
Journal of Integrated 

OMICS

a methodological journal 

Editors-in-Chief

Carlos Lodeiro-Espiño

Florentino Fdez-Riverola

Jens Coorssen

Jose-Luís Capelo-Martínez

Volume 14 | Issue 3 | October 2024 ISSN 2182-0287



   

 

JIOMICS® 2024 

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® 2024 

 
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® 2024 

 
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® 2024 

 
 
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-III: I 
 

JOURNAL OF INTEGRATED OMICS 
A methodological 

Journal 

 

 

EDITORIAL 

The Advancement of Omics in Forensics Science: Unveiling Real and Current Cases 1 
 

   

ORIGINAL ARTICLES 

Computational Screening of Natural Compounds as Antiviral Candidates Targeting the SARS-CoV-
2 Main Protease. 

4 
 

   



I-III: II 
 
 

 

 

 

 

 

 

 

 

 

 

 

EDITORIAL 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

    

 

 

 

 

  



Journal of Integrated Omics 

JOURNAL OF INTEGRATED OMICS 

A METHODOLOGICAL JOURNAL 

HTTP://WWW.JIOMICS.COM 

235 | 1-3: 1 

JIOMICS | VOL 14 | ISSUE 3 | OCTOBER 2024 | 235 | 1-12 

 

*Corresponding author: José L. Capelo, jlcapelom@bioscopegrouporg, Tel: +351 919 404 933 

EDITORIAL | DOI: 10.5584/jiomics.v14i3.235 

 

The Advancement of Omics in Forensics Science: Unveiling Real and 

Current Cases 

José L. Capelo
1,2,*

 
1(Bio)Chemistry & Omics, BIOSCOPE Research Group, LAQV-REQUIMTE, Department of Chemistry, NOVA School of Science and 

Technology, Universidade NOVA de Lisboa, 2829-516, Caparica, Portugal; 2PROTEOMASS Scientific Society, Madan Parque, Rua 

dos Inventores, 2825-182 Caparica, Portugal  

 

Available Online: 31 October 2024 

In recent years, forensic science has undergone a profound 

transformation, driven by the integration of omics sciences - 

genomics, proteomics, metabolomics, transcriptomics, and 

other molecular approaches into the analysis of biological 

evidence. These advanced technologies are enabling 

unprecedented precision in identifying individuals, 

uncovering the circumstances surrounding deaths, and 

solving complex crimes that were once deemed unsolvable. 

The growing application of omics analyses in forensic 

investigations is reshaping both the justice system and 

scientific understanding of biological traits. Real-world cases 

have demonstrated that omics can help to both incriminate 

the guilty and exonerate the innocent, illustrating its 

transformative potential. 

What Are Omics Sciences? 

Omics sciences involve the comprehensive study of biological 

systems at various molecular levels. Genomics focuses on 

the complete set of genes within an organism, while 

proteomics analyzes the full complement of proteins 

expressed in a biological sample. 

Metabolomics and transcriptomics examine metabolites 

and RNA transcripts, respectively. By providing a multi-

dimensional view of biological processes, these fields offer 

invaluable tools in forensic applications, where conventional 

methods may be limited or inconclusive. 

Forensic omics can generate crucial data from tiny, degraded, 

or complex biological samples that are often present in crime 

scenes. For instance, where traditional DNA typing might fail 

due to sample degradation, newer omics approaches can 

reveal critical information through mitochondrial DNA 

(mtDNA) or proteomic profiles, even from bones or hair 

that have been damaged or aged [1]. 

Omics in Action: Real Cases of Justice and 

Revelation 

Several high-profile cases around the world have 

demonstrated the power of omics in forensic science, both in 

bringing criminals to justice and in protecting the innocent. 

1. The Golden State Killer: Solving a Cold Case with 

Genomic Genealogy 

Perhaps one of the most famous cases showcasing the 

impact of omics in forensics is that of the Golden State 

Killer, a serial rapist and murderer active in California in the 

1970s and 1980s. For decades, investigators were stymied by 

the lack of leads, even though DNA evidence had been 

collected from multiple crime scenes. The breakthrough 

came in 2018, when forensic scientists used genomic 

genealogy, an omics-based technique that compares crime 

scene DNA with publicly available genetic profiles from 

ancestry databases. By tracing familial matches through 

distant relatives, authorities were able to narrow down the 

search to Joseph James DeAngelo, who was subsequently 

arrested and convicted of multiple murders and assaults [2]. 

This case exemplifies the intersection of genomics and 

forensic genealogy, where millions of DNA profiles in 
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ancestry databases can serve as powerful tools for solving 

crimes. However, it also raises ethical concerns about privacy 

and consent, given that relatives of suspects often do not 

consent to their data being used in criminal investigations. 

2. Exoneration through DNA: The Case of Kirk 

Bloodsworth 

On the other side of justice, omics technologies have also 

been instrumental in exonerating the wrongfully 

convicted. One of the first people to be freed from death 

row through DNA evidence was Kirk Bloodsworth, a former 

U.S. Marine who had been convicted of the 1984 rape and 

murder of a young girl. After serving nearly nine years in 

prison, including two on death row, Bloodsworth was 

exonerated when DNA testing - performed using samples 

that had been preserved - proved that he was not the 

perpetrator [3,4,5]. 

This case highlights the vital role of omics, specifically 

forensic DNA testing, in ensuring justice for the wrongly 

accused. It underscores the need for constant review and 

application of advanced omics methods in cases where 

evidence is preserved but initial forensic techniques were 

insufficient. 

3. Identifying the Unknown: Proteomics in Historical 

Cases 

In some historical cases, omics approaches like proteomics 

and metabolomics are becoming essential tools in 

identifying human remains. A recent case in the United 

Kingdom involved the use of forensic proteomics to analyze 

proteins from ancient skeletal remains. By studying the 

unique protein profiles in the bones, forensic scientists were 

able to provide key information about the deceased’s 

identity, including age, sex, and even dietary habits, helping 

to resolve historical mysteries that had baffled investigators 

for decades [6]. 

This type of analysis is proving especially valuable in 

archaeological forensics and cold cases involving 

skeletonized remains, where traditional DNA extraction may 

no longer be possible. Proteomics can offer critical insights 

into post-mortem changes and degradation, supporting both 

modern and historical forensics. 

4. The Death of Alexander Litvinenko: Metabolomics in 

Action 

The high-profile case of Alexander Litvinenko, a former 

Russian spy who was poisoned in London in 2006, 

demonstrated the power of metabolomics in forensic 

toxicology. Litvinenko was poisoned with polonium-210, a 

radioactive isotope that is extremely difficult to detect using 

standard toxicological methods. However, forensic scientists 

were able to use a combination of metabolomics and 

radiological analyses to trace the rare isotope in Litvinenko’s 

body and link the assassination to Russian operatives [7]. 

This case showcases how metabolomics can be employed to 

detect poisons, drugs, and other toxic substances that are 

either present in minuscule quantities or metabolized rapidly, 

eluding conventional testing. By analyzing metabolic changes 

and breakdown products, metabolomics offers a new 

dimension of forensic investigation, crucial for cases of 

poisoning or overdose. 

Beyond DNA: Expanding the Forensic Toolkit with 
Proteomics and Metabolomics 

While DNA analysis has been the gold standard in forensic 

science for the last few decades, proteomics and 

metabolomics are rapidly emerging as complementary 

techniques that expand the capabilities of forensic 

investigators. Proteomics, which studies the structure and 

function of proteins, is especially useful in identifying 

individuals from bone, hair, or other tissues that may no 

longer contain viable DNA. For instance, the analysis of 

keratin proteins from hair samples can provide clues about 

an individual’s identity or history, such as exposure to certain 

chemicals or environmental factors [8]. 

Similarly, metabolomics - the study of small molecules, or 

metabolites, within a biological system - has found a niche in 

forensic toxicology and drug testing. In cases involving 

complex drug overdoses or poisonings, where traditional 

toxicology might fail to identify all substances, metabolomics 

can detect the subtle metabolic changes that result from 

drug or toxin exposure, helping to pinpoint the cause of 

death with higher accuracy [9,10]. 

Ethical Challenges and the Future of Omics in 
Forensics 

Despite the immense potential of omics technologies in 

forensics, several challenges remain. One of the primary 

issues is the complexity of data interpretation. Omics 

analyses generate vast amounts of data, and interpreting this 

data in a legally sound manner can be challenging. Forensic 

omics results must not only be scientifically accurate but also 

clear enough to be understood in courtrooms by judges and 

juries who may lack a technical background. 

Moreover, the ethical implications of using large genetic 

databases in criminal investigations cannot be ignored. The 

use of public genealogical data, as seen in the Golden State 

Killer case, raises concerns about privacy and consent. While 
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the utility of these databases in solving crimes is undeniable, 

regulators and society at large must balance this with 

individuals’ rights to privacy and protection from misuse of 

their genetic information [2]. 

Conclusion  

Omics at the Forefront of Forensic Science 

The integration of omics sciences - ranging from genomics 

to proteomics and metabolomics - into forensic science is 

revolutionizing the way we investigate crimes and deliver 

justice. From identifying individuals and uncovering hidden 

toxic substances to solving decades - old cold cases and 

exonerating the wrongfully accused, these technologies are 

pushing the boundaries of what is possible. However, as 

forensic omics continues to evolve, ethical and interpretative 

challenges must be carefully navigated to ensure that these 

powerful tools are used responsibly and effectively. 

As the field advances, omics will likely become an 

indispensable component of forensic science, offering new 

insights and greater accuracy in the pursuit of truth. With 

ongoing technological innovations and interdisciplinary 

collaborations, forensic omics has the potential to solve some 

of the most challenging questions facing the justice system 

today. 
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Introduction 

The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS

-CoV-2), virus's ability to infect both humans and various 

mammalian species by exploiting different angiotensin-

converting enzyme 2 (ACE2) membrane proteins has 

underscored its significant impact [1-3]. In response, 

substantial resources have been dedicated to developing 

vaccines and therapeutic treatments. This has resulted in the 

rapid development of several effective vaccines and the 

advancement of numerous potential treatments through 

clinical trials. These therapies primarily target viral proteins, 

including key viral enzymes, or host proteins crucial for viral 

entry, reflecting a dual approach to combating the virus [4]. 

Promising strategies including natural products have been 

involved in the fight against COVID-19 due to their diverse 

bioactive compounds derived from medicinal plants, animals, 

and marine sources. This study employs computational 

methods to screen and evaluate natural antiviral compounds 

for their effectiveness against the SARS-CoV-2 Main Protease 

(Mpro) [5, 6]. By performing molecular docking simulations, 

the study aims to predict and analyze the interactions 

between these compounds and the viral target proteins. 

Additionally, an ADEMET (absorption, distribution, 

metabolism, excretion, toxicity) report will be used to assess 

the viability of these compounds. The findings from this 

research are expected to offer valuable insights and potential 

leads for future experimental validation and drug design 

efforts, contributing to the ongoing battle against COVID-19. 

Materials and methods 

In this study, we conducted an analytical in silico study to 

investigate the binding interactions between six natural 

molecules derived from different natural organisms against 

the target protein of the SARS-CoV-2 virus. The study 

employed computational docking techniques to predict and 

The onset of the global pandemic caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in Wuhan in 
December 2019 has led to an urgent need for effective preventive and therapeutic solutions. Among the various approaches 
explored, natural products have shown potential in the fight against COVID-19. This study employed computational techniques 
to screen and evaluate six natural antiviral compounds for their effectiveness against the SARS-CoV-2 Main Protease (Mpro). By 
using molecular docking simulations, the interactions between these natural compounds and the target proteins were predicted 
and analyzed, focusing on factors such as binding affinity, interaction patterns, and structural compatibility within the active sites. 
The analysis indicated that Cladosin C and Rhodatin formed the most stable interactions with Mpro, engaging with several critical 
residues. Cannabidiol, Capsaicin, and Kappa-Carrageenan also demonstrated promising interactions, though with some 
variability. On the other hand, Astaxanthin exhibited the least stable binding, suggesting limited antiviral potential. This research 
provides insights into the possible roles of these natural compounds as antagonists of the SARS-CoV-2 Mpro enzyme. Further in 
vitro and in vivo studies are necessary to confirm the antiviral properties of these compounds, and future research should 
investigate their broader antiviral applications. 

 

Keywords: SARS-CoV-2, COVID-19, Main protease, Biomolecules, Molecular dynamics. 
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analyze the binding modes and affinities of the ligands within 

the target protein active sites, aiming to identify potential 

ligand-receptor interactions and gain insights into the 

binding mechanisms.  

ADMET characteristics (absorption, distribution, metabolism, 

excretion, Toxicity) profiling validation, were utilized using 

the pkCSM package to identify molecules with favorable 

properties for oral bioavailability and potential as 

medications within the body, to predict the toxic effects of 

compounds, while also assessing their drug-like physical and 

chemical properties. 

 

Preparation of Ligand Structures: Six natural molecules 

were chosen according to their antiviral characteristics from 

the literature, where we included two plant molecules [7, 8], 

Cannabidiol (from Cannabis sativa) and Capsaicin (from 

Capsicum annuum), two fungi molecules [9], Cladosin C 

(from microfungi Cladosporium sphaerospermum) and 

Rhodatin (from macrofungi Rhodotus palmatus), also, two 

algae molecules [10], Astaxanthin (from green microalgae 

Haematococcus pluvialis) and Kappa-Carrageenan  (from red 

marine macroalgae Kappaphycus alvarezii) were selected as 

ligands. The structures of these six molecules were retrieved 

from the PubChem database, and further processed and 

optimized using ChemDraw and Chimera software. 

ChemDraw was employed for drawing and editing the initial 

ligand structures, which facilitated the accurate 

representation of the ligands based on the available 

information from PubChem. 

UCSF Chimera [11] was utilized to optimize the ligand 

structures, including energy minimization and geometry 

optimization, leading to more reliable and physiochemically 

reasonable conformations. 

 

Preparation of Receptor Structures: The structure of the 

Main protease was retrieved from the PDB database and 

saved as PDB files. 

The catalytic domains were selected for inhibitor docking of 

inhibitors against the SARS-CoV-2 targets using PyMol (The 

PyMOL Molecular Graphics System, Version 1.2r3pre, 

Schrödinger, LLC), as well as according to literature [12].  

The 3C-like protease (Mpro) catalytic sites: THR190, HIS41 

CYS145, GLU166, GLY143, PHE140.  

 

Grid Generation: To define the binding sites for docking, 

grids were generated around the active sites of the SARS-

CoV-2 proteins, namely the Main Protease. The grid 

parameters, including size, spacing, and center coordinates, 

were set using the AutoGrid module of AutoDock [13]. 

 

Docking Protocol: All the retrieved compounds were 

docked using the selected catalytic site of the three-

dimensional structure. The ligands were prepared by adding 

polar hydrogens, merging nonpolar hydrogens, and 

assigning partial charges using AutoDock Tools [14]. The 

prepared ligands were then docked into the binding sites of 

the SARS-CoV-2 proteins using AutoDock Vina [15]. Multiple 

docking runs were conducted to explore different ligand 

conformations and orientations within the binding sites. 

 

Post-Docking Analysis: After the docking simulations, the 

resulting poses were analyzed to identify potential ligand-

receptor interactions and select the most favorable binding 

conformations. The docking results were visually inspected 

and analyzed using molecular visualization software 

AutoDock Tools. The binding poses were assessed based on 

their binding energies, ligand-receptor interactions, and 

conformational fit within the active site. 

 

Molecular dynamics simulations: Schrödinger LLC 

Desmond software [16, 17] was employed for performing 

molecular dynamics (MD) simulations for a duration of 100 

nanoseconds [18]. Prior to the MD simulation, a crucial step 

involved the protein-ligand docking, which predicted the 

static binding position of the ligand molecule at the active 

site of the protein as mentioned before [19]. MD simulations, 

incorporating Newton's classical equation of motion, 

simulate the movement of atoms over time and provide 

insights into the dynamic behavior and ligand-binding status 

in a physiological environment [20]. 

The ligand-receptor complex was preprocessed using 

Maestro's Protein Preparation Wizard, which performed 

optimization, minimization, and filling of any missing 

residues as necessary. The system was constructed using the 

System Builder tool. The MD simulation employed the TIP3P 

(Intermolecular Interaction Potential 3 Points Transferable) 

solvent model, utilizing an orthorhombic box with a 

temperature of 300 K, pressure of 1 atm, and the OPLS_2005 

force field [21]. To maintain physiological conditions, counter 

ions were introduced, and the system was neutralized using 

0.15 M sodium chloride. Before the simulation, the models 

were equilibrated, and trajectories were recorded at regular 

intervals of 100 ps for subsequent analysis and inspection. 

Results and Discussion 

Six natural products; Astaxanthin, Cannabidiol, Capsaicin, 

Cladosin C, Rhodatin, and Kappa-Carrageenan were tested 

against SARS-CoV-2 target Mpro (PDB ID. 7CAM). To test the 

relative stability of the 6 ligands, a 100 ns MD simulation was 

performed for the six complexes using Desmond in the 

Schrödinger package [16, 17].  

ADMET characteristics: The ADMET properties of the 

selected six molecules are represented in Table 1. These 

properties fulfil the Lipinski’s rule criteria and the extra 

condition on the number of rotatable bonds, suggesting their 

good pharmacokinetic permeability and their oral 

bioavailability [22, 23]. 
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Figure 1 gives insight towards the binding stability of the 6 

target ligands against SARS-CoV-2 Mpro using Root Mean 

Square deviation (RMSD) plots for both protein backbone 

and the ligand. Protein Cα RMSD represents the stability of 

the protein when the ligand binds to it. The less fluctuation 

the more stability it possesses. Similarly, ligand RMSD 

represents the ligand stability upon binding to the target 

protein. As shown in figure 1, all the 6 ligands showed very 

good binding stability with low oscillations where cladosin C 

and rhodatin seems to have the best RMSD with fluctuation 

around 1.6 Ao (figure 1.D and E). Also, capsaicin (figure 1.C) 

showed a stable binding conformation after 20 ns from the 

beginning of the simulation where in the last 80 ns RMSD of 

both the protein backbone and capsaicin were oscillating 

between 1 and 1.4 Ao which is a good indication for their 

stable binding. Both cannabidiol and Kappa-carrageenan 

(figure 1.B and 1.F, respectively) possess a higher but still 

acceptable RMSD fluctuation range; between 1.6 and 3.2 Ao, 

for both complexes. On the other hand, astaxanthin bound to 

Mpro was found to be the least stable complex where in the 

first 20 ns upon astaxanthin binding to Mpro shows a high 

fluctuation between 0.9 and 1.8 Ao and the second 40 ns 

show also a relatively non-stable binding with a reported 

RMSD ranging between 1.3 and 2.7 Ao while only in the last 

Table 1 - ADMET characteristics of the six biomolecules predicted by pkSCM package.  
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40 ns this binding starts to be relatively stable; oscillating 

around 2.1 Ao (figure 1.A). 

A deeper insight for the contact of each ligand towards Mpro 

target was evaluated via studying the protein amino acids 

involved in binding interactions formed with each ligand 

through plotting the Root Mean Square fluctuation (RMSF) of 

each complex where green-colored vertical bars represent the 

residues involved in the interaction. Secondly, the ligand-

protein interactions with each residue are categorized into four 

types of interactions: Hydrogen bonds, hydrophobic 

interactions, ionic interactions and water bridges. Also, the 

Figure 1 - The structural dynamics of six ligands—astaxanthin (A), cannabidiol (B), capsaicin (C), cladosin C (D), rhodat-

in (E), and Kappa-carrageenan (F)—were examined in relation to their binding with SARS-CoV-2 Main Protease (Mpro) 

(PDB ID: 7CAM). The analysis included calculating the backbone Cα Root Mean Square Deviation (RMSD) (depicted in 

blue) and the ligand RMSD (shown in red) throughout a 100-nanosecond molecular dynamics simulation. 
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total number of contacts formed between the ligand and its 

target protein was plotted throughout the 100 ns trajectories 

and a schematic diagram for ligand 2D atomic interactions with 

each protein residue in each trajectory frame (0 through 100 

ns) was presented for each complex. RMSF of Mpro in complex 

with astaxanthin show high fluctuation with no reported 

interaction (no green bars) throughout the whole 100 ns 

meaning that no stable binding (figure 2.A) and this is 

confirmed through 2D ligand-protein contact shown in figure 

2.E that also shows no interaction with the pocket residues. 

Figure 2.B shows the interaction fraction the ligand can form 

with the pockets’ residues. It is noticeable that only Asn 214 

was able to form a good contact with astaxanthin being able to 

form H-bond interaction with a fraction of about 0.3 and this 

was confirmed in figure 2.D where only Asn 214 was able to 

maintain a good interaction with astaxanthin throughout the 

whole simulation. Thr 169 and Gly 170 also were able to form H

-bonds with astaxanthin but they were observed to be very 

week (with interaction fraction less than 0.1) figure 2.B and also 

cannot be maintained during the simulation figure 2.D. 

Accordingly, no significant interaction is reported for 

astaxanthin-Mpro complex which complies with the complex 

RMSD plot (figure 1.A).  
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Figure 2 - Structural Dynamics of Astaxanthin with SARS-CoV-2 Mpro: (A) Protein RMSF, (B) Interaction Fractions Shown in 

a Stacked Bar Chart, (C) Timeline of Specific Interactions, (D) Residue-Ligand Interactions per Trajectory Frame, (E) 2D Lig-

and-Protein Interaction Map. 

Figure 3 - Structural Dynamics of Cannabidiol Bound to SARS-CoV-2 Mpro: (A) Protein RMSF, (B) Stacked Bar Chart of Pro-

tein-Ligand Interaction Fractions, (C) Timeline of Total Specific Interactions, (D) Residue-Ligand Interactions per Trajectory 

Frame, (E) 2D Map of Ligand-Protein Interactions. 
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Regarding, cannabidiol-SARS-CoV-2 Mpro complex also high 

protein RMSF was observed indicating unreasonable binding 

(figure 3.A). Only 2 residues were able to form H-bonds; Arg 4 

(interaction fraction = 0.2) and Lys 5 (interaction fraction = 0.6) 

in chain B also Lys 5 in chain A was a Pi-cation reaction 

(interaction fraction = 0.55) (figure 3.B). Figure 3.E shows the H-

bond formed with Lys 5 in chain B and Pi-cation interaction 

with Lys 5 in chain A where only interactions that occur more 

than 30.0% of the simulation are reported. Lys 5 in both chains 

(a and B) seems to be a key residue responsible for cannabidiol 

binding against Mpro as they are noticed to be formed in most 

trajectory frames during the 100 ns simulation (figure 3.D). 

Similar interactions were observed upon capsaicin binding to 

Mpro (figure 4.E), where also Lys 5 in chain B was able to form                  

H-bond and Pi-cation interactions with capsaicin showing the 

highest reported interaction fraction (more than 1.6) (figure 

4.B). Also, Lys 5 in chain A was able to form a Pi-cation 

interaction and was noticed at the first 10 ns from the 

beginning of the simulation (figure 4.D). Another 2 important 

residues were reported in this simulation; Arg 4 (chain A) and 

Gln 127 (chain B) with interaction fractions = 0.7 and 1.3, 

respectively (fig 4. B). Both were able to form H-bonds with the 

ligand and these bonds were stable during the simulation 

(figure 4. D). Although good binding interactions are observed 

for this complex, the protein RMSF is reported to be highly 

fluctuating (figure 4.A). An explanation for this high residue 

RMS fluctuation can be concluded from the RMSD plot shown 

in figure 1.C, where the complex starts to stabilize its binding 

interaction 20 ns after the beginning of the simulation.  
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As reported previously that cladosin C and rhodatin show the 

best and the most stable RMSD fluctuation (figure 1.D and E), 

the best binding interactions were reported for the 2 

complexes. Cladosin C and rhodatin were able to form 

interactions with 6 and 3 residues, respectively, in Mpro active 

pocket. Some of them are previously reported with cannabidiol 

and capsaicin Lys 5. Also Gln 127 as a key residue was reported 

when Mpro was in complex with capsaicin, cladosin C and 

rhodatin (figure 5.E and 6.E). A third pocket residue reported 

with both cladosin C and rhodatin ligands was Leu 282 forming 

a water bridge with both pockets. Cladosin C was able to form 

another water bridge with Mpro Glu 288 active pocket (figure 

5.E). Regarding cladosin C, the highest interaction fraction was 

observed with Lys 5 (chain B) which was able to form both H-

bond and water bridge interactions (figure 5.B). It also 

possesses the most permanent interaction along the 100 ns 

simulation (figure 5.D). For rhodatin, Lys 5 (chain A) showed to 

be the main residue involved in the interaction with interaction 

fraction of more than 1.75. The second important residue was 

Gln 127 (interaction fraction > 0.75) (figure 6.B) where both 

were able to interact with the rhodatin in almost each 

trajectory frame (figure 6.D). The protein RMSF for both 

cladosin C and rhodatin complexes with Mpro show a low 

Figure 4 - Structural Dynamics of Capsaicin with SARS-CoV-2 Mpro: (A) Protein RMSF, (B) Bar Chart of Protein-Ligand 

Interaction Fractions, (C) Timeline of Total Specific Interactions, (D) Residue-Ligand Interactions per Trajectory Frame, 

(E) 2D Ligand-Protein Interaction Map.  
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Figure 5 - Structural Dynamics of Capsaicin with SARS-CoV-2 Mpro: (A) Protein RMSF, (B) Bar Chart of Protein-Ligand Interac-

tion Fractions, (C) Timeline of Total Specific Interactions, (D) Residue-Ligand Interactions per Trajectory Frame, (E) 2D Ligand-

Protein Interaction Map.  

Figure 6 - Structural Dynamics of Rhodatin with SARS-CoV-2 Mpro: (A) Protein RMSF, (B) Stacked Bar Chart of Protein-Ligand 

Interaction Fractions, (C) Timeline of Specific Interactions, (D) Residue-Ligand Interactions per Trajectory Frame, (E) 2D Ligand

-Protein Interaction Map.  
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fluctuation with the same reported amino acids (shown in 

green lines in figure 5.A and 6.A). 

While Kappa-carrageenan was able to form a stable interaction 

with Mpro pocket residues with a steady stable RMSD (figure 

1.F), it shows a different binding mode interacting with 

different pocket residues. As shown in figure 7.E, 4 residues 

were involved in this binding interaction; Glu 14, Gly71, Ser 121 

and Pro 122. Glu 14 showed the highest interaction fraction 

(~1.75) followed by both Ser 121 and Pro 122; exhibiting 

binding interaction fractions = 1 and 0.75, respectively. These 3 

residues were able to interact with the ligand via both H-bond 

and water bridges (figure 7.B). A fifth important residue which 

is not reported in 2D interaction is Thr 154. Thr 154 was able to 

interact Kappa-carrageenan via water bridges and hydrophobic 

interaction (figure 7.B) and maintained these interactions within 

most of the trajectory frames (figure 7.D). Also, figure 7.B 

showed that Ser 121 and Pro 122 maintained their interactions 

in most of the simulation frames while Glu 14 is almost the 

main key interaction in through all the 100 ns simulation. 

Figure 7 - Structural Dynamics of Kappa-Carrageenan with SARS-CoV-2 Mpro: (A) Protein RMSF, (B) Stacked Bar 

Chart of Protein-Ligand Interaction Fractions, (C) Timeline of Specific Interactions, (D) Residue-Ligand Interactions 

per Trajectory Frame, (E) 2D Ligand-Protein Interaction Map. 
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Conclusion  

In the quest to combat the devastating impact of SARS-CoV-2, 

this study undertook a comprehensive investigation of natural 

antiviral compounds, focusing on their interactions with the 

critical viral target, the Main Protease (Mpro). Six natural mole-

cules, including Astaxanthin, Cannabidiol, Capsaicin, Cladosin 

C, Rhodatin, and Kappa-Carrageenan, were assessed using a 

combination of molecular docking simulations and molecular 

dynamics. This research has shed light on their potential as 

antagonists against the viral Mpro enzyme. Among these com-

pounds, Cladosin C and Rhodatin emerged as the most prom-

ising, demonstrating stable binding interactions with Mpro and 

forming crucial associations with key residues. Cannabidiol, 

Capsaicin, and Kappa-Carrageenan also showed encouraging 

interactions, though with some variability in stability. On the 

other hand, Astaxanthin exhibited the least stable binding, sug-

gesting limited potential as an antiviral agent against SARS-

CoV-2. These findings contribute to our understanding of the 

stability and efficacy of these natural compounds as potential 

antiviral agents. The next step is to validate these computation-

al results through in vitro and in vivo studies, offering a path-

way for the development of novel antiviral therapies in the 

ongoing battle against COVID-19. This research also under-

scores the importance of further exploration of naturel sources 

containing these compounds, potentially uncovering new 

sources of antiviral agents.  
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