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Abstract— The process of generating vaccine-induced immunity is somewhat challenging in immunology. Currently, informatics paved the way 

for a better understanding of pathogenesis, diagnosis, immune system response and computational vaccinology. Immuno-informatics techniques 

were used in the current review to forecast the antigenic epitopes against SARS-CoV-2 for the creation of the coronavirus vaccine. The 

coronavirus protein encoding SARS-CoV-2 was anticipated to include T-lymphocyte and B-cell epitopes. AutoDock Main Protease, the Protein 

Data Bank was used to obtain the three-dimensional crystal structure of the MPRO, and MetaPocket 2.0, to predict the active site. The study 

was focused on Molecular Docking and dynamics simulations, to identify potential targets for novel compounds, the spike protein-ACE-2 

interface complex, ACE-2 receptor, Spike protein, and Furin. All target proteins were compared to novel target compounds in clinical 

development and to presently available medicines that had been repurposed. 
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I. INTRODUCTION  

he current COVID-19 pandemic has demonstrated 

the importance of developing effective innovative 

treatment plans for new viruses. Researchers have 

recently shown a great deal of interest in studies that 

concentrate on natural products like bioactive secondary 

metabolites and antimicrobial peptides from microorganisms 

and plants in the hope of discovering novel antiviral drugs 

against emerging viruses that cause epidemics and pandemics. 

Human immunodeficiency virus, SARS, MERS, hantavirus, 

dengue, West Nile virus, Ebola, and Zika virus are among 

recently developing viruses that can cause pandemics. While 

the creation of vaccines takes time, the advancement of 

antiviral therapies can be predicted by the creation of broad-

spectrum medications that are effective against a variety of 

viruses [1,2].The infection that leads to COVID-19, a fatal 

illness, is brought on by SARS-CoV-2. The coronavirus 

particles have spike proteins around them and are spherical in 

form. These proteins are in charge of virus replication in the 

cells of the human host. After interacting with human cells, 

spike proteins go through structural modifications that cause 

the membranes of the viral particle and the human host cell to 

fuse.  Angiotensin converting enzyme 2 receptor proteins on 

the surface of the host cell are what SARS-CoV-2 spike 

proteins bind to. The SARS-CoV-2 spike protein's receptor 

binding domain allows it to bind to host human cells at the 

molecular level. The spike glycoprotein's receptor binding 

domain  interacts with the ACE2 receptor in the protease 

domain of the host human cell to infect it with the 

virus[3,4].In the past, various approaches to obtaining data in 

Q-UEL tag form via the Internet have been investigated. By 

interacting with the HTML on the webpage for Google 

searches and the list of results, for instance, a Q-

UELCTRACT was produced. Consequently, it was crucial to 

obtain new information from the Internet [5].Molecular 

docking has been the method most frequently used for virtual 

molecular interaction screening. In order to execute molecular 

docking studies, a range of computer programmes based on 

different algorithms have been created, as this virtual 

screening technique has grown to be a vital and crucial 

instrument in the arena of pharmaceutical research [6].SARS-

CoV-2 has recently been discovered to have developed into 

two main kinds L and S.  The L type being more common than 

the S type. This CoV's spike glycoprotein, or S protein, is 

thought to be a key inducer of neutralising antibodies. The 

majority of this CoV's vaccines and medications target the S 

protein. A genome-wide study of 103 SARS-CoV-2 strains 

revealed 149 mutation sites dispersed throughout the genome. 

Based on prior literature, strains representing several subgenus 

of Beta coronaviruses, such as SARS-CoV and MERS-CoV, 

were included[7]. 

A. ORIGIN OF COV-2  

Although the Wuhan, South China Seafood Market has 

been linked to the earliest cases, the origin of the SARS-CoV-

2 virus is still unknown. Although other sources, such as 

potential animal vectors, have challenged the claim, the 

researchers are still looking for the origins of COV 2. Through 

codon studies, it has been hypothesized that snakes may be the 

potential source of the viral infection. Since humans and bats 

are more closely tied to the Coronavirus lifecycle, it was 

believed that people and bats were more efficiently infected by 

the virus. According to studies from human serology, the 

connection of bat CoV proteins results in zoonotic 

transmission of deadly outbreaks of the SARS-like bat 

coronavirus. These lessons from SARS and MERS 

emphasizes how critical it is to discover the source of SARS-

CoV-2 as soon as possible in order to stop the ongoing 

outbreak [8, 9, 10} 

B. ORPHOLOGY: 

The SARS-CoV-2 is a member of the coronavirus beta 

family. A lipid membrane, spike-like protein S, membrane 

T 
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protein M, nucleo-capsid N protein, and envelope protein 

surround the single-stranded RNA virus. The endogenous viral 

RNA genetic material is released into the host cell as a result 

of the spike protein's attachment to the Angiotensin-

Converting Enzyme 2 receptor of mammalian lung cells [11][12]. 

SARS-CoV-2's spike glycoprotein (COVID-19) is a trimeric 

viral fusion protein with S1 and S2 subunits that are present in 

a non-covalently bound state[13]. Spike protein undergoes 

conformational rearrangements that result in the S1 subunit 

being shed, the S2 subunit being cleaved by host cell 

proteases, and the exposure of a fusion peptide next to the S2 

proteolysis site[14]. In addition, it has been crucial in 

controlling blood pressure and anti-arteriosclerosis 

mechanisms, and it is thought to be a primary target for 

SARS-Cov-2. The 380 amino acid difference between SARS-

CoV-2 and SARS-CoV results in five of the six essential 

amino acids in the receptor-binding domain that is part of the 

S1 subunit connecting the viral spike (S) protein with cell 

membrane human ACE-2 being altered. For the S-protein that 

enhances and facilitates cell entry after ACE-2 binding 

through the S2 subunit, which reported as a membrane fusion 

unit, SARS-CoV-2 had found to use a wide variety of 

hostproteases, including cathepsin L, cathepsin B, trypsin, 

factor X, elastase, Furin, and transmembrane protease serine 

2[15]. One person can infect more than two healthy subjects 

with SARS-CoV-2, making it more contagious than other flu 

viruses[16]. 

C. SPIKE PROTEIN FRAGMENT AND HUMAN ACE2 RECEPTOR: 

When a spike protein fragment is molecularly docked with 

its receptor in a human host, the human ACE receptor is taken 

into consideration as the receptor protein. The docking 

structure of the human ACE2 receptor's A chain binds to the 

SARS CoV2 spike protein fragment with a binding energy of 

approximately 779.8 kcal/mole using the ClusPro27 web 

server. A conformational shift takes place when the S protein 

fragment interacts to the ACE2 receptor protein. The ASP136, 

ASN 137, PRO 138, and GLN 139 amino acids are located in 

the distorted site of ACE2, and the GLN 403, LYS 451, and 

ASP 416 amino acids interact with the spike protein fragment 

The ACE2 receptor protein-bound structure of the SARS 

CoV2 spike protein fragment is thought to be a potential 

therapeutic target for SARS-CoV2 treatment. 

II. MATERIALS AND METHODS 

There are already more than 30 docking programmes 

available, with AutoDock being the most popular. The goal of 

molecular docking is to identify the binding mode, which calls 

for a search technique to run simulations of native protein-

ligand interactions[17]. These computational tools make it 

possible to visualise the ligand-target interaction and identify 

the substances that bind the target more effectively [18].Based 

on lowest-binding energies, this approach aids us in the 

thorough analysis of protein-ligand conformations [19]. The 

chosen library contains 1615 FDA-approved compounds that 

were all minimised using UCSF Chimaera and Chemdraw to 

produce stable configurations. All of these medications were 

originally sourced from the ZINC database. Molecular 

Operating Environment, AutoDock tools, and AutoDockVina 

were used to conduct the molecular docking analyses.  Based 

on S-score and root-mean-square deviation  values, the top 

hits were chosen. The chemical and physical characteristics of 

hits that resembled drugs were calculated using the admet 

SAR server, Molinspiration, and Osirisexplorer. The UCSF 

Chimaera and Ligplotprogramme was used to analyse and 

display the interacting residues [20,21,22].By molecular 

docking MPRO with viral protease inhibitors that were 

approved by the FDA, the study was compared. The protease 

was shown to be very efficiently inhibited by medications 

such atazanavir, saquinavir, and darunavir, and the 

interactions were compared with natural substances[22].All 

drugs were docked using the Triangle Matcher placement 

method and the London dG score tool in accordance with the 

recommended methodology. The best stance was visually 

examined. The last docking simulation steps were then 

performed using the GlideSP module in Schrodinger [23, 

24].Then, using MOE's Protonate 3D Protocol with the default 

settings, the protein structures were constructed.  In order to 

analyse the IONPs-receptor interactions in the active site and 

forecast their binding affinities and modes, the docking 

methodology was first verified[25, 26]. Small compounds are 

docked into the protein binding site using molecular docking 

techniques. The receptor preparation wizard in FlexX is used 

to define the binding cavity in the receptor. The pool of ligand 

conformations was used to construct a set of poses using an 

alpha triangle, which produces a variety of potential 

conformations depending on how many rotatable bonds are 

present in the structure. The docking energy and binding 

interaction dictate the optimal postures for a specific 

molecule[27, 28, 29, 30]. Using the dock score, a final energy 

assessment was performed. Maestro interface was used to 

visualise docked ligands [31, 32, 33]. Using the fully 

automated protein-ligand interaction profiler system, the 

binding sites of the finished construct and TLR3 were 

investigated. The outputs of PLIP were visualisation files, flat 

text files, PYMOL and XML format files[34, 35,36]. 

 

 
Fig. 1. Process flow of molecular docking  

III. RESULTS AND DISCUSSION 

AMBER18 was used to parameterize MD simulations with 

ANTECHAMBER. Then, using Amber18 tools, the 200 ns 

trajectories were submitted to MM-GBSA analysis on all 5000 
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frames. Using UniProt KB, the following proteins were found: 

replicase protein, NSP1, spikes, membrane, nucleocapsid, and 

envelope. The NETCTL server and ABC pred server were 

used to predict HTL and CTL epitopes from the 

selecteproteins. Using the ProtParam, Vaxijen, Toxinpred, and 

IEDB servers, respectively, their physiochemical 

characteristics, antigenicity, toxicity, and immunogenicity 

were predicted. The epitopes that were chosen were used to 

manually design an adjuvant-based MEV construct, and 

RaptorX was used to predict the 3D structures. The SAVES 

server validated the structures, and the HADDOCK server 

docked the revised structures with TLR3 and TLR8. The two 

top-scoring complexes were put through an MD simulation 

after completing protein-protein molecular docking to 

determine the optimal angles for the vaccine candidate and the 

receptor proteins to connect. The GROMACS 2018 package 

was used to do each and every MD simulation. Both the TLR4 

and HLA, RMSD values in NOM protein-TLR4 complexes 

are quite stable, and the average values do not rise to very high 

levels.  

 

 
Fig. 1. Molecular docking simulation for SARSCOV-2 

A. MOLECULAR DOCKING TRAJECTORY ANALYSIS AND PRIME 

MM/GBSA CALCULATIONS: 

The ligand binding free energies and ligand strain energies 

for docked lead compounds with SARS-CoV-2 Mpro were 

calculated using the MM/GBSA. The polar solvation energies, 

non-polar solvation energies, and potential energy make up the 

binding free energy. The binding free energy in this method is 

obtained by subtracting the complex's free energy from the 

sum of the free energies of the ligand and protein. The 

enhanced OPLS-2005 force field, the SGB solvation model for 

polar and non-polar solvation, and the Molecular Mechanics 

Energies that assembled various nonpolar solvent accessible 

surface areas and van der Waals interactions make up the core 

of the Prime MM-GBSA. The following equations were used 

to determine the changes in free energy caused by ligand 

binding. DGbind 14 Gcomplex—Gprotein—Gligand—G14 

EMM—GSGB—GNP: Gligand is the unbound ligand energy, 

Gprotein is the energy of the receptor, and the Gcomplex is 

the energy of the complex. Molecular mechanics energies are 

represented by EMM, polar solvation is represented by GSGB, 

and nonpolar solvation is represented by GNP[37,38,39,40]. 
 

TABLE I. Molecules developed using molecular docking method. 

DRUGS 
AFFINITY 

(kcal/mol) 

H BOND 

FORMATION 

PROTEIN 

RECEPTOR 

Favipiravir -4.5 
Gly 143,ser 144, 

cys 145 

6Y2F 

[41,42,43,44,45,46,47,

48,49,50,51] 

Ganciclovir -5.1 

Gly 143,ser 144, cys 

145, phe 140, glu 
166, leu 141 

Raltegravir -7.4 

Gly 143,ser 144, cys 

145, glu 166, gln 192, 

leu 141 

remdesivir -6.9 

Gly 143, ser 144, 

cys 145, gln 189, 

cys 44 

Alacepril −5.10 
Asn90/H-acceptor, 

Asp30/H-acceptor 

hACE2 

[52,53,54,55] 

Captopril −3.40 Asp30/H-acceptor 

Zofenopril −4.6 Pro389/arene-H 

Enalapril −4.8 Asp30/H-donor 

Ramipril −4.6 Lys26/H-acceptor 

Quinapril −4.60 
Pro389/arene-H, 

Gln96/H- acceptor 

Perindopril −4.2 
Asp30/H-donor, 

Asp30/H- acceptor 

Lisinopril −4.70 
Asn90/H-acceptor, 

Thr92/H-acceptor 

Benazepril −4.70 Lys25/H-donor 

Imidapril −4.4 Asp30/H-donor 

Trandolapril −5.60 
Asp30/H-donor, 

Gln95/H-acceptor 

Cilazapril −4.5 
Pro389/arene-H, 

Asp30/H- donor 

Fosinopril −5.04 Gln96/H-acceptor 

Moexipril −5.10 Asp30/H- donor 

NAG −4.4 Asp30/H- donor 

IV. CONCLUSION  

Bioinformatics and computational biology advancements 

have produced a number of new characteristics that have 

helped to solve problems like the determination of inhibitory 

constants for docked conformations that existed in the past. In 

the long term, we advise FDA-approved IONPs to enter 

COVID-19 clinical studies. These applications are suggested 

as a cutting-edge strategy for preventing nosocomial and viral 

infections in hospitals. Additionally, lead compounds form a 

stable complex with SARS-CoV-2 Mpro, according to 

calculations using the MM/GBSA free energy calculation 

method and hydrogen bond monitoring. In overall AutoDock 

were used in most of the studies for docking process. In recent 

studies computational aided drug design plays major role in 

the development of novel drugs. Hence molecular docking is 

significant in bioinformatics and computational biology. 
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