
Insilico Drug Development Against RNA 

Dependent RNA Polymerase of SARS-CoV-2 

M.Sc. Thesis 

2023 

Submitted to 

Central Department of Biotechnology 

Tribhuvan University 

Kirtipur, Kathmandu, Nepal 

For partial fulfillment of M.Sc degree in Biotechnology 

By 

Siddartha Gautam 

Registration No: 5-3-28-300-2017

Supervisors 

Senior Scientist Dr. Pramod Aryal 

Asst. Prof. Alina Shri Sapkota 



ii 

ACKNOWLEDGEMENT 

I would like to extend my heartfelt appreciation and gratitude to Dr. Pramod Aryal, 

my supervisor and mentor, for his invaluable guidance and unwavering support 

throughout my thesis period. His continuous dedication and expertise have been 

instrumental in steering me in the right direction whenever I encountered 

challenges. Under his tutelage, I gained a deeper understanding of the true meaning 

and significance of science. 

I would like to express my gratitude to Prof. Dr. Rajani Malla for her care and 

motivation which have been instrumental in keeping me focused on the path 

towards success. Her guidance and advice have been invaluable in helping me 

overcome challenges, and her generosity in supporting the research has been greatly 

appreciated. 

I am also thankful to Prof. Dr. Rameshwor Adhikary and RECAST for their contributions 

in managing the accommodation during the tenure of research. Also, I am grateful to 

Nepal Army for managing the logistics. 

I am also thankful to Prof Dr. Krishna Das Manandhar, HOD of Central Department of 

Biotechnology, Tribhuvan University for letting me complete my thesis works at TU. 

Sincere thanks to my colleagues Ms. Bisheshta Nepal, Ms. Kabita Kandel, Ms. Suja 

Maharjan, Ms. Guheshwori Chataut, Mr. Devraj Mainali and Mr. Samiran Subedi for 

their noble contributions and assistance in my thesis works. 

I would also like to acknowledge my seniors Mrs. Manju Pun, Ms. Sita Ghimire, Ms. 

Sabina Thapa Magar, Mrs. Pooja Pathak and Ms. Rita Kumari Oli for assisting me during 

a time of need. 

Last but not the least, I must express my profound gratitude to my parents and my 

wife Richa Giri for providing me continued help and support throughout all these 

years and through the process of research works and writing this thesis. 

Siddartha Gautam 

Reg no: 5-3-28-300-2017 



iii 

LIST OF ABBREVIATIONS: 

AA 

ACE 

Ac 

ADMET 

ADRP 

ARDS 

CADD 

CoV 

COVID 

DMV 

EKG 

ER 

ERGIC 

ExoN 

FDA 

GTP 

HCoV 

kb 

kDa 

kJ 

Amino Acid 

Angiotensin-converting enzyme 

Acidic 

Absorption, Distribution, Metabolism, Excretion and Toxicity 

ADP-ribose-1’-phosphate 

Acute Respiratory Distress Syndrome 

Computer Aided Drug Design 

Corona virus 

Corona virus disease 

Double membrane vesicle 

Electrocardiogram 

Endoplasmic reticulum 

Endoplasmic reticulum Golgi intermediate compartment 

Exoribonuclease 

Food and Drug Administration 

Guanosine triphosphate 

Human Corona virus 

Kilobase 

Kilodaltons 

Kilojoules 



iv 

LBVS 

MERS 

MD 

MDA 

Mpro 

MRI 

MTase 

NAB 

NCBI 

NiRAN 

NMR 

Nsp 

ORF 

PI 

PLPro 

PDB 

QSAR 

RdRp 

RNA 

RTC 

RTP 

SAM 

SARS 

Ligand-Based Virtual Screening 

Middle East respiratory syndrome 

Molecular Dynamics 

Melanoma differentiation associated protein 

Main protease 

Magnetic resonance imaging 

Methyltransferase 

Nucleic acid binding 

National Center for Biotechnology Information 

Nidovirus RdRp associated nucleotidyl transferase domain 

Nuclear magnetic resonance 

Non-structural protein 

Open reading frame 

Preference Index 

Papain-like protease 

Protein Database 

Quantitative structure-activity relationships 

RNA-dependent RNA polymerase 

Ribonucleic acid 

Replication/Transcription Complexes 

Remdesivir triphosphate 

S-Adenosyl Methionine 

Severe acute respiratory syndrome 



v 

SBVS 

sg 

SUD 

TMPRSS 

Tox 

TPSA 

TRS 

Ubl 

USD 

UTR 

VHTS 

WHO 

Structure Based Virtual Screening 

Sub-genomic 

SARS-Unique domain 

Transmembrane serine protease 

Toxicity 

Topological Polar Surface Area 

Transcriptional Regulatory Sequences 

Ubiquitin-like 

United Sates dollar 

Untranslated region 

Virtual High Throughput Screening 

World Health Organization 



vi 

LIST OF TABLES: 

S.No Table 

number 

Page 

number 

Name of the table 

1 1 Functions of nsps in coronaviruses 

2 2 Various stages of clinical manifestation of disease in human. 

3 3 Parameters of pharmacokinetic properties for screening of 

compounds. 

4 4 Binding energy of potential hits against SARS-CoV-2 RdRp 

5 5 Binding energy of potential hits against target compounds. 

6 6 Amino acid residues within 5 Å of compound 17 

7 7 Amino acid residues within 5 Å of compound 1016 

8 8 Amino acid residues within 5 Å of compound LAS34154490 

9 9 Types of interaction of compound 17 with active site amino 

residues of SARS-CoV-2 RdRp and bond distance data 

10 10 Types of interaction of compound 1016 with active site 

amino residues of SARS-CoV-2 RdRp and bond distance data 

11 11 Types of interaction of LAS34154490 with active site amino 

residues of SARS-CoV-2 RdRp and bond distance data 

12 12 Binding energy against P323L RdRp 

13 13 Binding energy of lead compounds with hMAT1A 



vii 

LIST OF FIGURES: 

S.No Table 

number 

Page 

number 

Name of the table 

1 1 Genomic organizations of representative α, β and γ CoVs 

2 2 Virion structure of SARS-CoV-2 comprising structural 

proteins and viral RNA 

3 3 Genomes of SARS-CoV, MERS-CoV and SARS-CoV-2. 

4 4 SARS-CoV-2 life cycle in host cell. 

5 5 LBVS.  The chart shows various methods utilized in LBVS. 

6 6 SBVS. General schematic of structure based virtual 

screening. 

7 7 6M71|SARS-Cov-2 RNA-dependent RNA polymerase in 

complex with cofactors 

8 8 The Z score plots and energy plot for predicting 3D structure 

of a protein based on amino acids sequences 

a) Z-Score plot of 6M71 predicted by proSA with

structures available in database

b) energy plot of 6M71 predicted by ProSA

9 9 Ramachandran plot of SARS-CoV-2 RdRp electron 

microscope structure. 

10 10 Amino acid residue with 5 Å of GTP bonded to 7DIY; blue 

colored molecule is native ligand, and the sphere 

corresponds to magnesium ion. 

11 11 Receptor ligand complex of comp 17 shown as sticks with 

SARS-CoV-2 RdRp depicted by surface and amino acids 

residue of RdRp shown as lines within 5 Å of compound 17. 

12 12 Receptor ligand complex of comp 1016 shown as sticks with 

SARS-CoV-2 RdRp depicted by surface and amino acids 

residue of RdRp shown as lines within 5 Å of compound 

1016. 



viii 

13 13 Receptor ligand complex of comp LAS34154490 shown as 

sticks with SARS-CoV-2 RdRp depicted by surface and amino 

acids residue of RdRp shown as lines within 5 Å of compound 

LAS34154490. 

14 14 Receptor ligand interaction and hydrophobic interaction of 

compound 17 with SARS-CoV-2 RdRp imaged from 

Discovery Studio Visualizer. 

15 15 Receptor ligand interaction and hydrophobic interaction of 

compound 1016 with SARS-CoV-2 RdRp imaged from 

Discovery Studio Visualizer. 

16 16 Receptor ligand interaction and hydrophobic interaction of 

LAS34154490 with SARS-CoV-2 RdRp imaged from Discovery 

Studio Visualizer. 



ix 

Table of Contents 

ACKNOWLEDGEMENT ...................................................................................................... ii 

LIST OF ABBREVIATIONS .................................................................................................. iii 

LIST OF TABLES ............................................................................................................... vi 

LIST OF FIGURES: ............................................................................................................ vii 

ABSTRACT ...................................................................................................................... xii 

INTRODUCTION: .............................................................................................................. 1 

Background ............................................................................................................................ 1 

Current Studies ...................................................................................................................... 3 

Hypothesis ............................................................................................................................. 4 

Null Hypothesis .................................................................................................................. 4 

Alternative Hypothesis ....................................................................................................... 4 

Objective ................................................................................................................................ 4 

General Objective ............................................................................................................ 4s 

Specific Objective ............................................................................................................... 4 

Rationale ................................................................................................................................ 5 

Scope of study ........................................................................................................................ 5 

LITERATURE REVIEW ........................................................................................................ 6 

Coronaviruses ........................................................................................................................ 6 

Introduction ....................................................................................................................... 6 

Genomic Organization ....................................................................................................... 7 

SARS-CoV-2 ............................................................................................................................ 8 

Virion structure .................................................................................................................. 9 

Genome Organization of SARS-CoV-2 .............................................................................. 11 

SARS-CoV-2 infection cycle .............................................................................................. 12 

Attachment and Entry .................................................................................................. 13 

Expression of Replicase protein ................................................................................... 13 

RdRp complex .............................................................................................................. 15 

Replication and Transcription ...................................................................................... 16 

Assembly and Release .................................................................................................. 17 

Understanding the global pandemic ................................................................................ 17 

Transmission .................................................................................................................... 18 

Clinical manifestations of SARS CoV-2 ............................................................................. 19 

RdRp Mutation ................................................................................................................. 21 



x 

Introduction to Computer-aided drug design (CADD) ......................................................... 22 

Virtual screening .................................................................................................................. 22 

Ligand based virtual screening ......................................................................................... 23 

Structure based virtual screening (SBVS .......................................................................... 25 

Attaining Protein structure and their preparation ...................................................... 26 

Identification of Binding site ........................................................................................ 26 

Compound database preparation ................................................................................ 27 

Docking and Scoring ..................................................................................................... 28 

Improving Pose/Compound Selection After Docking .................................................. 29 

METHODS AND METHODOLOGY ..................................................................................... 30 

Target identification and Retreival of 3D protein structure ................................................ 30 

Protein structure Validation ................................................................................................ 30 

Target protein Preparation and Acquisition of Binding sites ............................................... 30 

Compound database preparation ........................................................................................ 31 

Scope of library ................................................................................................................ 31 

Obtaining molecular structures ....................................................................................... 31 

Calculating molecular properties ..................................................................................... 31 

Generating energy-minimized conformations ................................................................. 32 

Preparing input files ......................................................................................................... 32 

Molecular docking Studies ................................................................................................... 32 

Docking with 6M71 .......................................................................................................... 32 

Redocking of Potential hits .............................................................................................. 33 

Screening with ExoN, RTP and PI ..................................................................................... 33 

Analysis of Protein-ligand interaction .................................................................................. 33 

Receptor-ligand complex visualization and Prediction of amino acids responsible for 

receptor-ligand interaction .............................................................................................. 33 

Analysis of interactions responsible for receptor/ligand binding.................................... 34 

Docking with mutated RdRp ................................................................................................ 34 

Interaction with human proteins ......................................................................................... 34 

RESULTS AND DISCUSSION ............................................................................................. 35 

Selection of Protein Target .................................................................................................. 35 

Target Protein structure validation...................................................................................... 37 

Z-score and Energy plot ................................................................................................... 37 

Ramachandran plot .......................................................................................................... 39 

Target protein preparation and Acquisition of Binding sites ............................................... 40 

Compound database preparation ........................................................................................ 41 



xi 

Molecular docking studies ................................................................................................... 44 

Docking with 6M71 .......................................................................................................... 44 

Redocking of potential hits .............................................................................................. 44 

Screening with ExoN, RTP and PI ..................................................................................... 45 

Analysis of protein-ligand interaction .................................................................................. 48 

Receptor-ligand complex visualization and Prediction of amino acids responsible for 

receptor-ligand interaction .............................................................................................. 48 

Analysis of interactions responsible for receptor/ligand binding.................................... 52 

Interaction with mutated RdRp (P323L) .............................................................................. 59 

Interaction with human protein hMAT1A ........................................................................... 60 

SUMMARY ..................................................................................................................... 61 

CONCLUSION ................................................................................................................. 62 

RECOMMENDATIONS ..................................................................................................... 62 

REFERENCES .................................................................................................................. 63 



xii 

ABSTRACT:

The outbreak of SARS-CoV-2 was one of the major global health concern and quest for 

potential therapeutic options is still important due to ever evolving nature of the virus. 

Due to the sensitive nature of handling live virus, the in silico tools and resources, 

collectively termed as CADD (Computer Aided Drug Design) would be an alternative 

approach for high-throughput screening of probable drug molecules based on the 

molecules activity, selectivity, and pharmacokinetic properties. The RNA dependent 

RNA polymerase (RdRp) of SARS-CoV-2 is a crucial enzyme involved in viral replication, 

making it an attractive target for drug development. In this study, we conducted 

molecular docking studies of library of FDA-approved compounds generated by 

screening the molecules using strict druggability, ADMET (Absorption, Distribution, 

Metabolism, Excretion and Toxicity) criteria, non-interference with human hepatic s-

adenosylmethionine (SAM) biosynthesis and resistance against viral proofreading 

activity for determining potential inhibitors of RdRp. Our results identified two 

molecules, compound 17 and LAS34154490 as potential inhibitors of SARS-CoV-2 

RdRp, which belong to class preplated microcyclics and nucleoside mimetics, 

respectively. Our results suggest that these drugs have strong binding affinity and 

stable interactions with the active site of RdRp. In conclusion, our findings highlight 

the potential of drug repurposing as a strategy for identifying inhibitors of RdRp for 

rapid safety test as these are FDA approved and may provide valuable option for the 

treatment of COVID-19. 

Keywords: CADD, RdRp, ADME/Toxicity, molecular docking, preplated microcyclics, 

kinase inhibitor, nucleoside mimetics, COVID-19 
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INTRODUCTION: 

Background: 

 According to WHO, more than 278 million cases and approximately 5.4 million deaths 

have been reported globally till 26 December 2021, due to COVID 19 infection. 

(https://www.who.int/publications/m/item/weekly-epidemiological-update-on-

covid-19---28-december-2021). Current condition reflects the massive spread of 

disease and various measure such as quarantine and lockdown are being implemented 

in order to mitigate the spread within population (Kucharski et. al., 2020). However, 

lockdown and quarantine have further posed severe problems in other sectors such 

as transport and economy (Sharif et. al., 2020, Guan et. al., 2020). Thus, it is necessary 

to search for countermeasures which could help us to tackle the problem posed by 

the pandemic.  

Development of effective vaccine is a complex, lengthy and costly process. From 

concept to getting license, vaccine development is a multistep process (Leroux-Roels 

et. al., 2011). Additionally, cost estimated for a vaccine development is high with 

reports suggesting 200- 500 million USD and can take approximately 15 years or more 

(Plotkin et. al., 2017) Currently available vaccines are not for long term and recent 

data suggests that they provide protection against major infection and death up to 6 

months (Nordstrom et. al., 2022). Furthermore, drug development is another sector 

which can help alleviate the threat posed by covid 19 infection. However, cost of 

developing new drug is estimated from USD 92 million cash (USD 161 million 

capitalized) to USD 883.6 million cash (USD 1.8 billion capitalized) (Morgan et. al., 

2011). In order to minimize the constraints of time and cost, an easy and effective 

technology of drug discovery is required. 

Combination of computational methods for drug discovery and development with in 

vitro experimental methods will contribute hugely to overcome these constraints 

(Sliwoski et. al., 2014). With meteoric progress in field of computer technologies, drug 

screening and design has massively benefitted by significantly reducing cost and time 

of drug development (Lin et. al., 2020). Basically, along with previous genomic and 

https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---28-december-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---28-december-2021
https://www.sciencedirect.com/science/article/pii/S1367578820300663#bib0015
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proteomic experimental data and bioinformatic tools, key genes and their translated 

protein can be identified which can be targeted for drug screening and design 

(Yamanishi et. al., 2008) (Bakheet et al., 2009). In order to reinforce the experiments, 

protein structure predictions algorithms can aid to construct near precise protein 

structures (Moult et al., 2018). Molecular simulation along with multiscale models 

allows examination of biological processes of target proteins and provide efficient 

data on structure and dynamics governing those processes in varying degree of 

resolution (Ayton et. al., 2007). This data along with x-ray crystallography studies can 

be useful to predict binding site of drug and the probable drug action mechanism 

(Handing et. al., 2018). After this, screening of various ligands can be done through 

chemical libraries (Shoichet, B.K., 2004) and thus screened putative drug candidates 

can be docked onto target protein using bioinformatic tools such as Autodocktools, 

Autodock Vina (Forli et. al., 2016). Aside from virtual screening of putative drug 

candidates, repurposing the existing drugs is of great interest (Ashburn & Thor, 2004). 

Many drug-like molecules and antivirals are being investigated to target SARS CoV2 

RNA dependent RNA polymerase (RdRp) with the help of computer aided drug 

discovery (CADD) approach (Baby et. al., 2020). 

The foremost process in CADD approach is to identify the biomolecular target which 

do not share homology to any human proteins or other biomolecule as those drugs 

may target against the human protein as well. Biological processes such as SARS CoV2 

protease activity (Ulrich and Nitsche, 2020), viral structural assembly and immune 

regulation in host (Peng et. al., 2020) and replication process (Wu et. al., 2020) are 

being considered as a template target to develop new leads. Viral replication is 

essential biological function for survival and amplification of virus in host and thus can 

be utilized as a target to discover potential therapeutic agents using computational 

approach (Wu et. al., 2020). 

In order to express and replicate unusually large genome (two to three-fold larger) 

compared to other viruses, Coronaviruses utilizes numerous RNA-synthesizing and 

RNA-processing enzymes. RNA-dependent RNA polymerase (RdRp) which functions as 

a main enzyme for viral replication and transcription, synthesizes all viral RNA 

essential for survival of virus in host and is proven to be a main target for several 
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antiviral drugs (Malone et. al., 2022). Thus, by using existing databases of drug 

molecules and further screening them to obtain potential leads, we can target the 

RdRp protein with these potential leads to determine therapeutic agents posing threat 

to survival of SARS CoV-2 in human host. 

Currently, Various molecules such as remdesivir, favipiravir, sofosbuvir (Elfiky, 2021), 

Plant-derived natural polyphenols theaflavin, hesperidin (Singh et. al., 2021) have 

been identified virtually as lead antiviral drugs against SARS CoV-2 RdRp inhibition. 

Besides this, researches for identification of other potential drug candidates are 

ongoing globally. These drug candidates were determined via insilico approaches 

which includes array of various processes. As initial screening, the drug candidates 

must fulfill the lipinski’s Rule of Five. Upon meeting the requirements of screening 

parameters, these molecules were additionally subjected to molecular docking 

process where binding energy of these molecules to the active site of target was 

calculated. The binding energy of these molecules were compared to native ligands of 

protein and molecules with relatively higher binding energy were further considered 

for additional insilico approaches. Furthermore, various intrinsic properties such as H-

bond donor and acceptor, total polar surface area, rotatable bond count of molecule 

were taken as consideration to empirically calculate residence time of the molecule in 

active site of the drug. 

Current Studies: 

Drug repurposing, the use of existing drugs to treat new indications, has gained 

significant attention in the search for effective treatments for SARS-CoV-2. One 

potential target is the RNA dependent RNA polymerase (RdRp) of the virus, which is 

crucial for replication. Several studies have explored the repurposing of drugs such as 

remdesivir, favipiravir, and ribavirin for use against SARS-CoV-2 by targeting RdRp. For 

instance, a study reported the potential of remdesivir as an RdRp inhibitor (Shannon 

et. al., 2020), while another study investigated the potential of favipiravir, ribavirin 

and sofosbuvir in targeting RdRp (Elfiky, 2021). Additionally, EIDD-2801, a 

ribonucleoside analog prodrug, has also been explored as a RdRp inhibitor. EIDD-2801 
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showed broad-spectrum antiviral activity against several coronaviruses, including 

SARS-CoV-2, through targeting RdRp (Wahl et. al., 2020). 

In addition to these drugs, researchers have also explored the potential of natural 

products as RdRp inhibitors for SARS-CoV-2. For example, molecular docking of 

compounds from natural products, such as ginger, garlic, and curcumin, with RdRp 

showed that several of these compounds exhibited strong binding affinity with RdRp, 

suggesting their potential as RdRp inhibitors (Singh et. al., 2020). 

Overall, while drug repurposing targeting RdRp of SARS-CoV-2 shows promise, further 

studies are needed to determine the efficacy and safety of these drugs in clinical trials. 

This research solely utilizes various computational techniques related to computer-

aided drug design (CADD) to facilitate the drug repurposing process. The aim is to 

develop potential drug candidates that can either inhibit or manage symptoms, and 

to prevent lead molecules from failing in later stages of drug discovery. 

Hypothesis: 

Null Hypothesis: 

Potential drug candidate against RdRp of SARS CoV-2 will not be developed 

Alternative Hypothesis: 

Potential drug candidate against RdRp of SARS CoV-2 will be developed 

Objective: 

General Objective: 

To discover new lead molecules against SARS CoV-2 for potential new drug discovery 

Specific Objective: 

• To identify drug target necessary for survival of virus in host 

• To generate a ligand library using rigorous screening parameters of 

druggability 

• To perform Molecular docking and analyzing ligand protein interactions 
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• To perform Molecular Dynamic Simulation

Rationale: 

 Despite of availability and visibly astounding efficacy of vaccines against SARS-CoV-2, 

it is evident that COVID-19 continues to spread and impact communities world-wide. 

Various reasons such as hesitancy to get vaccinated, shortage of vaccines in 

developing and under-developed countries, emergence of mutant variants and 

diminished effectivity of COVID vaccine in immune-suppressed individuals owes to the 

continuing spread of the pathogen. Thus, it is predicted that the virus will become 

endemic (Hall et al., 2021) and will lead to reduced vaccine efficacy in future due to 

evolution of SARS-COV-2 along with human host. Such emerging concerns necessities 

the search of drugs against SARS-COV-2 to combat any sudden or unpredicted 

situations which might arrive in future by only relying on vaccine development. In 

order to do that, this research focuses on how we could generate potential drug 

candidates against the pathogen via computational approaches in economical and 

robust manner. 

Scope of study: 

The main focus of this study is to identify potential lead molecules that can target 

RdRp of SARS-CoV-2. The study involves conducting comprehensive screening 

processes using insilico tools and resources and filtering screened hits using different 

analytical approaches. 
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LITERATURE REVIEW: 

Coronaviruses: 

Introduction: 

Coronaviruses (CoVs) are enveloped, positive-sense and single stranded RNA viruses 

and are highly diverse (Zumla et. al., 2016). They belong to order Nidovirales which 

are further divided into four families; Coronaviridae, Mesoniviridae, Arteriviridae and 

Roniviridae. Coronavirinae which is one of subfamilies in coronaviridae family are 

further classified under four genera including alfa(α), beta(β), gamma(γ), delta(δ) 

coronaviruses. These viruses were classified according to the phylogenetic clustering 

studies (C. S. G. of the international,2020). 

Coronaviruses have unusually large RNA genomes, containing upto 33.5 kilobase (kb). 

Different nidoviruses use similar strategies to organize, express and replicate their 

genomes. Some of the common features in viruses belonging to Nidovirales order 

encompasses: (a)Highly conserved genome which consists of large replicase coding 

region followed by other structural and accessory coding sequences, (b) ribosomal 

frameshifting leads to expression of numerous non-structural genes, (c)large 

replicase-transcriptase polyprotein with distinct or uncommon functions, (d)3’nested 

sub-genomics mRNAs for expressing downstream genes (Fehr and Perlman, 2015). 

Coronaviruses are responsible for several diseases impacting respiratory, hepatic, 

enteric and neurological systems to varying degree of severity among humans and 

animals (Chan et. al., 2013). Usually, Human CoV infections have caused less 

respiratory infections with HCoV-OC43, HCoV-229E, HCoV-NL63, and HCoV-HKU1 

responsible for mild respiratory illness (Channappanavar et. al., 2014). However, 

emergence of two novel CoVs, severe acute respiratory syndrome CoV (SARS-CoV) and 

Middle East respiratory syndrome CoV (MERS-CoV) in past decades has caused serious 

human diseases affecting respiratory system (Cheng et. al., 2007) (Chan et. al., 2015). 

More than 8000 peoples were affected globally resulting in 800 death cases during 

the SARS-CoV epidemic and MERS-CoV recorded 857 cases of infection with 334 

deaths (Gretebeck and Subbarao, 2015). Among the members of family of CoVs that 
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infects human, SARS-CoV-2 has been registered as seventh member till now. The main 

symptoms of COVID-19 included fever, fatigue, and cough, which are similar to that of 

SARS-CoV and MERS-CoV infected cases (He et. al., 2020). 

Genomic Organization: 

The Genome size of coronaviruses is of ~30 kb and is characteristically non-

segmented, positive sense RNA molecule, establishing them as largest known RNA 

viruses (Enjuanes et. al., 2000). The genome possesses 5′ cap structure with leader 

sequences and untranslated region (UTR) (Morris and Geballe, 2000) and 3′ 

untranslated region upstream from the 3′ -terminal poly(A) tail which allows whole 

genome to act as an mRNA for translation of the replicase polyproteins (Brian and 

Baric, 2005). The large portion of genome, about 20 kb, encodes for non-structural 

proteins (nsps) which are involved in various functioning such as proteolytic cleavage 

of gene 1 polyprotein products, replication of genome, and transcription. ORFs 1a and 

ORF 1ab is translated from gene 1, with 1ab translated due to pseudoknotted 

structures and slippery sequence at ORF1a/1b junction which is responsible for -1 

ribosomal frameshifting mechanism (Brown and Brierley, 1995). Downstream to 

replicase polyproteins coding region is structural and accessory proteins coding genes 

with each of them carrying transcriptional regulatory sequences (TRSs) which are 

necessary for expression of these genes (Fehr and Perlman, 2015). Accessory genes 

are scattered among structural genes that codes for Spike(S), Envelope(E), 

Membrane(M) and Nucleocapsid(N) protein. The accessory proteins, which are 

nonessential for replication in cell culture have been shown to have important roles 

in viral pathogenesis (Zhao et. al., 2012). 
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Fig1: Genomic organizations of representative α, β and γ CoVs(Fehr and Perlman, 2015). 

SARS-CoV-2: 

Severe acute respiratory syndrome coronavirus2 (SARS-CoV-2) is a novel coronavirus 

which is responsible for Coronavirus disease 19 (COVID-19) (Zhou et. al., 2020) ( Zhu 

et. al., 2020). Similar to other coronaviruses (order Nidovirales, family Coronaviridae, 

subfamily Coronavirinae), SARS-CoV-2 is an enveloped virus with non-segmented, 

positive-sense, single-stranded RNA genome with approximate size of 30kb and is a 

member of genus betacoronavirus, jointly with SARS-CoV and Middle East respiratory 

syndrome coronavirus (MERS-CoV) with whom it shares 80% and 50% homology 

respectively (Kim et. al., 2020) ( Zhou et. al., 2020). Initially, Coronaviruses (CoVs) were 

perceived as cause of enzootic infections in birds and mammals. Nonetheless, 

repeated occurrence of SARS, MERS and recent COVID-19 outbreaks have clearly 

indicated the ability of these viruses to cross species barrier and mediate human 

infections as well (Menachery et. al., 2017). Although the intermediate animal host of 

SARS-CoV-2 is yet unknown, the potential reservoir is believed to be bats, which carry 

the virus with no signs of disease (Li et. al., 2020). 

https://www.sciencedirect.com/science/article/pii/S0092867420304062#bib31
https://www.sciencedirect.com/science/article/pii/S0092867420304062#bib32
https://www.sciencedirect.com/science/article/pii/S0092867420304062#bib32
https://www.sciencedirect.com/science/article/pii/S0092867420304062#bib9
https://www.sciencedirect.com/science/article/pii/S0092867420304062#bib31
https://www.sciencedirect.com/science/article/pii/S0092867420304062#bib16
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Virion structure: 

Under the investigation of electron microscopy, SARS-CoV-2 observed in infected cell 

post 3 days of infection, revealed crown like structure with virion size spanning from 

70-90 nm diameter and were observed mainly in vesicles (Park et. al., 2020). The 

helical nucleocapsid (N) consisting viral RNA is confined within host membrane-

derived lipid bilayer which has fixed spike(S), membrane(M) and envelope(E) surface 

viral protein (Finlay et. al., 2004). 

The S protein is approximately 150 kda in size and is heavily N-link glycosylated which 

acts as signal sequence to gain access to Endoplasmic reticulum (ER). The virus surface 

is characterized by unique spike structure made by homotrimers of S protein (Beniac 

et. al., 2006). This trimeric S protein is a Class I fusion protein that facilitates 

attachment to host receptor (Collins et. al., 1982). Mostly in coronaviruses S protein 

is cleaved into two functional polypeptides, S1 and S2 via host cell furin-like protease 

(Abraham et. al., 1990). S1 constitutes of large receptor-binding domain, while S2 

functions as skeletal support in the form of stalk of the spike molecule (De Groot et. 

al., 1987). 

M protein are small (approx. 25-30 kda) structural proteins in the virion and are 

present in abundance comprising three transmembrane domains (Armstrong et. al., 

1984). The M protein consists of N-terminal ectodomain which is glycosylated and 

comparatively larger C-terminal endodomain which gives shape to virion structure 

(Nal et. al., 2005). M protein is dimeric in virion and aids in sustaining the membrane 

curvature and binding to the nucleocapsid (Neuman et. al., 2011). 

E protein is highly divergent and present in small amount. The size of E protein ranges 

from 8.4-12 kda (Godet et. al., 1992). Although membrane topology is not resolved 

fully, various researches predict E protein as transmembrane protein with N-terminal 

ectodomain and C-terminal endodomain. The E protein has an ion channel activity 

which helps in viral pathogenesis of SARS-CoV and probably SARS-CoV-2. Beside this, 

E protein also has an important role in viral assembly and release (Nieto-Torres et. al., 

2014) (Mukherjee et. al., 2020). 

https://link.springer.com/chapter/10.1007/978-981-15-4814-7_3?fbclid=IwAR0Imvt2n2VyqIHUUdlIWoUpjv1UOy1Nd1MOSZoh1256Cyon0hLxNpFu-ms#ref-CR14
https://link.springer.com/chapter/10.1007/978-981-15-4814-7_3?fbclid=IwAR0Imvt2n2VyqIHUUdlIWoUpjv1UOy1Nd1MOSZoh1256Cyon0hLxNpFu-ms#ref-CR6
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The N protein is present in nucleocapsid and binds to RNA genome. It comprises of N-

terminal and a C-terminal domain, each of which binds to RNA using different 

mechanisms (Chang et. al., 2006) (Hurst et. al., 2009). N protein is phosphorylated 

heavily and upon phosphorylation, induces structural changes that enhances affinity 

of N protein for Viral RNA (Stohlman and Lai, 1979). The binding of N protein to viral 

genome gives beads on a string structure. Two distinct RNA substrates have been 

recognized for N protein; TRSs and the genomic packaging signal. Genomic packaging 

signal binds to C-terminal RNA binding domain (stohlman et. al., 1988) (Kuo and 

Masters, 2013). The N-protein binds to M protein and nsp3 which is a crucial 

constituent of replicase complex. Ultimately, the interactions with nsp3 which help 

tether the viral genome to replicase-transcriptase complex (RTC) and M protein 

facilitates in packaging of encapsidated genome into the viral particles (Hurst et. al., 

2013) (Sturman et. al., 1980). 

Fig 2: Virion structure of SARS-CoV-2 comprising structural proteins and viral RNA 

(Kumar et. al., 2020) 
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Genome Organization of SARS-CoV-2: 

The SARS-CoV-2 genome is similar to that of typical CoVs and contains at least ten 

open reading frames (ORFs). The genome size of coronavirus ranges from 26 to 32 kb 

consisting 6–11 open reading frames (ORFs) encoding polyproteins made up of 9680 

AA (Amino Acid) (Guo et. al., 2020). The first ORF encodes for 16 nonstructural 

proteins and occupies 67% of the genome and the remaining ORFs codes for structural 

and accessory proteins. Unlike some other beta-coronaviruses, SARS-CoV-2 genome 

is devoid of hemagglutinin-esterase gene. Nonetheless, untranslated regions (UTRs) 

flanks were observed at both 5′ and 3′ end of 265 and 358 nucleotides respectively. 

There was no any notable contrast in ORFs and NSPs coding region between SARS-

CoV-2 and SARS-CoV when sequence variation data was revealed. Some of the 

proteins coded by nsp genes encompasses two viral cysteine proteases including 

papain-like protease (nsp3), chymotrypsin-like, 3C-like, or main protease (nsp5), RNA-

dependent RNA polymerase (nsp12), helicase (nsp13), and others which play integral 

role in SARS-CoV-2 transcription and replication (Chan et. al., 2020). Besides that, 

additional region coding four structural proteins and other accessory protein 

completes SARS-CoV-2 genome (Li et. al., 2020). By using combination of Sanger, 

Illumina, and Oxford nanopore sequencing, whole genomic sequences of SARS-CoV-2 

were mapped (Lu et. al., 2020). 

Fig3: Genomes of SARS-CoV, MERS-CoV and SARS-CoV-2 (Li et. al., 2020) 

https://link.springer.com/chapter/10.1007/978-981-15-4814-7_3?fbclid=IwAR0Imvt2n2VyqIHUUdlIWoUpjv1UOy1Nd1MOSZoh1256Cyon0hLxNpFu-ms#ref-CR8
https://link.springer.com/chapter/10.1007/978-981-15-4814-7_3?fbclid=IwAR0Imvt2n2VyqIHUUdlIWoUpjv1UOy1Nd1MOSZoh1256Cyon0hLxNpFu-ms#ref-CR2
https://link.springer.com/chapter/10.1007/978-981-15-4814-7_3?fbclid=IwAR0Imvt2n2VyqIHUUdlIWoUpjv1UOy1Nd1MOSZoh1256Cyon0hLxNpFu-ms#ref-CR12
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SARS-CoV-2 infection cycle: 

SARS-CoV-2 utilize multiple host components, which are determinants of viral tropism, 

to infect the host cells. By entering the cell and translating their viral genome, they 

initiate a cytoplasmic replication cycle that coordinates numerous strategies for 

ultimate release of viral progeny while extensively relying on host machineries and 

metabolism (Malone et. al., 2022). 

Fig 4: SARS-CoV-2 life cycle in host cell (V'kovski et. al., 2021) 
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Attachment and Entry: 

S protein is central for attachment and entry of virus (Du et. al., 2009) as it enables 

binding to host receptor and membrane fusion and is important in dictating host 

tropism and transmission capacity (Lu et. al., 2015) (Li, 2015). The fusogenic spike 

protein with two domains S1 and S2 functionally aid in receptor binding and fusion 

with cell membrane (He et. al., 2004). Like SARS-CoV, SARS-CoV-2 uses the 

angiotensin-converting enzyme 2 (ACE2) receptor for cell entry and Transmembrane 

serine protease 2 (TMPRSS2) for S protein priming (Hoffmann et. al., 2020). 

Additionally, biophysical and structural studies disclosed that S protein of SARS-CoV-2 

exhibits 10–20 fold higher affinity for ACE2 when compared to SARS-CoV (Wrapp et. 

al., 2020). This higher binding affinity corelates with the evidence of higher spread of 

SARS-CoV-2 in human populations. The interaction between S protein and ACE2 leads 

to conformational change in S protein due to which E protein coalesces with host cell 

membrane which is followed by entry of viral RNA via endosomal pathway (Coutard 

et. al., 2020) (Matsuyama and Taguchi, 2009). SARS-CoV-2 does not enter cell using 

other CoV receptors such as aminopeptidase N and dipeptidyl peptidase 4 (Zhou et. 

al., 2020). 

Expression of Replicase protein: 

Following entry of viral genome into host cell cytoplasm, next step is translation of 

replicase gene from genomic RNA. Two large replicase ORFs; ORF1a and ORF1b is 

translated using host ribosomes (Wu et. al., 2020). The translated products are 

replicase polyproteins pp1a and pp1ab which are 4405 and 7096 AA residues, 

respectively. Translation of pp1ab occurs due to pseudoknotted structures and 

slippery sequence at ORF1a/1b junction which is responsible for -1 programmed 

ribosomal frameshifting mechanism. The predicted efficiency of frameshifting is 45-

70% which leads to overexpression of ORF1a-encoded proteins compared to ORF1b-

encoded proteins (Finkel et. al., 2021). After translation, pp1a and pp1ab undergoes 

15 proteolytic cleavages executed by viral coded chymotrypsin-like or main protease 

(Mpro) and papain-like protease (PL-pro) to yield 16 non-structural proteins which are 

listed in Table 1(Ziebuhr et. al., 2000) (Snijder et. al., 2003).  

https://link.springer.com/chapter/10.1007/978-981-15-4814-7_3?fbclid=IwAR0Imvt2n2VyqIHUUdlIWoUpjv1UOy1Nd1MOSZoh1256Cyon0hLxNpFu-ms#ref-CR9
https://link.springer.com/chapter/10.1007/978-981-15-4814-7_3?fbclid=IwAR0Imvt2n2VyqIHUUdlIWoUpjv1UOy1Nd1MOSZoh1256Cyon0hLxNpFu-ms#ref-CR20
https://link.springer.com/chapter/10.1007/978-981-15-4814-7_3?fbclid=IwAR0Imvt2n2VyqIHUUdlIWoUpjv1UOy1Nd1MOSZoh1256Cyon0hLxNpFu-ms#ref-CR3
https://link.springer.com/chapter/10.1007/978-981-15-4814-7_3?fbclid=IwAR0Imvt2n2VyqIHUUdlIWoUpjv1UOy1Nd1MOSZoh1256Cyon0hLxNpFu-ms#ref-CR13
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Table 1: Functions of nsp genes in coronaviruses 

Protein Function 

nsp1 Assists degradation of cellular mRNA and obstructs translation in host cell, 

thus blocking innate immune response 

nsp2 Function yet unknown, binds to prohibitin proteins 

nsp3 Large, transmembrane protein with multiple domains activities: 

Communicates with N protein via Ubl1 and Ac domains, 

Enhances cytokine expression through ADRP activity, 

PLPro/Deubiquitinase domain, cleaves viral polyprotein & hinders with 

host innate immune response  

Domains with unknown functions includeUbl2, NAB, G2M, SUD, Y domains. 

nsp4 Potential transmembrane scaffold protein, integral for correct structure of 

DMVs 

nsp5 Known as Mpro, which cleaves viral polyprotein 

nsp6 Probable transmembrane scaffold protein 

nsp7 Along with nsp8 makes hexadecameric complex with nsp8, might function 

as processivity clamp for RNA polymerase 

nsp8 Along with nsp7 forms hexadecameric complex, might function as 

processivity clamp for RNA polymerase; may act as primase 

nsp9 Binds RNA 

nsp10 Forms heterodimer with both nsp16 and nsp14 and acts as Cofactor which 

prompts ExoN and 2-O-MT activity 

nsp12 RdRp 

nsp13 RNA helicase, 5′ triphosphatase 
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nsp14 N7 MTase) and 3′-5′ exoribonuclease, ExoN; N7 MTase adds 5′ cap to viral 

RNAs, ExoN activity for viral genome proofreading 

nsp15 Viral endoribonuclease, NendoU 

nsp16 2′-O-MT; guards viral RNA from MDA5 recognition 

Note: Ubl (ubiquitin-like), Ac (acidic), ADRP (ADP-ribose-1’-phosphate), PLPro (papain-like 

protease), NAB (nucleic acid binding), SUD (SARS-unique domain), DMVs (double-membrane 

vesicles), Mpro (main protease), RdRp (RNA-dependent RNA polymerase), MTase 

(methyltransferase), ExoN (Viral exoribonuclease), NendoU (Viral endoribonuclease), 2’-O-

MT (2’-O-Methyltransferase), MDA5 (Melanoma differentiation associated protein 5) (Malik, 

2020) 

Translation of host mRNA is blocked by nsp1 (Thoms et. al., 2020) (Schubert et. al., 

2020). The other non-structural proteins form protein complexes termed as 

replication-transcription complexes (RTCs) whose role is crucial in synthesis of viral 

RNA. Primarily, proteins coded by nsp12, nsp13, nsp14 and nsp16 directs replication 

and transcription of viral RNA. Along with the assistance of nsp7 and nsp8 proteins, 

Nsp12, which is protein containing RdRp domain, forms holoenzyme RdRp (holo-

RdRp) and catalyzes the RNA synthesis in host cell (Malone et. al., 2022). Other 

subunits in RTCs play their part in regulating host innate immune response and 

modifying cell organelles into distinct double-membrane vesicles called ‘replication 

organelles’ which induces viral RNA synthesis (Cortese et. al., 2020) (Snijder et. al., 

2020). 

RdRp complex: 

Multiple NSP proteins are utilized for viral replication and transcription which are 

assembled as breakdown product of ORF1a and ORF1ab polyproteins (Ziebuhr, 2005). 

Among these NSPs, RNA dependent RNA polymerase (RdRp) plays critical role in 

replication of viral genome by catalyzing viral RNA synthesis. For enzyme function of 

this protein, two additional cofactors coded by nsp7 and nsp8 are required and 

collectively is called RdRp complex (Subissi et. al., 2014). 
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Cryo-EM structure of SARS-CoV-1 RdRp which was published shortly before CoVid-19 

pandemic helped in understanding the structural aspects of polymerase of 

coronaviruses (Kirchdoerfer and Ward, 2019). Currently, various researches have 

successfully provided X-ray and cryo-EM structure of RdRp complex. The first 

structural insights of RdRp complex of novel SARS-CoV-2 were resolved in April via 

cryo-EM method (Gao et. al., 2020). Additionally, further studies were performed 

which showed similar data (Peng et. al., 2020) (Yin et. al., 2020). These studies showed 

that RdRp of SARS-CoV-2 exhibited high similarity with RdRp of SARS-CoV-1 and for 

enzyme activity forms heterotetrameric complex of nsp12, nsp7 and nsp8. 

Furthermore, the structure of SARS-CoV-2 RdRp disclosed N-terminal portion of 

NiRAN domain which was formerly unclear to scientific community (Hillen, 2021). 

Using bacterial expression system, full length nsp12 of SARS-CoV-2 virus was cloned 

and incubated along with nsp7 and nsp8 to form complex which was then purified for 

further structural studies (Gao et. al., 2020). Structurally nsp12 consists of two main 

domains: polymerase domain from amino acid residue S367 to F920 and a nidovirus-

specific N-terminal extension domain from amino acid residue D60 to R249 which 

maintains a nidovirus RdRp-associated nucleotidyltransferase (NiRAN) architecture 

(Lehman et. al., 2015). These two domains are interconnected via an interface 

domain. Polymerase domain comprises three subdomains: a fingers subdomain,a 

palm subdomain, and a thumb subdomain. The active site in RdRp domain is formed 

by the conserved polymerase motifs A to G in the palm domain and configured like 

other RNA polymerases (Gao et. al., 2020). The nsp7-nsp8 pair structure is conserved 

and analogous to SARS-CoV nsp7-nsp8 pair ((Kirchdoerfer and Ward, 2019). 

Replication and Transcription: 

Formation of RTCs is essential for viral RNA synthesis and subsequently responsible 

for replication of virus and transcription of sub-genomic mRNAs(sg-mRNAs). RTC uses 

genomic RNA as a template to produce full length genome compliment and a set of 

minus-strand sgRNAs which are acquired from genomic region downstream of the 

replicase gene. These minus strand sgRNAs serve as template for sub-genomic mRNAs 

synthesis whereas the genome complement directs production of new genomic RNA. 
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The sg-mRNAs are responsible for producing structural proteins which are essential 

for virion assembly and release (Malone et. al., 2022). Beside this, sg-mRNAs are used 

to express accessory proteins, which plays crucial roles in modulating host innate 

immune responses (Wang et. al., 2021) (Kim et. al., 2020). 

Assembly and Release: 

Structural proteins S, E and M are translated after replication and transcription and 

incorporated into endoplasmic reticulum where it moves along the secretory pathway 

into the endoplasmic reticulum-Golgi intermediate compartment (ERGIC) (Krijnse-

Locker et. al., 1994) (Tooze et. al., 1984). The newly synthesized genomic RNA 

encapsidated by N proteins buds into the lumen of ERGIC (Cohen et. al., 2011; Perrier 

et. al., 2019) which contains viral structural proteins, forming mature virion particles 

(de Haan et al., 1998). When in the ER/ERGIC, virion particles move to the golgi 

apparatus and trans-Golgi network to undergo glycosylation and other post 

translational modifications (Fung and Liu, 2018). After this, Virions leave the infected 

cell via lysosomal trafficking which is a different route compared to other enveloped 

viruses (Ghosh et. al., 2020). 

Understanding the global pandemic: 

The rapid spread of coronavirus has caused global pandemic and impacted the globe 

negatively. In less than half a year the virus has spread nearly worldwide and several 

countries are facing the second outbreaks with emergence of new variants (Dong et. 

al., 2020; Wu et. al., 2020; Xu and Li, 2020). The infectious agent responsible for the 

pandemic was named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

on 11th of February 2020 by WHO) (Gorbalenya et. al., 2020; Zhu et. al., 2020) which 

caused coronavirus 2019 (COVID-19). It is a member of same family of virus as SARS-

CoV and MERs CoV but unlike the disease caused by these viruses is characterized with 

high spread, mortality and morbidities (Dong et. al., 2020a; Zhu et. al., 2020). The 

disease was first reported in wuhan, china in december of 2019 and has spread all 

over the world via travel and community-based contacts (WHO 2020; Wu et. al., 2020; 

Zhu et. al., 2020). 
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The virus was swiftly recognized as a novel coronavirus showing genetic similarities to 

SARS-CoV-1 (Lu et. al., 2020; Wan et al. 2020). Due to its rapid spread and high fatality, 

it was termed “the first pandemic of the 21st century” by WHO (Dong et. al., 2020; 

WHO 2020; Wu et. al., 2020). Owing to the above reasons, it was paramount to devise 

swift, sensitive and definite diagnostic and serological testing methods for coping with 

and prevention of COVID-19 spread. Despite the good response in developing new 

testing methods, global conditions exhibit necessity of additional therapeutic 

interventions to control disease spread and speeding patients’ recovery (WHO 2020; 

Tao et. al., 2020). The infection has taken its toll on more than 12.7 million people 

worldwide and more than 560,000 fatalities has been reported with those numbers 

ever increasing (Dong et. al., 2020) and beside that it has affected our daily lifestyle, 

habits, work and family as well (Wu et. al., 2020; Zhu et. al., 2020). 

Transmission: 

The transmission of infection from a person to another is still under research. 

However, the prime mode of transmission of virus occurs via fluid droplets secreted 

by respiratory system of the infected individuals which is relayed onto healthy 

individual while sneezing, coughing or talking without covering the mouth and the 

nose. The virus might also prevail in the air from expelled droplets of infected person 

and spread to healthy individual who comes in contact with them in confined area 

(Gandhi et. al., 2020; Meselson, 2020; Morawska and Cao, 2020). Beside this there are 

other modes of transmissions such as: 

• Direct contact with infected individuals (Li et. al., 2020).

• Via contaminated surfaces or objects such as plastic, stainless steel and others

with reports suggesting virus is stable on plastic and stainless steel upto 72 hrs,

more than 4 hrs on copper and upto 24 hrs on cartons but whether the virus is

viable for infection is still unclear (Rubens et. al., 2020; van Doremalen et. al.,

2020) 

• Touching nose, eyes and mount with contaminated hands

• Touching or smelling excreta of infected person
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• And fecal microbiota isolated from infected person according to FDA

guidelines (Machhi et. al., 2020)

Clinical manifestations of SARS CoV-2: 

Table 2: Various stages of clinical manifestation of disease in human. (Machhi et. al., 

2020) 

Organ system of 

concern 

Early 

manifestation 

of disease 

moderate 

manifestation of 

disease 

severe 

manifestation of 

disease 
Diagnostic signs 

Lung/Respiratory 

Pulmonary 

Cough, 

Sore throat, 

Rhinorrhea, 

Sneezing, 

Dry Cough 

Pneumonia, 

Dyspnea, Moderate 

hypoxemia 

Severe 

hypoxemia, 

Acute respiratory 

distress syndrome 

(ARDS), 

Respiratory failure 

and death (if 

untreated) 

Decreased % 

pO2, 

Chest X-rays 

show ground 

glass opacities 

Brain/Neurological Hyposmia-

Anosmia, 

Hypogeusia 

Ageusia, 

Visual 

Disturbance, 

Fatigue, 

Somnolence 

Headaches, 

Nausea and 

vomiting, 

Dizziness, 

Myalgia, 

Ataxia, 

Encephalopathy 

Cerebrovascular 

disease (large 

vessel strokes), 

Seizures, 

Meningoencephali

tis, 

Neuropathy, 

Guillain Barre 

Syndrome, 

Neurogenic ARDS, 

Coma 

Elevated creatine 

kinase with 

myalgia, 

Brain MRI show 

hyperintensities 

in regions with 

infarction or 

encephalitis, 

SARS-CoV-2 

detection in 

cerebrospinal 

fluid or brain 

tissues in some 

patients 
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Gastrointestinal Nausea, 

Vomiting, 

Diarrhea, 

Heartburn 

Loss of appetite, 

Abdominal pain 

and bloating 

Gastrointestinal 

bleeding, 

GI viral 

dissemination 

Elevated liver 

enzymes and 

bilirubins, 

SARS-CoV-2 

detection in stool 

samples 

Heart/Cardiac Chest pain, 

Arrhythmia, sinus 

tachycardia 

Cardiac 

inflammation, 

immunocytic 

infiltration 

Cardiomayopathy, 

Acute heart failure 

Elevated cardiac 

enzymes, 

Abnormal EKG 

(Prolonged QTc 

intervals, 

elevated ST), 

Cardiac-specific 

troponin and 

brain natriuretic 

peptide 

Kidney/Renal Proteinuria, 

Hematuria 

Acute renal injury Renal failure Tubular necrosis 

and SARSCoV-2 

detection in 

kidney 

Blood vessels/ 

Vascular 

Blood 

coagulation 

Arterial or venous 

thromboembolism, 

Cytokine storms 

Pulmonary 

embolism, 

Large vessel 

occlusions, 

Disseminated 

intravascular 

coagulation 

Elevated D-

dimer, 

interleukin-6, 

other cytokines, 

ferritin, and 

lactate 

dehydrogenase. 

Prolonged 

PT/PTT 

Mental/Psychiatric Depressed mood, 

Anxiety, 

Depression, Exacerbation of 

neurological or 

psychiatric 

Elevated plasma 

calcium and 

phosphorus 
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Insomnia, 

Anger, 

Fear 

Post-traumatic 

stress disorder 

disorders (e.g., 

Alzheimer’s or 

Addiction) 

(indicative of 

stress) 

COVID-19 infection gradually negatively impacts immune system of host on its later 

stage, and immune system responds by significantly increasing cytokine release also 

known as “cytokine storm” syndrome (Moore and June, 2020). this is marked by 

increased neutrophil-to-lymphocyte ratio (NLR) which is caused due to SARS-CoV-2 

infecting monocytes, macrophages, dendritic cells, and lymphocytes (Grifoni et. al., 

2020; Park, 2020; Yuki et. al., 2020). Cytokines are released as a self-defense 

mechanism to combat against infection and helps in recruiting immune cells to fight 

off against viral infection (Moore and June, 2020). However, in SARS-CoV-2 infections, 

cytokine egress is very high which subsequently results in elevated leukocyte 

recruitment to multiple body organs and specifically in lung cells which leads to acute 

respiratory distress syndrome (ARDS) (Zhang et. al., 2020). 

RdRp Mutation: 

Several common mutations have been found in the RdRp coding region polyprotein 

gene among SARS-CoV-2 isolates worldwide. One significant mutation is the 14408C>T 

transition, which has been detected in more than 7,000 isolates from various 

continents. An initial examination of 137 SARS-CoV-2 genomes from North America 

and Europe showed that this particular mutation was associated with higher number 

of mutations. This substitution of proline to leucine (P323L) resulting from the 

14408C>T mutation has been proposed to make the RdRp protein structure more rigid 

which may have impacted on the way RdRp interacts with other elements of the 

transcription/replication mechanism or the RNA template, resulting in an altered rate 

of mutation (Pachetti et. al., 2020). 
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Introduction to Computer-aided drug design (CADD): 

Due to limitation of human resources, money and time, drug discovery is considered 

an exhaustive process (Song et. al., 2009). From discovery of new drug candidate to 

clinical trials, an estimated time of 14 years (Myers and Baker, 2001) and cost from 

800 million US dollars (DiMasia et. al., 2003) to 2.558 billion US dollars (DiMasia et. al., 

2016). A typical drug discovery process entails multiple steps of identification of 

putative drug candidate, validation of drug target, hit to lead discovery, lead 

optimization and further preclinical and clinical trials (Vohora and Singh, 2018). 

Regardless of high investments and time expended, only 13% of drug are successful in 

clinical trials (Zhong et. al., 2018) and 40-60% failure at later stage owes to deficiencies 

in pharmacokinetic properties; absorption, distribution, metabolism, excretion, and 

toxicity (ADME/Tox) (Hou and Xu, 2004). Contemplating these circumstances, it was 

paramount to search for new tools to facilitate drug discovery process (Klee, 2006). 

Eventually, a new tool was developed using computational methods to ease discovery 

of new molecular entities and reduce later phase failures in drug discovery via early 

assessment of activity, selectivity and pharmacokinetic properties (Song et. al., 2009). 

This insilico tools and resources employed was collectively termed as Computer-aided 

drug design (CADD) and its use were highlighted in the early 1970s to modify biological 

activity of insulin (Blundell et. al., 1972) and to drive synthesis of human haemoglobin 

(Beddell et. al., 1976). Main components of CADD include virtual screening (VS), virtual 

high throughput screening (vHTS), homology modelling, quantitative structure-

activity relationship (QSAR), three-dimensional (3D) pharmacophore mapping and 

molecular docking (Hassan Baig et. al., 2016; Surabhi and Singh, 2018; Veselovsky and 

Ivanov, 2003). Out of these components, virtual screening plays important role as an 

alternative for experimental high-throughput screening for hit identification and 

optimization (Shoichet, 2004; Sun, 2008). 

Virtual screening: 

Virtual screening has poised as an attractive alternative approach to execute screening 

of multitude of compounds to generate hits otherwise considered taxing via 
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experimental methods in pharmaceutical industry (Shoichet, 2004). Various 

computational tools are at our disposal to carry out virtual screening which is broadly 

classified into ligand-based virtual screening (LBVS) or structure-based virtual 

screening (SBVS). In LBVS method, information given by known set of ligands which 

binds to desired target are used to recognize new set of compounds in ligand 

databases with comparable properties (Reddy et. al., 2007). Different techniques such 

as similarity and substructure searching (Mestres and knegtel, 2000), pharmacophore 

matching (Mason et. al., 2001) or 3D shape matching (Srinivasan et. al., 2002) are 

utilized to identify new drug like candidates. Whereas SBVS method utilizes the known 

3D structure of protein target obtained via Nuclear magnetic resonance (NMR) and X-

Ray crystallography studies, which acts as a major source for further molecular 

docking processes to identify novel drug candidates and furthermore these lead 

compounds are optimized for further studies (Walters et. al., 1998). 

Ligand based virtual screening: 

Fig 5: LBVS.  The chart shows various methods utilized in LBVS (Stahura and Bajorath, 

2005) 

LBVS 

Filtering: 

- Rules of five 

- Reactive or toxic 

groups 

- Lead-like or drug-

like filters 

Activity-based selection 

Similarity searching: 

- Substructures 

- Pharmacophores 

- Bit strings 

Compound 

classification: 

- Clustering and 

partitioning 

- QSAR 

- Statistical methods 
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In contrast to Structure based approaches where 3D structure of target is known, LBVS 

method utilizes information corresponding to structure and molecular descriptors 

(physiochemical properties) of known ligands which are active against the target of 

interest and via similarity based computational tools helps anticipate new compounds 

with similar activity (Macalino et. al., 2015). The newly identified drug candidates are 

ranked according to the similarity score obtained, which are based on the algorithm 

used (Reddy et. al., 2007). The basic assumption of LBVS is similar compounds have 

similar effects and if one or more compounds of known activity against a target 

receptor already exist, it is possible to search for similar but more effective new drug 

candidates from the available compound databases (Lengauer et. al., 2004). According 

to different researches, LBVS combined with other methods has shown promising 

result in designing drug targeting G-protein coupled receptors targets (Rai et al, 2010), 

Human ATP binding cassette (ABC) transporter (Sager et. al., 2012) and Mitochondrial 

enzyme NADH:quinone oxidoreductase (PfNDH2) (Sharma et. al., 2012). 
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Structure based virtual screening (SBVS): 

The 3D structure of target protein or receptor acquired from X-ray crystallography, 

NMR or neutron scattering spectroscopy, homology modeling, or molecular dynamic 

(MD) simulation acts as a starting point for SBVS (Lionta et. al., 2014). 

Fig 6: SBVS. General schematic of structure based virtual screening (Li and shah, 

2017) 

Upon availability of receptor 3d structure, ligand binding site is searched or predicted 

through native ligand interaction with receptor and then ligands present in different 

database are docked into the binding site to evaluate the affinity of these molecules 

with the desired target receptor (Villoutreix et. al., 2009). Ligand Binding site is a cavity 

or protuberance in target protein which acts as molecular hotspots for probable 

electrostatic, hydrophobic and other molecular interactions.  Receptor/ligand 

interactions such as steric and electrostatic are basis of identifying the best lead 

molecules which are further validated using biochemical assays (Anderson, A. C., 

2003). Principally SBVS has three major components; 3D structure of receptor, 

chemical compound library and molecular docking (Li and Shah, 2017). These 

components are further utilized to establish an efficient screening procedure which 

are as follows. 

Target receptor 

preparation 

Compound library 

preparation 

Molecular 

docking 

Compound candidate 

selection 

Experimental 

evaluation 
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Attaining Protein structure and their preparation: 

Advancement in various tools and techniques such as X-ray and NMR has largely 

assisted in generating 3D structure of target protein, which are then stored and made 

available in protein data bank (PDB) format (Wang et. al., 2018). When resolved 3D 

structure of protein target is unavailable, various computational methods such as ab 

initio modeling (Lee et. al., 2017), threading (Lemer et. al., 1995), and homology 

modeling (Vyas et. al., 2012) has proved to predict structure of proteins from their 

corresponding sequences. After acquiring the 3D structure, protein is further 

prepared which involves analysis of quality of structure, addition of hydrogen atoms 

and prediction of accurate protonation state, addition or removal of water molecules, 

metal ions, cofactors, counterions, removal of subunits not required for ligand binding 

and re-orientations of hydroxyl groups (Pitt et. al., 2013). Various computational tools 

are utilized for preparation of protein such as Sybyl and Maestro (Madhavi Sastry et. 

al., 2013) (Pitt et. al., 2013). The significance of protein preparation is directly 

correlated to enhancement in docking performance (Madhavi Sastry et. al., 2013). 

Identification of Binding site: 

Binding site or pocket is a cavity where ligand adheres to the target thus producing 

desired effect. It is imperative to recognize the binding site of target protein to 

conduct further downstream processes of SBVS (Batool et. al., 2019). The information 

of binding site can be derived from the site-directed mutagenesis study or X-ray 

crystallographic structures of proteins co-crystallized with substrates or inhibitors 

(Pan et. al., 2017). Upon unavailability of experimental data, various programs are 

utilized to predict probable binding sites which are usually geometry-based and/or 

energy based (R Laurie and Jackson, 2006). Additionally, Arrays of software and 

webservers such as CASTp (Binkowski et. al., 2003), MetaPocket (Huang, B., 2009), Q-

SiteFinder (Laurie and Jackson, 2005), NSiteMatch (Sun and Chen, 2017), DoGSite 

Scorer (Volkamer et. al., 2012), DEPTH (Tan et. al., 2011), and MSPocket (Zhu and 

Pisabarro, 2011) are available which helps to predict the putative binding sites of the 

target proteins. 
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Compound database preparation: 

Adequate database of compounds is necessary for SBVS, which includes small drug 

like molecules which are freely available or can be purchased (Hergenrother, P. J., 

2006). Various free chemical databases are present such as ChEMBL (>1.6 million 

distinct compounds) (Gaulton et. al., 2012), ZINC (230 million available compounds) 

(Irwin and Shoichet, 2005), PubChem (111 million pure and characterized chemical 

compounds) (Kim et. al., 2016), ChemSpider (25 million unique chemical compounds) 

(Pence and Williams, 2010), and DrugBank (14528 drug molecules) (Wishart et. al., 

2008). Compounds from these databases can be screened for desirable properties 

such as stability and solubility in aqueous media, presence of appropriate functional 

groups to interact with biological targets and devoid of toxic and undesirable moieties 

to identify potential drug candidate (Chandrasekaran et. al., 2018). Screening is done 

to ensure ‘druglikeness’ of molecule considering various rules and parameters such as 

lipinski’s rule of five, veber’s rule, ADMET parameters and other risk parameters such 

as acute rat toxicity, carcinogenicity, serum glutamic oxaloacetic transaminase 

elevation, hepatotoxicity, and inhibition of 3A4 oxidation of midazolam (Veber et. al., 

2002) (Wang et. al., 2018). 

‘Druglikeness’ is used in drug design to predict how much a molecule has “drug-like” 

properties with respect to factors like bioavailability. Approach to measure drug-

likeness is property-based filters/rules, which define acceptable boundaries of certain 

molecular physicochemical properties for drugs and/or drug candidates. Lipinski’s rule 

of 5 describes four physiochemical properties to measure the drug-likeness of a 

molecule within the permissible limits such as molecular weight lower than 500, 

lipophilicity (logP) lower than 5, less than five hydrogen bond donors, and less than 10 

hydrogen bond acceptors (Lipinski et. al., 2001). Veber’s rule extends it further 

including rotable bond count and TPSA where rotable bond count should be less than 

10 and topological polar surface area should be less than 140Ǻ2 (Veber et. al., 2002). 

Compound with lead like properties, devoid of toxic and metabolically liable moieties 

should be filtered from large number of compounds available in different molecular 

databases as it is time consuming and computationally demanding to perform ‘blind 
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docking’ which additionally results in unnecessary data and creates complexity in 

choosing compounds (Blagg, J., 2006). Recently, various computational tools are 

present which facilitate to efficiently filter a library of compounds against desired 

criteria of pharmacological and ADMET properties. DataWarrior, an open-source drug 

discovery tool serves as a powerful application for this purpose (Lopez-Lopez et. al., 

2019). 

Docking and Scoring: 

Molecular docking is a computational technique that simulates ligand and receptor 

interaction at molecular level and allows ranking of ligands by quantifying their 

binding affinity towards the receptor using various scoring functions. It predicts 

various possible binding modes of a ligand in a receptor binding site and evaluates 

affinity according to its conformation and complementarity with the properties 

present in the binding pocket (Hung and Chen, 2014). Numerous docking programs 

are available to date, including AutoDock (Morris et. al., 2009), Dock (Ewing et. al., 

2001), FlexX (Bursulaya et. al., 2003), Glide (Friesner et. al., 2004), Gold (Jones et. al., 

1997). There are two types of molecular docking: flexible-ligand search docking and 

flexible-protein docking. The flexible-ligand search docking method typically uses 

three algorithms - systematic, stochastic, and simulation methods - to account for 

ligand flexibility (Sousa et. al., 2006). On the other hand, flexible-protein docking 

primarily utilizes Monte Carlo (MC) and molecular dynamic (MD) methods (Oshiro et. 

al., 1995; Hart and Read, 1992) to address protein flexibility. 

A scoring function plays a critical role in enabling a docking program to explore the 

ligand-binding site. Once a promising binding conformation is identified, the scoring 

function evaluates the binding affinity. As such, the impact of scoring functions on 

docking is substantial. To train a scoring function, a training dataset of similar 

compounds with known experimental binding affinity is used. Scoring functions fall 

into four main categories: force field, empirical, knowledge-based, and machine 

learning (ML) (Moitessier et. al., 2008; Huang et. al., 2010). Force field scoring 

functions are calculated by estimating intermolecular interactions such as 

electrostatic and Van der Waals forces between the binding partners whereas 
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Empirical scoring functions rely on the number of atoms in the ligand and target 

protein and are used for affinity and pose prediction. This method includes 

hydrophobic and hydrophilic forces, hydrogen bonding, and entropy (Guedes et. al., 

2018). A statistical approach called multiple linear regression is used to fit scoring-

function coefficients. Knowledge-based scoring functions are based on statistical 

potentials of intermolecular interactions. This method assumes that frequently 

occurring functional groups or types of atoms are energetically favorable and 

contribute to binding affinity (Muegge, 2006). In contrast to classical scoring functions, 

ML methods are not limited to a predefined functional form among structure features 

and binding affinity values (Li et. al., 2018). ML methods are dynamic techniques for 

constructing and optimizing models to predict binding pose and affinity. Recently, the 

development of novel scoring functions using ML has gained popularity (Hecht and 

Fogel, 2006). 

Improving Pose/Compound Selection After Docking: 

In SBVS, a rate-limiting step is often the requirement for a computational chemist with 

expertise to manually analyze the compounds resulting from a virtual screening or 

docking exercise before selecting those that are suitable for further experimental 

testing. This is necessary because the use of simplified scoring functions and 

inadequate sampling of the ligand's conformational space can result in unrealistic 

docking poses, such as intra-ligand steric clashes, twisted amides, E/Z esters, 

imperfect hydrogen bonding networks, and poses based on shape complementarity, 

which may lead to an undesirably high score and need to be eliminated. As a result, 

medicinal chemists frequently need to visually inspect thousands of docking poses to 

identify the best compounds for testing. Significant efforts have been made to 

enhance the efficiency and quality of the compound selection process (Athanasiadis 

et. al., 2012). 
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METHODS AND METHODOLOGY: 

Target identification and Retreival of 3D protein 

structure: 

Among various nsp of SARS-CoV-2, RNA dependent RNA polymerase (RdRp) plays 

critical role in replication of viral genome by catalyzing viral RNA synthesis. Blocking 

the action of RdRp will restrict the proliferation of virus within host cell, thus making 

it a suitable target for drug discovery process. The electron microscopy structure 

resolved in 2.90 Å of SARS-CoV-2 RdRp (PDB ID:6M71) was retrieved from RCSB 

protein data bank(https://www.rcsb.org/structure/6M71). Similarly, X-Ray diffraction 

structure of hMAT1A (6SW5) and SARS-CoV-2 Nsp14 ExoN domain (PDB ID:7DIY) were 

also retrieved from RCSB protein data bank. 

Protein structure Validation: 

Protein structure validation was done by z-score and energy plot analysis using ProSA 

web server tool and Ramchandran plot analysis using PROCHECK web interface. 

Target protein Preparation and Acquisition of Binding 

sites: 

Protein structures retrieved from RCSB protein database was prepared using PyMol 

and AutoDock tools. Protein was first visualized and the cofactors and water 

molecules were removed from the protein usin PyMol. The additional target protein 

preparation includes removal of water, addition of hydrogen, merging non-polar 

hydrogen and computing Gasteiger charge using AutoDock tools. Furthermore, pdbqt 

format of target was prepared using AutoDock tools. Binding site for SARS-CoV-2 RdRp 

and SARS-CoV-2 Nsp14 ExoN was acquiring through literature review, whereas for 

hMAT1A was acquired using 3D ligand site 

(http://www.sbg.bio.ic.ac.uk/3dligandsite/). 

https://www.rcsb.org/structure/6M71
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Compound database preparation: 

The preparation of a compound library for CADD involves several steps: 

Scope of library: 

The choice of compounds to include in a CADD library depends on the specific goals 

of the study. It could be natural products, small molecules, or compounds from a 

particular therapeutic area. 

Obtaining molecular structures: 

There are several databases including ZINC, ASINEX and UORSY available for obtaining 

the 2D or 3D structures of compounds 

Calculating molecular properties: 

Several molecular properties are used in CADD, including molecular weight, LogP, 

solubility, topological polar surface area, and hydrogen bond donors/acceptors, 

druglikeliness, rotable bond counts and toxicity profile. This was done using OSIRIS 

data warrior software. Stringent values were set to identify potential hits. Parameters 

used for screening is as follows: 

Table 3: Parameters of pharmacokinetic properties for screening of compounds. 

Molecular properties Value 

Total molecular weight 200 to 500 dalton 

Clogp -3 to 6 

clogs -4 to -2 

Hydrogen bond acceptors 0 to 10 

Hydrogen bond donors 0 to 5 

Topological polar surface areas <120 

Druglikeliness Positive value 



32 

Mutagenic No 

Tumorigenic No 

Reproductive effective No 

Irritant No 

Rotable bond count 0 to 10 

Additionally, 3d structure of 2d ligands were also made using OSIRIS data warrior. 

Generating energy-minimized conformations: 

Energy minimization helps to ensure that the input structures are accurate and 

consistent. Software tools including Open Babel and PyRx 0.9.8 were used for energy 

minimization.  

Preparing input files: 

Once the molecular properties have been calculated and energy was minimized, 

inputs files for further docking was generated using Open Babel tool present in PyRx 

0.9.8. 

Molecular docking Studies: 

Docking with 6M71: 

Molecular docking was performed using using AutoDock Vina Wizard in PyRx 0.9.8 

platform against SARS-CoV2-2 RdRp with prepared library of compounds. Molecular 

docking of ligand and protein was done along with native ligand GTP using PyRx 

platform to facilitate comparative study of binding energy with respect to that of 

native ligand. The docking was performed using the parameters; numbers of 

exhaustiveness of 16 and number of modes of 32. 
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Redocking of Potential hits: 

Molecular hits generated from first molecular docking were individually downloaded 

and docked again against target protein using parameters; numbers of exhaustiveness 

of 32 and number of modes of 32. 

Screening with ExoN, RTP and PI: 

Hits generated from redocking were docked against ExoN domain of Nsp14 of SARS-

CoV-2 in which GTP was again used as native ligand. Furthermore, Binding energy 

against RdRp were compared with RTP to further screen the potential hits. In addition 

to that, performance indexes of each compound were calculated based on number of 

hydrogen-bond acceptors/donors and rotatable bond counts. 

{(H-acceptor + H-donor + Rotatable bonds count) * 5}/ 25 

Screening of molecular hits were done based upon the binding energy with ExoN 

domain of Nsp14 of SARS-CoV-2, comparison with binding energy of RTP against RdRp 

and Performace index value. 

Analysis of Protein-ligand interaction: 

Receptor-ligand complex visualization and Prediction of amino 

acids responsible for receptor-ligand interaction: 

The lead compounds screened from docking and PI analysis were further studied using 

PyMol for protein-ligand complex visualization and prediction of amino acids 

responsible for protein-ligand interaction. For Protein-ligand complex visualization 

output file of ligand and protein generated by the PyRx after the successful docking 

performance were used. For, prediction of amino acid responsible for receptor-ligand 

interaction, PyMol was used to identify and visualize amino acid present within 5 Å of 

the ligand. 
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Analysis of interactions responsible for receptor/ligand 

binding: 

In order to understand the mechanism responsible for higher affinities 

receptor/ligand binding, different interactions leading to bond formation and bond 

distance were analyzed using Discovery studio visualizer. hydrogen bond, electrostatic 

and hydrophobic interactions were analysed in 3d representation. For studying 

hydrophobic interaction PDB file were generated and protonation was done. For 

analyzing bond types and distance pdbqt files generated as output from molecular 

docking were used. 

Docking with mutated RdRp: 

Mutated RdRp structure from substitution of proline to leucine (P323L) resulting from 

the 14408C>T mutation was prepared via PyMol which was used as source for 

performing docking studies with lead compounds. 

Interaction with human proteins: 

For checking the cross reactivity of lead molecules with human proteins, lead 

molecules were docked against hMAT1A protein. SAM was taken as native ligan for 

this study. 
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RESULTS AND DISCUSSION: 

Selection of Protein Target: 

Identifying a lead target protein is a crucial step in drug discovery and development. 

The process involves various factors that need to be considered to ensure the target 

protein is suitable for drug development. The target protein should be well-validated 

with strong scientific evidence that it plays a critical role in the disease or condition 

being targeted and should be specific to the disease or condition being targeted and 

not have significant effects on other essential biological processes (Gilson et. al., 

2016). Additionally, the target protein should have a suitable structure and 

biochemical properties that enable the development of drugs that can effectively bind 

to and modulate its activity and should not have significant side effects or toxicity 

concerns that would limit its suitability as a drug target (Anighoro et. al., 2014). 

The RNA-dependent RNA polymerase (RdRp) of SARS-CoV-2 has been identified as a 

key target for the development of antiviral drugs against COVID-19 The RdRp of SARS-

CoV-2 is a promising target for antiviral drug development due to its critical role in 

viral replication, unique structural features, and potential for broad-spectrum antiviral 

activity. Here are some of the bases for targeting SARS-CoV-2 RdRp for computer-

aided drug discovery:  

➢ Essential role in viral replication: The RdRp of SARS-CoV-2 is a critical enzyme 

required for viral replication, making it an attractive target for the 

development of antiviral drugs (Kabinger et. al., 2021). 

➢ High specificity: The RdRp of SARS-CoV-2 is highly specific to the virus and is 

not present in human cells, making it an ideal target for the development of 

specific antiviral drugs with minimal side effects (Vincenti et. al., 2021). 

➢ Similarity to other viral RdRps: The RdRp of SARS-CoV-2 shares significant 

similarities with RdRps of other RNA viruses, providing a basis for the 

development of broad-spectrum antiviral drugs (Ahn et. al., 2020). 
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➢ Potential for oral administration: RdRp inhibitors have the potential for oral 

administration, which is an advantage over other antiviral drugs that require 

intravenous administration (Hashemian et. al., 2022). 

Hence, 3d structure of SARS-CoV-2 RdRp (PDB id: 6M71) obtained via electron 

microscopy resolved at 2.9 angstrom was retrieved from RCSB (Gao et. al., 2020) for 

further insilico analysis. Furthermore, in order to check the cross reactivity of potential 

leads with human proteins, human hepatic hMAT1A was considered. An association 

has been observed between the reduced biosynthesis of S-adenosylmethionine (SAM) 

in the liver and an increase in the production of pro-inflammatory cytokines and 

mediators (Avila et. al, 2005; Grimble and Grimble, 1998). Thus, the protein targets 

hMAT1A (PDB ID: 6SW5; Panmanee et al., 2020) was chosen for molecular docking to 

identify non-interference of potential leads targeting RdRp of SARS-CoV-2. Protein 3d 

structure were obtained from RCSB database. 

Proofreading activity of nsp14 of SARS-CoV-2 involves its exonuclease activity and its 

ability to prevent mutagenesis during viral replication. The nsp14 protein, also known 

as nonstructural protein 14, contains both exoribonuclease and endoribonuclease 

activities, and is responsible for proofreading viral RNA during replication, correcting 

errors that occur during synthesis. This activity is crucial for maintaining the stability 

and fidelity of the viral genome (Ogando et. al., 2020). Thus, nsp14-exoribonuclease 

domain (PDB id: 7DIY; Lin et. al., 2021) was taken for molecular docking to filter 

potential hits depending on their binding affinity to the protein. 
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Fig 7: 6M71|SARS-Cov-2 RNA-dependent RNA polymerase in complex with cofactors 

Target Protein structure validation: 

Z-score and Energy plot: 

Understanding biological processes at a molecular level relies heavily on having a 

structural model of a protein. With recent advancements in experimental technology, 

large-scale structure determination pipelines have emerged, allowing for the rapid 

characterization of protein structures. Consequently, there is now an enormous 

amount of experimental structural information available. Additionally, computational 

methods for predicting unknown structures have added a plethora of structural 

models to the mix. In fact, the latest issue of the Nucleic Acids Research (NAR) web 

server lists approximately 50 tools in the "3D Structure Prediction" category (Fox et. 

al., 2006). Routinely evaluating the accuracy and reliability of both experimental and 

theoretical models of protein structures is a crucial task that must be carried out to 

sustain the integrity, consistency, and reliability of public structure databases (Berman 

et. al., 2006). 

ProSA is a web server tool that has extensive use in detecting potential errors in 3D 

models of experimentally determined protein structures (Sippl, 1993). ProSA displays 

the quality score for a particular input structure in a plot that presents the scores of 
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all protein chains currently present in the Protein Data Bank (PDB) that have been 

experimentally determined (Berman et. al., 2000). The website shows two traits of the 

input structure, namely its residue energies plot and its z-score (Wiederstein and Sippl, 

2007). The z-score serves as an indicator of the model's overall quality and quantifies 

the difference between the total energy of the structure and the energy distribution 

obtained from random conformations. The z-score plot can help determine if the z-

score of the protein being analyzed falls within the typical range of scores observed 

for proteins of similar size in one of the groups. The plot of energies as a function of 

amino acid sequence position provides information on the local quality of the model. 

Typically, areas of the model with positive values indicate problematic or erroneous 

regions (Sippl, 1995). 

Electron microscopy structure of SARS-CoV-2 RdRp (PDB id: 6M71) was used as our 

target macromolecule for molecular docking studies. The structure was analysed using 

ProSA web server and subsequently z score and energy plot was determined. 

(a)                                                                     (b) 

Fig 8: (a) Z-Score plot of 6M71 predicted by proSA with structures available in 

database (b) Energy plot of 6M71 predicted by ProSA 

The z-score value of 6M71 was found to be -12.25 which lies within the range of z-

score of native proteins. Additionally, energy plot showed amino acid of required 
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region occupying area with negative values. Thus, no significant error was recognized 

and thus the protein structure was validated. 

Ramachandran plot: 

The Ramachandran plot depicts the statistical distribution of backbone dihedral angle 

combinations ϕ and ψ. Essentially, the allowed regions of the plot indicate the feasible 

values of Phi/Psi angles for an amino acid, X, in an ala-X-ala tripeptide (Ramachandran 

et. al., 1963). Analyzing the distribution of Phi/Psi values in a protein structure can be 

utilized as a means of validating its structure (Ramakrishnan et. al., 2007). PROCHECK 

is web interface that is used to analyze unfavorable bond lengths and angles, as well 

as steric collisions and typically, a Ramachandran plot will indicate that a model is of 

good quality if around 90% of its residues fall within the allowable regions (laskowski 

et. al., 1993). 

Fig 9: Ramachandran plot of SARS-CoV-2 RdRp electron microscope structure. 
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The plot showed that 88.1% of amino acid were present in most favoured region and 

11.8 % residues were in additional allowed region. Thus, the protein structure model 

is acceptable to use for further molecular docking processes. 

Target protein preparation and Acquisition of Binding 

sites: 

The target protein structure in PDB formats were visualized via PyMol, which is a free 

molecular graphics tool. Additionally, PyMol was also further used in target protein 

processing and studying protein-ligand interaction (Yuan et. al., 2017). Protein 

structure of SARS-CoV-2 RdRp (PDB id: 6M71) were fetched in PyMol and 

subsequently, the cofactors and water molecules were removed from the protein. 

Similarly, for hMAT1A (PDB ID: 6SW5) native ligands, ions, cofactors and water 

molecules were removed for further computational analysis. However, for nsp14-

exoribonuclease domain (PDB id: 7DIY), a slightly different method was opted such 

that except for Mg2+ ion, all other cofactors, water molecules, ligands and other ions 

were removed. Retaining mg2+ ion for downstream molecular docking process is due 

to reliance of exonuclease activity of Nsp14 on metal ion, preferably Mg2+ (Tahir, 

2021). After processing these protein structures, the molecules were exported in PDB 

formats for additional preparatory process. The additional target protein preparation 

includes removal of water, addition of hydrogen, merging non-polar hydrogen and 

computing Gasteiger charge using AutoDock tools which ensured the compatibility of 

protein for molecular docking studies (Morris et. al., 2009). The target proteins were 

first saved in pdb file formats and then pdbqt format of target was prepared for 

performing molecular docking (Rizvi et. al., 2013) using PyRx platform (Dallakyan and 

Olson, 2015). 

After preparation of protein binding sites of protein were identified. For RdRp (PDB 

id:6M71), the binding sites were determined to be 545LYS, 555ARG, 623ASP, 682SER, 

THR687, ASN691, SER759, ASP760, ASP761 where 759-761 residues (SER, ASP, ASP) 

were conserved in most RdRp of coronaviruses (Gao et. al., 2020). Similarly, binding 

site of nsp14-exoribonuclease (PDB id: 7DIY) was identified to be 90ASP, 92GLU, 

191GLU, 243ASP, 268HIS, 273ASP and mg2+ ion (Tahir, 2021). However, for hMAT1A 



41 

(PDB ID: 6SW5), binding site were predicted and analyzed using 3D Ligand server and 

PyMol software. The amino acid residues within 5 angstroms of native ligands were 

identified using PyMol software, which helped in validation of computationally 

derived binding sites. The active sites of hMAT1A consists of 55ALA, 70GLU, 112GLN, 

113GLN, 114SER, 133GLY, 134ASP, 289LYS, 291ASP residues. 

A gridbox was made using PyRx 0.9.8 software which set the boundary of docking. The 

respective X, Y and Z coordinates and dimensions of gridbox was found to be Center; 

115.067, 117.368 and 132.020 and dimensions; 13.887 Å, 16.098 Å and 25.225 Å for 

6M71, centre; - 24.414, -3.368, -6.366 and dimensions; 23.800 Å, 18.674 Å, 10.200 Å 

for 7DIY, Center; 31.096, -0.571 and 24.983 and dimensions; 27.625 Ǻ, 57.151 Ǻ and 

32.622 Ǻ for 6SW5. 

Fig 10: Amino acid residue with 5 Å of GTP bonded to 7DIY; blue colored molecule is 

native ligand, and the sphere corresponds to magnesium ion 

Compound database preparation: 

In order to prepare compound library against SARS-CoV-2 RdRp, various classes of 

compounds including natural products, small molecules, synthetic compounds, 

antivirals, nucleoside analogues were considered. ZINC15 (www.zinc15docking.org) 

database was used to prepare library of natural products and 21,332 compounds 

http://www.zinc15docking.org/


42 

under the categories such as FDA, Biogenic-FDA, in Man, in World, in Trial and in vivo 

were retrieved as such. UORSY database (https://uorsy.com/) was used to make a 

library of compounds including steroids, covalent modifiers, PPI modulators, Antivirals 

and general kinase inhibitors. In addition to that, ASINEX (https://www.asinex.com/ ) 

database was utilized to construct compound library including steroids, 

glycomimetics, building blocks, kinase inhibitors, antivirals, preplated microcyclics, 

nucleoside memetics, RNA targeting small molecules. These compounds were 

obtained in 2D or 3D structures from the databases in sdf file formats.  

These compounds in sdf formats were screened based on ‘Lipinski rules of 5’ (Lipinsky 

et. al., 2001) and veber’s rule, which extends Lipinski rule to incorporate topological 

polar surface area and rotable bond count (Veber et. al., 2002). 361 molecules were 

obtained upon screening 21,332 compounds from ZINC databases. In addition to that, 

12,632 and 8,383 compounds were filtered from large drug library obtained from 

ASINEX and UORSY database respectively. Thus, a total of 21,376 compounds fulfilling 

the molecular properties parameters were obtained from three different databases 

which were then saved in dwar file format. Additionally, compound with 2d structure 

were converted to 3d structure. The screening and conversion to 3d structure was 

done using the OSIRIS data warrior (Sander et. al, 2015). 

This screening of large database was possible due to use of more stringent parameters 

with slight modification in Lipinski and veber’s rules, such as topological polar surface 

area of less than 120 and molecular weight from 200 to 500 dalton, toxicity and drug 

likeliness. These screening process filtered the ligand based on pharmacokinetic 

properties of the molecules otherwise known as ADME/ToX. Pharmacokinetics study 

helps to assess the journey of drug from its point of entry to site of action. 

Pharmacokinetic properties are defined as absorption, distribution, metabolism, 

excretion and toxicity (ADMET) (Schneider, 2013). 

The Limitation of development of new drugs is largely due unfavorable 

pharmacokinetic properties. As such, Insilico tool helps to reduce these problems by 

predicting the ADMET properties of drugs. The significance of molecular weight lies in 

drug absorption which occurs via diffusion using paracellular and transcellular 

pathway. In paracellular pathway, limited molecules with molecular weight < 250 Da 

https://uorsy.com/
https://www.asinex.com/nucleoside-mimetics
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are transported via tight junction and in transcellular pathway which is a major route 

of drug absorption, molecule with molecular wt > 300 and logP > 0 are absorbed 

through lipid membrane (El-Kattan and Varma, 2012). 

ClogP or cumulative n-octanol/water partition coefficient of a chemical is correlated 

with the lipophilicity of organic substances, which plays a key role in the modulation 

of many key ADME processes. It has significant influence on various pharmacokinetic 

properties such as absorption, permeability and route of drug clearance (Schneider, 

2013). 

ClogS corresponds to 10-based logarithm of the solubility of a molecule measured in 

mol/L and correlates to water solubility of a drug. It has important role in drug uptake 

and elimination with poor soluble drugs eliminated before entering circulation and 

thus exhibiting no pharmacological activity (Delaney, 2005; Williams et. al., 2013). 

Hydrogen bonding donors/acceptors acts as a driving force which plays critical role in 

partitioning of biologically active compounds. This molecular property reflects the 

interaction between H-bond acceptor target and H-bond donor ligand or vice-versa. 

Additionally, In order to cross biological membrane, H-bonds between drug and 

aqueous environment must be broken. And so, it is unfavorable for a compound to 

make many H-bonds as it inversely affects degree of permeability and absorption 

(Chandrasekaran et. al., 2018). 

Topological polar surface area (TPSA) and Rotatable bond count plays important role 

in membrane permeation. Reduced molecular flexibility is measured by the number 

of rotatable bonds, and low polar surface area are found to be important predictors 

of good oral bioavailability (Veber et. al., 2002). 

After screening, energy-minimized structure of the filtered compounds using Universal 

Force Field was generated and they were further converted to pdbqt file format for 

molecular docking using PyRx (Dallakyan and Olson, 2015; EI Aissouq et. al., 2021).  
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Molecular docking studies: 

Docking with 6M71: 

The probable inhibitory action of screened ligands was studied by performing 

molecular docking against SARS-CoV-2 RdRp. Due to large number of molecular 

compounds, natural products from zinc15, ASINEX and UORSY database were docked 

in turns. Molecular docking of 6M71 was done along with native ligand GTP using PyRx 

platform to facilitate comparative study of binding energy with respect to that of 

native ligand. Docking of natural product library along with native ligands resulted in 

no compounds with binding affinity higher than that of GTP. For UORSY ligand library, 

molecular docking revealed 2 compounds with binding affinity higher than that of 

native ligands. Furthermore, for ASINEX ligand library 56 compounds with binding 

affinity higher than that of GTP was obtained. Thus, from 21,376 screened ligands, 

only 58 compounds were revealed as potential hits against SARS-CoV-2 RdRp. 

However, upon visualizing the ligands structure in PyMol, structures of many ligands 

were disfigured or consists only 2D coordinates. The disfigurement of structure, 

especially in preplated microcyclics, might be due to large ring structure. 

Redocking of potential hits: 

To address the problems posed in preliminary docking studies, the potential hits from 

preliminary docking were identified and docked again against RDRP with parameter 

of 32 in both exhaustiveness and number of modes. While doing redocking all the hits 

from early docking studies were individually downloaded and their 3D structure were 

checked using visualization tool. Subsequently, upon completion of docking, 

structures of each ligand were visualized through PyMol to check significant changes 

in their structure. After redocking studies and visualization in protein-ligand 

interaction tool, only 7 compounds with their intact 3D structure showed binding 

affinity higher than that of native ligand. These 7 potential hits were used for further 

screening processes. 
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Table 4: Binding energy of potential hits against SARS-CoV-2 RdRp 

ligand Ligand source ZINC ID Binding energy 

against RdRp 

(kJ/mol)  

Compound 17 Asinex preplated 

microcyclic 

ZINC643558455 -8.4 

Compound 1016 Asinex preplated 

microcyclic 

ZINC643554068 -8.3 

Compound 353 Asinex preplated 

microcyclic 

ZINC643557756 -8.1 

Compound 675 Asinex preplated 

microcyclic 

ZINC643559409 -8.1 

Compound 754 Asinex preplated 

microcyclic 

ZINC643560167 -8.1 

Compound 1018 Asinex preplated 

microcyclic 

ZINC643587580 -8.1 

LAS34154490 Asinex nucleoside 

mimetics 

ZINC257274608 -8,1 

Guanosine 

triphosphate (GTP) 

PubChem ZINC53684323 -8.0 

Screening with ExoN, RTP and PI: 

For further screening of compounds, 7 potential hits were again docked against ExoN 

domain of Nsp14 of SARS-CoV-2 in which GTP was again used as native ligand. 

Furthermore, Binding energy against RdRp were compared with RTP to further screen 

the potential hits. In addition to that, performance indexes of each compound were 

calculated based on number of hydrogen-bond acceptors/donors and rotatable bond 
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counts. Performance index gives measure of permeability through membrane, rate of 

absorption, molecular flexibility and residence time of molecule with in the protein 

target.  

Table 5: Binding energy of potential hits against target compounds. 

Ligands Binding energy (kJ/mol) 

RdRp ExoN PI 

Compound 17 -8.4 -2.3 2.6 

Compound 1016 -8.3 -6.2 2.6 

Compound 353 -8.1 -5.0 2.0 

Compound 675 -8.1 -0.9 2.8 

Compound 754 -8.1 -4.8 2.6 

Compound 1018 -8.1 -2.6 2.0 

LAS34154490 -8.1 -5.6 3 

GTP -8.0 -5.5 

RTP -8.3 

The above result shows the binding affinities and performance indexes of 7 potential 

hits. These results were used as basis to further screen the compounds to obtain most 

viable leads. Upon examining the binding energies against RdRp and Nsp14 ExoN 

compound 17 and compound 1016 showed the highest binding energy of -8.4 kJ/mol 

and -6.2 kJ/mol respectively.  Compound 17 also shows higher binding energy against 

RdRp compared to -8.3 kJ/mol of Remdesivir triphosphate (RTP), which has been 

widely used in treatment of Covid 19 disease (Beigel et. al., 2020). Besides that, 

compound 1016 could also be a promising drug candidate as it has high binding energy 

of -8.3 kJ/mol against RdRp and -6.2 kJ/mol against Nsp14-ExoN and its binding affinity 

is similar to that of RTP against SARS-CoV2 RdRp. Both compounds also have high 
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performance index suggesting that these molecules can be used as potential leads 

targeting RdRp of SARS-CoV-2.  

Beside these two compounds, LAS34154490 can also be seen as potential lead 

molecule to treat Covid 19 disease. LAS34154490 was identified as nucleoside mimetic 

obtained from ASINEX library. Although, the binding energy of LAS34154490 lower 

than that of compound 17 and compound 1016 but it still has higher binding affinity 

of -8.1 kJ/mol compared to -8.0 kJ/mol of GTP and thus can compete with GTP for 

binding to SARS-CoV-2 RdRp. in addition to that, it also shows higher binding energy 

of -5.6 kJ/mol against Nsp14-ExoN domain compared to -5.5kJ/mol of GTP which 

further solidifies its position as promising drug candidate. When the binding affinity of 

a nucleoside mimetic is higher for Nsp14-ExoN domain compared to GTP, it could 

potentially inhibit viral replication by competing with GTP for binding to the ExoN 

domain (Malet et. al., 2020). In one study, it was reported that "the high affinity of 2'-

C-methylcytidine for Nsp14-ExoN domain suggests that it could be an effective 

inhibitor of viral replication by preventing the proofreading activity of Nsp14-ExoN" 

(Gordon et al., 2020). Thus, a nucleoside mimetic with a higher binding affinity for 

SARS-CoV-2 Nsp14-ExoN domain and RdRp compared to GTP has the potential to 

inhibit viral replication by preventing proofreading activity and competing with GTP 

for binding to the RNA polymerase. furthermore, the PI value of this compound is 

highest among the potential hits which suggests higher membrane permeation, 

absorption and longer residence time in target protein. 

From the above results three compound namely compound 17, compound 1016 and 

LAS34154490 were chosen as potential leads. Therefore, these compounds were 

further studied for drug-protein interaction analysis. 
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Analysis of protein-ligand interaction: 

Receptor-ligand complex visualization and Prediction of amino 

acids responsible for receptor-ligand interaction: 

Three lead compounds screened from docking and PI analysis were further studied for 

understanding the interaction with the target receptor. Amino acids residue present 

at the active site are mainly involved in ligand-receptor interactions (Bugg, 2012). The 

flexibility inherent in biological macromolecules can modify the energy involved in 

identifying ligands by altering the configuration of the binding site (Di Cera, 2020). 

Thus, in order to predict the probable amino acids responsible for binding to the 

receptor, amino acid residue with in the 5 angstroms of ligands were determined using 

PyMol software. PyMol, a molecular graphic tool, offers a range of molecular modeling 

components, including tools for visualization and analysis enhancement, protein-

ligand modeling, molecular simulations, and drug screening (Yuan et. al., 2017). The 

prediction studies done via PyMol are depicted further in images below. 

Fig 11: Receptor ligand complex of comp 17 shown as sticks with SARS-CoV-2 RdRp 

depicted by surface and amino acids residue of RdRp shown as lines within 5 Å of 

compound 17 
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Table 6:  Amino acid residues within 5 Å of compound 17 

Ligand Amino acid residues within 5Å of ligand 

Compound 17 PHE541, ASP542, ASN497, LYS500, 

SER501, GLN541, ASN543, LYS545, 

TYR546, ALA547, ILE548, SER549, 

ALA550, LYS551, ARG553, ARG555, 

THR556, VAL557, ALA558, GLY559, 

VAL560, TRP617, ASP618, TYR619, 

PRO620, LYS621, CYS622, ASP623, 

ARG624, THR680, GLY683, ASP684, 

THR687, ALA688, ASN691, LEU758, 

SER759, ASP760, ASP761, ALA762, 

LYS798, TRP800, GLU811, PHE812, 

CYS813, SER814, GLN815, ARG836, 

ASP845, ARG858  
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Fig 12: Receptor ligand complex of comp 1016 shown as sticks with SARS-CoV-2 RdRp 

depicted by surface and amino acids residue of RdRp shown as lines within 5 Å of 

compound 1016 

Table 7:  Amino acid residues within 5 Å of compound 1016 

Ligand Amino acid residues within 5Å of ligand 

Compound 1016 ASP452, TYR455, TYR456, LYS500, 

SER501, ASP542, MET542, TYR546, 

ARG553, ALA554, ARG555, THR556, 

VAL557, ALA558, GLY559, VAL560, 

TRP617, ASP618, TYR619, PRO620, 

LYS621, CYS622, ASP623, ARG624, 

LYS676, CYS676, SER681, SER682, 

GLY683, ASP684, ALA688, ASN691, 

LEU758, SER759, ASP760, ASP761, 

ALA762, CYS813, SER814 



51 

Fig 13: Receptor ligand complex of comp LAS34154490 shown as sticks with SARS-

CoV-2 RdRp depicted by surface and amino acids residue of RdRp shown as lines 

within 5 Å of compound LAS34154490 

Table 8:  Amino acid residues within 5 Å of compound LAS34154490 

Ligand Amino acid residues within 5Å of ligand 

LAS34154490 LYS438, HIS439, PHE440, PHE442, 

ILE548, SER549, ASP452, ASN497, 

LYS500, SER501, LYS545, ALA550, 

LYS551, ASN552, ARG553, ALA554, 

ARG555, THR556, VAL557, ALA558, 

GLY559, TRP617, ASP618, TYR619, 

PRO620, LYS621, CYS622, ASP623, 

ARG624, THR680, SER681, SER682, 

GLY683, ASP84, THR687, ALA688, 

TYR689, ASN691, LEU758, SER759, 

ASP760, ASP761, ALA62, TRP800, 

CYS813, SER814 

The above results depicted that all the ligands were appropriately positioned in the 

binding cavity of the target receptor. The prediction of amino acid residues within 5Å 
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of ligands will act as a basis for validating interaction between ligand and amino acid 

otherwise not incorporated within gridbox prepared in molecular dynamic simulation. 

Thus, the evidence presented clearly indicates that the calculated binding energies 

between the ligand and SARS-CoV-2 RdRp correspond to the binding of the ligand 

within the amino acid residues of the enzyme's active site. 

Analysis of interactions responsible for receptor/ligand 

binding: 

In order to understand the mechanism responsible for higher affinities 

receptor/ligand binding, different interactions leading to bond formation and bond 

distance were analyzed. Discovery studio visualizer was used to analyze hydrogen 

bond, electrostatic and hydrophobic interactions (Studio, D., 2008). The hydrophobic 

interaction and other interaction were both generated 3D representations. The 

hydrophobic interactions were indicated by hydrophobic surfaces coded by colors. 

Brown surfaces indicated hydrophobic surfaces whereas blue surfaces indicated 

hydrophilic surfaces. 

Fig 14: Receptor ligand interaction and hydrophobic interaction of compound 17 with 

SARS-CoV-2 RdRp imaged from Discovery Studio Visualizer 

The hydrophobic interaction analysis of comp17 and SARS-CoV2 RdRp showed less 

hydrophobic areas. Hydrophobic regions are represented in brown color as per default 

colors spectrum of Discovery studio visualizer. However, no brown regions were 

observed while analysing interaction between comp17 and SARS-CoV2 RdRp. This 

result was further corroborated by data obtained on types of interaction, which 

showed hydrogen bond interaction as constitutive force to stabilize ligand/receptor 

binding. 
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Table 9: Types of interaction of compound 17 with active site amino residues of 

SARS-CoV-2 RdRp and bond distance datas obtained from Biovia Discovery studio 

visualizer  

Chain Amino acid Interactions Bond with Bond 

length(Ǻ) 

A TRP617 H-bond Amino group 

of  

2.45 

A TYR619 H-bond Hydroxyl group 3.04 

A TYR619 Carbon 

hydrogen bond 

Carbon in ring4 3.09 

A CYS622 H-bond Hydroxyl group 2.38 

A ASN691 H-bond Carbonyl group 

of ring 2 

2.59 

A SER759 H-bond Carbonyl group 

of ring 2 

2.26 

A ASP760 H-bond Amino group 

in substituted 

pyrazole 

2.07 

A ASP760 Attractive 

charge 

Tertiary Amine 

group in ring4 

3.47 

A ASP761 H-bond Amino group 

in substituted 

pyrazole 

2.44 

Seven hydrogen bonds were formed between compound 17 and TRP617, TYR619, 

CYS622, ASN691, SER759, ASP760 and ASP761 with corresponding bond length of 

2.45Å, 3.04 Å, 2.38 Å, 2.59 Å, 2.26 Å, 2.07 Å, and 2.44 Å. The hydrogen bond length 
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below 3.3 Å suggests strong interaction between two moieties involved in the process 

(McRee, 1999). Additionally attractive interaction was observed between negative 

charge of ASP760 and positive charge present in tertiary amine structure of compound 

17 with bond length of 3.47 Å. 

Thus, from the result obtained upon analyzing different types of interaction and their 

corresponding bond length between active site amino acid residues of SARS-CoV-2 

RdRp and different structural group of compound 17, it can be said that strong 

hydrogen bond and attractive forces were responsible for higher binding energy of -

8.4 kJ/mol between compound 17 and SARS-CoV-2 RdRp. 

Fig 15: Receptor ligand interaction and hydrophobic interaction of compound 1016 

with SARS-CoV-2 RdRp imaged from Discovery Studio Visualizer 

Table 10: types of interaction of compound 1016 with active site amino residues of 

SARS-CoV-2 RdRp and bond distance datas obtained from Biovia Discovery studio 

visualizer 

Chain Amino acid Interactions Bond with Bond length(Ǻ) 

A ASP452 H-bond Amino group in 

ring of 

substituted 

oxadiazolidine 

2.44 

A ARG553 Pi-cation Substituted 

oxadiazolidine 

3.38 
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A ARG555 Pi-cation Substituted 

Benzene 

4.40 

A THR556 H-bond Oxo group of 

substituted 

oxadiazolidine 

2.12 

A ASP623 H-bond Amino group in 

ring of 

substituted 

oxadiazolidine 

2.66 

A ASP623 Carbon 

Hydrogen bond 

Amino group in 

ring 2 

3.28 

A ASP623 Carbon 

Hydrogen bond 

Methyl group in 

ring 2 

3.53 

A ARG624 Pi-cation substituted 

oxadiazolidine 

4.18 

A ARG624 Unfavorable 

donor-donor 

Amino group in 

ring of 

substituted 

oxadiazolidine 

2.39 

A ASP760 Pi-anion Substituted 

benzene 

3.2 

The 3d representation of Hydrophobic interaction between compound 1016 and 

SARS-CoV2 RdRp as shown in figure showed brownish white spots suggesting weak 

hydrophobic region which might play a role in stabilizing the protein/ligand complex. 

Additionally, bonding pattern of compound 1016 with SARS-CoV-2 showed hydrogen 

bond, pi-cation, pi-anion, carbon hydrogen bond and unfavorable donor-donor 

interactions as shown in table above.  

Three hydrogen bond interactions were observed between compound 1016 with 

ASP452, THR556, ASP623 residues of SARS-CoV-2. The corresponding bond lengths 
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were found to be 2.44 Å, 2.12 Å, 2.66 Å. As bond length was smaller than 3.3 Å, it can 

be concluded that these hydrogen bond will result in tight binding of ligand with the 

target protein. Furthermore, one pi-anion interaction was seen between compound 

1016 and ASP760 residue of SARS-CoV-2 RdRp with bond length of 3.2 Å. Anion-pi 

interactions refer to the advantageous non-covalent contacts established between an 

anion and an electron deficient (π-acidic) aromatic system (Schottel et. al., 2008). 

Although anion-π bonds are often observed competing with other noncovalent 

interactions, they remain important due to their ability to significantly impact the 

stability, reactivity, and selectivity of molecular systems (Anstöter et. al., 2019) and 

usually pi-anion interaction below 3.6 Å are of significance (Wang and Wang, 2013). 

From the data of pi-anion interaction, the interaction of compound 1016 with ASP 760 

residue of SARS-CoV-2 RdRp is of high significance. In addition to that, three pi-cation 

interaction were formed between compound 1016 and ARG553, ARG555, ARG624 

residues of SARS-CoV-2 RdRp with respective bond length of 3.38 Å, 4.40 Å, 4.18 Å. 

The cation-π interactions were of electrostatic nature and arises from the attraction 

between the positively charged cation and the negatively charged electron cloud of 

the π system, making it one of the strongest noncovalent interactions (Mahadevi and 

Sastry, 2013). The bond distance threshold for energetically significant cation-π 

interactions varies depending on the molecules involved, with proposed ranges from 

less than 3.7 Å (Levitt and Perutz, 1988) to 6 Å (Davis and Dougherty, 2015). Thus, the 

bond length data for pi-cation interaction between compound 1016 and SARS-CoV-2 

RdRp residue suggests that this strong force which will further strengthen the binding 

of ligand and protein. However, an unfavorable donor donor interaction with bond 

length 2.39 Å between compound 1016 and ARG624 might destabilize the binding of 

protein and ligand. 
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Fig 16: Receptor ligand interaction and hydrophobic interaction of LAS34154490 with 

SARS-CoV-2 RdRp imaged from Discovery Studio Visualizer 

Table 11: Types of interaction of LAS34154490 with active site amino residues of 

SARS-CoV-2 RdRp and bond distance datas obtained from Biovia Discovery studio 

visualizer 

Chain Amino acid Interaction Bond with Bond 

length(Ǻ) 

A LYS621 H-bond hydroxyl group 2.88 

A CYS622 Pi-Sulfur Substituted 

benzene 

5.04 

A ASP623 Pi-Anion Substituted 

benzene 

3.72 

A ASP623 Pi-Anion Substituted 

Pyrrole 

3.57 

A THR687 H-bond Amido group 2.41 

A LEU758 Alkyl Methyl group 4.87 

A ASP760 H-bond Nitrogen of 

Imidazole 

2.37 
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A ASP760 H-bond Hydrogen of 

imidazole 

2.17 

A ASP761 Pi-Anion Benzene of 

benzimidazole 

3.23 

A ASP761 Pi-Anion Imidazole ring 3.81 

A CYS813 Alkyl Methyl group 4.31 

The The 3d representation of Hydrophobic interaction between LAS34154490 and 

SARS-CoV2 RdRp as shown in figure showed brown spots suggesting favorable 

hydrophobic region which will pivotal role in stabilizing the protein/ligand complex. 

The hydrophobic interactions were depicted as two alkyl interaction as shown in 

figure. The presence of alkyl alkyl interaction is crucial in smectic phases formation 

which will result in microsegregation of the alkyl groups (Giese and Albrecht, 2020). 

Thus, this interaction will play major role in stabilizing of protein/ligand complex of 

LAS34154490 and SARS-CoV-2 RdRp. 

Upon analyzing the bonding pattern of LAS34154490 molecule, four major 

interactions, namely Hydrogen bond, pi-anion, pi-sulphur and alkyl interactions were 

seen. Four hydrogen bond interaction between LAS34154490 and LYS621, THR687, 

ASP760, ASP760 residues of SARS-CoV-2 were found with respective bond length of 

2.88 Å, 2.41 Å, 2.37 Å, 2.17 Å. The bond length of all these hydrogen bonds were lesser 

than 3.3 Å, which suggest tight bonding of LAS34154490 with SARS-CoV-2 RdRp. 

Furthermore, ASP623, ASP623, ASP761, ASP761 residues of SARS-CoV-2 were bonded 

with LAS34154490 using pi-anion interaction with respective bond length of 3.72 Å, 

3.57 Å, 3.23 Å, 3.81 Å. However, aside from interaction of ASP761 with LAS34154490, 

other pi-anion interactions were weaker as their bond length were either comparable 

or greater than 3.6 Å which was upper limit value for strong pi-anion interaction.  

Unique to interaction formed by other leads, pi-sulphur and alkyl interactions were 

seen between LAS34154490 and SARS-CoV-2 RdRp. The sulfur atom has an 

exceptional capability to interact with π systems uniformly throughout the entire 
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range (Motherwell et. al., 2018). sulfur-aromatic interactions typically occur at 

distances below 7 Å, with a peak distance of approximately 5 Å (Gómez-Tamayo et al., 

2016; Valley et al., 2012). Pi-sulphur interaction was seen between LAS34154490 and 

CYS622 residue of SARS-CoV-2 RdRp with bond length of 5.04 Å. This suggests that 

tight bonding will occur between LAS34154490 and RdRp due to pi-sulphur 

interactions. Additionally, hydrophobic interaction in the form of alky- alkyl 

interaction was seen between LAS34154490 and LEU758, CYS813 residues of SARS-

CoV-2 RdRp with respective bond length of 4.87 Å and 4.32 Å. Hydrophobic 

interactions impact various water-related processes such as complexation, surfactant 

aggregation, and coagulation, and are important for stabilizing proteins (Bogunia and 

Markowski, 2020). 

Interaction with mutated RdRp (P323L): 

The lead compounds along with native ligand GTP were docked with P323L substituted 

RdRp of SARS-CoV-2, which was the most commonly found mutation existing in 

various RdRp variants. The binding energy was calculated using PyRX platform which 

are tabulated below. 

Table 12: Binding energy against P323L RdRp 

Ligands Binding energy 

(kJ/mol) against P323L 

RdRp 

Compound 17 -8.3 

Compound 1016 -8.2 

LAS34154490 -8.0 

GTP -7.9 

Although the binding energy decreased for all lead compounds, however, it was found 

that all the molecules had higher binding energy when compared to native ligand 

against mutated P323L RdRp of SARS-CoV-2. 
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Interaction with human protein hMAT1A: 

Three lead compounds were docked against hMAT1A with SAM as a native ligand to 

evaluate the cross reactivity of these lead compounds with human protein. 

Table 13: Binding energy of lead compounds against hMAT1A 

Ligands Binding energy 

(kJ/mol) against 

hMAT1A 

Compound 17 -9.8 

Compound 1016 -10.3 

LAS34154490 -7.9 

SAM -7.9 

The result showed that compound 17 and compound 1016 showed higher binding 

energy of -9.8 kJ/mol and -10.3 kJ/mol against hMAT1A compared to -7.9 kJ/mol of 

SAM suggesting they might pose problem in SAM biosynthesis by competing against 

GTP to bind the enzyme. However, LAS34154490 showed equal binding energy of -7.9 

kJ/mol against hMAT1A, thus suggesting less likeliness of this compound to compete 

for active site when compared to another molecule. Thus, although binding energy 

against SARS-CoV-2 RdRp is high for compound 17 and compound 1016, the additional 

properties of LAS34154490 including higher binding energy of -5.6 kJ/mol against 

ExoN domain of Nsp14 protein of SARS-CoV-2, high performance index of value 3 and 

lower cross reactivity against hMAT1A, infers the likeliness of this compound to be 

used for treatment against Covid-19 disease. 
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SUMMARY: 

Covid-19 infection poses global threat due to its fatality and nature of spread. The 

rapid spread of coronavirus has caused global pandemic and impacted the globe 

negatively. In less than half a year the virus has spread nearly worldwide and several 

countries are facing outbreaks with emergence of new variants. Thus, this exhibits 

necessity of additional therapeutic interventions to control disease spread and 

speeding patients’ recovery. Computer-aided drug design (CADD) is a new tool to ease 

discovery of new molecular entities and reduce later phase failures in drug discovery 

via early assessment of activity, selectivity and pharmacokinetic properties. In order 

to cope with the emerging threats of Covid-19 infection, virtual screening methods 

and molecular docking were employed to screen compound from different ligand 

databases. In this study, 21,376 compounds were filtered from large drug library of 

ZINC, ASINEX and UORSY database and further subjected to molecular docking against 

SARS-CoV-2 RNA dependent RNA polymerase (RdRp). Upon performing molecular 

docking along with the native ligand of RdRp, 56 compounds with binding affinity 

higher than that of GTP was obtained. These molecules were again redocked and 

further screening were done, which resulted to yield of three lead compounds. Among 

these three lead compounds, compound 17 and LAS34154490 was considered to be 

best. Compound 17 showed highest binding affinity against RdRp with ligand/receptor 

complexes forming strong interaction between them. Whereas, LAS34154490 showed 

binding energy higher than that of GTP against SARS-CoV-2 RdRp and Nsp14 

Exonuclease domain. In addition to that, it also showed low hepatotoxicity when 

compared to other lead compound. Thus, with the use of computational tools three 

molecules with appropriate pharmacokinetic properties were determined, which 

might act as potential therapeutic option to combat Covid-19 infection. 
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CONCLUSION: 

In conclusion, computer-aided drug design has provided an efficient and effective 

approach to identifying potential inhibitors of RdRp in SARS-CoV-2. Through the use 

of molecular docking, molecular dynamics simulations, and other computational tools, 

three compounds have been proposed as potential candidates for further 

development. These promising compounds have shown encouraging results in terms 

of their binding affinity, stability, and specificity for RdRp. However, further 

experimental studies, such as enzymatic assays and cell-based assays, are needed to 

verify the efficacy and safety of these compounds. Overall, the success of computer-

aided drug design in identifying potential inhibitors of RdRp in SARS-CoV-2 highlights 

the importance of computational approaches in drug discovery and development, 

particularly in response to emerging infectious diseases such as COVID-19. 

RECOMMENDATIONS: 

It is advisable to validate the interaction between the SARS-CoV-2 RdRp and the top 

leads (compound 17 and LAS34154490) by performing molecular dynamics (MD) 

simulations. This compound shows promise as a potential drug candidate for further 

development. To solidify its candidacy as a suitable option for therapeutic use against 

SARS-CoV-2 RdRp, additional steps such as enzyme inhibition kinetic studies, animal 

testing, and toxicity testing can be pursued. 
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