biomarkers of antibiotic resistance
will then be evaluated with a wide range of strains and their nature will be determined by other MS approaches.
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ABSTRACT

Colistin is typically used as a last-resort treatment when there are no other therapy options available. However, current reports
show an increase in colistin-resistant bacteria worldwide due to the abuse of colistin in the livestock sector. Furthermore, the
discovery of mobile antibiotic resistance genes, such as mcr-1, in 2015 indicates the possibility of further spread of colistin
resistance to other bacteria. Therefore, extensive studies on colistin-resistant bacteria possessing mcr are being carried out on
infectious disease specimens and livestock. The colistin-resistance with mcr represents an emerging global health threat.
However, the susceptibility and exposure of local residents living in the areas of frequent usage of colistin in livestock to the
colistin-resistant bacteria remains to be studied. The carriage of colistin-resistant bacteria with mobile resistance genes by
human residents may increase the risk of acquiring intractable infections. The study was conducted at Nguyen Xa village, Thai
Binh province, Vietnam, from November 2017 to February 2018. The village, a representative rural community in Vietnam, had
7,730 residents in 2,008 households in 2015. A total of 98 healthy participants from 36 households were enrolled. One stool
specimen was obtained from each participant to test for the presence of colistin-resistant E. coli, using a selective medium
(CHROMagarTM COL-APSE, CHROMagar, Paris, France). The colistin-resistant bacteria were detected in 70.4% of the
residents. All the colistin-resistant isolates were identified as E. coli. The proportion of households that had members possessing
colistin-resistant E. coli was also quite high (80.6%). Sixty-nine of the 70 colistin-resistant E. coli isolates possessed either mcr-1
and/or mcr-3. Only one colistin-resistant isolate did not contain any mcr-1 to mcr-5 genes. The minimum inhibitory
concentrations of mcr (+) isolates to colistin were >8 pg/ml. Pulsed-field gel electrophoresis analysis indicated no clonal
expansion of any specific strain. The majority of mcr (+) isolates showed that the rate of multidrug resistance (MDR) of colistin-
resistant E. coli isolates was 92.8%, which means that they show resistance to at least one antibiotic drug in three or more
antibiotic classes. These results revealed the dissemination of MDR colistin-resistant E. coli, harboring the colistinresistant
mobile gene mcr among commensal bacteria of residents, in a rural community in Vietnam. In particular, it is a remarkable
finding in the public health viewpoint that most households, which participated in the study, had colistinresistant E. coli
carriers. Thus, this requires urgent public health attention.
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ABSTRACT

The increasing prevalence of drug resistance to the majority of existing antibiotics has generated a pressing global healthcare
crisis. Certain highly resistant bacteria have acquired multiple mechanisms against all available antibiotics including the drugs of
last resort. We are developing new strategies to combat antimicrobial resistance, including glyconanomaterials, nanoantibiotics
and drug repurposing, which will be discussed in this talk. Glyconanomaterials are nanomaterials that present carbohydrates/
glycans at their surfaces[1,2]. As such, these materials mimic cell surfaces, which are generally decorated with different
glycolipids and glycoproteins that, through recognition of carbohydrate-binding proteins such as lectins and antibodies, mediate
a wide variety of cellular communications including bacterial infection. We showed that the interactions of glyconanomateriak
with bacteria can be modulated by the carbohydrate on the nanomaterial. For example, trehalosefunctionalized
glyconanomaterials interact strongly with mycobacteria[3]. The findings have been applied to detect bacteria[4], as well as br
the targeted delivery of antibiotics[5]. Pure nanoantibiotics are nanoparticles made entirely of pure antibiotic molecules.
Because PNAs are carrier-free, the drug encapsulation efficiency is close to 100%, and the potential burden caused by carrier
degradation can be avoided. In a proof-of-concept study, we developed a modular synthesis of ciprofloxacin derivatives and
fabricated them into theranostic nanoparticles. These compounds are propeller-shaped, and upon precipitation into water,
readily assembled into amorphous nanoaggregates that displayed enhanced luminescence. In addition, the PN As exhibited up to
2 orders of magnitude enhancement in the antibacterial activity[6]. Finally, our recent work on drug repurposing will be
discussed. SAR (structure-activity relationship) studies from in vitro activities against ESKAPE pathogens and mammalian cell
cytotoxicity identified lead compounds that show promises for both Gram-negative and Gram-positive strains.
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ABSTRACT

Community-acquired MDR Ent infections are increasing and occurring in people without traditional healthcare exposures. In
prior studies we identified neighboring regions in Chicago, Illinois where children living in these regions have a 56 times
greater odds of MDR Ent infections[1-2]. To prevent community spread of MDR Ent, we need to understand the reservoirs
associated with MDR Ent acquisition. A pilot study of surface waters from three recreational waterways (A1-A3) for “incidental
contact activities” (e.g. kayaking) and one non-recreational waterway (A4) was conducted. Water samples were collected and
filtered using standard EPA methods[3]. Filters were processed for standard bacterial culture, PCR, DNA microarray and
shotgun metagenomic sequencing (MGS). Metagenomic DNA was prepared for sequencing on an Illumina NextSeq500 using
standard library preparation. Raw reads were submitted to MetaStorm for read mapping and computational profiling of the
taxonomy[4]. DeepARG annotated antibiotic resistance genes (ARGs) and MetaCompare ranked sampling sites according to the
relative carriage of ARGs and mobile genetic elements (MGEs) by Ent[5-6]. Generally, A4 and A3 were more similar in
taxonomy, ARG profiles, and abundances of the corresponding clades and genera within Ent than A2 and Al. Total ARG
abundances recovered from the full microbial community were strongly correlated between A4 and A3 (R2=0.97), with a weaker
correlation coefficient between A2 and Al but suggesting they were more similar to each other than to A4 and A3. E. coli
numbers (per 100mL water) were highest in A4 (783 Most Probable Number [MPN]) and A3 (200 MPN) relative to A2 (84
MPN) and Al (32 MPN). In addition, based on MGS analysis (Figure 1) and/or culture, we found concerning ARGs in Ent such
as MCR-1 (colistin), Qnr and OqxA/B (quinolones), CTX-M, OXA and ACT/MIR ( -lactams), and AAC (aminoglycosides) on
MGEs, particularly at sites A4, followed by A3 but also at sites Al and A2 (e.g. mcr-1 in A2-A4). Our results suggest great
potential for ARG mobility and “resistome risk” in regional, including recreational, waterways. Ent and ARG profiles are
consistent with the hypothesized concerns that waterways are a source of MDR Ent. Potential ARG sources and exposure risks
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ABSTRACT

Pseudomonas aeruginosa is an opportunistic pathogen which represents a threat to human health causing nosocomial infections.
This gram-negative bacterium is known to produce robust biofilms that are responsible for adaptation to various environments
and resistance against multiple antibiotics [1]. Biofilm is defined as a multicellular community of microorganisms held togeter
by a self-produced extracellular polymeric matrix and the leading cause of hospital-acquired infections that are persistent and
very difficult to eradicate. ndvB and tssC1 are among the genes that do not influence biofilm formation but are implicated in
biofilm-specific antibiotic resistance [2]. Thus, the main aim of this study was to evaluate the presence of ndvB and tssC1 genes
in clinical isolates of P. aeruginosa. In this study, a total of 33 P. aeruginosa strains were isolated from various human clinical
samples from a Portuguese hospital between 2017 to 2019. Antibiotic susceptibility patterns were evaluated by Kirby-Bauer disk
diffusion method using 12 antipseudomonal antibiotics according to EUCAST (2018). Molecular detection of ndvB and tssC1
genes, were amplified by PCR. The antibiotic susceptibility patterns of P. aeruginosa isolates demonstrate a high rate of
resistance to imipenem (n=33), meropenem (n=21), doripenem (n=20), Cefazolin (n=29), ciprofloxacin (n=19) and piperacillin
(n=16). PCR assays showed high prevalence of biofilm-specific antimicrobial resistance genes; 31 isolates harboured the ndvB
gene and 28 were found to carry tssC1. The high presence of ndvB and #ssC1 genes in our study are associated with resistance in
biofilm producing P. aeruginosa isolates. That genes are related to the problem of antibiotic resistance. Eradication therapy of
infections related to bacterial biofilms are becoming a challenge, however, considering the organization, biofilm genes and
structure of the P. aeruginosa biofilm may assist in the development of novel antibiotic therapy and minimize biofilm infections.
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ABSTRACT

Pseudomonas aeruginosa is known as a significant opportunistic pathogen and one of the leading gram-negative organisms
associated with common cause of nosocomial infections worldwide, especially in intensive care units [1]. Carbapenems are a
group of broad-spectrum B-lactams and they are often use as the last resort for the treatment of serious infections caused by P.
aeruginosa being considered the most reliable therapeutic options. However, in recent years an increase in prevalence of
carbapenem-resistant caused by multiresistant P. aeruginosa isolates may significantly compromise their efficacy and represent
an emerging challenge to public health, causing higher mortality rates and challenging the current diagnostic approaches [2].
This study aimed to evaluate the presence of carbapenem resistance genes among clinical isolates of P. aeruginosa. A total of 33
clinical isolates of P. aeruginosa were collected from various human clinical samples from a Portuguese hospital between 2017 to
2019. Isolated organisms were subjected to antimicrobial susceptibility tested by the Kirby-Bauer disk diffusion method using 12
antipseudomonal antibiotics according to EUCAST (2018). The molecular analyses of carbapenems resistant genes will be
screened by PCR for detection of blaspy; blagpc and blaypy. All P. aeruginosa isolates in this study presented resistant to
carbapenems. All isolates displayed resistance to imipenem, 21 isolates showed resistance to meropenem and 20 isolates were
resistance to doripenem. In addition, these isolates are multidrug resistant as they were resistant to three or more classesof
antimicrobials, such as cephalosporin, fluoroquinolones and penicillin. The prevalence of carbapenem genes was relatively high
in the current study; blagpy was identified in 31 isolates, 6 isolates harbored the blay,c and 7 the blaypy gene. In conclusion, our
study highlights the increasing carbapenem resistance in P. aeruginosa and despite efforts to control this resistance,
carbapenemase-encoding genes (SPM, KPC and NDM) are already widespread and threat to public health. One of the situations
that can contribute to this resistance and emergence phenomenon is antibiotic selective pressure. Therefore, it is importantto
develop and implement alternative approaches to avoid the dissemination of resistant isolates
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ABSTRACT

The increase of antimicrobial resistance results from the abusive use of antibiotics in human and animal health and animal
production over the years, exerting selective pressure on the microorganisms and favouring the emergence and dissemination of
resistant bacteria. Enterococcus spp. are commensal bacteria of the intestinal microbiota, extremely versatile, and can survive in a
wide diversity of conditions, becoming increasingly reported as an opportunistic pathogen[1]. Little is known about the
enterococcal species diversity and distribution of resistance determinants in enterococci isolated from fish samples. The aimof
this study was to evaluate the prevalence, phenotype/genotype of antibiotic resistance and bacteriocin production of enterococci
isolated from fish samples for human consumption. We also determined the VRE rate among the samples, vancomycin
resistance mechanisms, type of Tn1546, the presence of virulence genes and the genetic lineages of VRE. 150 samples were
analysed and 63 enterococci were recovered when inoculated in Slanetz-Bartley, with the following species detected: E. faecium-
E. faecalis (85.7%) and E. hirae-E. gallinarum-E. mundtii (14.3%). MDR phenotypes were found in 15.2% of enterococci. VSE
strains showed high rates of resistance to tetracycline (40.7%, mostly by tetM), erythromycin (33.9%, mostly by ermB) and
kanamycin (35.6%). Gentamicin-chloramphenicol resistance was the lowest frequency detected (1.7%). The aac(6’)-Ie-aph(2”)-1a
gene was detected in one high-level-gentamicin-resistant E. faecium of the new lineage ST1396. Sixty-per-cent of enterococci
produced antimicrobial substances against different indicator bacteria and the entA was the most prevalent gene. VRE was
detected in 4 samples (2.7%), that is, 3 E. faecium and 1 E. faecalis, all with vanA genotype. The E. faecium VRE were ascribed to
ST139 (CC5), and the E. faecalis to ST16 (CC16). VRE isolates were MDR and carried the genes tetM, tetL, tetK, ermB, aac(6)-Ie
-aph(2”)-I1a and/or cat,c,y;. The hyl and gelE genes were absent, but the esp gene was identified. VRE strains showed the standard
Tn1546 structure and the vanA gene could not be transferred by conjugation. These results indicate that fish species for human
consumption are contaminated with enterococci with relevant antimicrobial resistances, such as VRE with the vanA genotype,
among others, with potential implication in public health. The data obtained in this study are important to alert for the prudent
use of antibiotics and warn the population about the risks of consumption of raw/undercooked products.
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ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA) poses a major threat to public health, classified by World Health
Organization as one of the highest priority world pathogenic bacteria and responsible for a big part of all deaths caused by
antibiotic resistant microorganisms [1]. Besides being multi-resistant it also has a wide spectrum of virulence factors regulated
by accessory genes bound to tissue invasion, surface adhesion, evasion from host immune system and commonly associated with
diseases. This study aims to characterize virulence factors and accessory gene regulator (agr) among MRSA isolated from
infected diabetic foot ulcers. The 28 MRSA isolates were tested for the presence of haemolysis-a and b genes (hla and hlb), toxic
shock syndrome toxin gene (tst), exfoliative toxin a and b genes (eta and etb) using specific primers and conditions [2]. All
isolates were characterized by agr-typing using specific primers [3]. The virulence genes detected were hla (n=26), hlb (n=13), tst
(n=5) and eta (n=4). The MRSA strains belonged mainly to agr-type I (42.8%), followed by agr-type II (35.7%) and agr-type III
(17.9%). Only one isolate was agr-negative and agr IV was not detected in this study. All isolates belonging to agr-type I
harboured the hla gene and none encoded the fst. Furthermore, the presence of etb-carrying strains was not found. The
virulence factors are strongly related to agr phylogeny. efa and etb genes are linked to type IV group while the tst is preferentially
carried by agr-III strains [4]. It is also known that types I and II play a key role on regulating haemolysins [4]. Infections by
multiresistant bacteria on this type of ulcers make treatment complex and longstanding therefore expensive, and which
sometimes leads to the amputation of the lower limb. A better understanding of the virulence genes and agr-types is crucial in
the development of new drugs and treatments effective against these organisms.
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ABSTRACT

Escherichia coli is frequently implicated in community and hospital-associated infections in humans and companion animals
[1]. The increasing prevalence of infections with organisms producing extended spectrum -lactamases (ESBL, particularly those
of the CTX-M type) is threatening the future of the p-lactam drugs [2]. The E. coli ST131 is an epidemic clone that has been
frequently associated to CTX-M-15 [3]. The objective of this work was to determine the carriage rate of ESBL-producers E. coli
in pets in Portugal, and the type of enzymes implicated. Fecal samples were recovered from 501 apparently healthy pets (361
dogs and 140 cats) during april-august 2017, and they were seeded on MacConkey agar supplemented with cefotaxime (2 pg/
ml). Antimicrobial susceptibility was performed by disk-diffusion test (CLSIL, 2017). The presence of blaCTX-M (different
groups) were tested by PCR/sequencing. Furthermore, phylogenetic groups were determined and the ST131 clone was identified
by specific-PCR. ESBL producing E. coli were detected in 8.6% of cats and in 13% of the tested dogs. Most of ESBL producing E.
coli of cats (11/11) and dogs (45/47) carried variants of the CTX-M-type gene, mostly of the group 1 (CTX-M-1, CTX-M-9,CTX
-M-14, CTX-M-15, CTX-M-27, CTX-M-32 and CTX-M-55). ESBL-positive isolates in cats were mostly ascribed to phylogenetic
group B2 while dogs were to A+B1 phylogenetic group (74.5%). Moreover, CMY-2-producing isolates were detected in three
animals (two dogs and one cat). The clone ST131-B1 was detected in three isolates of cats (with the genes of CTX-M-1, CTX-M-
15, CTX-M-27) and in two of dogs (CTX-M-15). Our results suggest the potential zoonotic role of dogs and cats in the
transmission to humans of ESBL in the household environment, highlighting the presence of the ST131-B2 clone.
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ABSTRACT

Osteomyelitis is a clinical condition based on a general bone infection. This condition can be hematogenous or exogenous which
allows the bacterial contamination that leads to an osteomyelitis [1]. Antibiotic resistance is emerging as a dangerous public health
concern due to the decreasing number of therapies available. Staphylococcus aureus is a pathogen associated to high mortalitywhich
can induce infections in several tissues of the human body and is the most common cause of acute and chronic hematogenous
osteomyelitis in adults and children. Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most known microorganisms
related to several clinical conditions associated with antibiotic resistance [2]. Besides, MRSA is considered a danger nosocanial
agent. So, this study aimed to study the antibiotic resistance of MRSA strains isolated from human osteomyelitis. Osteomyelitis
samples were seeded onto Oxacillin-Resistance-Screening-Agar-Base plates with 2 mg/L of oxacillin for the isolation of MRSA. The
antimicrobial susceptibility of the isolates was tested by the Kirby-Bauer disk diffusion method against fifteen antimicrobial agents:
cefoxitin (30 pg), oxacillin (1 pg), penicillin (10 pg), ciprofloxacin (5 pg), erythromycin (15 pg), tobramycin (10 pg), kanamycin (30
ug), gentamicin (10 pg), clindamycin (2 pg), fusidic acid (10 pg), tetracycline (30 pg), linezolid (10 pg), chloramphenicol 30 pg),
trimethoprim-sulfamethoxazole (1,25-23,75 pg) and mupirocin (5 pg) and according to EUCAST (2018), with the exception of
kanamycin that followed the CLSI guidelines (2017). Forty-one MRSA isolates were recovered from osteomyelitis. All MRSA
showed resistance to cefoxitin and oxacillin. Resistance to penicillin (n=40), ciprofloxacin (n=38), erythromycin (n=32), totramycin
(=5), kanamycin (n=4), gentamicin (n=3), clindamycin (n=3), fusidic acid (n=3) and tetracycline (n=2) was also detected in this
study. None of the isolates showed resistance to linezolid, chloramphenicol, trimethoprim-sulfamethoxazole and mupirocin proving
the multi-resistant character of the isolates. Over time, we have seen an increasing of antibiotic resistance associated to MRSA which
has been describe by the World Health Organization (WHO) as highly pathogenic agents. Due to the clinical significance of ths
kind of the resistance, it has become a lot harder to apply, in an efficient way, antibiotics to overcome the osteomyelitis. MRSA bone
infections may be persistent which could lead to serious effects on the healing process and morbidity.
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ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA) is resistant to the broad-spectrum of antibiotics, including penicillins and cephalosporins,
and have the ability to cause serious infections. Orthopedic-related infections are very difficult to treat and involve surgical procedures and
prolonged antibiotherapy. Osteomyelitis caused by MRSA is one of the most difficult and challenging bone infections to treat[1]. Besides,
MRSA strains are often responsible for chronic infections due to their ability to produce biofilms, in particular, on abiotic surfaces, such as,
medical implants [2]. MRSA infections are usually treated with vancomycin and linezolid, however, when the MRSA strains are multiresistant
the optional therapies fail. Therefore, we aimed to investigate the efficacy of dalbavancin as a new therapeutic agent to trat MRSA
osteomyelitis and to eradicate bacterial biofilm infections related to medical implants. One MRSA strain isolated from human osteomyelitis
was used in this study to promote the development of osteomyelitis in rat tibia and biofilm formation on a stainlesssteel screws surface.
Seventy-eight Wistar rats were divided into 6 groups: osteomyelitis control group (no treatment), osteomyelitis group 1 (7 days of treatment),
osteomyelitis group 2 (14 days of treatment), biofilm control group (no treatment), biofilm group 1 (7 days of treatment), biofilm group 2 (14
days of treatment). Dalbavancin (10 mg/kg/day) was administered intraperitoneally in all treatment groups. The osteomyelitiswas induced by
drilling a hole in the tibia and adding 10 uL of MRSA inoculum. The 1.5 mm screws provided with biofilms were placed on the proximal tibia
under general anesthesia. Bacterial loads of both the tibia and the implant were quantified using plate count agar. The highnumber of colony
forming units per milliliter (cfu/ml) present in both control groups indicated a well-established infection. Dalbavancin use correlated with a
significant reduction in osteomyelitis and in implant associated infection, with a lower MRSA cfu count compared with the control group. A
significant reduction of cfu/ml was observed in the osteomyelitis group 7 days after treatment, and in the group treated for 14 days there was
no signs of infection. A reduction in the number of cfu was also detected in the biofilm groups, nevertheless, after 14 days of treatment the
infections was not totally eradicated. Dalbavancin seems to have a total antimicrobial effect on MRSA osteomyelitis, neverthdess, and although
14 days after the treatment there was a marked decrease in cfu number, biofilm-induced infection still prevailed. Further studies should be
carried out to evaluate the potential of dalbavancin in the treatment of bone and orthopedic implant associated MRSA infectimns.
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ABSTRACT

The ability of S. aureus to form biofilms on biomaterials is probably the major contributing factor to wound infections and on
catheters, shunts, implants, among other. Methicillin-resistant Staphylococcus aureus (MRSA) is one of the major causative
agents of septicaemia in Portugal. MRSA is able to form biofilm not only in physical structures but also in tissues which leads to
various clinical manifestations by patients, such as bacteraemia, endocarditis, osteomyelitis as well as other severe chronic
infections [1]. Thus, this study aims to characterize the potential for biofilm production and identify genes responsible for the
formation of biofilms. Eleven presumptive MRSA isolates were recovered from patients with septicaemia admitted to the local
hospital between 2016 and 2019. The confirmation of Staphylococcus species and resistance to methicillin were carried out by
multiplex PCR of the genes 16S, nuc and mecA. The potential for biofilm production was determined by the Congo Red Agar
(CRA) assay. The biofilm-related genes were studied in MRSA strains by PCR using specific primers and conditions. All isolates
were Staphylococcus aureus resistant to methicillin. Seven isolates showed slime production on Congo Red agar (CRA). Biofilm
related genes were expressed in at least 8 isolates, with exception of fnbA, cIfA and fib genes as follows: bbp=8, icaB=9, cna=10,
ebps=11, icaD=11, clfB=11 and eno=11. This genotypic characterization method confirmed the formation of biofilms in slime-
producing strains in CRA. Biofilm-producing MRSA have serious clinical implications and it is difficult to eradicate these due to
the increased tolerance to antimicrobials. Our results illustrated the presence of several genetic markers involved in the
production of biofilm in strains of MRSA. It is, thus, extremely important to know the characteristics of each strain that caises
the infection, as well as, the patterns of antimicrobial susceptibility in order to assist in the choice of the best antimiciobial
therapy and the correct elimination of biofilm [2].

Acknowledgments:

This work was funded by the R&D Project CAREBIO2 - Comparative assessment of antimicrobial resistance in environmental biofilms through proteomics - towards innovative
theranostic biomarkers, with reference NORTE-01-0145-FEDER-030101 and PTDC/SAU-INF/30101/2017, financed by the European Regional Development Fund (ERDF) through
the Northern Regional Operational Program (NORTE 2020) and the Foundation for Science and Technology (FCT).This work was supported by the Associate Laboratory for Green
Chemistry- LAQV which is financed by national funds from FCT/MCTES (UID/QUI/50006/2019). Vanessa Silva is supported by national funds through FCT/MCTES and by the
European Social Fund through POCH/FSE under the PhD grant SFRH/BD/137947/2018.

References:
[1] T. Oyama, M. Miyazaki, M. Yoshimura, T. Takata, H. Ohjimi, S. Jimi. Toxins 8 (2016) 198
[2] S. O. Moghadam, M. Pourmand, F. Aminharati. ] Infect Dev Ctries. 8 (2014) 1511-1517.

Correspondence: Email - sara-1603@hotmail.com

1-81:23



JIOMICS | VOL 9 | ISSUE 2 | NOVEMBER 2019 | 1-81

- JOURNAL OF INTEGRATED OMICS
R R A METHODOLOGICAL JOURNAL
HTTP:/ / WWW.JIOMICS.COM

SPECIAL ISSUE: SELECTED ABSTRACTS OF THE III INTERNATIONAL CAPARICA CONFERENCE IN ANTIBIOTIC RESISTANCE 2019 (IC2AR 2019)

Antibiotic resistance in methicillin-resistant Staphylococcus aureus isolated
from patients with septicaemia

Sara Hermenegildo, Vanessa Silva'*4, Adriana Silva!, José Anténio Carvalho®, Ana Paula Castro®, José Eduardo Pereira®,
Gilberto Igrejas*, Patricia Poeta#

! Department of Veterinary Sciences, University of Tras-os-Montes and Alto Douro (UTAD), Vila Real, Portugal; > Department
of Genetics and Biotechnology, University of Tras-os-Montes and Alto Douro, Vila Real, Portugal; 3 Functional Genomics and
Proteomics Unit, University of Tras-os-Montes and Alto Douro (UTAD), Vila Real, Portugal; 4 Associated Laboratory for Green
Chemistry (LAQV-REQUIMTE), University NOVA of Lisboa, Lisboa, Caparica, Portugal; > Medical Center of Tras-os-Montes e
Alto Douro E.P.E., Vila Real, Portugal; ¢ Centre of Studies of Animal and Veterinary Sciences, Vila Real, Portugal.

Available Online: 15 November 2019

ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA) represents one of the major nosocomial agents causing septicaemia and is
highly resistant to almost all beta-lactam antibiotics. MRSA is responsible for causing a variety of human infections. Patients
with severe MRSA infection, without adequate therapy in time, are expected to have a low life expectancy [1]. Thus, this study
aims to characterize antibiotic resistance in MRSA isolated from septicaemia strains and identify virulence factors. Eleven
MRSA isolates were recovered from patients with septicaemia admitted to the local hospital between 2016 and 2019. The
susceptibility of these isolates was tested by the Kirby-Bauer disk diffusion method against 13 antimicrobial agents and
according to EUCAST (2018) standards. The antimicrobial agents used were penicillin (10 un), gentamicin (10 pg), mupirocin
(200 pg), cefoxitin (30 pg), ciprofloxacin (5 pg), erythromycin (15 pg), fusidic acid (10 pg), clindamycin (2 pg), linezolid (10 pg),
tobramycin (10 pg), kanamycin (30 pg), trimethroprim-sulfamethoxazole (1.25-23.75 pg) and tetracycline (30 pg). The
resistance and virulence genes were studied in MRSA strains by PCR using specific primers and conditions. All isolates carried
the nuc, 16s and mecA genes which confirms the MRSA strains. All MRSA strains showed resistance to at least 3 different classes
of antibiotics and, therefore, were considered multiresistant. The isolates showed resistance to penicillin (n=11), oxacillin
(n=11), cefoxitin (n=11), ciprofloxacin (n=11), erythromycin (n=8), fusidic acid (n=1) and clindamycin (n=1). This was
confirmed by the presence of the genes: ermA, ermC, mphC, blaZ, msrA/B and vgaE. The virulence genes found were as follows:
hla (n=11), hlb (n=6) and etA (n=7). The prevalence of MRSA has been increasing in Portugal. These strains are implicated in
septicaemias causing high morbidity and mortality. Thus, the characterization of this type of strains may represent a promising
approach for developing more targeted treatment strategies for persistent S. aureus [2].
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ABSTRACT

There is a worldwide increase in infections caused by Gram-negative bacteria producing extended-spectrum [-lactamases
(ESBL) [1], being these most commonly produced by Escherichia coli [2]. The presence of ESBL-producing E. coli in food-
producing animals and contamination of retail meat may contribute to increased incidences of these infections in humans,
leading to a public health problem [2]. Thus, we aimed to detect ESBL production, antibiotic susceptibility patterns, and TEM-,
SHV- and CTX-M-encoding genes, in E. coli isolates arising from processed meat. Different processed meat samples obtained
from several commercial establishments were seeded in Levine EMB agar plates supplemented with cefotaxime (2 pg/mL).
Susceptibility to 16 antimicrobial agents was performed by the disk diffusion method according to CLSI criteria [3]. Detection of
the ESBL phenotype was performed by the combined disk method. A total of 15 ESBL-producing E. coli isolates were obtained
from hamburgers (N=7), meatballs (N=6) and minced meat (N=2). All isolates shown resistance to cefotaxime and ampicillin
and were susceptible to tobramycin, amikacin and imipenem. High resistance was detected for tetracycline (N=14), aztreonam
(N=10), amoxicillin + clavulanic acid (N=8) and ceftazidime (N=7). Additionally, resistance to trimethoprim-sulfamethoxazole
(N=4), streptomycin (N = 3), chloramphenicol (N = 3), nalidixic acid (N = 2) and ciprofloxacin (N = 2) was observed. The
blaTEM gene was detected in six isolates (4 from hamburgers and 2 from minced meat), and one isolate from meatballs
harboured the blaSHV gene. A total of 11 isolates were CTX-M positive, with one isolate recovered from hamburgers showing
the combination of both blaTEM and blaCTX-M genes. The dissemination of CTX-M-positive bacteria considerably alters the
way community-acquired infections are treated and limits the oral antibiotics that can be administered [4]. E. coli is one of the
most common causes of food and water-borne human infections worldwide [5]. Therefore, the prevalence of B-lactamase
producing E. coli in retail meat constitutes a major public health concern.
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ABSTRACT

Enterococci are frequently associated with various infections and diseases, both in humans and animals. The widespread use of
antibiotics in animal production has implications in human health, being accessible through food products. Thus, we aimed to
identify vancomycin-resistant enterococci (VRE) from processed meat and investigate antimicrobial resistance (AMR) and

virulence determinants. Different processed meat samples obtained from several commercial superficies were seeded in Slanetz-

Bartley agar supplemented with vancomycin (4 pg/mL). Species identification was confirmed by PCR [1]. Susceptibility for 11

antimicrobial agents was performed by disk diffusion according to CLSI [2]. High-level resistance was evaluated for

aminoglycosides. Genes encoding AMR and virulence were analysed by PCR. Vancomycin resistance mechanisms were
analysed using specific primers for the vanA, vanB, vanC-1, vanC-2/3, and vanD genes [3]. Isolates were identified as E. faecium

(n=14), E. durans (n=1), and E. gallinarum (n=3). All strains showed resistance to three or more antimicrobials, in addition to

vancomycin. Higher incidence of resistances was observed for quinupristin-dalfopristin (n=18), erythromycin (n=16) and

tetracyclin (n=15). The vanA gene was identified in all strains, except for all E. gallinarum strains (in which the vanC-1 gene was

detected). Most isolates were tetracycline-resistant: eight with the combination tet(M)+tet(L)+tet(K) and five with the

combination tet(M)+tet(L). Additionally, the E. durans strain exhibit the ant(6)-I+erm(B) genes and the combination of aac

(6)’aph(2)”+erm(B) genes were detected in both E. faecium (n=1) and E. gallinarum (n=1) species. Virulence gene combinations
were also detected: hyl+cyILS in E. faecium (n=1), hyl+cylLS+cpd in E. gallinarum (n=1) and hyl+cpd+cylA+cylB+cylM+cyILL in

E. faecium (n=1). The hyl gene was detected in all species. Our study suggests that meat food plays a potential role as reservoirs

of resistance determinants, prompting the need to undertake epidemiological and molecular studies to evaluate the mobility of
these genes. The consumption of contaminated meat may be associated with the spread and colonization of VRE in humans and
for this reason could represent a public health concern.
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ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA) is a leading cause of infections both in humans and animals [1]. The presence of MRSA in
food and wild animals is considered a public health problem since they may represent an important and potential route of trarsmission
between animals and humans [2]. The presence of these strains in humans, pets and livestock animals have been widely investigited,
nevertheless, there is still little information in the prevalence of MRSA strains in wild animals. Therefore, the present study was undertaken to
investigate the occurrence of MRSA strains in wild hare. Eighty-three wild hares (Lepus granatensis) were captured in the north of Portugal by
hunting associations during the hunting season from September to December 2018. Samples were collected from both nostrils, buccal mucosa
and perianal skin using only one swab per animal. The swabs were aseptically placed into tubes containing 5 mL of brain heartinfusion broth
supplemented with 6.5% of NaCl and incubated at 37°C for 24h. Then, 150 puL of inoculum was seeded onto ORSAB plates supplemerted with
2 mg/L of oxacillin for MRSA isolation. The presumptive MRSA strains were identified by Gram staining, DNase and catalase, ard by
multiplex PCR. The susceptibility of the isolates was tested by the Kirby-Bauer disc diffusion method against 14 antimicrobial agents and
according to EUCAST (2018) standards, with the exception of kanamycin that followed the CLSI guidelines (2017). The presenceof resistance
genes was studied by PCR using specific primers and conditions. From the 83 samples, 4 (4.8%) MRSA strains were isolated. All strains
presented resistance to penicillin and cefoxitin and two harboured the blaZ gene. Resistance to macrolides and lincosamides was found in all
strains, among the strains the ermC (n=3), ermT (n=3) ermB (n=2), mphC (n=2) and ermA (n=1) genes were detected. All isolates harboured
the dfrA gene encoding resistance to trimethoprim-sulfamethoxazole. One MRSA strain showed resistance to gentamycin and presented the
aac(6’)-Ie-aph(2”)-Ia gene. The prevalence of MRSA strains in wild hares was low, nevertheless, the strains found in these animals were
multiresistant. Even though wild hares do not contact directly with antibiotics these animals can be colonized by resistant bacteria and act as a
reservoir of antimicrobial resistant bacteria, in particular MRSA strains. Antibiotic resistance can be transmitted between wild animals and
humans through the consumption of contaminated meat or through the environment. Therefore, it is important to investigate the prevalence
antibiotic resistance strains and roots of transmission to ascertain the risk of colonization of humans and animals.
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ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA) is a worrisome microorganism resistant to almost all beta-lactams and frequently carries resistance to other
major antibiotic classes. Portugal has one of the highest rates of MRSA in Europe being of great concern at hospital level since about 39.2% of the S. aureus isolates
with invasive origin in Portugal are methicillin-resistant [1]. Linezolid is used as an important resort in complicated soft tissue infections in multidrug-resistance
MRSA strains. However, despite the prevalence of linezolid-resistant MRSA strains has remained overall low, in the past few years, resistance to linezolid have been
reported among human patients worldwide imposing a public health concern, in particular when associated with the cfr gene [2]. Therefore, we aimed to
characterize linezolid-resistance mechanism in MRSA isolates recovered from infected diabetic foot ulcers, as well as, to analyse their genetic lineages. Overall,
samples were collected from 45 type 2 diabetic patients with infected foot ulcers. The isolates were seeded onto Oxacillin-Resistance-Screening-Agar-Base (ORSAB)
with 2 mg/L of oxacillin for the isolation of MRSA strains. The minimum inhibitory concentrations (MIC) of linezolid was further investigated using E-test strips.
Susceptibility to antibiotics was tested by the Kirby-Bauer disk diffusion method against 14 antibiotic agents and interpreted according EUCAST guidelines. The
presence of resistance and virulence genes were studied by PCR and sequencing. All isolates were characterized by agr, spa SCCmec and multilocus sequence typing.
Among the 45 samples 28 MRSA isolates were detected, and between them 3 showed resistance to linezolid, with MICs varying from 8 to 16 mg/L; the 3 isolates
carried the cfr gene, and showed resistance to penicillin and cefoxitin, and harboured the blaZ gene. Phenotypic resistance to tetracycline (n=2), ciprofloxacin (n=2),
erythromycin (n=2), clindamycin (n=2), fusidic acid (n=2), gentamicin (n=2), and trimethoprim-sulfamethoxazole (n=2) was also found. All isolates showing
resistance to tetracycline harboured the tetL and tetO genes, one isolate also harboured the tet(K) gene. Isolates presenting resistance to trimethoprim-
sulfamethoxazole harboured the dfrA and dfrK genes, and the dfrG gene was only found in one isolate. Linezolid-resistant MRSA isolates were assigned to the
pandemic nosocomial clones ST22-1V/t747 (EMRSA-15), ST105-11/t002 (New York/Japan related) and ST8-IV/t1476 (USA300). The detection of 3 clinical MRSA
strains carrying the cfr gene which encodes resistance to linezolid is alarming since at our knowledge this gene had not been yet found circulating among human S.
aureus population in Portugal. Besides, in this study, linezolid resistant strains are associated with the pandemic clones which is a cause for concern.
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ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA) are resistant to most beta-lactam antibiotics. In 2005, a distinct clone (MRSA CC398) was found in pigs and
people in contact with pigs in the Netherlands. Since then, several countries have detected MRSA CC398 in pig herds and otherlivestock, and its presently regarded
an important zoonotic agent [1]. The aim of this study was to determine if MRSA CC398 could be the cause in skin and white parts infections in pigs. To do so, we
analysed pig carcasses from three slaughterhouses in Portugal, that have been cut off from the food chain due to signs of infection. For this, 141 samples were taken
from the infection focus, and were inoculated in Mannitol Salt agar and ORSAB for isolation of S. aureus and MRSA, respectively. The strains were identified by
MALDI-TOF and proceeded to molecular characterization of S. aureus strains (spa, CC398, SCCmec), the study of resistance genes to antibiotics and virulence, the
presence of scn gene from Immune Evasion Cluster (IEC) system and prophages, by PCR and sequencing. In 28 of 141 samples analysed, S. aureus was detected
(20%), 21 of them corresponded to abscesses in piglets, and 7 to samples from osteomyelitis. Most of the strains were MRSA and 6 of 28 were MSSA. All MRSA
strains were typed within the CC398 lineage and three spa types were identified (t011, t108 and t1451), being the most frequent t1451. The MRSA-CC398 strains
contained SCCmec V (spa t011 and t108 strains) and SCCmec Iva (spa t1451 strains). The MSSA strains were typed as spa-t1491-ST1-CCl1. All the strains obtained
in this study were negative for the IEC system. They were also negative for eta, etb and cna genes and the Panton-Valentine leukocidin (PVL). In terms of prophages,
all the MSSA obtained the same profile (Sa2Sa7), whereas MRSA strains showed variation between Sal and Sa2. The MRSA strainspresented the following resistance
phenotypes/genotypes: tetracycline (100%, tetM, tetk and tetL), erythromycin (54.5%, ermC and msr(A)), clindamycin (68.2%, vgaB and InuB), gentamicin (50%,
aac(6’)-aph(2”)-Ia), cefoxitin-oxacillin (100%, mecA), chloramphenicol (40.9%, fexA, catpC221, catpC223 and catpC194), and trimethoprim-sulfamethoxazole
(95%, dfrA and dfrG). Related to virulence profile, the MRSA obtained the same in all the strains (hla, hlb, hld and hlg), where the same happened in the MSSA
strains (hla, hlb, hld and higv). Our results are in line with previously studies where MRSA-CC398 is most common in pigs [2,3], which leads to a relevant issue with
regard to food safety and consumer protection [4]. So it’s important to prevent their dissemination on the farm and along the food chain, since these strains could
harm the veterinarian or the technician inspectors making them MRSA carriers and the final consumer if the carcasses aren’t well incinerated.
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ABSTRACT

Resistance to beta-lactam antibiotics in Gram-negative bacteria is driven most strongly by the presence of beta-lactamases. More
than 3,000 unique, naturally-occurring beta-lactamases have been identified, either as enzymes with an active site serine or as
enzymes utilizing His-bound Zn atoms to facilitate beta-lactam hydrolysis.

Within the past five years, the US FDA has approved seven new agents that are active against beta-lactamase-producing bacteria,
as the result of concerted efforts from the pharmaceutical industry, primarily through small biotech companies. These are liged
in the accompanying table. In addition, cefiderocol, a novel siderophore cephalosporin with activity against many beta
lactamase-producing Gram-negative bacteria, is currently under review. The newly approved agents include two tetracyclines
and an aminoglycoside, which demonstrate inhibitory activity against carbapenemase-producing bacteria, including many
metallo-beta-lactamase-producing pathogens, and beta-lactamase inhibitor combinations including two diazabicyclooctanone
(DBO) beta-lactamase inhibitors and a boronic acid beta-lactamase inhibitor that target serine beta-lactamases. Other agents in
development include additional DBO and boronic acid inhibitor combinations, all of which are active against pathogens
producing serine beta-lactamases, with the potential for clinical activity against metallo-beta-lactamase-producing organisms.
Inhibitors specific for bacterial metallo-beta-lactamases may also be on the horizon. Finally, agents stable to hydrolysis by the
majority of beta-lactamases of major clinical interest are also in development, including non-beta-lactam-containing molecules.
Although there appear to be many options for treatment of beta-lactamase-producing pathogens, financial and commercial
support for the development of these agents is waning. Another period of low pharmaceutical engagement threatens to halt the
progress that has been recently made in this area.
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ABSTRACT

The public of the developed world anticipates that social and advance should and will continue, as during the past century.
Further, it expects that governments and international agencies should and will avert and ameliorate hazards and contingenciss,
from financial crises to climate change. Whether such expectation is realistic (and the notion would have amazed our
forefathers) it is self-evidently desirable to avoid future hazard. These points are relevant to antibiotic resistance, which has
joined the accepted canon of global threats. There are many calls for better infection control and better antibiotic stewardsip,
along with suggestions that governments should collectively offer financial incentives to encourage the development of new
antibiotics, given that much of the pharmaceutical industry has abandoned this area.

Evidence supports the view that, if strictly enforced, infection control and stewardship can slow the spread of resistance, hough
it should be added that these good practices are counterpoised to major secular trends driving resistance, including (i) the
growth and ageing of populations, (ii) increased travel and migration to and from high resistance areas, as well as (iii)
stressedhealthcare systems.

It is, however, simplistic to suppose that the proliferation of resistance solely reflects controllable factors. Rather there are two
components. One is the spread of resistance, which is at least partly tractable to infection control and stewardship. But theother
is the initial emergence of resistance, often by the random escape of chromosomal genes from harmless environmental
organisms to mobile DNA, which is then acquired by pathogens, including strains with epidemic potential. These initial escapes
and transfers are unpredictable and uncontrollable ‘Black Swan’ events. There are many examples but, among the most dramatic
and recently consequential are: (i) the escape of CTX-M extended-spectrum -lactamase genes from Kluyvera spp. to
opportunistic Enterobacteriaceae and to E. coli ST131 in particular and (ii) the escape with KPC carbapenemases, from an
unknown source, to pKpQIL plasmids, acquired by K. pneumoniae ST258. No human intervention can prevent such random
events, which seed the emergence of new problems. Nor, crucially, can we predict the nature of the next Black Swan. It may bea
carbapenemase that proliferates in E. coli, or it may be a modified PBP giving wide resistance in Enterobacteriaceae just as
acquired PBP2’ does in MRSA.

These points have great bearing on proposals that governments and agencies should sponsor - e.g. by ‘Market Entry Rewards’-
the development of new antibiotics to counter emerging and future resistance threats. Unless rewards are spread widely— which
is unlikely given the $1 billion sums proposed - this approach is likely to evolve into one of governments picking, or
commissioning, a few ‘winners’ based on the extrapolation of current resistance trends. The hazard is that the agents thereby
chosen and rewarded will not be the ones needed to contend with whatever new resistance threats do emerge through
unpredictable Black Swan events.

The more resilient route to being able to contend with unknown and unknowable future resistance threats lies in encouraging
diversity of development and accepting that this will include failures and redundancies. We simply do not know, nor can we
reliably predict, what will be the most useful new antibiotics of the future. Therefore, rather than deluding themselves thatthey
can pick or sponsor a few future winners, governments should reduce development barriers to new antibiotics, as with recent
relaxation of trial regulations, encouraging the development of a diversity of approaches. As an example, once -lactamase
inhibitors have been successfully trialled with one partner, showing them to be safe and effective, it should be made simple to
partner then with alternative -lactams, based on simple safety trials and pharmacodynamic modelling rather than full Phase III
studies as are presently demanded. Further, governments should seek ways to support the continued availability of little used
antibiotics with unique activities — experience with both colistin and vancomycin shows how such compounds can suddenly
prove useful even after long periods of abandonment.
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ABSTRACT

Brazil was the first country to introduce the 10-valent pneumococcal conjugate vaccine (PCV10) for routine childhood vaccination via Brazil’s
National Immunization Program in 2010, which is free of charge. Simultaneously, the 13-valent vaccine (PCV13) was made commercially
available. In Niter6i city, a large metropolitan area in southeastern Brazil, childhood PCV10 vaccination coverage reached 86% among the
eligible population (= 2 months old) in 2014, in contrast to only 8% of the PCV13, due to its high cost [1]. High PCV coverage in a given
population results in a notable decrease in the prevalence of carriage and the incidence of invasive diseases caused by vaccie serotypes.
Subsequently, non-vaccine serotypes and non-encapsulated S. pneumoniae associated with both colonization and diseases emerge, a
phenomenon termed serotype replacement [2]. Nasopharyngeal carriage is a precondition for pneumococcal transmission and diseses. Here
we report the effects after four years of routine PCV use, mostly PCV10, on neumococcal carriage among children aged < 6 yeas living in
Niterdi, R], Brazil. We analyzed 242 children in 2010 and 573 children in 2014. Compared to data on pneumococcal carriage pror to PCV10
introduction [3], by 2014, the proportion of penicillin non-susceptible pneumococci was similarly high (about 40%). Additionally, non-
susceptibility frequencies to erythromycin, clindamycin, and tetracycline became at least 20% higher, mostly because of the emergence of
multidrug resistant (MDR) serotype 6C isolates. The direct effect of the PCV 13 vaccination is hard to evaluate due to the lowcoverage of the
PCV13 in the population analyzed, but PCV13 serotypes were not found colonizing the children immunized with this vaccine. Inaeasing
PCV13 coverage might help reduce the frequency of major serotypes currently associated with invasive pneumococcal diseases inBrazil, such
as 3 and 19A. However, the isolation of MDR serotype 6C and non-typeable isolates in carriage among children immunized with either PCV10
or PCV13 requires close monitoring. Antimicrobial resistance in S. pneumoniae has been continuously increasing, mostly due tothe global
spread of MDR clones, such as those recognized by the Pneumococcal Molecular Epidemiology Network (PMEN) [4]. We observed tha about
35% of the children were colonized with 15 different PMEN clones or closely related lineages before (2010) and after (2014) FCV
implementation. Such lineages were mainly responsible for high antimicrobial resistance frequencies. Several clones presented penicillin
nonsusceptibility in the pre- and post-PCV10 periods, but the majority of the isolates belonged to a few clones, predominantly serotype 14-
ST156 and serotype 6C-CC386, respectively. In turn, erythromycin resistance was polyclonal only after four years of PCV10 routine
vaccination, but high resistance frequencies were largely explained by MDR serotype 6C-CC386, a lineage genetically related to the Poland6B-
20 clone. We also observed capsular switching events involving serogroups 6 and 23 clones, which may be a pneumococcal escapemechanism
[5]. Ongoing surveillance of pneumococcal clonal composition is important to evaluate PCV use outcomes and to identify factos other than
PCV that drive pneumococcal drug-resistance evolution.
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ABSTRACT

Campylobacteriosis was the most commonly reported zoonosis and the increasing European Union (EU) trend for confirmed
human cases since 2008 stabilised during 2012-2016. In food, the occurrence of Campylobacter remained high in broiler meat
[1]. Moreover, broiler immunesystem is inefficiently activated against C. jejuni colonization and the expression of keys
antimicrobial peptide genes is suppressed [2]. Inflammasomes are multiprotein complexes that form in the cytosol following
sensing of intracellular threats like intruding bacteria and viruses or cell damage. After assembly, inflammasome induce the
activation of caspase-1, which subsequently activates cytokines IL-1p and IL-18, and induce a form of cell death called as
pyroptosis. Furthermore, disregulation of inflammasomes may result in impaired host-defense against bacterial pathogens [3].
In a recent study has shown that probiotic bacteria can modulate key biological signalling pathways of inflammation [4].The am
of this study was to evaluate the influence of Lactobacillus reuteri B1/1 on the regulation of inflammasome in caecum of broiers
challenged with Campylobacter jejuni CCM6189. Seventy two one day-old chicks were randomly divided into 4 experimental
groups (n= 24): control (C), L. reuteri (LB), C. jejuni (CJ), and combined L. reuteri + C. jejuni (LBCJ). L. reuteri at the
concentration of 109 CFU/0.2 ml in Ringer's' solution was administered daily per os to selected groups from day 1 to day 7 ofthe
experiment. C. jejuni was administered orally on day 4 of the experiment by a single dose of 1x108 CFU/0.2 ml PBS to selected
groups. Samples from the caudal part of the caecum for isolation of mRNA of target genes were collected 12, 24 and 48 hours
after infection by C. jejuni (dpi). Samples were homogenized and total of RNA was isolated. Amplification and detection of
specific products were performed using CFX 96 RT system (Bio-Rad, USA) with predefined program. Relative mRNA
expression of target genes (Casp-1, IL-1§3, IL-18) was mainly upregulated in combined group compared to other groups (P <
0.05; P < 0.01; P<0.001) 24 hours after infection. The administration of L. reuteri strongly modulated inflammasome genes
expression in caecum, thereby increasing the capacity of the immune system to react to the presence of C. jejuni in the early
phase of infection in chickens.
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ABSTRACT

Plasmids, which refer to a mobile part of the bacterial genome, can acquire and carry over genes of ntimicrobial resistance. Thereby plasmids
contribute to the rapid adaptation of the bacterial community to the human-defined environment. In 2014, Israeli scientists reported a large
conjugative mega-plasmid pESI (plasmid for emerging S. Infantis) that provides multiple drug resistance (MDR) of Salmonella Infantis
isolated from broilers [1]. Later, the very similar pESI-like plasmids were reported in Salmonella isolated from poultry in the United States,
Italy, Switzerland, Hungary, and Japan [2, 3, 4]. Here we report the detection of the pESE-like plasmid in Salmonella Infantis isolated from food
chicken products in Russia. Whole-genome sequencing of three MDR isolates revealed pESI-like plasmid in all three cases. This plasmid had
such typical pESI features as an operon for siderophore yersiniabactin, a cluster of Incl conjugative genes, a type IV pilus gene cluster, three
toxin-antitoxin modules, and class 2 integron. The pESI-like plasmid carried from 2 to 5 resistance genes in each isolate. In total, we observed 6
antimicrobial resistance (AMR) genes associated with pESI-like plasmids (aadAl, blaCTX-M-14, dfrA14, sull, tetA/tetR, tetM). Besides
plasmid genes of antimicrobial resistance, all three MDR isolates of Salmonella Infantis harbored mutations in the chromosomd gyrA gene
(p-S83Y or p.D87Y) and parC gene (p.T57S), which are associated with resistance to fluoroquinolones. Also, we performed a bidnformatic
meta-analysis. This analysis showed the presence of pESI-like plasmids in Salmonella Infantis not only from the US, Europe, Israel, and Japan
but from Chile and Peru. Thus, one can suspect the worldwide spread of pESI-like plasmid among Salmonella Infantis linked with chicken
poultry.

T isolate
drug class ————__ S-11 S-12 S-13
beta-lactam blaCTX-M-14*
; gyrA.p.D8TY, gyrA.p.S83Y, gyrA.p.S83Y,
fluoroquinolones parC.p.T57S parC.p.T57S parC.p.T57S
tetracyclines tetA*/tetR* tetA*/tetR* tetA*/tetR*, two copies of tetM*
aminoglycosides aadA1*, AAC(6")-laa AAC(6")-laa AAC(6")-laa
sulfonamides sul1*
trimethoprim dfrA14* dfrA14* dfrA14*

* — bold font indicates plasmid genes.
Table 1. AMR genes revealed by ResFinder tool.
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ABSTRACT

The monitoring for antimicrobial resistance (AMR) among zoonotic bacteria is an essential part of surveillance for the safety of food chain.
Thus, the national AMR program in Russia includes a monitoring performed by veterinary specialists. The Enterococcus spp. is among
bacteria included in such a monitoring. The Enterococcus spp. is a common bacteria found in multiple animal hosts and product of animal
origin. Earlier this bacteria was considered a harmless commensal residing in the intestine. Recently it has emerged as a mutiple-drug-
resistant virulent pathogen accounting for nosocomial infections. Here we report the results of a search for AMR genes in fie multi-drug
resistant (MDR). Enterococci isolates was obtained from animal farms (reindeer, cows) near Naryan-Mar beyond the Arctic Circle. The
isolates were tested resistance antimicrobial used in veterinary. Bacterial genomic DNA was extracted by silica gel adsorptim. Library
preparation was performed using Illumina Nextera® XT. Illumina paired-end genome sequencing 2x300 bp was performed using Miseq
platform. The WGS reads were de novo assembled using SPAdes. The annotation of assembled contigs was performed on the RAST amotation
server. The ResFinder, ARGANNOT and CARD tools were used to identify resistance determinants. Each isolat harbored from 4 to 10

—_isolate
drug class——__ M-1 M-2 M-13 M-16 M-18
origin cattle cattle reindeer reindeer reindeer
MLST ST-25, ST-1046, E. ST-133, ST-133, ST-133,
E faecalis faecium E.faecalis E.faecalis E.faecalis
fluoroquinolones efmA
tetracyclines tetl, tetM tetS tetS
phenicols catA7* catA9* catA9*
macrolides | ermB", Isa(A) efm@é(“;)src' Isa(A) Isa(A) Isa(A)
streptogramines ermB* msrC
- - APH(3')-llla*, W APH(3")-llla*, APH(3')-llla*
aminoglycosides ANT(6)la* AAC(8")-la ANT(6)-1a* ANT(6)-la*
glycopeptides van$S, vanR vans, vanR van$S, vanR
trimethoprim dfrG*, dfrE dfrE dfrE dfrE

* — bold font indicates plasmid genes.

resistance genes conferring resistance to phenicols, macrolides, streptogramines, aminoglycosides, tetracyclines, glycopeptices,
fluoroquinolones and trimethoprim.

Each isolate contained up to 3 plasmids. The one plasmid was similar to pRE25 described earlier for Enterococcus isolates (animal, food,
human) from European countries [1]. The revealing of Enterococcus conjugative MDR plasmid similar to ones discovered earlier is an
excellent example of how easily a determinant of resistance can spread. Prudent uses of antimicrobials in human and animal medicine are
necessary, as well as the implementation of international measures to control zoonotic pathogens and limit the global emergerce of resistance.
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ABSTRACT

Antimicrobial resistance (AMR) represents one of the biggest threats to global health today and it is connected with the lack of knowledge among
general population. Irrational use of antibiotics is directly associated with AMR and Serbia belongs to a group of European ountries with the highest
rates of AMR.This study aimed to evaluate present status of the knowledge and attitudes of the veterinary (VS) and agriculture students (AS) towards
antibiotic use and AMR in order to assess the impact of the medical education on students' knowledge and attitudes towards antibiotics. The study was
conducted at the Faculty of Agriculture, University of Novi Sad, among 105 veterinary students (3rd, 4th and 5th year of thestudies) and 99 students of
agricultural sciences (last year of the studies). All approached students agreed to complete anonymous questionnaire. In contrast to AS, VS attended
veterinary pharmacology course. The average age of students was 22.7 years and 43.9% were females. Selfmedication with antibiotics was admitted by
48.5% of the total sample and 25.9% of the respondents used antibiotics until their symptoms disappeared regardless of the period of prescription. In
Groups VS and AS, 34.3% and 62.6%, respectively, of the respondents believed that antibiotics could be used to cure common cdd. Around a third of
the respondents in both groups thought that treatment with antibiotics should be started on the basis of pharmacisfs advice. Around 4.8% of the
students (Group VS) and 9.1% (Group AS) said that they started their treatment with antibiotics that were already stocked athome. Roughly 97.1%
(Group VS) and 93.9% (Group AS) of respondents claimed that the antibiotic treatment should be started after a visit to a medical doctor and by
receiving a prescription. This study has indicated that VS showed better knowledge on AMR compared to AS students which was expected as they
attended veterinary pharmacology course. Nevertheless, there are still some areas of misconceptions regarding antibiotic useand AMR, even in the VS
group. Therefore, further interventions should be focused on educational campaigns targeting the behavior of university students with regard to
antibiotic use and improvement of their perceptions on AMR.

Table 1: Knowledge on the antibiotic use among veterinary (VS) and agriculture
students (AS). T/F: true/false and percentages denote those who said “True”.

Questions True/Falsen | % True True/Falsen | % True
e ws) | ®s) s)

A. Reason to use antibiotic:

To decrease pain (T/F) 12/93 1.4 45/54 454

To decrease fever (T/F) 26/79 24.8 46/53 46.5

To overcome malaise and fatigue (T/F) 3/102 2.9 11/87 11.1

To cure common cold (T/F) 36/69 34.3 62/37 62.6

B. Antibiotics therapy could be started:

With an antibiotic found at home in order not to | 5/100 4.8 9/90 9.1

waste time (T/F)

With prescription (T/F) 102/3 97.1 93/6 93.9

After recommended by a pharmacist (T/F) 34/71 324 39/60 394
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EXTENDED-ABSTRACT

Introduction:

Historically, Australian pigs have had low estimated Salmomella Typhimurium prevalence relative to European herds. However,
recent data suggest that the prevalence of a monophasic variant, Salmonella enterica serotype 1,4,[5],12:i- has increased to the
point where it may have surpassed S. Typhimurium in primary production [1].The main objective of this study was to
understand the genetic relationships of S. 1,4,[5],12:i:- isolates recovered from pig faeces from multiple, widely dispersed,
commercial pig farms. A previous study using MLV A indicated that fairly stable populations of S. 1,4,[5],12:i> were circulating
within pig herds [1]. MLVA uses a small panel of repetitive loci to compare isolates and has largely been replaced by whole
genome sequence analysis (WGS). In this study, the WGS of the isolates were determined and the phylogenetic relationships
were inferred. The chromosomally-encoded antibiotic resistance genes (ARGs) and heavy metal resistance genes (HMRGs) were
compared.

Materials and Methods:

Salmonella were isolated from fresh pen-floor pig faecal samples from 6 farms and an abattoir, as previously reported
[1].Genomic DNA from pure isolates was extracted using the JANUS Chemagic automated workstation (PerkinElmer®) with the
Chemagic Viral DNA/RNA kit (PerkinElmer®). Unique dual indexed libraries were prepared using the Nextera XT DNA sample
preparation kit (Illumina®). Libraries were sequenced on the Illumina NextSeq® 500 with 150-cycle paired end chemistry as
described by the manufacturer’s protocols.

For phylogenetic analysis, the short read libraries of 55 isolates sequenced in this study and 31 isolates obtained from the
European Nucleotide Archive (ENA) were used for phylogenetic and CRISPR analysis. All isolates were mapped to the
reference genome S. 1,4,[5],12:i:- strain TW-Stm6 (Genbank accession CP019649,[2] using RedDog vlbetal0.3 (https://
github.com/katholt/RedDog) with default parameters. Briefly, Illumina reads were mapped using Bowtie2 v2.2.9 using the
sensitive local algorithm with a maximum insert length of 2000 (set with the x parameter) [3]. SNPs were called using SAMtook
v1.3.1, and alleles at each locus were determined by comparing to the consensus base in that genome, using SAMtools pileup to
remove low quality alleles (base quality <= 20, read depth <=5 or a heterozygous base call)[4]. SNPs found in repeat regions
(including phage, tandem repeats and horizontally transferred regions) were removed. Gubbins v2.1.0 was used to detect SNPs
in recombinant regions and these SNPs were excluded [5]. Amongst the 86 isolates, 386 SNPs were detected (226 non
synonymous SNPs, 85 synonymous SNPs and 76 intergenic SNPs).This final SNP alignment was used to construct a tree in
RAxML v8.2.8 using a GTR+G substitution model with 100 bootstraps. Five independent RAXML trees were generated, and the
tree with the best likelihood was selected for downstream analysis [6].

CRISPR analysis was performed using pair-end Illumina reads of each isolate which were assembled using SPAdes (3.11.0) with
the “careful” option to reduce the number of mismatches and shorts indels [6]. The CRISPR Recognition Tool was used to
identify direct repeats and spacers [7]. The acceptable length of repeat and spacer regions were 1938 bp and 19-48 bp,
respectively. CRISPR Finder was used to set the orientation of spacer arrays for each isolate [8]. Spacers started with the ae in
the distal end of leader to the one close to leader. CRISPR spacer sequences were aligned in a table and visualized using R (ttp://
www.R-project.org/).
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Figure 1: Phylogenetic tree and CRISPR array comparison of Australian porcine S. 1,4,[5],12:i:- isolates (colored tips) and European S. 1,4,
[5],12:i:- isolates (grey tips) from various sources.

Results:

Longitudinal sampling from each farm yielded isolates that were highly related as shown by the tight clustering of isolates from
each source (herds A-F, Abattoir) (Figure 1). Furthermore, there was little diversity in the core genome of isolates between farms
(<81 SNPs) and isolates from the same source clustered together indicating each farm had a dominant, persistent clone (<20
SNPs). Figurel also shows the close relationship of the Australian isolates with S. 1,4,[5],12:i- isolates belonging to the current
European epidemic clade [9].

Comparison of the thrW genomic island [9] and the CRISPR arrays [10] did not distinguish isolates according to their
geographic origin. The S.1,4,[5],12:i:- chromosomes carry heavy metal resistance genes on a genomic island, SGI-4 which was
conserved in all of the isolates from this study [11]. Some isolates from herd B also carried a large, conjugative plasmid
conferring antibiotic resistance and copper and silver tolerance [12]. The plasmid-encoded metal tolerance genes (pco-sil) were
associated with a Tn7-like mobile element (Fig. 2A, filled-black arrows). Typically, members of the European S. 1,4,[5],12:i:-
clade have a resistance locus containing multiple antibiotic resistance genes and the mer operon (Figure 2B). This locus was

1-81: 38



JIOMICS | VOL 9 | ISSUE 2 | NOVEMBER 2017 | 1-81

A copper silver arsenate
peoE2SRDCBAELG sifPGABFCRSE orsDA-yncA-arsCBADR

Salmonella TW-STM6 chr SGI-4 ")) EiTRA9P)
Salmonella plasmid pSTME-275 @44 ) I I )P ) @) | ¢4 € EH

transpason-encoded
proteins

& d s o mercury &
B & & LELS & merEDACPTR & &
Chr Resistance region, Herd A, B, D, E, F, Ab2 4 » bdadd 4 L (L] |y ]
Chr Resistance region, Herd C 4 Rl [[[Z L | 2

Figure 2: Comparison of the arrangement of heavy metal resistance genes of SGI-4 and pSTM6-275 (A). Comparison of
the chromosomal resistance regions of isolates from different herds (B).

detected in most of the Australian isolates with the exception of isolates from herd C where the blaTEM, strAB and sul2 genes
were absent, presumably via an IS26-mediated deletion.

Conclusions:

Salmonella 4, [5],12:i- was isolated from the faeces of healthy pigs from multiple pig farms. All isolates from each farm were
highly similar to each other suggesting that biosecurity measures have been effective in preventing multiple introductions of
Salmonella. The similarity of WGS of isolates from different farms suggest that they share a recent common ancestor with the
European epidemic clade [9]. The loss of chromosomal antibiotic resistance genes (blaTEM, strAB and sul2), for example in
herd C isolates, suggest that these isolates were not under strong selection by amoxycillin, streptomycin and/or sulphonamides.
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EXTENDED-ABSTRACT

Russian Federation has ensured the country's food security, adopted a policy of increasing the export potential, which entaik an
increase in agricultural production. According to the Ministry of Agriculture of the Russian Federation, the volume of export of
agricultural products and food in 2018 amounted to $ 25.7 billion, which is 19% more than in 2017. The main growth was due to
an increase in grain exports to $ 10.5 billion - almost 40% more than in 2017. The percentage of fish and seafood was 19.9 %,
food&processing industry and oil&fat products-13.6 % and 12.3 %.

Scaling production entails scaling problems. The prerequisites for the current situation in livestock breeding arose in the 2000s,
when the main task was to ensure the country's food security.

Production was growing steadily, but most enterprises tried (and are trying!) to get more products from one square meter of the
area by compacting the planting. An additional risk factor is antibiotics to stimulate the growth and productivity of animalsand
birds, as well as the uncontrolled use of antimicrobial drugs for the treatment and prevention of bacterial diseases. Thus, i huge
quantity of Russian poultry farms use from 2 to 4 courses of antibiotic therapy per broiler chicken growing cycle (40-44 days)
[2].

A compacted conditions, a constant immune load entails a decrease in the resistance of the organisms an increase in the number
of manifestations of infectious diseases of bacterial, parasitic, viral etiology.

This led to accelerated reproduction of microbes, passage and increased virulence, as a result - there was an additional immune
load and opportunistic infections appeared, caused by the body's own microflora.

The result is clearly visible on the example of salmonellosis - one of the main problems of modern poultry farms. Salmonella
normally lives in the blind processes of the intestines of the bird, but usually does not cause disease. However, under stres
(tightening of the planting, improper vaccination schedule, etc.), it multiplies intensely, enters the intestinal lumen and then the
environment. The fight against infection leads to an increase in the use of antibiotics, as a result of which are resistant to them
Salmonella and the presence of antimicrobial agents in the finished product and the human body. These factors stimulate the
development of antibiotic resistance - a global problem of the 21st century.

In June of this year, AMPs of the fluoroquinolone group were found even in the eggs of hens from a number of leading Russian
poultry farms. Fluoroquinolones are prohibited for use by children under 18 years because of the risk of arthropathy, and inthe
elderly people they provoke a convulsive syndrome.

The Russian controlling organizations Rosselkhoznadzor, Rospotrebnadzor, Roskontrol reveal the antibiotics in food
everywhere. For example, during 2017, excess residues of antibiotics of the tetracycline group in finished products were
repeatedly detected by 15-17-21 times. At the same time, tetracycline is prohibited for use by pregnant women and children
under 8 years of age, as it causes irreversible changes in the bones of the longitudinal skeleton and long-term darkening of the
tooth enamel in children.

We found that a decrease in sensitivity to the antibiotic occurs already after the first course of use. When a new antibiotic is
introduced into the Russian market, its sensitivity to it decreases for one year. So, for 20132015, the sensitivity of
microorganisms decreased significantly: to fluoroquinolones - by 27.0%, to tetracyclines - from 52.1 to 67.3%, to
aminoglycosides - from 11.2% to 41.8% (data range indicated within the pharmacological group) [3].

There is only one way to cope with the problem of antibiotic resistance - painstaking and systematic organization of a system of
preventive, diagnostic, anti-epizootic, veterinary-sanitary and general business activities. A competent team and specialists are
needed: veterinarians, livestock specialists, agronomists,etc. Each specialist is rooting for his own area of work and for he
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overall result. But the role of the veterinarian should be the main one, because diseases lead to losses or to the production of
dangerous products.

For the 2017-2018, we have developed principles for monitoring pathogens of bacterial etiology and susceptibility of
microorganisms to the antibiotics for veterinary use at critical points of the technological cycle of enterprises for growing
poultry, pigs and milk production.

A methodology has been developed to reduce the number of used antibiotics in industrial animal husbandry by optimizing the
prophylactic epizootic (immunity monitoring, vaccination), veterinary and sanitary (disinfection, compliance with sanitary
gaps), general economic (technology, stress prevention, alternative drugs) measures; control of the presence of microorganiss,
their sensitivity [1] and withdrawal period after the application in each batch of products (the batch is taken by the populaion
treated with antibiotics according to a single scheme) [2.3].

The work was carried out in 2017-2018 in the Belgorod region - the largest region in meat production in the Russian Federation.
In 2018, 1 million 698 thousand tons of meat was produced in live weight, of which 860 thousand tons of pork and 705 thousand
tons of poultry meat.

In 2018, an enterprise producing more than 90 types of poultry meat received a permit for labeling products "Antibiotic free" In
2018, it sold 17% of the total regional production. It took two years to reduce the use of antibiotics to almost zero, in the process
a complete rejection of coccidiostatics.

Next one is the largest producer and exporter (more than 50% of full export in RF) of eggs in Leningrad region. The work for
producing “antibiotic free eggs” took about three years (from autumn 2016). Today at one time are kept more than 5,500,000
heads of laying hens. The duration of the productive period is 630 days. Productivity indicators are higher than the level of
genetic characteristics declared for the cross. From 2016 to 2019, egg production increased by 18.1%. The export of productsis
about 31.75 million eggs per month. The poultry farm provides more than 50% of egg exports to the Russian Federation.

At present, work on the organization of an antimicrobial control system (ASC) is being carried out at other farmers of meat,
eggs, milk production in the Russian Federation.
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ABSTRACT

Antimicrobial resistance (AMR) is today acknowledged to be one of the most concerning threats to global human health and the
international community has now started to act concertedly to tackle this problem. AMR is not a recent problem dating back to
the discovery and first use of antibiotics. For the last 10 years, the Functional Genomics and Proteomics Unit based at the
University of Tras-os-Montes and Alto Douro, Vila Real, Portugal, has aimed to understand more about the mechanisms that
equip bacteria to survive antibiotic action by investigating the entire complement of proteins expressed by resistant strains. The
proteome can reveal the complex profiles of expressed proteins underlying phenotypic characteristics, and provide an excellent
approximation of the information contained within a microorganism’s genome. Coupled with bioinformatics, proteomics has
led to significant progress in the characterization of bacterial pathogens. From different starting points, the proteomics studies
performed have contributed to knowledge on over 2000 proteins that individually or as a complex whole participate in AMR.
Since 2009, the proteomes of different Salmonella, Enterococcus, Escherichia coli and Staphylococcus aureus strains have been
thoroughly studied with the purpose of identifying the main proteins present or those that are differentially expressed between
strains. By looking at the whole proteome or subfractions thereof, resistant strains with different levels of resistance have been
compared to related non-resistant strains both in the presence and absence of antibiotic stress. High-resolution protein
separation has been achieved with two-dimensional gel electrophoresis (2-DE) and shotgun analysis has overcome some of the
limitations related to the low solubility of membrane proteins. Comprehensive coverage of the proteins present has thus been
attained by using 2-DE followed by either matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) or liquid
chromatography (LC) coupled to tandem mass spectrometry (MS/MS) together with shotgun LC-MS/MS approaches. The study
of strains recovered from clinical human samples provided a better understanding of extended-spectrum beta-lactamase (ESBL)
producing E. coli, new insights into pleural empyema methicillin-resistant S. gureus, and an in-depth examination of the
mechanisms of quinolone resistance in Salmonella Typhimurium causing acute gastroenteritis. Other proteomes studied were
those of multidrug resistant (MDR) E. coli and ciprofloxacin resistant and vancomycin resistant enterococci recovered from pigs
slaughtered for human consumption. Also, the role of resistant bacteria as environmental reservoirs of AMR was better
elucidated through studying the proteomes of ESBL-positive E. coli, vanA-positive enterococci and MDR Salmonella recovered
from a variety of free-ranging wild animals including boars, rabbits, seagulls, red foxes, Iberian wolves and lynxes. Proteomics
techniques have considerably improved during the past decade in parallel with advances in bioinformatics, and together have
proved to be the appropriate research tool with which to tackle the major challenge that AMR poses in modern medicine.
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ABSTRACT

The species L. (L.) infantum and L. (L.) amazonensis are causative agents of visceral and cutaneous leishmaniasis, respectively.
Most proteome analyses of Leishmania have been carried out on whole-cell extracts, but this approach tends to underrepresent
membrane proteins because of their high hydrophobicity and low solubility. Due to the great importance of membrane proteins
in biological processes, including host-parasite interactions, virulence and invasiveness, this study applied label-free shotgun
proteomics to characterize and evaluate abundance levels of plasma membrane proteins of promastigotes life-stage. The total
number of proteins identified in L. (L.) infantum and L. (L.) amazonensis was 2033 and 2243, respectively, and both species
shared 1908 of these proteins quantified. After cell localization prediction of all identified proteins, 394 were described as plasma
membrane proteins and their majority (320 proteins) was shared between both species, 18 were exclusively detected in L. (L.)
infantum and 56 in L. (L.) amazonensis. Proteins with qualitative (present or absent) or quantitative (p-value < 0.05) differences
were classified as “regulated” proteins. Thus 106 regulated plasma membrane proteins were selected, being 32 from L. infantum
and 74 from L. amazonensis. These proteins were representing considerably distinct processes in the species, such as regulation
of cell communication and cell adhesion in L. (L.) infantum, and localization and transport metabolism in L. (L.) amazonensis.
The proteins involved in these processes included GP63, a well-known virulence factor, as well as members of the ABC
transporter superfamily. The identification of numerous proteins with uncharacterized roles highlights the importance of
investigating Leishmania proteins. They could contribute to better understand the parasite biology and may act as new potential
therapeutic targets.
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ABSTRACT

Bacterial cells can resist an antibiotic treatment resulting in chronic bacterial infections. To survive a lethal dose of antibiotics,
bacteria change their physiological state to a non-growing state, called dormancy. The mechanisms of entry into bacterial
dormancy are not understood. Toxin-antitoxin system (TAS) is a stress-inducible functional unit that comprises a toxin
component and a corresponding antitoxin that blocks toxin activity. In E. coli, overexpression of the toxin component leads to
cell growth defects, suggesting that bacterial TASs can be involved in development of bacteria dormancy to resist antibiotic
treatment. We are working with pathogen bacteria Staphylococcus aureus and investigating the role of an endoribonuclease
MazF toxin on bacterial dormancy. We identified genome-wide RNA targets cleaved by MazF endoribonuclease and
demonstrated that MazF overexpression causes S. aureus dormancy. To further understand MazF effect on S. aureus cell
metabolism, we applied RNA-seq, RIBO-seq (ribosome profiling) and quantitative mass spectrometry. Our results show that
activation of MazF toxin reduces ribosome biogenesis, translation, and induces formation of ribosome dimers, that decreases
cell metabolism and provokes bacterial dormancy. Thus, our data suggests that MazF toxin may be a key regulator of dormancy
and antibiotic resistance in S. aureus. To understand how MazF toxin can be activated under natural conditions, we investigated
an upstream pathway regulating MazE antitoxin degradation. Our results suggest that environmental stress, such as heat shock,
oxidative stress or high concentration of antibiotics induce aggregation of adaptor protein YjbH, that may result in activation of
MazF toxin. We proposed the model (Figure 1) where S. aureus MazEF Toxin-Antitoxin System is modulated by adaptor
proteins in response to environmental stress and regulates bacteria dormant state. Our model suggests a potential pathway to
regulate antibiotic resistance in pathogens

Free active
complex MazF Toxin

m; MazE) €— ‘Més __’EE P Dormancy
&

Figure 1 - In bacteria S.aureus MazEF Toxin-Antitoxin
System regulates cell dormancy in response to
environmental stress, such as heat shock, oxidative stress,
and presence of antibiotics.
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ABSTRACT

Technological advances now allow quantitative assessment of biochemicals in small enough samples to make possible
longitudinal studies involving multiple sample collections in rodents or small human tissue cultures. To investigate biochemical
changes caused by onset of type 1 (juvenile-onset) diabetes and identify biomarkers of islet stress, we carried out a longitudinal
metabolomics study in NOD mice, the most commonly used animal model of this diseases. Using complex LC-MS analyses for
metabolomics profiling, we were able to quantify the concentration time-profile of more than 650 biochemicals in blood and
feces [1]. In animals that became diabetic, several of them showed considerable (>4x) change, and some, such as 3-
hydroxybutyrate (BHBA), maltose, and 1,5-anhydroglucitol, changed by more than 10-fold (Figure 1). While there were no
strong differences between the metabolic signatures of progressors and non-progressors before the onset of diabetes, we found
compounds that had significantly different levels and show promise as possible early biomarkers, maybe as part of a combined
metabolic signature. In a separate study, we investigated the effects of stress factors such as inflammation and hypoxia on the
biochemical profile of isolated human islets under both basal and hyperglycemic conditions [2]. Using metabolomics profiling of
media and cell samples via the same method, we were able to identify and quantify a total of 241 and 361 biochemicals,
respectively. One of the most notable observations was the consistently large changes induced by an inflammatory milieu in
kynurenine and kynurenate, suggesting that they might serve as biomarkers of islet inflammation and that indoleamine-2,3-
dioxygenase (IDO) on the corresponding metabolic pathway could be a therapeutic target to modulate the effects of
inflammation in islets.
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ABSTRACT

Flavin monooxygenases are a large family of enzymes carrying out oxidative reactions. One of these group of enzymes, Baeyer-
Villger monooxygenases (BVMO), are wide spread in nature especially in bacteria and fungi but absent in humans. These
enzymes are of great biotechnological interest due to their stereo- and regio-specific conversion of ketones into the
corresponding esters and lactones, for green chemistry applications. Previously we have identified and cloned a BVMO (Ar-
BVMO) from the genome of Acinetobacter radioresistens and found that it is closely related not only to a medically relevant
monooxygenase (ethionamide-prodrug activator) [1] but also by itself capable of inactivating the imipenem antibiotic [2]. By
multi-alignment of several known primary sequences of BVMOs, a conserved arginine thought to be located in the active site of
these enzymes was also found to be present in Ar-BVMO. Since this conserved amino acid is crucial for the enzymatic activity of
other BVMOs, we proceeded by replacing the latter arginine, R292 in Ar-BVMO (Fig. 1), with glycine or alanine. After
expression and purification of the mutant proteins, their activities were compared to that of the wild type Ar-BVMO. As
expected, the results obtained demonstrated the drastically reduced Baeyer-Villiger activities of both mutants. But somewhat
unexpectedly and to our surprise, one of the two mutants, R292A, was still capable of heteroatom oxidation, reactions similar to
those carried out by human hepatic drug metabolizing enzymes. For example, it could convert the anti-tubercular drug
ethionamide to its corresponding S-oxide form (Fig. 1). In this way, the advantages related to stability and solubility of a
bacterial enzyme are combined with the catalytic specificity of a human membrane-bound enzyme
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Figure 1 - Left: Graph showing the difference activities of the wild type and the two
engineered mutants towards ethionamide (anti-tubercular drug); Right: 3D model of
Ar-BVMO active site with flavin cofactor in yellow and ethionamide in dark blue.
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ABSTRACT

Today, the whole genome structure and it’s most complete description, annotation, are the start points in the study of life
organisms. At the same time experimental datasets obtained on proteomic and transcriptomic level can improve the annotation,
providing evidence of new genes and correcting known ones. The aim of this study was to improve the annotation of RUS_B0
strain of M. tuberculosis Beijing BO/W148 cluster using the proteogenomic analysis. The resulting (circular) genome of RUS_B0
strain was obtained using Illumina HiSeq2500 platform and Sanger sequencing (GenBank accession number is CP030093.1). LC
-MS/MS proteome analysis of 58 Beijing BO/W148 cluster strains was performed on a Q Exacitve HF mass spectrometer
(Thermo Fisher Scientific, USA). According to proteomic data we identified 31,527 peptides corresponding to 2,782 proteins.
For Genome Search Specific Peptides (GSSPs) identification six-frame translation of RUS_BO0 genome carried out. According to
proteogenomic analysis 67 GSSPs were identified. Among them 31 GSSPs were used for translation star site (TSS) correction of
32 annotated genes; 32 GSSPs - crossed along the coordinates with annotated pseudogenes and 4 GSSPs - corresponded to new,
not annotated genes. Based on obtained data we confirmed the presence of peptides (n=32) for 8 RUS_BO pseudogenes.
Additionally cluster-specific singe amino acid polymorphism (Ala253Ser) in the oxalyl-CoA decarboxylase protein
(TBPG_RS00635) was shown (Fig. 1). For GSSPs verification independent proteome analysis of two strains in two biological
replicate was performed. According to identification of spectra obtained in targeted HR-MRM analysis performed on TripleTOF
5600+ mass-spectrometer 23 GSSPs were verified. The results allowed us to get the most complete annotation of RUS_BO strain
of Beijing BO/W148 cluster which is widespread in the Russia.
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ABSTRACT

Grapevine downy mildew is an important disease affecting crop production leading to severe yield losses. We have conducted a
leaf proteome study to identify specific adjustments on tolerant and susceptible grapevine genotypes to P. viticola (Oh, 6, 12 and
24 hpi). Leaf proteome analysis was performed using 2D difference gel electrophoresis followed by protein identification via
mass spectrometry. We have also accessed reactive oxygen species, antioxidant capacity, lipid peroxidation and gene expression.
By analyzing the constitutive differences, proteins related to photosynthesis and metabolism allowed the discrimination of
resistant and susceptible grapevine cultivars [1]. Following inoculation, increase of hydrogen peroxide levels, cellular redox
regulation, establishment of ROS signalling and plant cell death seem to be key points differentiating the resistant genotype [1].
Lipid associated signalling events, particularly related to jasmonates appear also to play a major role in the establishment of
resistance [1]. Aiming at a better understanding of the genotype-specific differences that account for a successful establishment
of a defense response to the downy mildew pathogen we have developed an apoplastic fluid extraction method through vacuum
infiltration compatible with both proteome and metabolome analysis. To perform this analysis, APF was extracted from
susceptible and tolerant cultivars/genotypes, Trincadeira and Regent, respectively. Our preliminary results show that both
genotypes are inherently different at the intracellular space composition. Label-free proteome sequencing by LC-MS approach
will be conducted at several inoculation time-points in order to define the key events associated to pathogen recognition and
signalling activation that lead to the establishment of the incompatible interaction.
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ABSTRACT

Grapevine downy mildew is an important disease affecting crop production leading to severe yield losses. We have conducted a
leaf proteome study to identify specific adjustments on tolerant and susceptible grapevine genotypes to P. viticola (Oh, 6, 12 and
24 hpi). Leaf proteome analysis was performed using 2D difference gel electrophoresis followed by protein identification via
mass spectrometry. We have also accessed reactive oxygen species, antioxidant capacity, lipid peroxidation and gene expression.
By analyzing the constitutive differences, proteins related to photosynthesis and metabolism allowed the discrimination of
resistant and susceptible grapevine cultivars [1]. Following inoculation, increase of hydrogen peroxide levels, cellular redox
regulation, establishment of ROS signalling and plant cell death seem to be key points differentiating the resistant genotype [1].
Lipid associated signalling events, particularly related to jasmonates appear also to play a major role in the establishment of
resistance [1]. Aiming at a better understanding of the genotype-specific differences that account for a successful establishment
of a defense response to the downy mildew pathogen we have developed an apoplastic fluid extraction method through vacuum
infiltration compatible with both proteome and metabolome analysis. To perform this analysis, APF was extracted from
susceptible and tolerant cultivars/genotypes, Trincadeira and Regent, respectively. Our preliminary results show that both
genotypes are inherently different at the intracellular space composition. Label-free proteome sequencing by LC-MS approach
will be conducted at several inoculation time-points in order to define the key events associated to pathogen recognition and
signalling activation that lead to the establishment of the incompatible interaction.
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ABSTRACT

Purpose: for the practical use of the International Chromosome-Centric Human Proteome Project (C-HPP) results in medicine,
it is necessary to uncover which part of the human plasma proteome could be identified and measured.

Experimental description: within the framework of the C-HPP, the Russian Consortium is developing plasma analysis
technology, which combines the chromosome-centric approach with bottom-up Selected Reaction Monitoring with Stable
Isotope-labeled peptide Standards (SRM SIS). This study was aimed to quantitatively analyze the proteins encoded by 643 genes
of the four selected chromosomes in the blood plasma of healthy, clinically well-examined people using SRM SIS technologies.
Fifty-four male subjects (age 20-47) were examined at the Institute of Medico-Biological Problems (Moscow, Russia) and
approved for space-related simulations and experiments.

Results: the concentration of 205 proteins was accurately measured with SRM SIS assay (1), while quantitative proteomic profile
of each sample was presented as personal QR-code. The concentration range covered by the SRM SIS technology was six orders
of magnitude (from 106 to 10-'! M) in case of the analysis of whole plasma, and five orders of magnitude (from 107 to 10! M) in
case of the analysis of depleted samples. Unexpectedly, from the obtained data we derived no correlation between protein
abundances and corresponding number of samples in which this protein was detected.

Conclusions: there are only about 30 proteins encoded by examined 643 protein coding genes, which abundance levels are more
or less stable (inter-individual CV <20%). It seems that those proteins could be used as a pillar for creation SRM-assays for
personal health analytics.
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ABSTRACT

Purpose: Proteomic technologies, particularly SRM target mass-spectrometry, enable to detect thousands of proteins in
biological samples. These data require appropriate means for storage, analytical processing and interpretation to decipher the
new knowledge. This work reviews modern state of target mass-spectrometry in proteomics. However, the most of SRM data is
distorted by interference. The main reason of the interference is that some components in a complex biological sample may
have the same precursor and fragment masses as the target peptide 1. Currently, manual inspection is used to find the
interference. To formalize expert’s inspection results we have developed an algorithm to detect the interference and to estimate
its influence on the quantitative protein analysis.

Experimental description: In the present work we collected and normalized chromosome 18 protein detection SRM results.
2247 peptides of 275 chromosome 18 proteins were detected in human plasma and HepG2 cell line. Three SRM transitions for
each peptide were monitored. Each experiment was repeated in 3 technical runs. For the selected peptides stable isotope labeled
internal standard peptides was used. Data processing and interference detection were programmed in Perl. The measurements
were segmented according to the within-run CV of transitions’ intensity and peptides; measured concentrations. The most
confident data were revealed by removing the transitions with CV>30%.

Results: We performed analysis of the huge SRM data set, including 275 proteins of chromosome 18. Data array was processed
using cascade filters based on the analysis of mass-spectrometric parameters reproducibility and consistency. In total, 23 from
275 (chr.18) proteins were detected with high confidence. For the most confident and most variable changeable proteins we
performed meta-analysis to find properties, that unite them.

Conclusions: In conclusion, we presented a method for detection of interference based on reproducibility in technical runs and
technical replicates. SRM detection results are discrepant because of technical and biological variability. In addition, we showed,
that the difference between measured concentrations of two peptides of one protein may be explained by the fact, that at least
one of them conforms not only to the canonical isoform of the target protein, but to splice isoforms of other proteins too.
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ABSTRACT

HAXI protein is involved in the regulation of apoptosis, cell migration and calcium homeostasis, but the exact mechanisms of
its action remain elusive. HAX1 expression level has medical implications; its deficiency causes severe neutropenia and
neurological symptoms, while its overexpression is observed in several types of cancer [1]. In this study we aimed to elucidate
HAXI1 role in the cell by characterizing its protein interactome using two different approaches: yeast two-hybrid system (Y2H)
and affinity purification coupled with mass spectrometry (AP-MS). The results revealed a substantial variability of the protein
subsets, depending on the method and the specific cancer cell line used. Detailed analysis of the results using STRING protein
association networks revealed a large subset of mitochondrial proteins involved in metabolic regulation, namely proteins of
malate-aspartate shuttling system and respiratory chain proteins, possibly functioning in metabolic shift, observed in cancer
cells. However, the strongest and the most reliable interaction partner, confirmed in all approaches and by additional co-
immunoprecipitation and microscopic studies was the mitochondrial chaperone CLPB (caseinolytic peptidase B). CLPB belongs
to the AAA superfamily of ATP-ases and is involved in the disaggregation of protein aggregates. Its deficiency is lethal, due to
significant neonatal neurologic disorders and severe neutropenia, which partially conforms to the observed HAX1 deficiency
symptoms. Thus, further analysis of these results should contribute to a better understanding of HAX1 functions and their
medical implications.
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ABSTRACT

Cryptobiosis is a physiological state of reversible ametabolism. During cryptobiosis, organisms show no visible signs of life; their
metabolic activity becomes almost impossible to measure. Many organisms, for example African chironomids, tardigrades, brine
shrimp eggs, and single-celled eukaryote protozoa such as Colpoda, undergo cryptobiosis. During cryptobiosis, they acquire
extreme tolerance to stresses by halting their metabolism. Colpoda is a single-celled eukaryote protozoa adapted to terrestrial
environments. Its strategy involves formation of a resting cyst (encystment) in response to desiccation stress. This encystment is
a form of cryptobiosis. Therefore, they also possess the ability to revert to a vegetative state when the stressor has passed. In
addition, they exhibit extreme tolerance to many environmental stresses, for example high and low temperatures, acids, organic
solvents, and so on. In the processes of encystment and excystment, the expression of some proteins has been reported to be
altered [1]. In general, cell injuries caused by gamma rays are either direct or indirect injuries; the latter are caused by ROS
stress. In our study, we demonstrated that cell injuries caused by gamma ray irradiation were repaired during cystic state as
cryptobiosis in C. cucullus R2TTYS strain [2]. In this presentation we will discuss cell repair during cryptobiosis.
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ABSTRACT

Neutrophils play an important role in the mechanism of traumatic injuries, ranging from simple surgical traumas to polytrauma
patients. The mesenteric ischemia/reperfusion (IR) model in laboratory animals is well suited to represent the systemic
inflammatory events following severe trauma. The ischemic preconditioning (IPC), characterized by short IR events preceding a
longer ischemia, shows a protective effect against the inflammatory damage. Although neutrophils are known to be key players
in such systemic inflammatory response, the molecular mechanisms underlying their function is yet controversial and there are
no viable treatments to modulate their response in patients. In the studies presented here we compared the proteomic profile of
neutrophils from control rata and rats subjected to abdominal surgery (laparotomy), IR alone and IR preceded by IPC. After
database searches, normalization and statistical analysis our proteomic analysis resulted in the identification of 2437 protein
groups that were assigned to five different clusters based on the relative abundance profiles among the experimental groups.
Cluster based KEGG pathway analysis revealed significant regulation of directional migration and chemotaxis after mild surgical
trauma, added to phagocytosis and ROS production when the animals were exposed to IR. The inflammatory damage
prevention by IPC was revealed at the molecular level to be related to related to chemokine signaling, transendothelial migration
and, especially in the oxidative stress pathways (Figure 1). We identified interesting antioxidants including peroxiredoxin-6,
glutathione peroxidase, and methionine sulfoxide reductase which were found downregulated after IR. Such a decrease in
antioxidant activity in IR neutrophil leads to higher ROS production further contributing to tissue damage whereas IPC
prevented such changes. Similarly another interesting enzyme, argininosuccinate synthase, involved in NO generation
(nitrosative stress) was found significantly increased in IR and decreased in IPC.
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PRELIMINARY COMMUNICATION

The significant prevalence of Gram-negative bacteria as health-care associated pathogens and their increased antimicrobial multi-drug
resistance highlight the need for new therapeutic options. Colistin is a conventional antimicrobial currently employed for the treatment of
nosocomial infections caused by multi-drug resistant Gram negative bacteria such as Pseudomonas aeruginosa and Acinetobacter baumannii
complex with a main drawback, its toxicity. Doses of this drug, and its toxic effects, can be potentially reduced by using it combined with
bacteriocins. AP-7121 is an enterocin produced by the probiotic strain Enterococcus faecalis CECT7121. The aim of this study was to
investigate the synergistic activity of AP-7121 combined with colistin against multi-drug resistant Gram-negative pathogens. P. aeruginosa (n:
3) only susceptible to colistin and A. baumannii complex (n: 3) only susceptible to colistin and tigecycline were included. These human isolates
were recovered from blood cultures (hemoculture) of patients with catheter-related bloodstream infections at the Intensive Care Unit
(Hospital Ramon Santamarina de Tandil Argentina). Minimum Inhibitory Concentration (MIC) for AP, colistin, and colistin/AP-7121
combination against Gram-negative bacteria was assayed (micro-dilution method, CLSI 2018). In vitro bactericidal activity of AP alone or
combined with colistin (MIC/4), for assessing a synergistic effect, was studied carrying out time-kill curves. Samples were obtained for viable
cell counts (0, 4, 8 and 24 h). MIC and time-kill curves were carried out three times, in duplicate. Results were expressed as their average
values. All isolates were resistant to AP (MICAP-7121 > 128 mg/L). Colistin showed anti-P. aeruginosa (MICcolistin 0.5 mg/L) and anti-A.
baumannii complex (MICcolistin 0.5-1.0 mg/L) activity in each isolate. Colistin/AP-7121 Combination showed bactericidal activity against P.
aeruginosa (MICcolistin/AP-7121 < 0.06/11-0.12/16 mg/L) and A. baumannii (MICcolistin/AP-7121 < 0.12-0.20/16 mg/L). A synergistic effect
(colistin/AP-7121) was observed at 4-8 and 24 h for P. aeruginosa (-1.8 to -3.8 Alogl0 CFU/mL) and for A. baumannii complex isolates (-2.0 to
-3.8 Alogl0 CFU/mL). AP-7121 is a candidate as an alternative option for the combination with colistin, against human P. aeruginosa and A.
baumannii complex isolates producers of bloodstream infections. Their synergistic activity against these bacteria, leads to abactericidal activity
of AP, with lower MIC values and a potential reduction of colistin toxicity, to be thoroughly investigated.

Keywords: enterocin, AP-7121, colistin, Gram positive, human, multi-drug resistant, pathogens

1. Introduction commonest bacterial agents of these infections [4].

Previous studies showed that multi-drug resistant P.

The significant prevalence of Gram-negative bacteria as
health-care associated pathogens and their increased
antimicrobial multi-drug resistance highlight the need for
new therapeutic options [1-3].

Among health-care associated infectious diseases, a
significant problem for Public health are catheter-associated
bloodstream infections, where Pseudomonas aeruginosa and
Acinetobacter baumannii complex are reported as part of the

aeruginosa was considered as a risk factor for increased in-
hospital mortality and 30-day mortality after infection, as
well as the presence of catheters was considered a risk factor
for colonization with this species. In the case of A.
baumannii, the fatal outcome of infections has increased due
to carbapenems resistance, with a mortality rate approaching
to 60%, including bloodstream infections [2, 5].

In 2017, in Argentina, a nation-wide surveillance reported
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resistance to fluorquinolones (25%) and carbapenems (29%)
in P. aeruginosa, while 76% of Acinetobacter spp. isolates
showed carbapenems resistance [6].

Colistin is a conventional antimicrobial currently
employed for the treatment of nosocomial infections caused
by multi-drug resistant Gram negative bacteria such as P.
aeruginosa and A. baumannii complex with a main
drawback, its toxicity [7].

A strategy for the treatment and control of Gram-negative
pathogens has been testing the synergistic effect between a
conventional  antimicrobial  together = with  natural
compounds as bacterial antimicrobial peptides [8].
Therefore, doses of colistin and its toxic effects could be
potentially reduced by using this drug combined with a
bacteriocin such as AP-7121.

AP-7121 (formerly MR99) is an enterocin produced by the
probiotic strain Enterococcus faecalis CECT7121, a non-
hemolytic, gelatinase negative strain recovered from a
natural corn silage in Tandil District, Argentina, which
recently has been sequenced. Moreover, it does not show
antimicrobial multi-resistance, with Minimum Inhibitory
Concentration (MIC)vancomycin 0.12 pg/mL,
MICampicillin 0.5 pg/mL, MICgentamicin < 500 ug/mL,
and MICstreptomycin < 1000 upg/mL. Physicochemical
studies showed that AP-7121 presents heat-stability (1 h, 75
°C). Also, it is sensitive to proteolytic enzymes, detergents,
and chelants; in addition, it is stable against the activity of
enzymes such as DNase, RNase, amilase, glucuronidase, and
lipase. Also, presents inhibitory activity among a wide range
of pH values (4.0-8.0). The mechanism of action is mediated
by formation of pores in bacterial membranes, followed by
osmotic shock and cell lysis [9-11].

The aim of this study was to investigate the synergistic
activity of AP-7121 combined with colistin against multi-
drug resistant Gram-negative pathogens.

2. Material and Methods

During the period July-December 2018, human isolates
were recovered from blood cultures (hemoculture) of
patients with catheter-related bloodstream infections at the
Intensive Care Unit (Hospital Ramon Santamarina, Tandil
Argentina). Phenotypic characterization was performed with
conventional tests. For A. baumannii characterization was
carried out to the complex level [12]. Disk diffusion
susceptibility tests were done following Clinical and
Laboratory Standards Institute's guidelines [13].

P. aeruginosa (n: 3) only susceptible to colistin and A.
baumannii complex (n: 3) only susceptible to colistin and
tigecycline were included. Each bacterium was recovered
from different patients, and one representative isolate was
considered from each patient.

Phenotypic characterization and antimicrobial
susceptibility to colistin (P. aeruginosa, A. baumannii
complex) and tigecycline (A. baumannii complex) were
validated with the Vitek 2 CompactTM automated system

(bioMérieux, Buenos Aires, Argentina).

Isolation of AP-7121 was carried out according to a
previously standardized protocol [14]. Probiotic strain E.
faecalis CECT7121 (deposited at the Spanish Collection of
Type Cultures, CECT, Burjasot, Valencia, Spain) was
incubated in brain-heart infusion (BHI) broth (Laboratorio
Britania, Buenos Aires, Argentina) at 35 + 2 °C for 18 h. This
culture was inoculated in 4 L of BHI broth and incubated at
35+2°Cfor9h.

Then, it was centrifuged at 15,000g, 4 °C, for 20 min.
Supernatant was adjusted to pH: 7.0 and precipitated. After
centrifugation at 20,000, 4 °C, for 20 min, the pellet was re-
suspended in 40 mL of phosphate buffer saline (PBS), pH:
7.0 (50 mM). AP-CECT7121 was isolated by
physicochemical extraction employing Sep-Pak™ CI18
cartridges (Waters, Milford, MS, USA). E. faecalis extract
(5.0 mL) was loaded into a cartridge, previously washed with
acetonitrile in trifluoroacetic acid (TFA, 0.1%), and it was
eluted with acetonitrile (60%)-TFA (0.1%).

Eluate was concentrated to dryness using a vacuum
centrifuge (Thermo Savant Instuments, Hollbrook, NY,
USA). The obtained pellet was re-suspended in PBS (250
uL). Aliquotes (20 uL) of the suspension were injected in a
reverse-phase HPLC system (Shimadzu, Kyoto, Japan) and
separated in a Nucleosil C18 (5 um, Pharmacia, Uppsala,
Sweden) column. Mobile phase: buffer A (TFA 0.1%) and
buffer B (acetonitrile 95% in TFA 0.1%). AP-7121 was eluted
using a linear gradient (95% A/5% B to 15% A/85% B), with
a flow rate of 0.2 mL/min, controlling elution with a UV
detector.

Fractions were collected at regular time period. Then, the
active fraction was evaporated to dryness and re-suspended
in phosphate buffer (50 mM, pH: 7.0). Biological activity of
AP-7121 was detected in the eluate fractions after 30 min of
the sample injection, when it was ca. 40% of buffer B.

Minimum Inhibitory Concentration (MIC) for AP-7121,
colistin and the colistin/AP-7121 combination against P.
aeruginosa and A. baumannii complex isolates was assayed
with the broth micro-dilution method, according to the
Clinical and  Laboratory = Standards  Institute's
recommendations [13]. P. aeruginosa ATCC 27853 and
Escherichia coli ATCC 25922 were employed as quality
control strains.

In vitro bactericidal activity of AP-7121 alone or
combined with colistin (MIC/4), for assessing a synergistic
effect, was studied carrying out time-kill curves. Fresh
cultured bacterial cells were washed, suspended, and diluted
in PBS, 50 mM, pH: 7.0, for reaching a 106 CFU inoculum.
Samples (100 pL) of each bacterial suspension were obtained
at 0, 4, 8, and 24 h of incubation (35 + 2 °C). Viable colony
counts were performed in BHI agar, after incubation at 35 +
2 °C for 24 h. A viable cell count in the same experimental
conditions, with PBS, was performed as quality control [14].

MIC and time-kill curves were carried out three times, in
duplicate. Results were expressed as their average values, in
mg/L for MIC and Alog10 CFU/mL for viable counts.

296 | 1-81: 56



JIOMICS | VOL 9 | ISSUE 2 | EMBER 2019 | 296| 1-81

3. Results

3.1. Bactericidal activity of colistin, AP-7121 and colistin/AP-
7121 combination against human P. aeurginosa and A.
baumannii complex isolates

All the studied P. aeruginosa and A. baumannii complex
isolates were resistant to AP-7121, with MICAP-7121 > 128
mg/L (Table 1).

Anti-P. aeruginosa and anti-A. baumannii complex
activity in each isolate, MIC: 0.5 mg/L and MIC: 0.5-1.0 mg/
L, was detected respectively, for colistin (Table 1).

Combination of colistin and AP-7121 showed bactericidal
activity against P. aeruginosa (MICcolistin/AP-7121 <
0.06/11-0.12/16 mg/L) and A. baumannii complex
(MICcolistin/AP-7121 < 0.12-0.20/16 mg/L).

3.2 Assessment of early and late synerfystic effect of colistin/
AP-7121 combination

A synergistic effect when colistin and AP-7121 (Table 2)
were combined, it was observed at 4-8 h (early synergy) and
24 h for P. aeruginosa (-1.8 to -3.8 Alog10 CFU/mL) and for
A. baumannii complex (-2.0 to -3.8 Alogl0 CFU/mL).

4. Discussion

In this study, the synergistic activity of AP-7121 combined
with colistin against human multi-drug resistant P.
aeruginosa and A. baumannii complex isolates was
investigated.

Worldwide, catheters-related infections are considered as
one of the main causes of bloodstream infections associated
with significant patient morbidity and mortality and
increased health care costs [15]. Multi-drug resistance
bacteria have become a critical risk factor for patients with
bloodstream infections due to the limited therapeutic
options. A French multi-center study showed that
optimizing bloodstream infections management by
increasing rapidity of appropriate treatment initiation may
decrease short-term mortality, when patients received at
least one active antibiotic within the first 48 hours [16].

In this sense, P. aeruginosa and A. baumannii complex
constitute representative bacterial agents of catheter-related
bloodstream infections due to their prevalence and their
tendency to express multi-drug resistance and can be
considered as bacterial models for the study of new
alternatives for the treatment of these infections, namely
bacteriocins such as enterocin AP-7121.

All the assayed isolates showed resistance to AP-7121
when it was not combined with colistin. Previously,
enterocin AP-7121 presented homogeneous bactericidal
activity against phylogenetically related bacterial species, i.e.
Gram positive pathogens, from different origin, such as
Enterococcus spp., Streptococcus spp., Staphylococcus

Table 1: Location Minimum Inhibitory Concentrations for AP-7121,
colistin and colistin/AP-7121 against Pseudomonas aeruginosa and
Acinetobacter baumannii complex from blood of patients with
catheter-related infections.

Pseudomonas aeruginosa

MIC AP-7121 Colistin Colistin/AP-7121
CEBUTI428 > 128 0.5 0.12/16
CEBUTI571 > 128 0.5 0.12/16
CEBUTI783 > 128 0.5 <0.06/11

Acinetobacter baumannii complex
CEBUTI463 > 128 0.5 0.12/16
CEBUTI656 > 128 0.5 0.12/16
CEBUTI802 > 128 1.0 0.20/16

aureus and Listeria monocytogenes but it was bacteriostatic
against Gram negative bacteria, when it was assayed alone
[9, 10].

Similar results were obtained by other authors when a
bacteriocin was assayed against different bacteria. Garvicin
KS, a broad-spectrum bacteriocin produced by Lactococcus
garvieae, is effective against Gram positive and Gram
negative bacteria. Nevertheless, this bacteriocin showed no
bactericidal activity against P. aeruginosa isolates when it
was tested alone. In addition, a lack of inhibition against A.
baumannii isolates was observed for the lantibiotic nisin
when it was not combined with other antimicrobial or
bacteriocin [8].

When AP-7121 and colistin were assayed together against
the bacteria, the determined MICs values were lower for the
antimicrobial and significantly lower for the bacteriocin,
compared with the obtained MICs for colistin and AP-7121

Table 2: Location Minimum Inhibitory Concentrations for AP-7121,
colistin and colistin/AP-7121 against Pseudomonas aeruginosa and
Acinetobacter baumannii complex from blood of patients with
catheter-related infections.

Isolate Alog,, CFU/mL
P. aeruginosa 0h 4h 8h 24h
Control 0 1.3 24 3.5
AP-7121 0 1.4 2.3 3.2
Colistin 0 -0.4 -1.2 -3.1
Colistin/AP-7121 0 -1.8 -2.6 -3.8
A. baumannii
complex
Control 0 1.1 22 3.1
AP-7121 0 1.0 2.4 33
Colistin 0 -0.5 -1.4 -3.0
Colistin/AP-7121 0 -2.0 -2.9 -3.8
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alone, showing a bactericidal effect achieved with the
combination antimicrobial/bacteriocin for the studied
isolates.

A traditional strategy for the treatment of infections with
multi-resistant P. aeruginosa or A. baumannii is based on
the combination of conventional antimicrobials in order to
decrease the MIC values and be effective. A previous study
assessed the efficacy colistin in combination with three
different antimicrobials. Even though a drop of MICs was
observed when compared to the ones for the individual
antimicrobials, combinations were effective only in 13-20%
of the resistant isolates while in most cases there was an
additive/indifferent effect [17].

In addition, there was a lower fold decrease of MIC values
for the combinations of colistin with other antimicrobials
than the obtained with the combination colistin/AP-7121.

Combination of two or more conventional antimicrobials
for the treatment of multi-drug resistant infections has
another disadvantages compared to the use of a bacteriocin-
antimicrobial combination. Resistance to new antimicrobials
already emerged and together with an inadequate and non-
controlled use of these drugs might contribute with a higher
increase in resistance. The emergence and widespread of
resistance of new antimicrobials is a significant drawback for
therapy of these infections since might delay active
treatment in patients with severe infections [7].

Decreased MIC values of the combination colistin-AP-
7121 in the assayed human bloodstream P. aeruginosa and
A. baumannii complex needs to be highlighted not only for
contributing with less selective pressure for the emergence
and spread of colistin resistance. Also, these results reinforce
the possibility that a colistin-bacteriocin combination could
potentially lead to a reduction of the toxic effects of colistin,
as it was reported when this antimicrobial was assayed
together with nisin [18].

The observed MICs reduction needs to be highlighted
from the microbiological and therapeutical points of view,
considering that nowadays colistin is still considered as one
of the first-line treatment options for multi-drug resistant
isolates of these bacterial species [7, 19].

Also, an early (4-8 h) and late (24 h) synergistic effect of
the combination between colistin and AP-7121 was detected
for P. aeruginosa and A. baumannii complex isolates in this
study.

Recently, the synergistic effect of AP-7121 combined with
conventional antimicrobials such as gentamicin and
vancomycin, against Gram positive pathogenic bacteria was
achieved [14]. Furthermore, when AP-7121 was assayed
together with colistin for Gram negative bacteria of food
origin (ground-beef Escherichia coli), bactericidal activity
and a synergy were proven. These results suggested that the
detergent effect of colistin against the outer membrane of
Gram negative bacteria allowed AP-7121 to form pores that
would lead to an osmotic shock followed by cell death, as it
was previously observed for the enterocin against Gram
positive bacteria [10, 20].

Other authors studied the possible combinations of an
antimicrobial, polimixin B, with two bacteriocins, nisin and
garvicin KS, with different results for each scheme. When
there were assayed against A. baumannii, synergy was
observed for garvicin KS-polimixin B but not for nisin-
polimixin B mixtures, showed by the prevention or failing of
bacteria regrowth. When the antimicrobial was tested
together with both bacteriocins, they showed, as AP7121
did, an early synergistic effect after 4 h. However, there was
no synergistic effect detected against P. aeruginosa when
combinations of polimixin B with the two bacteriocins [8].

5. Concluding Remarks

According to the in-vitro obtained results, AP-7121 could
be a candidate as an alternative option for the combination
with colistin against human P. aeruginosa and A. baumannii
complex isolates producers of bloodstream infections.

Their synergistic activity against these bacteria, leads to a
bactericidal activity of AP7121, with lower MIC values and a
potential reduction of colistin toxicity.

Further in vitro and in vivo studies need to be conducted
in order to achieve a more comprehensive and thorough
knowledge about the toxicity reduction effect over colistin,
as well as the potential future availability and application of
AP7121 in combination with this antimicrobial as a
complementary tool for the treatment of these severe
infectious diseases caused by multi-resistant Gram negative
bacteria, and consider it as basic step for extending its
usefulness for the prevention or treatment of other kinds of
human infections.
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PRELIMINARY COMMUNICATION

Bacteria such as extra-intestinal pathogenic E. coli (EXPEC) and methicillin-resistant S. aureus (MRSA) are important opportunistic
pathogens. They might belong to pandemic, epidemic and/or sporadic clones. Some of the clones are associated with humans, others are
associated with wild and/or domestic animals. Some clones are shared by both and may be found contaminating the environment. In these
studies, we examined the spread of EXPEC from feces of Southern Resident Killer Whale (SRKW; Orcinus orca) that are associated with
human diseases. We also examine MRSA isolates in wild rhesus macaques (Macaca mulatta), their environment and from humans. This One
Health Approach aims to better understand the sources/reservoirs and possible transmissions of potential pathogens between animals, humans

and their shared environment.

Keywords: Antibiotic resistance genes, extra-intestinal pathogenic E. coli, killer whales, MLST, MRSA, rhesus macaques

1. Introduction

Antibiotic resistant bacteria are identified in wild animals
from birds to insects with increasing frequency [1]. The
occurrence of these bacteria is often associated with human
influence on the environment, spreading from people to
animals and the environment or on occasion from animals or
the environment back to people. The sharing of these
antibiotic resistant bacteria has been documented primarily
in land animals and birds, with limited work on marine
mammals or primates [1]. In the current studies, we first
examine the presence of E. coli from Southern Resident Killer
Whales (SRKW), which are apex predators. This cetacean
serves as a sentinel for its environment, providing valuable
indices of the overall health of the Salish Sea (Puget Sound)
boundary waters shared by Washington State, USA and
British Columbia, Canada [4, 5]. The second study
characterizes methicillin resistant Staphylococcus aureus
(MRSA) isolated from wild rhesus macaques (Macaca
mulatta) living in and around temple areas of the Kathmandu

valley in Nepal, where human-macaque interaction is
common, along with the shared environment in the valley
and a few clinical strains from a local hospital.

2. Material and Methods
2.1. E. coli and DNA.

E. coli was isolated from fresh fecal samples collected from
the endangered SRKW population (O. orca) in the Salish Sea
[Puget Sound] in 2013. The red dots in Figure 1 indicate
sampling sites off the San Juan Islands. Sample collection
methods were approved by the University of Washington’s
Institutional Animal Care and Use Committee (IACC) under
protocol 2850-08. Trained dogs were deployed on boats to
detect specific SRKW fecal scent from distances farther than a
nautical mile [4]. Samples were collected as part of a previous
study and centrifuged into a small pellet on the boat [4].
Sterile Fisher Brand cotton swabs (Fisher Scientific Waltham,
MA) were inserted into the homogenized faecal pellet and

Corresponding Author: 1959 NE Pacific St. Department of Environmental and Occupational Health 357234, School of Public Health,
University of Washington, Seattle, WA USA Tel: 001-206-543-8001. Email: marilynr@uw.edu
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Figure 1: Location of whale samples. Red dots show where fecal
samples were collected.

~0.5 mL of each sample was removed and stored in 10 mL of
sterile peptone water on ice. Samples were returned to the
laboratory within 2-6 h of collection, vortexed for 10
seconds and 0.1 mL was spread on MacConkey agar plates
(Difco Laboratories, Sparks, MD) supplemented with and
without antibiotics including: 25 mg/L tetracycline, 25 mg/L
chloramphenicol, or 25 mg/L ampicillin and incubated at
36.5 oC for 24-48 h. Nine of the eleven samples tested
positive for E. coli, and 8 of the 9 grew on DifcoTM Luria-
Bertani media (Difco) supplemented with 25 mg/L
tetracycline [5].

E. coli isolates from different samples and plates were
identified using standard biochemical tests. No E. coli were
detected on either the ampicillin or chloramphenicol
supplemented media. No E. coli could be isolated from 74
freeze-dried frozen faecal samples stored for >1 year. DNA
extraction was done using MoBio Laboratories UltraClean®
Microbial DNA Isolation Kit (Mo-Bio Laboratories,
Carlsbad, CA.). The kit is designed to yield high-quality
DNA from a variety of microbial isolates. Extracted DNA
concentration was determined by wusing a Qubit
(Thermofisher Technologies Inc., USA). Dual-indexed
libraries were prepared using Nextera XT library prep kit
(Ilumina, San Diego, CA) with 1 ng of bacterial DNA and
14 amplification cycles. The kit used an engineered
transposon with specific dual-indexed adapters that tagment
the DNA during sequencing. The libraries were sequenced
using an Illumina MiSeq. Raw-reads were trimmed using
trimmomatic for quality, and de-novo assembled using
SPAdes Genome Assembler v3.11 (Trimmomatic &
SPAdes). Prokka v 1.13 was used to annotate genomes
(prokka url). Assembled sequence data was deposited into
NCBI GenBank under project PRNJNA338014 [5].

2.2. Isolation of MRSA and characterization.

A total of 227 saliva samples from wild rhesus macaques
(Macaca mulatta) living in and around temple areas of the

Kathmandu valley were collected during Feb 2018. The
areas; Bajrayogini, Nilbarahi, Pashupatinath, Swyambhu and
Thapathali were sampled with Bajrayogini being the most
distant site from the city of Kathmandu. The collection
technique involved an adaptation of the non-invasive oral
sampling method in Evans [2] and Roberts [10] using
SalivaBio Children’s Swabs (Salimetrics LLC, State College
PA, USA). Swabs were soaked in a sterile glucose solution
(10% w/v) and thrown to the macaques, which they then
chewed and discarded for immediate collection. Macaque
saliva samples (n=13) and environmental samples (n=19)
isolated near temple areas in Kathmandu were included in
the study. Environmental surface samples (n=218) were
collected in July 2018 from Bajrayogini, Nilbarahi,
Pashupatinath, Swyambhu and Thapathali. High touch
surfaces were selected at the temple sites. Solid surfaces
were swabbed with sponges to collect the bacteria on the
surfaces as previously described [6]. Five random isolates
from wound infected patients were obtained by some of the
Nepali authors for comparison with the primate and
environmental MRSA. Beside their methicillin resistance,
nothing was previously known about these isolates. Ethical
approval was also obtained from the Kist Medical College
and Teaching Hospital, Imadol, Lalitpur, Nepal, for the
clinical MRSA isolates. All 37 isolates were characterized
using The Alere StaphyType® DNA microarrays [7, 8]. The
Abbott StaphyType® DNA microarray based assay was used
for all isolates as previously described [7, 8]. The microarray
typing includes 334 target sequences and ~170 separate
genes and allelic variants including species markers,
SCCmec, capsule, agr group typing markers, common
antibiotic resistance genes, toxins and microbial surface
components recognizing adhesive matrix molecules
[MSCRAMM] genes [8].

3. Results

Whale E. coli. Nine distinct isolates were recovered and
analyzed from seven SRKW individuals with whole genome
sequencing, de novo assembly. Eight samples had multidrug
resistant ExPEC ST73 clonotype C24:H10 isolates taken
from 7 individuals from 3 pods (Table 1). The ninth isolate
was not antibiotic resistant and was ExPEC ST127 clonotype
Cl12:H2. All isolates carried a variety of virulence genes
which differed between the ST73 isolates and between the
ST73 and the ST127 isolates (Table 2). Previous studies
showed that the Puget Sound (Salish Sea), home to the
SRKW, is contaminated with multiple ARGs and antibiotic
residues, especially near waste water treatment plant
discharge sites [9]. The SRKW food source, Chinook
salmon, also carry antibiotic residues in their tissue.

Nepalese MRSA. From the 227 primate saliva samples, 13
(5.7%) were MRSA positive. Multiple positive primate
samples were identified in four of the five areas sampled:
Bajrayogini [n=4], Pashupatinath [n=3], Swyambhu [n=2]
and Thapathali [n=4]. In contrast, from the 218
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Table 1: LST, Clonotype, Antibiotic Resistance of Whale E. coli. 4-UK* this may be a

transient whale.

Isolate ID ST Clonotype Resistance Genes Predicted Phenotypes
Aminoglycoside, Sulfonami-
1-J28 ST73 C24:H10 aadA1,sull, tet(B) finoglycoside, sutionamt
des, Tetracycline
Aminoglycoside, Sulfonami-
228 ST73 C24:H10 aadA1,sull, tet(B) minoglycoside, suftonam
des, Tetracycline
Aminoglycoside, Sulfonami-
3-J8 ST73 C24:H10 aadAl,sull, tet(B) .
des, Tetracycline
Aminoglycoside, Sulfonami-
4-UK* ST73 C24:H10 aadA1,sull, tet(B) finoglycoside, sutionamt
des, Tetracycline
Aminoglycoside, Sulfonami-
5-L79 ST73 C24:H10 aadAl,sull, tet(B) .
des, Tetracycline
Aminoglycoside, Sulfonami-
6-J26 ST73 C24:H10 aadAl,sull, tet(B) .
des, Tetracycline
Aminoglycoside, Sulfonami-
7527 ST73 C24:H10 aadA1,sull, tet(B) minoglycoside, sutionamt
des, Tetracycline
Aminoglycoside, Sulfonami-
9-J31 ST73 C24:H10 aadAl,sull, tet(B) .
des, Tetracycline
8-J31 ST127 Cl12:H2 N/A N/A
Table 2: Virulence factors Whale E. coli
Isolate ID Adhesins Toxins Siderophores Serum survival Misc.
1-]28 iha, papC, sfaS sat, ,hlyA iutA, fyuA iss kpsM, malX
2-]28 iha, papC, sfaS sat, vat, pic  iroN, ireA, iutA, fyuA iss, ompT kpsM, malX
3-18 iha, papC, sfaS sat, vat, pic  iroN, ireA, iutA, fyuA iss kpsM, malX
4-UK iha, papC, sfaS sat, vat, pic  iroN, ireA, iutA, fyuA iss kpsM, malX
5-L79 iha, papC, sfaS sat, pic iroN, ireA, iutA, fyuA kpsM, malX
6-]26 iha, papC, sfaS sat, pic iroN, ireA, iutA, fyuA iss kpsM, malX
7-127 iha, papC, sfaS  vat, pic, hlyA iutA, ireA, fyuA kpsM, malX
9-J31 iha sat, vat, pic  iroN, ireA, iutA, fyuA iss kpsM, malX
8-J31 sfaS cnfl, vat iroN, ireA, fyuA Iss, ompT kpsM

environmental samples, 19 (8.7%) were MRSA positive
cultured from all five areas sampled; Bajrayogini [n=3],
Nilbarahi [n=2], Pashupati [n=6], Swyambhu [n=5] and
Thapathali [n=3]. All 37 MRSA isolates were further
characterized.

Twenty-three (62%) MRSA were CC22 SCCmec type IVa
previously found in Nepalese macaque of human origin and
isolated from monkey (n=4; 31%), environmental (n=14;
74%), and human (n=>5; 100%) samples [10]. Eight monkey
MRSA were CC361 SCCmec type IVa. One MRSA isolated
from a monkey and environment were CC88 SCCmec type
V, previously found in Nepalese swine samples [10]. The
remaining environmental MRSA included one each, CC121
SCCmec type V, and CC772 SCCmec type V, all of human
origin and two CC779 SCCmec type V, potentially a novel
clone. All 37 MRSA carried the bla gene, 31 carried the aacA
-aadD, 25 dfrA and 21 erm(C) genes. All CC22 isolates
carried the aacA-aadD, dfrA and 17 carried the erm(C)
genes, while 2 MRSA from macaque, 3 MRSA from
environmental and 1 human MRSA lacked the erm(C) gene.
The one macaque and environmental CC88 MRSA both
carried the aacA-aphD gene but only the macaque MRSA
carried the aphA3 and sat resistance genes, neither
previously identified in primate MRSA [10] (Table 3).
Among the 23 CC22 MRSA, 21 carried the PVL locus and tst
virulence gene which is unusual and include all the monkey
and human isolates and 12 of 14 environmental isolates [3].

This current study suggests that humans are the source of
the MRSA identified in both the macaques and the
environment and may be linked to humans feeding the
primates and/or the primates living in close proximity to the
humans.

4. Conclusions

As human populations continue to expand, so do
opportunities for transmission of pathogens between
humans and wildlife. We documented such transmission in
a marine mammal and Old World terrestrial primate.

The study on antibiotic resistant E. coli isolated from
SRKW helps to advance our understanding of the spread of
AMR E. coli in the Salish Sea. It also demonstrates the need
for increased microbial surveillance efforts of the declining
SRKW population. Previous studies on the ST73 and ST127
have been associated with disease in humans and
companion animals; however, without proper veterinary
assessments, or urine samples it was not possible to
determine if the whales were sick at the time of fecal
collection. Therefore it is unknown if carriage of EXPEC
isolates increases the risk of disease in the SRKW and/or if
they contribute to the ongoing decline of this endangered
species. This is the first time it was determined that Orca
whales can carry antibiotic resistant potentially pathogenic
strains of E. coli. The ExPEC isolates in the SRKW most
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Table 1: MRSA strains, SCCmec types and resistance genes®. * The table shows only genes which were found at least once in this study.
Genes which were not present in any of the study strains are: mecC, blaZ SCCmec XI, erm(A), erm(B), Inu(A), mef(A), vat(A), vat(B), vga
(A), vga(A), vgb(A), farl, fusC, mupR, tet(K), tet(M), cat, cfr, fexA, qacA, qacC, vanA, vanB and vanZ.

b Subtypes are referred to by designations of reference strains that yield identical SCC patterns on the arrays used. GenBank references for
these reference strains are as follows: MW2, BA000033.2; IS-105, AHLR; Bengal Bay (CMFT1723), HF569096.1; GR1, AJLX.

SCCmec
subtype®
Strain Host N mecA blaZ
(number
subtyped)
Rh 4 4 IVaasin 4
esus MW2 (1)
CC22-
MRSA-IV IVaasin
Environment 12 12 12
(PVL+/ MW2 (1)
tstl+)
IVaasin
Human 5 5 5
MW?2 (2)
CC22-
. IVaasin
MRSA-IV Environment 1 1 1
MW2 (1)
(tstl+)
CC22-
. IVcasin IS-
MRSA-IV Environment 1 1 1
105 (1)
(PVL)
cCss Vasin
Rhesus 1 1 Bengal Bay 1
MRSA-V
(1)
CC88- Vasin
MRSA-V Environment 1 1 Bengal Bay 1
(PVL+) (1)
CCI121- . VT asin
Environment 1 1 1
MRSA-VT GRI1 (1)
CC361- IVaasin
Rhesus 8 8 8
MRSA-IV MW2 (1)
CC772- Vasin
MRSA-V  Environment 1 1 Bengal Bay 1
(PVL+) (1)
CC779- . VT as in
Environment 2
MRSA-VT GR1 (1)

likely are either directly acquired from pollution in the Salish
Sea, and/or from their salmon diet. How well these isolates
survive in the marine environment is also not known since
in general E. coli are not salt tolerant.

The current study on MRSA isolated from Nepal suggests
that humans are the source of the MRSA identified both in
the macaques and the environment and may be linked to
humans feeding the primates. The Neplaese MRSA strains
(CC22, CC361, CC772) indicate epidemiological links to
other countries within the Indian subcontinent and to the
Middle East. Strains that have been detected in monkeys
have been found in humans, either in this or in other
studies. For the environmental CC779-MRSA-VT, no
conclusions can be drawn due to a lack of data. However,
this lineage has been found in humans before (see above)
and we are not aware of any published observations on its
presence in animals. In conclusion, it can be speculated that
the detection of MRSA in Nepalese Rhesus can be attributed

erm(C)

msr(A) mph(B) ::::; aadD  aphA3 sat dfrA
) B 4 N . 4
- - 12 - - - 12
) B 5 B B, 5
. . 1 . - - 1
- - 1 1 - 1
1 1 1 - 1 1 -
_ _ 1 - _ _
- - 1 - - - -
1 1 1 - 1 1 _
- _ 2 _ _ ,

at least in a majority of cases to contamination/infection
during contacts with humans or to human offal. Thus,
humans can not only be infected with zoonotic pathogens by
close contact with wild animals; they also might transmit
human pathogens into wildlife, posing a possible hazard to
wild animals whose population are already endangered and
under stress. However, the impact on the monkeys might be
limited in this particular case as a related species of
macaques seemed to be rather resistant towards PVL [3].
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ABSTRACT

Treatment of dermatophytosis is generally a long and challenging process, deeply affected by drug resistance owing to efflux-mediated activity.
These drug-pumping mechanisms involve overexpression of transporter proteins with the ability to extrude a wide variety of structurally and
functionally unrelated compounds. The ATP-binding cassette transporter and the major facilitator are the two largest superfamilies of
transporters, expressed ubiquitously in all living organisms. Here, we examined the transcription modulation of both families of transporter
genes in the dermatophyte Trichophyton rubrum upon challenge with sub-lethal doses of undecanoic acid or acriflavine. Data derived from
RNA sequencing revealed transporters functioning in specific patterns according to the stressing condition, suggesting that each drug recruits
specific physiological pathways. Synergistic transport activity may be acting to overcome drug toxicity, demonstrating that multidrug

resistance transporters cooperate to induce drug resistance and fungal survival in an unpredictable manner.

Keywords: RNA-seq; ATP-binding cassette superfamily; Major facilitator superfamily; Dermatophyte; Antifungal efflux

1. Introduction

Dermatophytes are a specialized group of filamentous
fungi that colonize keratinized tissues. They are the most
commonly diagnosed pathogens in superficial infections,
with Trichophyton rubrum being responsible for the
majority of infective cases [1, 2]. Treatment of
dermatophytosis is generally a long and challenging process,
deeply affected by the small number of available antifungal
drugs, the limited number of cellular targets, and the
occurrence of drug resistance [3, 4].

Among mechanisms that render the fungus resistant or
tolerant to toxic compounds, overexpression of drug efflux
pumps belonging to the ATP-binding cassette (ABC)
superfamily or to the major facilitator superfamily (MFS)
comprise a major challenge [5, 6]. Both superfamilies consist
of integral membrane proteins, with a conserved domain
architecture [5]. These multidrug resistance (MDR)
transporter genes are active against diverse unrelated
chemical compounds and extrude them from the cell [7, 8].

*Corresponding author: Antonio Rossi, anrossi@usp.br

The large number of genes encoding these transporters
and the clinical relevance of efflux-mediated drug resistance
supports the need to elucidate the molecular features
involved in transporter interactions and pumping activity
[5]. Further, because of their association with the prominent
efflux-mediated pleiotropic resistance, the relevance of these
transporters in fungal pathogenicity that acts as a virulence
factor is thus becoming evident [6, 9].

In dermatophytes, evaluation of transcription profiles of
ABC transporter genes pdrl, mdr2, and mdr4 showed a
synergistic activity among them in response to antifungal
drug exposure. Further, among the four dermatophytes
evaluated, each presented a gene-specific transcriptional
profile [10]. The Amdr2 mutant strain showed reduced
infectivity on human nails and an enhanced sensitivity to
drugs including terbinafine [6, 11]. The transcript levels of
the mdrl gene were observed to be induced in response to
drugs such as griseofulvin and itraconazole, suggesting its
participation in antifungal resistance [12]. These results
indicate a particular efflux activity, dependent on the chosen
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drug, the gene evaluated, and the organism analyzed.

Global gene-expression analysis is a prominent approach
to evaluate modulatory changes during environmental
challenge. Thus, through RNA sequencing (RNA-seq)
interpretation of a myriad molecular functions in diverse
organisms has been favored [13, 14]. In Trichophyton
rubrum, two RNA-seq data revealed transcriptional
modulation in response to antifungal-active compounds,
undecanoic acid and acriflavine [15, 16]. Among the
identified differentially expressed genes, we selected those
coding for ABC and MEFS transporters and evaluated their
transcriptional profile in response to stressing conditions.

Here we aimed to evaluate the drug efflux-related gene
expression, attempting to examine the role of these drugs in
modulating gene expression.

2. Materials and Methods
2.1. Data analysis and gene selection

The prediction of ABC and MFS domain-containing
proteins was performed using the HMMER v3.1b2 pipeline
[17] in the T. rubrum CBS 118892 (Centraalbureau voor
Schimmelcultures, The Netherlands) genome sequence,
available at ftp://ftp.broadinstitute.org/pub/annotation/
fungi . The hidden Markov model (HMM) was built utilizing
a Pfam multiple alignment based-search of 55 sequences
corresponding to the ABC domain-containing proteins and
other Pfam multiple alignment based-search of 192
sequences corresponding to the MFS domain-containing
proteins, both from different organisms (https://
pfam.xfam.org/family/PF00005 and https://pfam.xfam.org/
family/PF07690 respectively). The resulting models with
epitopes of consensus sequences of ABC and MFS domain-
containing proteins were used to search for homologs in T.
rubrum protein sequences. The genes, whose codes for the
hereinafter identified proteins were confronted with the
differentially expressed genes (DEG) identified in the T.
rubrum undecanoic acid and acriflavine RNA-seq libraries,
are available at the GEO database under accession nos.
GSE102872 and GSE40425. The selected genes are presented
in Table 1.

2.2. T. rubrum strain and culture conditions used in the RNA
-seq libraries assemblage

T. rubrum mycelia obtained from 96 h-culture, starting
from approximately 106 conidia mL! in Sabouraud dextrose
broth (SDB), challenged with 1.75 pg/mL of acriflavine
(Sigma Aldrich Corp., USA), which corresponds to 70% of
its MIC (minimal inhibitory concentration), or with 17.5 pg
mL-1 (70% MIC) of undecanoic acid (Sigma Aldrich Corp.,
USA) were used for RNA extraction and sequencing as
previously published [15, 16]. The strain was maintained as
described previously [18, 19].

3. Results and discussion

A total of 44 DEGs coding for ABC or MES transporters
were identified in two libraries. Among them, 11 are
responsive to both conditions (Table 1.A). Other 19 were
modulated exclusively in response to acriflavine (Table 1.B),
and 14 respond only to undecanoic acid exposure (Table
1.C). A higher number of MFS transporters were modulated
in our experimental conditions, in relation to the ABC
transporter genes.

Among the genes modulated in response to both tested
drugs, four, identified as TERG_01443, TERG_08336,
TERG_02283, and TERG_01623, were inversely modulated
in response to the drugs chosen. Drug exposure repressed
the other concomitantly modulated MDR transporter genes,
four of them belonging to the ABC transporter family and
the other three were MFS transporters. Two of the repressed
MESs were siderophore iron transporters.

In response to acriflavine, more genes were induced than
repressed, belonging mainly to the MEFES transporter
superfamily than to the ABC transporters. Among the
induced genes, we identified a phosphate permease that was
highly modulated (log, = 9.58) presenting two MFS
transporter domains.

Undecanoic acid modulated less MDR transporter genes
than acriflavine, mainly inducing their expression rather
than repressing it. As observed with acriflavine, more MFS
transporter genes were responsive to undecanoic acid
exposure. The inductive effect of MDR transporters is
expressively more related to the initial exposure than to the
later time period of exposure.

The smallest number of genes modulated in both conditions
compared to those that are drug-specific highlights a drug-
dependent activation. Under undecanoic acid challenge,
these genes responded in the earliest time period. Except for
the ABC transporter TERG_01443, the other three genes
responded exclusively in the latest time period of exposure
to acriflavine.

Only three of the DEGs were modulated at all time points,
for each drug tested: TERG_06679, TERG_00955, and
TERG_00402 remained repressed during the 24 h of
acriflavine exposure, and TERG_08130, TERG_05055, and
TERG_03719 remained downregulated in the two time
points of exposure to undecanoic acid.

4.Discussion

Antifungal-active compounds challenge fungal survival.
Through activation of efflux pumps such as the ATP-binding
cassette (ABC) and the major facilitator superfamily (MFS)
transporters, multiple cytotoxic chemicals are actively
extruded from fungal cells, thus playing an important role in
the multiresistance phenomenon [20]. These hostile
environments provoked by each different substance force
fungi to modulate diverse and specific transporters, seeking
to counter their harmful effects.

304 1-81: 66



JIOMICS | VOL 9 | ISSUE 2 | OCTOBER 2019 | 304 | 1-81

Table 1 | MFS and ABC transporter genes modulated in response to acriflavine (ACF) or undecanoic acid (UDA) exposure in T. rubrum.
Modulatory data correspond to the control (in the absence of drug) compared at each time point of drug exposure.

UDA vs. control -

ACEF vs. control - log, log, (RNA-seq fold Number of MES HMM
ID (RNA-seq fold change) change) or ABC Trans- Gene Product Name
. 5 (E-value)
3h 12h  24h 3h 12h porter’ domains
Table 1.A - modulated in response to exposure of ACF and UDA
TERG_01443 1.80 1.52 -1.80 2 4.10E-49 ABC multidrug transporter (T. tonsurans)
TERG_08336 -1.59 2,51 2 1.20E-45 MFS multidrug transporter, putative (A. benhamiae)
TERG_02283 -1.61 2.11 1 1.70E-32 MEFS transporter, putative (T. verrucosum)
TERG_01623 1.72 -2.02 1 2.30E-39 MES transporter (T. equinum)
ABC multidrug transporter mdr2, putative (A.
TERG_08613 -1.70 -2.14 -2.04 2 4.40E-72 i
benhamiae)
TERG_08130 -1.70 -1.77 -2.03 -2.28 2 6.00E-36 ABC ATPase (T. equinum)
TERG_04323 -1.60 -1.56 -1.61 2 1.00E-57 ATP-dependent bile acid permease (T. equinum)
TERG_05617 -2.04 -1.89 1 3.00E-02 Hypothetical protein
TERG_06679 -2.67 -3.26 -3.82 -2.14 2 4.40E-18 MES transporter, putative (A. benhamiae)
TERG_08619 -2.76 . -1.72 -3.56 2 3.20E-17 Siderophore iron transporter mirB (T. equinum)
TERG_08620 -2.25 . -2.61 -2.35 2 3.30E-18 Siderophore iron transporter (T. equinum)
Table 1.B - modulated only in response to exposure of ACF
TERG_04952 2.14 I 1.20E-35 Multidrug resistance protein (T. equinum)
TERG_07801 2.60 3.13 1 6.64E-12 ABC multidrug transporter mdr4
TERG_00762 1.55 1.58 2 9.60E-04 Vesicular-fusion protein SEC18 (M. gypseum)
TERG_07921 1.86 1 3.90E-02 Denylylsulfate kinase
TERG_02583 9.58 2 1.30E-22 Phosphate permease (A. benhamiae)
MFS monosaccharide transporter, putative (T.
TERG_04400 1.56 2 2.00E-21
verrucosum)
MEFS siderochrome iron transporter MirB (T.
TERG_03174 3.69 4.97 2 7.50E-11
Verrucosum)
TERG_02369 1.81 1 5.50E-36 MES transporter (T. tonsurans)
TERG_08059 1.70 1.40E-18 Sugar transporter (T. equinum)
TERG_01623 1.72 1 4.16E-12 MEFS transporter
TERG_03933 -1.73 2 2.00E-53 ABC metal ion transporter
TERG_00955 -1.66 -1.79 -2.29 2 1.30E-52 ABC drug exporter AtrF (T. verrucosum)
TERG_00402 -1.60 -2.10 -2.25 1 2.30E-19 ABC multidrug transporter, putative (T. verrucosum)
TERG_07216 -1.50 1 1.10E-01 Hypothetical protein
TERG_00008 -1.68 2 6.70E-19 MEFS phospholipid transporter (T. tonsurans)
TERG_00820 -2.30 2 7.90E-47 MFS multidrug transporter, putative (A. benhamiae)
TERG_05153 -1.89 -2.37 2 3.50E-26 MES transporter, putative (A. benhamiae)
TERG_07539 -1.64 -3.49 1 6.20E-48 Multidrug resistance protein (T. tonsurans)
TERG_06650 165 2 2.70E-30 MFS monocarboxylate transporter, putative (A.
benhamiae)
Table 1.C - modulated only in resp to exposure of UDA
TERG_04224 2.41 2 7.70E-55 ABC transporter
TERG_02508 1.91 2 1.40E-44 ABC multidrug transporter, putative (A. benhamiae)
TERG_06361 2.13 I 1.60E-02 ATP-dependent protease La
TERG_00162 3.88 1 1.80E-47 MFS multidrug transporter, putative (A. benhamiae)
Siderochrome-iron transporter, putative (A.
TERG_00163 2.12 2 7.40E-19 i
benhamiae)
TERG_05575 2.65 2 7.70E-42 MFS multidrug transporter (T. tonsurans)
TERG_05199 2.06 2 1.30E-40 MES gliotoxin efflux transporter GliA (T. verrucosum)
TERG_05466 1.80 2 6.80E-25 MES transporter, putative (T. verrucosum)
TERG_04227 -2.60 2 4.40E-38 ABC transporter (T. tonsurans)
TERG_04514 -1.86 1 8.30E-02 Cell division control protein 12 (T. tonsurans)
TERG_04308 -2.54 2 1.40E-30 MES sugar transporter (T. tonsurans)
Major facilitator superfamily transporter MFS-1 (M.
TERG_03984 -1.86 1 3.90E-37 i
canis)
TERG_05055 -2.02 -1.64 1 4.80E-44 MFS multidrug transporter (T. tonsurans)
TERG_03719 -2.84 -2.87 2 4.60E-11 MFS sugar transporter (T. tonsurans)
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We examined the transcription modulation of ABC and
MEFS transporter genes in the dermatophyte T. rubrum
challenged with sub-lethal doses of undecanoic acid or
acriflavine. 'The differentially expressed genes were
subdivided in three groups: those responsive to both drugs,
and genes transcribed exclusively in response to each of the
chosen drugs.

A more elevated number of DEGs belonging to the MFS
superfamily, comparing to the ABC transporter genes, were
identified in both libraries, including three genes commonly
expressed and inversely modulated in the presence of the
evaluated drugs. The MFS transporters correspond to the
largest class of secondary active pumps in all branches of life,
and the high number of gene copies indicates a highly
conserved defense potential [20, 21]. MFS are capable of
transporting a huge variety of substances, ranging from
small solutes, in response to chemiosmotic ion gradients, to
drugs presumably acting as Drug:H+ Antiporters (DHA)
[20, 22].

Here, important physiological functions are affected by the
drugs including the transport of siderophore-iron chelates
(TERG_08619, TERG_08620, and others). As previously
proposed, T. rubrum requires iron to overcome toxicity
triggered by acriflavine exposure [15]. Since undecanoic acid
also induced siderophore-related genes we supposed that an
essential modulation profile of iron-related genes plays a role
in stress resistance. Also affected, one sugar transporter is
induced in response to undecanoic acid (TERG_08059), and
the other two are repressed in the presence of acriflavine
(TERG_04308, and TERG_03719). Sugar transport occurs
along a concentration gradient, or operates when the
availability of sugars presents relatively low concentrations
[23]. Resistance to acriflavine and ethidium bromide was
attributed to the qacA transporter from Staphylococcus
aureus, a sugar uptake-related protein [24]. The evaluated
drugs seem to oppositely affect the sugar availability in cells,
recruiting MFS transporters in a particular way.

Among the induced MEFS transporters, one phosphate
permease is expressively upmodulated in response to
acriflavine. In the presence of inorganic phosphate,
Escherichia coli strains become more sensitive to acriflavine,
despite the resistance they present in its absence [25]. Also,
the yeast Hansenula jadinii, when challenged with increasing
amounts of acriflavine, augments phosphorylation activity,
relating the toxic effects of the drug to the phosphate
availability on cells [26].

The DEGs identified as modulated in both drug
conditions, excluding the inversely transcribed ones, are all
repressed (Table 1.A). These genes are supposed to be more
directly related to the drug extrusion activity. As they are
modulated in all time points, their active recruitment
appears to be time- and drug-dependent. Among those
genes, the ABC ATPase (TERG_08130) is repressed in
response to the two time periods of exposure to undecanoic
acid. It is related to the molybdenum cofactor biosynthesis
protein of Talaromyces marneffei thus, being related to

cofactors or prosthetic group transport. Undecanoic acid
also represses other cofactor-related exchangers including
iron and copper transporters, suggesting an interconnection
between the harmful effect of the drug to essential cycles
such as carbon, sulfur, and nitrogen [27]. The putative MFS
transporter (TERG_06679), repressed in response to
acriflavine at all time points, is correlated to the protein
phosphatase 2C from Aspergillus oryzae and may be
repressed in an attempt to counterbalance the activity of
other active phosphatases.

The transcription of the mdr2 gene (TERG_08613),
repressed in response to both drugs, is also presumably
related to drug resistance. This ABC transporter and the
mdr4d gene (TERG_07801), responsive to acriflavine
exposure, were previously evaluated in four dermatophyte
fungi, including the herein evaluated T. rubrum [10].
Disruption of the mdr2 gene induced high transcription
levels of mdr4 in the presence of griseofulvin, suggesting a
counter activity of the mdr4 gene overlapping the mdr2
inactivation, thus providing resistance to this antifungal.
With acriflavine, we observed an inverse pattern of mdr2
and mdr4 modulation indicating activation of mdr4 in
response to the repression of mdr2 [15].

In different situations, it is possible to identify a synergism
of activity among transporters that are apparently redundant
in number and potential activity and are active in improving
stress tolerance and surpassing physiological challenges in a
drug-specific manner. The concomitant modulation of
several MDR transporters highlights their biological
importance and suggests an active bias to stimulate drug
resistance, concurring somehow with fungal defense.

5.Concluding Remarks:

Our results suggest a drug-specific activation of efflux
pumps, resulting in a particular pattern of transcriptional
regulation, possibly, resulting in a drug-specific profiling of
antifungal drug resistance. We also suggest a synergistic
activity of these transporters, with a compensatory activity
against stressing conditions. These observations point to a
singular fungal-response that supports how antifungal drug
resistance varies drastically among organisms and drug
classes.
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ABSTRACT

Almost all children have taken antibiotics as a result of ear infections, strep throat, or other bacterial infections. Some of them feel better soon
and don’t understand why they have to keep taking the medication for the full ten days as prescribed. Others forget to take the medicine, and
then often have to be put on a stronger type of antibiotics. This game enables students to experience a model of the effects of antibiotics on a
population of disease-causing bacteria during an infection. Students learn how variables such as skipping a day of medication affect the
persistence of the disease. A key concept is that almost every naturally occurring population of bacteria that cause disease has a component
that is resistant to antibiotics. By graphing data, students can visually understand why it is important to take a complete course of antibiotics to
kill all the bacteria and decease the likelihood of bacteria becoming resistant, which can be harmful to human health and is a major public

health problem.

Keywords: Antibiotic resistance, Antibiotic education, Model, Simulation game

1. Introduction

As a Professor of Education, and not a research scientist,
the 3rd International Caparica Conference on Antibiotic
Resistance (IC2AR) opened my eyes to the widespread and
serious problem of antibiotic resistance which continues to
be a global public health issue. Dr. Jose Capelo[1], in his
welcome speech and introduction in the book of abstracts,
stated the problem has escalated to levels where the need to
“require medical assistance in a hospital has become a
Russian roulette, as such is the risk to get infected with a
bacteria resistant to antibiotics.” This statement rang so true
when a friend of mine, who recently had surgery, had a
raging infection in his incision. It has been estimated that by
2050, 10 million lives per year will be at risk from antibiotic-
resistant infections [2]. Professor Jose Capelo (2019) stated
we are all “soldiers in the battle of antibiotic resistance.” [1].

Because antibiotics still provide highly effective treatments
for common diseases with important implications for
human health, their proper use is essential. The challenge for
public education is to achieve a meaningful reduction in
unnecessary antibiotic use without adversely affecting the

management of bacterial infections [3]. Antibiotics are the
most commonly prescribed therapy among all medications
given to children [4].

“Children have the highest rates of antibiotic use and they
also have the highest rate of infections caused by antibiotic-
resistant pathogens, but antibiotics are not necessary for the
majority of infections seen in the pediatrician’s office. Parent
pressure can influence a doctor's decision about using
antibiotics. Doctors prescribe antibiotics much more often
for children if they think parents expect them, but less often
if they feel parents do not expect them” [5].

By using a model of how antibiotics work which is actually
a game, students can learn why it is important to take
antibiotics as prescribed. Using a partial dose or stopping
because they feel better leads to antibiotic resistance. As
stated in the Stanford medical health bulletin to parents:

“When an illness does require antibiotic treatment, it's
important that your child take the medication exactly as
prescribed by your pediatrician. Don't stop having your
child take the medication because he or she starts to feel
better. Just as overuse of antibiotics leads to resistant
bacteria, so does using only a partial dose. Each time

*Corresponding author: Eva M. Ogens, Ed.D. 1,1.Ramapo College of New Jersey, 505 Ramapo Valley Road, Mahwah, NJ 07430 USA. Email address:

eogens@ramapo.edu +1 973 632-3969
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antibiotics are taken, sensitive bacteria are killed, but
resistant ones may be left to grow and multiply, according to
the CDC” [5].

The objective of this article is to describe the use of a
simple model to educate young people and their parents, in
fact any person who is not scientifically knowledgeable, on
why antibiotics should be taken as prescribed to avoid the
development of antibiotic resistance.

2. Materials and Methods
2.1. Background

Have you ever taken antibiotics? Imagine you are sick with
a bacterial infection. Your doctor prescribes an antibiotic,
normally taken for 10 days. Did you follow the directions
completely? All antibiotics need to be taken as directed,
which usually means taking all the pills and not stopping
even if you begin feeling better. Why? When harmful
bacteria appear on the scene, your body’s immune system
can usually keep a small population of them under control.
If, however, these bacteria reproduce too quickly, you suffer
the consequences of an infection. Antibiotics help your body
fight off an infection by killing these harmful bacteria.
Unfortunately, a small number of bacteria in any population
may not be affected by the antibiotic as quickly. These
bacteria, which are considered more resistant to the
treatment, continue to reproduce and grow. Completing the
full course of the antibiotic as prescribed by your doctor
helps to make sure that these bacteria do not survive and
therefore won’t make you ill or infect someone else. This
game is a model of how it works.

2.2. Materials needed

Colored disks- any three colors, available on Amazon
(transparent colored counting chips), playing dice - one for
each pair of players. In this activity, we used green or yellow,
blue or purple, and orange or red.

Colored disks represent the bacteria in your body: Green
(or yellow) disks represent the least resistant bacteria, blue
(or purple) represent the resistant bacteria, and orange (red)
represents the most resistant bacteria.

2.3. Materials needed

1. In this activity you will work with your partner to
collect data. Begin with 20 disks, 13 green, 6 blue, and 1
orange. These disks represent the harmful bacteria living in
your body before you begin to take the antibiotic. Set the
extra disks aside for now.

2. It is time to take your antibiotic. Toss the die and follow
the directions on Table 1.

3. Record the number of each type of bacteria in your
body in Table 2.

4. Repeat #2 until all bacteria have been killed!

Table 1 | Game Instructions

YouToss  What Happened What to Do Notes:
The bacteria are repro-
ducing all of the time! As
long as any disks of any
Remove 5 disks, color remain, each time
starting with the add one disk of each
You took the i
L green disks first, color to show they are
antibiotic on N K L
1,3,5,6 X . since they are least still multiplying! For
time, so bacteria i .
beine killed! resistant, then the example, if you have
are !
i blue, and last the resistant (blue) and
orange. extremely resistant
(orange) bacteria in your
body, add 1 blue disk and
1 orange disk to your
If there are any disks
of any color remain-
You forgot to ing, add one disk of
2,4 take the antibi- each color remaining
otic. to represent the fact
that they are still
multiplying!

Table 2 | Chart for recording number of harmful bacteria in your
body [6] (SEPUP, 2010, C-269).

. . Extremely
Round Least resis- Resistant A
X K Resistant Total
Number tant Bacteria Bacteria .
Bacteria
Initial 13 6 1 20
1
2
3
4
5
6
7
8
9
10

5. Use the data to graph the population for each type of
bacteria and for the total number of bacteria on the graph
paper provided. In this example (Supplementary material,
Table S1), the bacteria took 12 days to die completely
because the antibiotic was forgotten three times.

After the data is collected, it should be graphed to show
how the least resistant bacteria die first, followed by the next
resistant bacteria, and finally, the most resistant bacteria.
The graph should visually show, if the antibitoic was
forgotten for a day or two, how the bacteria immediately
reproduce (Supplementary Material, Figure S1).

3. Results and discussion

To assess the value of this presentation, pre (dispositions)
and post (perceptions) surveys were conducted. Fifteen
respondents answered the following questions, using a
Likert scale from strongly agree (5), agree (4), neutral (3),
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disagree (2), strongly disagree (1).

Pre survey:

1. I use modeling in my own work.

2. I was aware of using games to model antibiotic resistance
prior to this session.

3. I believe models are an effective tool for the training and
education of future scientists.

4. Most people without a science background understand
how antibiotics work.

Post survey:

1. This particular game appears to be an effective illustration
for people to gain an understanding of how antibiotics work.
2. The presentation enhanced my belief in the usefulness of
modeling in engaging the interest and understanding of
scientific thinking.

3. The presentation contained practical examples and useful
techniques that applied to current work.

4. The presentation made me think of things in a new way or
see a different perspective.

5. The presentation had a lot of good information and ideas.
6.1 was aware of this type of model prior to this session.

7. The presentation was concise and informative.

8. The presenter answered questions effectively.

9. The presenter maintained my interest during the entire
presentation.

10. The presenter was knowledgeable about the topic and
any related issues.

11. The presentation got people involved and interacting in a
comfortable environment.

12. The presentation should be offered again.

4.Discussion

Overall, the presentation was well-received and
perceptions of the use of model(s) were improved by this
presentation.

The averages of the Pre survey are showed in
Supplementary Material Table S2 and the averages of the
post survey are showed in Supplementary Material Table S3.

In addition, when the activity was originally done with
sixth grade students [7], the following feedback was received:

“I learned that even if you take antibiotics, the bs acteria
keep multiplying. That is why you must take antibioticfor an
extended period of time.”

“I liked this project because it helped me understand how
an infection works; if you don’t treat it the bacteria get
stronger.”

“I learned that bacteria grow in a certain way. I thought it
was cool and I had a lot of fun on learning about bacteria.”

“I liked the activity. Something I learned is [that] the
bacteria still grow when you are getting better.”

“It showed me how to take care of myself better.”

According to the Next Generation Science Standards,
adopted by over 20 states in the United States, and
representing about 36% of all students, modeling is one of
the practices used by scientists and engineers. Students are

encouraged to use models as a helpful tool for representing
ideas and explanations. This model is a fun way for students
and others to interactively see and understand what happens
when antibiotics are misused.

Even those with a great deal of scientific and medical
knowledge recognized the value of modeling antibiotic
resistance. After the presentation at the IC2AR, one
immunologist commented, “The model surprised me when I
drew the graph! (It) made me realize how (a) simple model
can help understanding of a complex issue.” Another
participant said, “You provided me a new form to teach to
my students the ARM phenomenon.”

5.Concluding Remarks:

One of the major contributors to the inappropriate use of
antibiotics is based on insufficient knowledge and therefore
education about prudent antibiotic use aimed at both the
prescribers and the public is important [8]. Educating
young people by using this model of antibiotic resistance
may be one key to meeting the challenges of the battle
against antibiotic resistance. If the young people and their
parents are more knowledgeable, perhaps parents would not
put pressure on doctors to prescribe antibiotics when not
really needed, and each generation will become more savvy
about the proper use of these valuable drugs to combat
infections.

Perhaps we are fighting a losing battle as bacteria continue
to evolve. But we can make some progress by educating the
public about this global problem. Malala Yousafzai said it
eloquently, “There are many problems, but I think there is a
solution to all these problems; it's just one, and it's
education.”
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ABSTRACT

Nek7 is a serine/threonine kinase of the mammalian NIMA-related kinases (Neks) family, which members are involved in the regulation of the
progression of the cell cycle. Although several Nek members have been associated with a range of cell cycle-related tasks, including DNA
repair, a possible role of Nek7 in the DNA-damage response is so far unknown. Here, we employed in vitro and in vivo interaction assays to
identify Matl as a specific Nek7 binding partner and substrate. In addition, we showed that Nek7 pulled down both CDK7 and cyclin H and
directly phosphorylated Matl, indicating that Nek7 may play a role in the regulation of the CAK complex. Furthermore, we showed that both
Nek7 and Matl depletion led to an accumulation of cells in the S-phase, decreased cell proliferation and increased apoptosis. Notably, the
mutational ablation of kinase Nek7 activity also induced increased apoptosis upon DNA damage. Collectively, our findings support the notion
that Nek7 may cooperate with Matl in signal pathways that govern the cell cycle machinery including DDR, S-phase progression and
apoptosis, and thereby can constitute an important novel player for in the context of cellular transformation and tumorigenesis.

Keywords: Nek7, Matl, CAK complex, apoptosis, DNA damage response

1. Introduction

The human Nek? belongs to the NIMA-related kinases or
“Neks” family, that comprises a family of eleven proteins
named Nekl to Nek 11, which have been functionally
associated to mitosis, cilium regulation and DNA damage
response (DDR) [1].

Nek7 interacts with Nek6 and Nek9, both of which are
implicated in cell cycle progression and spindle assembly [1-
6]. Specifically, silencing of Nek7 causes alterations in levels
of y-tubulin in interphase cells and results in an arrest in
prometaphase, whereas its over-expression results in
multinucleated cells and a high proportion of apoptotic cells
[4]. In addition, reduced interphase-microtubules growth
and contraction speed were observed after Nek7
suppression, showing that Nek7 influences microtubule

dynamics [6]. Salem and colleagues [7] showed that Nek?
absence is lethal during embryogenesis, indicating the
importance of Nek7 in the development and survival of the
organism. Moreover, additional studies have found higher
Nek7 expression levels in cancers of larynx, breast, colorectal
and gallbladder [8]. Recently, studies showed that NEK7
plays an important role in the regulation of NLRP3
inflammasome activation [9] and its overexpression induces
the production of abnormal cells, including the
multinucleated cells and apoptotic cells which are closely
linked to inflammation [10]. Moreover, Nek7 might be
involved  in  hepatocarcinoma  progression by
regulating cyclin Bl expression [11].” More recently, the
recruitment of Nek7 was shown in TR1 regulation, in
response to oxidative telomeric DNA damage [12],
demonstrating once more the typical multi-functionality

*Corresponding author: Jorg Kobarg, jorgkoba@unicamp.br; Tel.: +55-19-3521-1443.
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found for many protein kinases. Thus, these findings suggest
that Nek7 is an essential component to cell division
regulation and consequently a possible involvement in
tumorigenesis maybe predicted.

We have previously shown in yeast two-hybrid screens
that Nek?7 interacts with Cyclin-dependent kinase (CDK)-
activating kinase assembly factor Matl [13], which along
with cyclin H and CDK?7 forms the CDK-activating kinase
(CAK) complex [14]. CAK complex composes the kinase
subunit of the basal Transcription factor IIH (TFIIH), that
participates in nucleotide excision repair (NER) [15],
transcriptional and cell cycle regulation [16]. Recently Patel
and co-workers [17] found that expression of CDK7, Cyclin
H and MATI is elevated in breast cancer, suggesting that
this tumor type may be especially sensitive to CDK7
inhibition and that the CDK7 over-expression may
contribute to an elevated chemo-resistance of cancer cells in
comparison to normal tissues. In essence, Matl plays a role
in the cell cycle control by modulating the expression of
CDK?7 and cyclin H [18], determining the CAK substrate
specificity towards important cell cycle players such as p53
[19] and pRb [20], and monitoring the TFIIH-DNA damage
response [21]. However, no record exists about upstream
Matl players in regard to cell cycle regulation. In addition,
although we previously speculated about a possible
connection of Nek7 with the DDR, based on in silico
analyses [1], no experimental data so far reported an
involvement of Nek7 in the DDR.

Here, we provide the first evidence of functional
involvement of Nek?7 in the DDR. Through in vitro and in
vivo interaction studies, we demonstrate that Mat1 is a novel
Nek?7 interactor and substrate. Our observations also
indicate that Nek7 associates to the other CAK proteins
CDK7 and Cyclin H, indicating that Nek7 could participate
in the regulation of CAKs tasks. Since Matl is a member of
the CAK kinase that is crucial for DNA repair and cell cycle
progression, we investigated the Nek?7 involvement along
with Matl in DDR and cell cycle regulation. In this regard,
we showed that Nek7 or Matl depletion led to an
accumulation of cells in the S-phase and decreased cell
proliferation. Importantly, we further found that expression
of a kinase inactive variant of Nek7 leads to increased levels
of apoptosis, upon UV-light induced DNA damage. Based
on our results we propose that Nek7 and Mat1 are involved
in monitoring the integrity of the genome and to protect
cells from accumulating genetic damage.

2. Materials and Methods
2.1. Immunoprecipitation

Cells were lysed in lysis buffer [20 mM Hepes (pH 7.4),
150 mM NaCl, 1% Triton, 10% Glycerol, 1 mM EGTA,
ImM EDTA, protease and phosphatase inhibitor cocktail
(1:100, SIGMA)]. Cell lysates were incubated and gently
rocked for 1h, at 4 °C, in ANTI-FLAG®* M2 Affinity gel.

Resin and them the immune complexes were precipitated,
washed using TBS1X and were subjected to immunoblot
analysis.

2.2. Recombinant protein purification and Pull Down assay

Full-length Nek7 (6xHis-Nek7) construct was obtained as
previously reported by de Souza [13]. For pull down assay,
100 pl Ni-NTA Agarose (Qiagen), was washed twice with 1
mL of wash buffer (50 mM Tris-HCI, pH 8,0; 1% NP40 and
1% protease inhibitor). Then, 100 ug of 6xHis-Nek7 was
bound to the Ni-NTA agarose resin and incubated for four
hours, by gentle rocking at 4°C. The resin containing the
6xHis-Nek7 was washed three times with 1 mL of wash
buffer, and incubated over-night at 4°C with 800 pg
HEK293T lysate. Afterwards, the resin containing the
protein-protein complex was washed three times with ImL
of wash buffer, and analyzed by SDS-PAGE and Western
blotting, using the indicated specific antibodies against the
tagged proteins.

2.3. In vitro kinase assay

For In vitro kinase assay, 0.5 pg of GST-Nek?7 and 0.5 pg of
each substrate were suspended in kinase assay buffer (20
mM Hepes, pH 7.4, 5 mM MgCl,, 1 mM NaF, 2 mM f-
glycerophosphate, 100 uM ATP, 1 mM dithiothreitol),
supplemented with 1 pCi of [y-Ps,]-ATP, and incubated at
room temperature for 1 hour. SDS-PAGE sample buffer was
then added, to stop the reaction, followed by incubation at
100°C for 5 minutes. Proteins were then separated by SDS-
PAGE, and gel was dried and autoradiographed.

2.4. Cell culture and plasmid transfections

HEK293T and HeLa cells were cultured in DMEM
supplemented with 10% fetal bovine serum. Cells were
transfected using Lipofectamine reagent. 4 pg DNA was
added to 700 pl of optiMEM and 30 pl of lipofectamine and
this mixture was incubated for 20 minutes at room
temperature. The mixture was subsequently added to the cell
growth medium, and cells were incubated for 48 h prior to
medium exchange.

2.5. Viral transduction

The Nek7 and Matl knock down lines were produced by
viral transfection using a lentiviral system carrying short-
interfering RNAs (shRNAs) designed to target human Nek?7
or Matl: - shRNANek7 = TRCN0000001967,5-
CTTTAGTTGGTACGCCTTATT-3" (generating clone
Nek7-N767), - shRNANek7 = TRCN0000001969, 5'-

GAAGAGTGTAACCAAAGTAAT-3" (generating clone
Nek7-N769); - shRNAMatl= TRCN0000019944, 5'-
CCTAGTCTAAGAGAATACAAT-3" (generating clone
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Matl.1), - shRNAMatl = TRCN0000019945, 5°-
GCTATACTTCTTCTCTTGCTT-3"(generating clone
Matl.2), all purchased from The RNAi Consortium (TRC)
(UMASSmed core, Worchester, USA). The lentiviral
particles were introduced into HeLa cells according to the
manufacturer's instructions and stable cell lines were
generated by selection with 3.5 pg/ml puromycin (Sigma-
Aldrich). Two stably transfected clones named N769, N767
(for Nek?7) and two others for Matl (named MATI1.1 and
MAT1.2) were obtained and analyzed. The efficacy of Nek?
and Mat1-depletion was assessed by Western Blotting (WB).

2.6. UV irradiation

For UV irradiation, HEK293T or HelLa cells were seeded
at 70% confluence and then subjected to different doses of
UV- C irradiation for different times, using a UV source
ENF-260C/FE  Spectroline® UV  lamp  (Spectronics
Corporation, Westbury, NY, USA). The UV dose used for all
experiments was 50 J/m?, followed by a recovery period of
for 2 h, in a CO, incubator at 37°C and protected from
further light.

2.7. Flow cytometry and EAU labeling for fluorescence
microscopy

Flow cytometry was used for cell cycle and apoptosis
analysis. For cell cycle analysis, cells were fixed with 70%
ethanol, stained with 100 pg propidium iodide and analyzed
by flow cytometry using FACS Canto II (Becton Dickinson).
For apoptosis determination we used the FITC Anexin V
Apoptosis Detection Kit (BD Pharmingen™) and followed
the manufacturer's instructions. To detect DNA synthesis (S
-phase), cells were incubated for 2 hours with 30 puM
thymidine analog EdU (5-ethynyl-2'-deoxyuridine). EdU
incorporation was detected using click Chemistry reaction
and azide labelled with Alexa Fluor 488, according to
manufacturer instructions (Click-iT Edu Image Kkit,
Invitrogen). The images were captured by confocal laser
scanning microscope (Leica TCS SP8) and analyzed and
processed using Image ] 1.43

2.8. Immunofluorescence microscopy

To immunofluorescence assay, cells irradiated or not with
UV-C were fixed and permeabilized with 3.7%
formaldehyde solution (Sigma-Aldrich, F1635), containing
0.2% Triton X-100 in PBS 1X, then blocked for 30 min in
blocking buffer containing 3% bovine serum albumin, and
0.1% Triton X-100 (Sigma-Aldrich) in PBS. The cells were
incubated for 1 hour with primary antibodies, diluted in
blocking buffer, containing mouse anti-phospho-Histone
H2A X (EMD Millipore 05-636; 1:500 dilution). Then, cells
were washed with 1x PBS and incubated with secondary
antibody chicken anti-mouse Alexa Fluor 488 - (dilution

1:500) for 40 min. Hoechst was used to stain DNA.- Data
image were collected on a Zeiss LSM 780 NLO Confocal
Microscope (Carl Zeiss AG, Germany) using 40X or 100X
lens. Series of Z stack images were captured from 0.5 um
thick sections and images were processed using Image ]
software program (http://rsb.info.nih.gov/ij/).

3. Results and discussion

3.1. Nek?7 is associated to CAK complex and phosphorylates
Matl

In response to genotoxic stress, cells protect their genomes
integrity by activating a conserved DDR pathway that
coordinates DNA repair and cell cycle progression [26, 27].
Clear roles for Nek7 in regulating the cell cycle [4, 28], as
well as for Matl in the cell cycle response to DNA-damaging
agents have been established [29, 30, 21, 14]. However, there
has so far been no evidence to support an involvement of
Nek7 in DNA damage-induced cell-cycle regulation, via
Matl. We have earlier reported a yeast two-hybrid screens
for Nek7 that resulted in the identification of the CAK
assembly factor Matl as a Nek7 interactor [13]. This
interaction prompted us to investigate if Nek7 can associate
with the others CAK components and if Matl is
phosphorylated by Nek?, to obtain clues about possible new
functions for this protein. Toward this end, we performed
pull down assay using recombinant Nek7 as bait and
endogenous CDK7, Cyclin H and Matl as prey from
HEK293T cells. As shown in the Western blots in Fig. 1A,
Nek7 was able to associate specifically with all CAK
components, but not with the control protein RAR,
indicating that it can be found in association with the CAK

* |oxHis-Nek7
Imput
PD Nek7
Mat1-GST

GST-Control

Nek7—>

Cyclin H—|

CDK7—>

Nek7 Full His— | & |

Figure 1 | Nek7 is associated to CAK complex and phosphorylates
Matl. A) Imuno blot detection (anti Nek7, Cyclin H, CDK7, Mat1 or
RAR) of co-precipitated proteins from pull-down (PD) of recombi-
nant Nek?7 (6xHis-Full-Length-Nek7) from Hek293T (detection of
endogenous Cyclin H, Cdk7 and Matl). RAR was used as a negative
control. The pull-down assay results are based on three independent
experiments. B) Autoradiography of P, labelled proteins. Recombi-
nant 6xHis-Nek7 phosphorylates GST-full-length-Mat1, but not the
negative control protein GST.

Mat1—>

RAR

N
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complex. In order to determine whether the CAK assembly
factor Matl can serve as a substrate for Nek7, an in vitro
kinase assay was performed, using recombinant Nek7 and
Matl. The results show that Matl is indeed phosphorylated
by Nek?7 (Fig. 1B) in vitro. These findings are in line with our
previous report of Matl being an Nek7 interactor and
substrate [13] and supply further evidence that different
CAK components could be regulated by Nek7 to mediate
CAK functions in the context of the cell cycle, apoptosis and
potentially DNA repair.

Thus, we speculated that the interaction and
phosphorylation of Matl by Nek7 may influence the
equilibrium between the free ternary CAK and the core
TFIIH-related CAK. In this context, Nek7 could contribute
to regulating Matl functions, including mechanisms that
involve the substrate specificity of CDK7 [31, 32], cyclin H
expression regulation [18] or Matl participating in
nucleotide excision repair [30,14].

3.2. Nek7 and Matl regulate UV-induced DDR during S-
phase

Recent data have shown that CAK proteins are involved in
DNA repair mechanisms, particularly in UV damage
response, with Mat1 being rapidly recruited to the injury site
[14]. UV radiation is among the most frequent causes of
DNA damage to cells that lead to a DNA damage repair, cell
cycle arrest and apoptosis [22]. Since Matl has been
previously implicated in DNA damage repair [14], our
detection of the Nek7-Matl interaction and
phosphorylation, raised the hypothesis that both proteins
may cooperate in the UV-induced DDR.

To explore this connection, Matl or Nek7 were depleted
by shRNA from HeLa cells (Fig. 2A-B), irradiated or not
with 50 J/m2 UV and examined by immunofluorescence
staining of phosphorylated histone yH2AX (Suppl. Fig.1), a
key player of the UV-induced DDR that when detected in
the form of nuclear foci, is considered to be a marker of
formation of DNA double-strand breaks (DSBs) [23, 24].
The results show that the UV treatment promoted a nuclear
accumulation of YH2AX suggesting that Nek7 or Matl
inhibition somehow is involved in either inducing or
increasing the UV-derived DNA damage. Increased levels of
YH2AX may result in the activation of DDR and the
phosphorylation of the ATM and ATR kinases, which in
turn activate the mitotic checkpoints Chkl, Chk2 and the
pro-apoptotic p53 protein, to induce cell cycle arrest with
accumulation of cells in the S-phase and apoptosis [35].
Thus the possible relation of Nek7/Matl with other proteins
involved in this pathway should be better characterized in
the future.

Under these conditions, Nek?7 or Matl depleted cells (Fig.2
AB) were submitted to cell cycle analysis using flow
cytometry. According to Fig. 2D, in the non-irradiated
condition, after Nek7 depletion the percentage of cells in the
S-phase (replicating cells) presented an increase of about 5%,

while upon Matl depletion, there was an increase of 30%
when compared to shRNA-control transfected cells. When
these cells were UV irradiated (Fig. 2E) we observed an
increase of the percentage of cells in the S-phase of 18.5%
(Nek7 depletion) or 28.8% (Matl depletion). Therefore,
Nek7 or Matl inhibition led to decreased accumulation of
cells in the S-phase. These findings support the notion, that
interference with Nek7 or Matl may regulate DNA
replication during S-phase upon DNA damage and can
potentially affect cell proliferation.

To further explore this hypothesis, we decided to
investigate whether Nek7 and Matl have roles in cell
proliferation. To this end, cells over-expressing Nek7 wild-
type or Nek7 or Matl-depleted (Fig. 2A and 2B, respectively)
were irradiated or not with 50 J/m2 of UV-C, and then
labeled with EdU (5-ethynyl-2'-deoxyuridine). Then, cell
proliferation was assessed by fluorescence microscopy and
flow cytometry.

Fig. 3 (A and B) shows that after UV light exposure all cell
types tested showed a significant decrease in proliferation.
However, in the cells with Nek7-overexpression, the
proliferation was significantly higher and in the cells with
Nek7 (Fig.3B) or Matl (Fig. 3D) depletion, the EdU
incorporation was significantly reduced, or abolished, after
UV light exposure (Fig. 3A-D). These results are consistent
with Nek7 or Matl regulating the S-phase (Fig 2D and E),
and suggest that inhibition of Nek7 and mainly Matl affect
cellular proliferation mostly after in DNA damage
conditions.

3.3. Nek7 and Mat1 trigger UV-induced apoptosis

Based on the above results, we decided to check if Nek7 or
Matl could, eventually, increase UV-induced apoptosis as a
consequence of both the cell cycle arrest and increase in the
number of cells in the S-phase. Therefore, we examined
whether UV-induced apoptosis is affected by Nek7 and
Matl. To this end, Nek7 or Matl-depleted cells as well as
wild-type Nek7 or “kinase dead” Nek7 (Nek7K63A and
Nek7K63/64A) overexpressing cells (Fig. 2A-C), were
irradiated with 50 J/m2 of UV-C to be submitted to an
apoptosis assay, using flow cytometry.

Indeed, Nek7 or Matl depletion induced a significant
increase of the cell s percentage undergoing apoptosis (Fig.
4A and 4B, respectively and Suppl. Fig. 2A and B), with a
higher tendency to additionally increase after UV
irradiation.

Interestingly, there was a decreased percentage of cells
undergoing apoptosis upon UV irradiation after wild-type
Nek?7 over-expression, in opposition to what is observed
after “kinase dead” Nek7 over-expression (Fig. 4C and
Suppl. Fig.3). These results are in line with the UV-induced S
-phase arrest following wild-type Nek7-overexpression (Fig.
3 A-B) and suggest that Nek7 and its kinase activity are
important to protect the cells of UV-induced apoptosis.

Together, these findings may indicate that Nek7 and Matl
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Figure 2 | Nek7 and Matl regulate S-phase upon induction of DDR by UV irradiation. A) Western blot (anti-Nek7 imuno blot) of Hek293T
cells showing the Nek7 wild type, over-expression of Nek7-Flag and also Nek7 depletion by shRNA; B) Western blot of Hek293T cells show-
ing Mat1 depletion by shRNA; C) Western blot of Hek293T cells showing the over expression of Nek7 with two different point mutations in

the kinase domain (Nek7-K63A and Nek7K63/64A). GAPDH antibody was used as loading control. D-E) Graphs represent the FACS analy-

sis showing the cell cycle distribution - The bars correspond to the different phases of the cell cycle (G1, S, G2 fases) for control cells depleted

for Nek7 or Matl in normal conditions and after UV irradiation respectively. D. Statistical significant differences between columns 1 and 3
and between columns 4 and 6: P < 0.05 calculated using two-way ANOVA, Bonferroni post-test (GraphPad Prism). P< 0-05 calculated using

50 J/m2 of UV-C light and recovered for 2 hours.
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Figure 3 | Nek7 and Matl modulate cell proliferation: A) Non transfected Hek293T (control), over-expressing Nek7 (Nek7-Flag) and deplet-
ed for Nek7 (shRNA-Nek?7), were irradiated or not with 50 J/m2 of UV-C light and recovered for 2 hours. After this the cells were stained
with Alexa Fluor 488-EdU for cell replication analysis by fluorescence microscopy. Cell stained green are replicating. B) Representative
graphs of the experiment shown in A, indicating the percentage of replicating cells. Cultures irradiated with UV (grey bars) or not (green
bars). (¥, **) indicate P < 0,05; calculated using two-way ANOV A, Bonferroni post-test (GraphPad Prism). C) The same experiment show in
B was done for Matl depleted cells (shRNA-Matl). D) Representative graphs of the experiment shown in C, indicating the percentage of
replicating cells. Cultures irradiated with UV (grey bars) or not (green bars). (**) Indicates P < 0,05 calculated using two-way ANOVA, Bon-
ferroni post-test (GraphPad Prism).
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observed for inactivated (without kinase activity) Nek7 over-
expression. Taken together these findings support the
hypothesis that Nek7 and Matl can affect cell cycle
progression by promoting selective accumulation of cells in
the S phase, upon DNA damage.

This study provides evidences that cell cycle arrest and
apoptosis mediated through Nek7 and Matl may dependent
on the activation of the DDR pathway, suggesting that Nek?
and Matl carry out their functions by temporarily halting
cell proliferation, perhaps by engaging in specific cell cycle
checkpoints or may alternatively affect CDK7s activity
toward p53 [33, 19, 34]. The latter possibility suggests that
triggering of p53 may then indirectly result in activating the
response to DNA damage followed by DNA repair.

4.Conclusion

Here, we report that Nek7 interacts with the CAK
complex and may cooperate with Matl in the S-phase
regulation, in response to DNA damage. Thus, we speculated
that the interaction and phosphorylation of Matl by Nek7
may influence the equilibrium between the free ternary CAK
and the core TFIIH-related CAK. In this context, Nek7
could contribute to regulating Matl functions, including
mechanisms that involve the substrate specificity of CDK7
[31, 32], cyclin H expression regulation [18] or Matl
participating in nucleotide excision repair [30,14].

Our results show that Nek7 or Matl depletion led to a
decreased cell proliferation, accumulation of cells in the S-
phase and ultimately to an increase in apoptosis.

Alternatively, Nek7 and Matl may cooperate in
mechanisms to eliminate cells by switching from non-
successfully repaired UV-induced DNA damage to
apoptosis. This model is consistent with the previous reports
that over-expression of a kinase-defective form of Nek7 or
its silencing result in both higher mitotic index and higher
apoptosis [4,28]. Matl defective cells fail to enter S phase
[36], and RNA antisense depletion of Matl in rat aortic
smooth muscle cells induced a Gl arrest followed by
apoptosis [37]. Both Nek7 and Matl gene knock-out in mice
severely affect mitosis and lead both to early embryonic
lethality [7, 18]. The details of the functional mechanism
involved in the Nek7-Matl interplay, yet need to be
determined in future experiments.

Briefly, our findings support the notion that Nek7 may

cooperate with Matl in the signaling pathways that govern
the cell cycle regulatory machinery, including DDR, S-phase
progression and apoptosis, and thereby can constitute an
important natural barrier against cellular transformation
and tumorigenesis.
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