
Journal of Integrated 

OMICS

a methodological journal 

Editors-in-Chief

Carlos Lodeiro-Espiño

Florentino Fdez-Riverola

Jens Coorssen

Jose-Luís Capelo-Martínez

Volume 13 | Issue 2 | December 2023 ISSN 2182-0287



JIOMICS® 2023 

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-Espiño, University NOVA of Lisbon, Portugal 
Florentino Fdez-Riverola, University of Vigo, Spain 
Jens R. Coorssen, Brock University, Ontario, Canada 
Jose-Luís Capelo-Martínez, University NOVA of Lisbon, Portugal 
 
Regional editors 
ASIA 

 
Nelson Cruz 
Saudi Arabia 
 
 
Europe 

 
Gilberto Igrejas 
University of Trás-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 
 
 
Randen Patterson 
Center for Computational Proteomics, The Pennsylvania State University, 
US 
 
 

 
Jens R. Coorssen 
Brock University, Ontario, Canada 
 
 
South America 

 
Marco Aurélio Zezzi Arruda 
University of Campinas - Unicamp 
 
Carlos H. I. Ramos 
ChemistryInstitute – UNICAMP, Brazil 
 

 

 

 

Associated editors 
 
AFRICA 
 
Saffaj Taouqif 
Centre Universitaire Régional d’Interface, Université Sidi Mohamed Ben 
Abdallah, route d’Imouzzar-Fès, Morocco 
 
ASIA 

 
Amita Pal 
Division of Plant Biology, Bose Institute, Kolkata, India  
Ashish Gupta 
Centre of Biomedical Magnetic Resonance, SGPGIMS Campus, India 

Canhua Huang 
The State Key Laboratory of Biotherapy, West China Hospital, Sichuan 
University, PR China 
Ching-Yu Lin 
Institute of Environmental Health, College of Public Health, National 
Taiwan University, Taipei, Taiwan 
Chantragan Srisomsap 
Chulabhorn Research Institute, Bangkok, Thailand 
Debmalya Barh 
Institute of Integrative Omics and Applied Biotechnology (IIOAB), India 
 
 



JIOMICS® 2023 

Eiji Kinoshita 
Department of Functional Molecular Science, Graduate School of 
Biomedical Sciences, Hiroshima University, Japan 
Fan Chen 
Institute of Genetics and Developmental Biology, Chinese Academy of 
Sciences (CAS), 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 
Hai-Lei Zheng 
School of Life Sciences, Xiamen University, China 
Hsin-Yi Wu 
Institute of Chemistry, Academia Sinica, Taiwan 
Ibrokhim Abdurakhmonov 
Institute of Genetics and Plant experimental Biology Academy of Sciences 
of Uzbekistan, Uzbekistan 
Jianghao Sun 
Food Composition and Method Development Lab, U.S. Dept. of Agriculture, 
Agricultural Research Services, Beltsville, USA 
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 
Kobra Pourabdollah 
Razi Chemistry Research Center (RCRC), Shahreza Branch, Islamic Azad 
University, Shahreza, Iran 
Krishnakumar Menon 
Amrita Center for Nanosciences and Molecular Medicine, Amrita Institute 
of Medical Sciences, Kochi, Kerala, India 
Mohammed Rahman 
Center of Excellence for Advanced Materials Research (CEAMR), King 
Abdulaziz University, Jeddah, Saudi Arabia 
Ningwei Zhao 
Life Science & Clinical Medicine Dept.；Shimadzu (China) Co., Ltd 
Poh-Kuan Chong 
National University of Singapore, Singapore 
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 
Suresh Kumar 
Department of Applied Chemistry, S. V. National Institute of Technology, 
Gujarat, India 
Toshihide Nishimura 
Department of Surgery I, Tokyo Medical University, Tokyo, Japan 
Vishvanath Tiwari 
Department of Biochemistry, Central University of Rajasthan, India 
Xuanxian Peng 
School of Life Sciences, Sun Yat-sen University, Guangzhou, China 
Youxiong Que 
National Research & Development Center for Sugarcane, China Agriculture 
Research System(CARS), Fujian Agriculture & Forestry University, 
Republic of China 
Yu Wang 
Department of Pharmacology and Pharmacy, the University of Hong Kong, 
China 
Zhiqiang Gao 
Department of Chemistry, National University of Singapore 
 
 
AUSTRALIA AND NEW ZEALAND 
 
Emad Kiriakous 
Queensland University of Technology (QUT), Brisbane, Australia 
Joëlle Coumans-Moens 
School of Science and Technology, School of Medicine, University of New 
England, Australia 
 

Maurizio Ronci 
Mawson Institute, University of South Australia, Mawson Lakes, Australia 
Michelle Colgrave 
CSIRO Livestock Industries, St Lucia, Australia 
Peter Hoffmann 
Institute for Photonics & Advanced Sensing (IPAS), School of Chemistry 
and Physics, University of Adelaide, Australia 
Valerie Wasinger 
Bioanalytical Mass Spectrometry Facility, Mark Wainwright Analytical 
Centre, University of NSW, Australia 
Wujun Ma 
Centre for Comparative Genomics, Murdoch University, Australia 
 
 
EUROPE 

 
AhmetKoc, PhD 
Izmir Institute of Technology, Department of Molecular Biology & Genetics, 
Urla, İzmir, Turkey 
Alejandro Gella 
Department of Basic Sciences, Neuroscience Laboratory, Faculty of 
Medicine and Health Sciences, Universitat Internacional de Catalunya, 
Sant Cugat del Vallès-08195, Barcelona, Spain 
Angelo D'Alessandro 
Università degli Studi della Tuscia, Department of Ecological and Biological 
Sciences, Viterbo, Italy 
Antonio Gnoni 
Department of Medical Basic Sciences, University of Bari "Aldo Moro", Bari, 
Italy 
Ana Varela Coelho 
Instituto de Tecnologia Química e Biológica (ITQB) Universidade Nova de 
Lisboa (UNL), Portugal 
Anna Maria Timperio 
Dipartimento Scienze Ambientali Università della Tuscia Viterbo, Italy 
Andrea Scaloni 
Proteomics and Mass Spectrometry Laboratory, ISPAAM, National 
Research Council, via Argine 1085, 80147 Napoli, Italy 
Angel P. Diz 
Department of Biochemistry, Genetics and Immunology, Faculty of Biology, 
University of Vigo, Spain 
Angela Chambery 
Department of Life Science, Second University of Naples, Italy 
Anna-Irini Koukkou 
University of Ioannina, Department of Chemistry, Biochemistry 
Laboratory, Greece 
António Sebastião Rodrigues 
Departamento de Genética, Faculdade de Ciências Médicas, Universidade 
Nova de Lisboa,Portugal 
Arzu Umar 
Department of Medical Oncology, Laboratory of Breast Cancer Genomics 
and Proteomics, Erasmus Medical Center Rotterdam Josephine Nefkens 
Institute, Rotterdam, The Netherlands 
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 
Bruno Manadas 
Center for Neuroscience and Cell Biology, University of Coimbra, Portugal 
Carla Pinheiro 
Plant Sciences Division, Instituto de Tecnologia Química e Biológica 
(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 
Celso Vladimiro Cunha 
Medical Microbiology Department, Institute of Hygiene and Tropical 
Medicine, New University of Lisbon, Portugal 
 



JIOMICS® 2023 

Christian Lindermayr 
Institute of Biochemical Plant Pathology, Helmholtz Zentrum München, 
German Research Center for Environmental Health, Neuherberg, Germany 
Christiane Fæste 
Section for Chemistry and Toxicology Norwegian Veterinary Institute, 
Oslo, Norway 
Christophe Cordella 
UMR1145 INRA, Laboratoire de Chimie Analytique, Paris, France 
Cosima Damiana Calvano 
Universita' degli Studi di Bari, Dipartimento di Chimica, Bari, Italy  
Daniela Cecconi 
Dip. diBiotecnologie, LaboratoriodiProteomica e Spettrometriadi Massa, 
Universitàdi Verona, Verona, Italy 
Deborah Penque 
Departamento de Genética, Instituto Nacional de Saúde Dr Ricardo Jorge 
(INSA, I.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 
Elia Ranzato 
Dipartimento di Scienze e Innovazione Tecnologica, DiSIT, University of 
Piemonte Orientale, Alessandria, Italy 
Elisa Bona 
Università del Piemonte Oientale, DISIT, Alessandria, Italy 
Elke Hammer 
Interfaculty Institute for Genetics and Functional Genomics, Ernst-Moritz-
Arndt Universität, Germany 
Enrica Pessione 
University of Torino, Life Sciences and Systems Biology Department, 
Torino, Italy 
Federica Pellati 
Department of Life Sciences, University of Modena and Reggio Emilia, Italy 
François Fenaille  
CEA, IBiTecS, Service de Pharmacologie et DImmunoanalyse (SPI), France 
Fulvio Magni 
Department of Health Science, Monza, Italy 
Georgios Theodoridis 
Department of Chemistry, Aristotle University, Greece 
Gianfranco Romanazzi 
Department of Environmental and Crop Sciences, Marche Polytechnic 
University, Italy 
Giorgio Valentini 
Università degli Studi di Milano, Dept. of Computer Science, Italy 
Helen Gika 
Chemical Engineering Department, Aristotle University of Thessaloniki, 
Greece 
Hugo Miguel Baptista Carreira dos Santos 
REQUIMTE-FCT Universidade NOVA de Lisboa, Portugal 
Iñaki Álvarez 
Institut de Biotecnologia i Biomedicina Vicent Villar Palasí, Universitat 
Autònoma de Barcelona, Barcelona 
Jane Thomas-Oates 
Centre of Excellence in Mass Spectrometry and Department of Chemistry, 
University of York, Heslington, UK 
Jens Allmer 
Molecular Biology and Genetics, Izmir Institute of Technology, Urla, Izmir, 
Turkey 
Jesús Jorrín Novo 
Agricultural and Plant Biochemistry, Proteomics Research Group, 
Department of Biochemistry and Molecular Biology, Córdoba, Spain 
Johan Palmfeldt 
Research Unit for Molecular Medicine, Aarhus University Hospital, Skejby, 
Aarhus, Denmark 
Jose Câmara 
University of Madeira, Funchal, Portugal 
Juraj Gregan 
Max F. Perutz Laboratories, University of Vienna, Austria 
 

Karin Stensjö 
Department of Photochemistry and Molecular Science, Ångström 
laboratory, Uppsala University, Sweden 
Kay Ohlendieck 
Department of Biology, National University of Ireland, Maynooth, Co. 
Kildare, Ireland 
Konstantinos Kouremenos 
Department of Chemistry, Umea University, Sweden 
Luisa Brito 
Laboratório de Microbiologia, Instituto Superior de Agronomia, Tapada da 
Ajuda, Lisbon, Portugal 
Marco Lemos 
GIRM & ESTM - Polytechnic Institute of Leiria, Peniche, Portugal 
María Álava 
Departamento de Bioquimica y Biologia Molecular y Celular, Facultad de 
Ciencias, Universidad de Zaragoza, Spain 
María de la Fuente 
Legume group, Genetic Resources, Mision Biologica de Galicia-CSIC, 
Pontevedra, Spain 
Maria Gabriela Rivas 
REQUIMTE/CQFB, Departamento de Química, Faculdade de Ciências e 
Tecnologia, Universidade Nova de Lisboa, Portugal 
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. Química-REQUIMTE, Faculdade de Ciências e Tecnologia, 
Universidade Nova de Lisboa, Portugal 
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 
Michel Jaquinod 
Exploring the Dynamics of Proteomes/Laboratoire Biologie à Grande 
Echelle, Institut de Recherches en Technologies et Sciences pour le Vivant, 
Grenoble, France 
Mónica Botelho 
Centre for the study of animal sciences (CECA)/ICETA, Porto, Portugal 
Pantelis Bagos 
Department of Computer Science and Biomedical Informatics, University 
of Central Greece, Greece 
Patrice Francois 
Genomic Research Laboratory, Service of Infectious Diseases, Department 
of Internal Medicine, Geneva 
Patrícia Alexandra Curado Quintas Dinis Poeta 
University of Trás-os-Montes and Alto Douro (UTAD), School of Agrary and 
Veterinary Sciences, Veterinary, Science Department, Portugal 
Pedro Rodrigues 
Centro de Ciências do Mar do Algarve, CCMAR, Faro, Portugal 
Per Bruheim 
Department of Biotechnology, Norwegian University of Science and 
Technology, Trondheim, Norway 
Philipp Hess 
Institut Universitaire Mer et Littoral(CNRS - Université de Nantes - 
Ifremer), Nantes, France 
Pieter de Lange 
DipartimentodiScienzedellaVita, SecondaUniversità degli Studi di Napoli, 
Caserta, Italy 
Ralph Fingerhut 
University Children`s Hospital, Swiss Newborn Screening Laboratory, 
Children`s Research Center, Zürich, Switzerland 
Rubén Armañanzas 
Computational Intelligence Group, Departamento de Inteligencia Artificial, 
Universidad Politécnica de Madrid, Spain 
Ruth Birner-Gruenberger 
Medical University Graz, Austria 
 



JIOMICS® 2023 

 
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 Döker 
Cankiri Karatekin University, Chemistry Department, Cankiri, Turkey 
Simona Martinotti 
Dipartimento di Scienze e Innovazione Tecnologica, DiSIT, University of 
Piemonte Orientale, Alessandria, Italy 
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 Orrù 
University if Naples Parthenope, Naples, Italy 
Tâmara García Barrera 
Departamento de Química y Ciencia de losMateriales, Facultad de Ciencias 
Experimentales, Universidad de Huelva, Spain 
Vera Muccilli 
DipartimentodiScienzeChimiche, UniversitàdiCatania, Catania, Italy 
Yuri van der Burgt 
Leiden University Medical Center, Department of Parasitology, The 
Netherlands 
 
 
SOUTH AMERICA 

 
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 
Edson Guimarães Lo Turco 
São Paulo Federal University, Brasil 
Fabio Ribeiro Cerqueira 
Department of Informatics and NuBio (Research Group for 
Bioinformatics), University of Vicosa, Brazil 
Fernando Barbosa 
Faculty of Pharmaceutical Sciences of Ribeirão Preto University of São 
Paulo, Brazil 
Mário Hiroyuki Hirata 
Laboratório de Biologia Molecular Aplicado ao Diagnóstico, Departamento 
de Análises Clínicas e Toxicológicas, Faculdade de Ciências Farmacêuticas, 
Universidade de São Paulo, Brazil 
Jan Schripsema 
Grupo Metabolômica, Laboratório de Ciências Quimicas, Universidade 
Estadual do Norte Fluminense, Campos dos Goytacazes, Brazil 
Jorg Kobarg 
Centro Nacional de Pesquisa em Energia e Materiais, Laboratório Nacional 
de Biociências, Brazil 
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 Biología Celular, Instituto Oswaldo Cruz, Fundaçao 
Oswaldo Cruz, Rio de Janeiro, Brazil 
Vasco Azevedo 
BiologicalSciencesInstitute, Federal University of Minas Gerais, Brazil 
 
 
 
 
 
 

NORTH AMERICA 

 
Amosy M'Koma 
Vanderbilt University School of Medicine, Department of General Surgery, 
Colon and Rectal Surgery, Nashville, 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 
Eustache Paramithiotis 
Caprion Proteomics Inc., Montreal, Canada 
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 
Jiaxu Li 
Department of Biochemistry and Molecular Biology, Mississippi State 
University, USA 
Laszlo Prokai 
Department of Molecular Biology & Immunology, University of North 
Texas Health Science Center,  Fort Worth, USA 
Madhulika Gupta 
Children’s Health Research Institute, University of Western Ontario 
London, ON, Canada 
Michael H.A. Roehrl 
Department of Pathology and Laboratory Medicine, Boston Medical Center 
Boston, USA 
Olgica Trenchevska 
Molecular Biomarkers, Biodesign Institute at Arizona State University, USA 
Robert Powers 
University of Nebraska-Lincoln, Department of Chemistry, USA 
Susan Hester 
United Stated Environmental Protection Agency, Durnam, USA 
Thomas Kislinger 
Department of Medical Biophysics, University of Toronto, Canada 
William A LaFramboise 
Department of Pathology, University of Pittsburgh School of Medicine 
Shadyside Hospital, Pittsburgh, USA 
Xuequn Chen 
Department of Molecular & Integrative Physiology, University of Michigan, 
Ann Arbor, USA 
Ying Qu 
Microdialysis Experts Consultant Service, San Diego, USA 
 



 



 
 

I-II: I 
 

JOURNAL OF INTEGRATED 
A methodological 

Journal 

 

 

LETTER TO THE EDITOR 
ANTIBIOTIC RESISTANCE AND THE ONE HEALTH APPROACH. E IMPORTANCE OF 
TEACHING OMICS AT UNIVERSITIES. 

1  

   



I-II: II 
 
 

 

 
 
 
 
 
 
 
 
 
 

LETTER TO THE EDITOR 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

    



Journal of Integrated Omics 

JOURNAL OF INTEGRATED OMICS 

A METHODOLOGICAL JOURNAL 

HTTP://WWW.JIOMICS.COM 

224 | 1-5: 1 

JIOMICS | VOL 13 | ISSUE 2 | DECEMBER 2023 | 224 | 1-5 

 

*Corresponding author: José L. Capelo, email: jlcm@fct.unl.pt; Hugo M. Santos, email: hmsantos@fct.unl.pt  

LETTER TO THE EDITOR| DOI: 10.5584/jiomics.v13i2.224 

 

Antibiotic resistance and the one health approach. The importance of 
teaching OMICS at Universities. 
Gilberto Igrejas1,2,3 , J. L. Capelo3,4,5, Pedro A.D. Teigas-Campos4,5 ,Hugo M. Santos3,4,5, Carlos Lodeiro3,4,5,  Luis Carvalho3,4,,5 , E. 
Oliveira3,4,5, Patricia Poeta6,7,8,9. 
1Functional Genomics and Proteomics Unit, University of Trás-os-Montes and Alto Douro (UTAD), Vila Real, 5000-801, 
Portugal, 2Department of Genetics and Biotechnology, University of Trás-os-Montes and Alto Douro, Vila Real, 5000-801, 
Portugal, 3LAQV-REQUIMTE, Department of Chemistry, NOVA School of Science and Technology, Universidade Nova de 
Lisboa, Caparica, 2829-516, Portugal, 4BIOSCOPE Group, LAQV-REQUIMTE, Chemistry Department, Faculty of Science and 
Technology, NOVA University of Lisbon, Almada, 2825-466, Portugal. 5PROTEOMASS Scientific Society, Costa de Caparica, 
2825-466, Portugal. 6Microbiology and Antibiotic Resistance Team (MicroART), Department of Veterinary Sciences, University 
of Trás-os-Montes and Alto Douro (UTAD), Vila Real, 5000-801, Portugal. 7Associate Laboratory for Animal and Veterinary 
Sciences (AL4AnimalS), Vila Real, 5000-801, Portugal, 8Associated Laboratory for Green Chemistry (LAQV-REQUIMTE), 
University NOVA of Lisbon, 1099-085 Caparica, Portugal, 9Veterinary and Animal Research Centre (CECAV), University of 
Trás-os-Montes e Alto Douro, 5000-801 Vila Real, Portugal. 
 
Available Online: 30 December 2023  

In the past, much like today, the field of antibacterial drugs 
revolved around compounds featuring a crucial four-atom 
amide ring known as a β-lactam. These drugs occupied a 
prominent place in the world of antibacterial pharmacopeia. 
The most iconic among them was penicillin – to be precise, 
benzylpenicillin or penicillin G – accompanied by fellow 
penams like amoxicillin and ampicillin. Their shared 
structural feature set them apart: a β-lactam ring fused to a 
five-membered thiazolidine ring. 

However, the remarkable feature of certain β-lactam 
antibiotics was their ability to combat the formidable Gram-
negative bacteria. These types of bacteria have a 
characteristic double-layered cell wall, making it doubly 
challenging for drugs to penetrate compared to the single-
layered cell walls of Gram-positive bacteria. 

As Gram-negative bacteria became resistant to β-lactam 
antibiotics, by the 1980s, a new class of β-lactams, 
particularly cephalosporins like ceftriaxone and cefotaxime, 
emerged as front-runners in the battle against Gram-
negative bacteria. These cephalosporins featured a non-β-
lactam ring as a six-membered dihydrothiazine, enhancing 
their efficacy against these resilient microbes [1]. 
Additionally, non-β-lactam antibiotics, such as quinolones 
and fluoroquinolones like ciprofloxacin, demonstrated the 

capacity to breach the defences of Gram-negative bacteria, 
albeit through different mechanisms [2]. 

Later in the 1990s, a shift in the perception of antibiotics 
became evident as bacteria demonstrated their remarkable 
ability to adapt and develop resistance to these drugs rapidly. 
This shift was exemplified by the widespread emergence of 
methicillin-resistant Staphylococcus aureus (MRSA) and the 
production of β-lactamase enzymes by various bacteria, 
degrading β-lactam-based antibiotics. In response to the 
challenge posed by MRSA, researchers made noteworthy 
advancements in the field. They introduced the first 
oxazolidinone antibiotic, linezolid, as well as the lipopeptide 
antibiotic daptomycin. Concurrently, improved hospital 
practices played a pivotal role in preventing the transmission 
of resistant infections [3,4].  

An ever-expanding global population, accompanied by a 
surge in international travel, has given rise to a pressing 
concern: the emergence of new resistance mechanisms 
against antibiotics. This alarming trend is exacerbated by the 
inadequate oversight of antibiotic usage in both human and 
animal populations. Thus, a paramount objective looms on 
the horizon: the discovery of an entirely novel structural 
class of antibiotics. The aim is to confound bacteria with 
substances they have never encountered, rendering them 
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defenseless. Yet, this pursuit is riddled with challenges, from 
identifying such compounds to the arduous task of proving 
their effectiveness and safety to regulatory bodies. 
Consequently, many companies are actively exploring 
strategies to preserve the efficacy of older antibiotic classes 
while mitigating their inherent limitations [5]. 

Within the realm of pharmaceutical chemistry, the β-lactam 
structure stands as an enduring archetype. It bears a 
remarkable resemblance to a crucial element in the 
molecular dance of constructing bacterial cell walls. 
Specifically, the β-lactam structure mirrors a pair of alanine 
amino acids within peptidoglycan molecules, the favored 
targets of penicillin-binding proteins (PBPs)—essential 
components of bacterial cell walls. The β-lactam structure, 
inherently strained, is deftly harnessed in the meticulous 
design of antibiotic drugs. These drugs are engineered to 
divert electrons away from the β-lactam's carbonyl group, 
priming it for an irreversible interaction with PBPs. This 
artful maneuver effectively halts bacterial growth and 
culminates in cellular disintegration, liberating the cell's 
inner contents. Notably, β-lactam-containing drugs exhibit a 
remarkable degree of selectivity, as they discriminate 
between bacterial and human cell walls, ensuring precise 
targeting without harm to human cells. 

Thus, currently, the following antibiotics can be found in the 
market: (i) Penicillins, including penicillin derivatives like 
amoxicillin and ampicillin, have long been cornerstones of 
antibiotic therapy. They primarily target Gram-positive 
bacteria by inhibiting bacterial cell wall synthesis. However, 
resistance to penicillins, often mediated by β-lactamase 
enzymes, is widespread. (ii) Cephalosporins, such as 
ceftriaxone and cefotaxime, are renowned for their broad-
spectrum activity, effective against both Gram-negative and 
some Gram-positive bacteria. Yet, the emergence of 
extended-spectrum β-lactamases (ESBLs) has raised 
concerns about resistance. (iii) Fluoroquinolones like 
ciprofloxacin and levofloxacin are versatile antibiotics used 
to treat a range of infections. Resistance to fluoroquinolones 
can develop through chromosomal mutations in bacterial 
DNA gyrase and topoisomerase. (iv) Macrolide antibiotics, 
including erythromycin, clarithromycin, and azithromycin, 
find applications in respiratory and skin infections. 
Resistance mechanisms encompass efflux pumps and 
ribosomal modification. Finally (v) Tetracyclines like 
doxycycline and minocycline offer effectiveness against a 
broad spectrum of bacteria but face resistance challenges, 
primarily through efflux pumps and ribosomal protection 
proteins [6,7]. 

Furthermore, the Bacterial resistance mechanisms can be 
classified as follows. (i) Penicillins, including penicillin 
derivatives like amoxicillin and ampicillin, have long been 
cornerstones of antibiotic therapy. They primarily target 
Gram-positive bacteria by inhibiting bacterial cell wall 

synthesis. However, resistance to penicillins, often mediated 
by β-lactamase enzymes, is widespread. (ii) Cephalosporins, 
such as ceftriaxone and cefotaxime, are renowned for their 
broad-spectrum activity, effective against Gram-negative 
and some Gram-positive bacteria. Yet, the emergence of 
extended-spectrum β-lactamases (ESBLs) has raised 
concerns about resistance. (iii) Fluoroquinolones like 
ciprofloxacin and levofloxacin are versatile antibiotics used 
to treat various infections. Resistance to fluoroquinolones 
can develop through chromosomal mutations in bacterial 
DNA gyrase and topoisomerase. (iv) Macrolide antibiotics, 
including erythromycin, clarithromycin, and azithromycin, 
find applications in respiratory and skin infections. 
Resistance mechanisms encompass efflux pumps and 
ribosomal modification. (iv) Tetracyclines like doxycycline 
and minocycline offer effectiveness against a broad spectrum 
of bacteria but face resistance challenges, primarily through 
efflux pumps and ribosomal protection proteins [8]. 

Addressing antibiotic resistance demands a multifaceted 
approach. This includes the development of novel 
antibiotics, judicious antibiotic use to minimise selection 
pressure, and robust infection control measures in 
healthcare settings. In this sense, the one-health approach is 
an integrative and holistic framework that recognizes the 
interconnectedness of human health, animal health, and 
environmental health. It emphasizes the interdependence of 
these three domains and underscores the need for 
collaborative efforts to address global health challenges [9]. 

The One Health approach is characterized by several key 
principles. First, it promotes interdisciplinary collaboration 
among various disciplines, including medicine, veterinary 
science, environmental science, and public health. Experts 
from these fields work together to tackle complex health 
issues. Second, it acknowledges that human and animal 
health are intricately linked to the health of ecosystems. 
Environmental factors, such as climate change and habitat 
destruction, can influence disease transmission. Third, One 
Health emphasizes preventive measures to reduce the 
emergence and spread of diseases, including early detection, 
surveillance, and rapid response to outbreaks [3,5,9]. 

The One Health approach holds significant importance in 
addressing a range of global health challenges. Many 
emerging infectious diseases, including zoonotic diseases 
transmitted between animals and humans, have their origins 
in wildlife or domestic animals. One Health enhances our 
ability to detect and respond to these threats. Moreover, the 
misuse of antibiotics in both human healthcare and animal 
agriculture contributes to antimicrobial resistance. One 
Health addresses this issue by promoting responsible 
antimicrobial use in both sectors [10,11]. Additionally, 
protecting natural ecosystems is vital for maintaining 
biodiversity and preventing the spillover of diseases [12]. 
One Health advocates for sustainable practices that benefit 
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both health and the environment. 

Practically, the One Health approach finds applications in 
various domains. It is crucial for controlling diseases like 
Ebola, HIV/AIDS, and COVID-19, which originated in 
animals and crossed into human populations. Ensuring the 
safety of the food supply chain requires collaboration between 
veterinarians, food scientists, and public health officials to 
prevent outbreaks of foodborne illnesses. Furthermore, One 
Health principles inform conservation efforts by considering 
the health of wildlife, domestic animals, and their habitats to 
prevent the emergence of diseases like West Nile virus and 
Lyme disease. 

Implementing the One Health approach requires addressing 
several challenges. These include funding constraints, policy 
coordination, and institutional collaboration. Continued 
research is needed to better understand the complex 
interactions between humans, animals, and the environment. 
Advocacy and education are essential to raise awareness and 
build support for One Health initiatives at the global, national, 
and local levels [3,5,9]. 

As stated above, the emergence and spread of antibiotic 
resistance pose a grave threat to global health [11]. Addressing 
this challenge requires innovative approaches that transcend 
disciplinary boundaries. Omics technologies, which 
encompass genomics, metagenomics, transcriptomics, 
proteomics, and metabolomics, have emerged as powerful 
tools in the fight against antibiotic resistance [13,14]. These 
approaches contribute significantly to our understanding of 
resistance mechanisms and play a pivotal role in the One 
Health approach, which emphasises the interconnectedness of 
human, animal, and environmental health [15]. Thus, as a 
foundational omics discipline, genomics is instrumental in 
decoding the genetic basis of antibiotic resistance. Whole-
genome sequencing enables the identification of resistance 
genes and mutations, providing clinicians with crucial 
information for treatment decisions [16,17]. Moreover, 
comparative genomics allows tracking of resistance-related 
genetic elements across diverse species and environments. 
Metagenomics, an extension of genomics, broadens our 
perspective by studying entire microbial communities. This 
approach is indispensable in assessing the resistome—the 
collective reservoir of resistance genes within microbial 
ecosystems. Researchers can identify potential reservoirs of 
resistance genes by characterising the resistome in various 
ecological niches and monitoring their dynamics over time. In 
addition, Transcriptomics delves into the realm of gene 
expression patterns under different conditions, shedding light 
on how bacteria respond to antibiotic exposure at the 
molecular level. This understanding aids in the development 
of diagnostic tools and predictive models for antibiotic 
resistance. Moreover, Proteomics complements genomics and 
transcriptomics by characterizing the proteins involved in 
antibiotic resistance mechanisms. It helps identify 

overexpressed or modified proteins, providing insights into 
resistance pathways and potential drug targets. Additionally, 
proteomic studies contribute to understanding the functional 
aspects of resistance genes [18]. Finally, Metabolomics focuses 
on the metabolic changes associated with antibiotic resistance, 
offering insights into altered metabolic pathways and potential 
vulnerabilities that can be exploited for therapeutic purposes. 

The One Health approach recognises the intricate connections 
between human, animal, and environmental health to add 
another layer to the Omics importance. Omics technologies 
serve as vital instruments in translating this recognition into 
actionable strategies. Thus, Omics-based surveillance systems 
facilitate the early detection of emerging resistance threats in 
humans, animals, and environmental samples. Furthermore, 
monitoring the resistome in livestock, wildlife, and 
environmental reservoirs helps identify potential sources of 
resistant pathogens, enabling proactive interventions. 
Translational research guided by omics data aims to develop 
new antibiotics, antimicrobial therapies, and diagnostic tools. 
The insights gained from studying resistance mechanisms in 
diverse contexts inform the development of innovative 
solutions. 

Omics data provide evidence-based support for policy 
decisions related to antimicrobial use in agriculture, 
healthcare, and the environment. This contribution promotes 
responsible antimicrobial stewardship and the implementation 
of effective regulatory measures. 

Omics approaches are indispensable assets in the battle against 
antibiotic resistance, aligning seamlessly with the One Health 
approach's vision of holistic health solutions. These 
technologies empower us to unravel the intricate web of 
resistance mechanisms, track the dissemination of resistance 
genes, and inform evidence-based interventions. By 
harnessing the power of omics, we can more effectively 
safeguard the health of humans, animals, and the 
environment, mitigating the global threat posed by antibiotic 
resistance. 

In the context of combatting antibiotic resistance and 
advancing the One Health approach, it is imperative that we 
equip the next generation of scientists and researchers with the 
knowledge and skills they need. This includes teaching omics 
technologies at universities—a crucial step in building a 
workforce capable of harnessing the potential of these 
powerful tools [9]. 

 As omics technologies continue to evolve, students who are 
well-versed in these techniques will be at the forefront of 
cutting-edge research. They can contribute to innovative 
solutions and drive scientific progress in the fight against 
resistance. 

Omics is inherently interdisciplinary, bridging gaps between 
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biology, chemistry, informatics, and more. Teaching omics 
encourages collaboration among students from diverse 
backgrounds, fostering a multidisciplinary approach to 
problem-solving. 

In conclusion, the One Health approach is a vital framework 
for addressing the complex health challenges of our 
interconnected world. By recognizing the interdependence of 
human, animal, and environmental health and fostering 
collaboration across disciplines, we can better protect the 
health of all living beings and safeguard the planet for future 
generations. 

To ensure that universities can effectively teach omics, 
providing them with the necessary resources and 
instrumentation is crucial. This support can come from 
various sources. 

Governments should allocate funding specifically for 
acquiring omics equipment and developing omics-related 
programs at universities. Investing in education is an 
investment in the future of healthcare. Collaborations with 
biotechnology and pharmaceutical companies can help 
universities access cutting-edge omics technologies and offer 
students practical experience through internships and research 
projects. Finally, offering grants and scholarships to students 
pursuing omics-related studies can incentivise program 
enrolment. This financial support reduces barriers to entry and 
fosters talent development [9]. 

By teaching omics at universities and supporting them in 
acquiring the necessary instrumentation, we empower future 
generations to effectively tackle antibiotic resistance and other 
global health challenges. Through education and investment, 
we can bridge the gap between scientific knowledge and real-
world solutions, ultimately safeguarding human, animal, and 
environmental health within the One Health framework.  
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