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Abstract: Since December 2019, a pneumonia caused by a novel coronavirus (SARS-CoV-2) emerged in
China and has rapidly spread around the world. The virus has caused a global outbreak of viral
pneumonia, which has been known as coronavirus disease (COVID-19). This study aims to examine known
direct acting antivirals (DAA) against SARS-CoV-2 papin like protease. A number of known antiviral drugs
were tested as potential SARS-CoV-2 virus inhibitors using the molecular docking analysis to examine the
free natural affinity of the binding ligand to catalytic residues and substrate binding pockets without
forcing the docking of ligand to active site. SARS-CoV-2 papin like protease solved structure (PDB ID:
6W9C) is targeted by direct acting antiviral drugs. The geometry of all inhibitors was optimized using
Avogadro software. Molecular Docking was performed using AutoDock Vina software. Protein-Ligand
Interaction Profiler (PLIP) web server was used to analyze the interactions formed between drugs and
SARS-CoV-2 PLpro. Mycophenolic acid and 4'-Tosyl Mycophenolic Acid-d3 was tested against SARS-CoV-
2 papin like protease mutant C111S (PDB ID: 6WRH). Mycophenolic acid showed mild efficacy against
the mutant strain. The molecular docking analysis results indicated that Mycophienolic acid and 4'-Tosyl
Mycophenolic Acid-d3 has good binding affinities to the protein drug target (-5.72 Kcal/mol and -5.72
Kcal/mol) and showed the highest probabilities to bind to catalytic residues of target protein (30% and
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50%) respectively, suggesting their potential use for COVID-19 treatment. Molecular dynamic simulation
was used to confirm the stability of the complexes formed.

Keywords: Coronavirus treatment, 4-Tosyl Mycophenolic Acid-d3, molecular docking, anti-protease drugs

1. Introduction

In late December 2019, a new type of coronavirus originated in Wuhan, China, began to spread across the
world. The virus caused a global health outbreak of viral pneumonia, which has been named coronavirus
disease (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). As of
February 14, 2021, total of 108,818,442 cases and 2,396,175 deaths had been confirmed worldwide
including 213 countries, areas, or territories (1). On 30 January 2020, the World Health Organization
(WHO) declared the outbreak as a Public Health Emergency of International Concern (PHEIC) (2) and on
11 March 2020, WHO declared it as a global pandemic (3). Since then, many scientific journals published a
number of articles, comments, editorials and perspectives related to COVID-19, trying to understand the
virus structure, behavior and features to find possible treatments to the newly emerged COVID-19 disease

(4).

Various viral epidemics related to coronavirus were reported over the past 20 years including the severe
acute respiratory syndrome coronavirus (SARS-CoV) emerged in 2002 and the swine flu HIN1 virus in
2009 while the Middle East respiratory syndrome coronavirus (MERS-CoV) was first identified in Saudi
Arabia in 2012 (4). Human respiratory viruses like coronavirus (HCoVs) are one of the major pathogens
that infect the human upper respiratory tract. Previous outbreaks of coronaviruses include 229E and NL63
strains which belong to Alphacoronaviruses, while OC43, HKU1, SARS, and MERS belong to
Betacoronaviruses (5). SARS and MERS are the most aggressive strains of coronaviruses along with the
newly developed human coronavirus SARS-CoV-2 that was first reported in December 2019 in China (5),
(6). The SARS-CoV-2 virus is contagious and widely spreading worldwide. The genomic sequence
analysis of SARS-CoV-2 showed 88% identity with SARS (7), (8). SARS-CoV-2 is a member of
Betacoronaviruses like SARS and MERS (9). The comparative analysis of the diseases etiology showed
similarities in the symptoms between SARS-CoV-2 and other Betacoronaviruses (10). Symptoms of
COVID-19 infection appear to start approximately 5 days after contracting the virus, and the period from
COVID-19 symptoms to reported death cases ranged from 6 to 41 days with a median of 14 days
depending on the age of the patient and the status of the patient's immune system and other underlying
health conditions comorbidities. The common symptoms of COVID-19 are chills, fever of 100.4 F, dry
cough, fatigue, headache, hemoptysis, diarrhea, dyspnea, nausea, olfactory loss of taste or smell and
lymphopenia (8), (10), (11), (12), (13). Commonly, HCoVs are positive-sense and are very long single-
stranded RNA viruses (30,000 bp). HCoVs consists of two groups of proteins; four structural proteins, such
as Spike (S) that characterize all coronaviruses, Nucleocapsid (N), Matrix (M), and Envelope (E), in
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addition to non-structural proteins such as proteases (nsp3 and nsp5) and RNA-dependent-RNA
polymerase RdRp (nsp12) and main protease (Mpro) and papain-like protease (PLpro) (14).

The papain-like protease domain (PLpro) and the main protease (Mpro) are together responsible for
processing the viral polyproteins yielding mature viral proteins (15), (16), (17). The PLpro of SARS-CoV-
2 plays crucial role in virus replication and immune evasion, making PLpro enzyme a potential drug target
(18), (19). Taking into consideration the shared homology between PLpro proteases of SARS-CoV-2 and
SARS-CoV, where SARS-CoV2-PLpro and SASR-CoV-PLpro share 83% sequence identity, makes
inhibitors developed for SARS-CoV PLpro a significant insight for developing therapeutics for SARS-
CoV-2 and makes PLpro a significant antiviral drug target (20), (21).

Coronaviruses such as the SARS virus and the MERS virus encode at least one papain-like protease
(PLpro) enzyme in their genomes, which cleaves the viral replicase polyproteins at three sites releasing
non-structural protein nspl, nsp2 and nsp3. The SARS-CoV nsp3 multi-domain protein is the largest
replicase subunit at 1,922 amino acids (22), (23). Nsp3 plays a vital role in the formation of virus
replication complexes by its insertion into the host membrane and interacting with other nsps (24)
especially nsp4 and nsp6 (25). SARS-CoV PLpro cleaves ubiquitin and 1SG15, known regulators of host
innate immune pathways, and inhibition of SARS-CoV PLpro has been shown to block SARS-CoV
replication (26). PLpro possesses deubiquitinating and delSGylating activities, which have been proposed
to suppress the host antiviral response by counteracting the post-translational modification of signaling
molecules that activate the innate immune response, PLpro is made up of an N-terminal ubiquitin-like
domain found in many ubiquitin-specific proteases (USPs) (27) and a C-terminal catalytic domain
containing a right-handed fingers, palm, and thumb domain organization (28). Maiti et al. showed that
sulfur-based drugs and peptides-based inhibitors may block Cys residues in the catalytic site and/or Zn site
of SARS-CoV-2-PLpro, leading to dysfunction of SARS-CoV-2-PLpro and thereby halting the viral
replication (29). On the other hand, Alamri et al. detected three compounds ADM 13083841,
LMG_15521745, and SYN_15517940 that showed stable conformation and interacted well with the active
residues of SARS-CoV-2 PLpro (30), whereas Alfaro et al. indicated that Schizanthine Z binds to the
SARS-CoV-2 papain-like protease with relatively high affinity (31). In addition, Li et al. found that
Neobavaisoflavone has high binding energy for SARS-CoV-2 papain-like protease and could bind near the
SARS-CoV-2 papain-like protease catalytic triad (32). Kouznetsova et al. showed sixteen FDA approved
drugs, including chloroguine and formoterol to bind to PLpro with significant affinity and good geometry,
suggesting their potential use against the virus (33).

In this research study, molecular docking was applied to examine the binding affinity of different direct
acting antivirals (DAAs) against the SARS-CoV-2 papin-like protease (PLpro). The crystal structure of
papain-like protease of SARS-CoV-2 (PDB ID: 6W9C) was downloaded from the protein data bank (PDB)
database and prepared for the docking experiment using AutoDock automated tools. DAAs were
downloaded from the drug databank, DrugBank, (www.drugbank.ca) (34) and optimized using MMFF94
force field function of Avogadro software (https://avogadro.cc) (35). AutoDock Vina software
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(http://vina.scripps.edu) (36) was used in this study to dock the optimized DAAs against SARS-CoV-2
PLpro. The results from docking, the docking complexes, were then analyzed using the Protein-Ligand
Interaction Profiler (PLIP) web server of Technical University in Dresden (37). GROMACS software (38)
was used to provide the information about the stability of the molecular interactions on the docking
complexes. PLpro was introduced to 1000 ps molecular dynamics simulation (MD) and compressed
coordinates were retrieved every 10 ps (100 frames). Molecular docking was performed between DAASs of
highest probability to bind to catalytic residues and different frames of PLpro MD. Molecular docking was
then applied to test the binding affinity of different DAAs against SARS-CoV-2 papin-like protease mutant
C111S stain.

The main purpose of this study is to test potential inhibitors against SARS-CoV-2 using molecular docking
analysis. The study investigates a number of recently researched drugs for their binding interactions then to
evaluate their potential use for COVID-19 treatment.

2. Materials and Methods
2.1. SARS-CoV-2 PLpro Structure

The complete genome sequence of the newly emerged SARS-CoV-2 (NC_045512.2) is retrieved from the
National Center for Biotechnology Information (NCBI) nucleotide database (GenBank: NC_045512.2,
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512). SARS-CoV-2 PLpro solved structure was retrieved
from Protein Data Bank (PDB ID: 6W9C, available at https://www.rcsb.org/structure/6W9C). The catalytic
residues of SARS-CoV PLpro are within hydrogen-bonding distance of one another, suggesting the
existence of protonation state of Cys112 in equilibrium with His273 and Asp287 (21). However, due to
missing of some residues in crystallographic structure of PLpro (PDB ID: 6W9C) the order of the catalytic
residues turns out to be (Cys111, His272 and Asp286).

The inhibitor for SARS-CoV PLpro is the binding site for docking. The binding site has more S3/S4
pockets than the restrictive substrate binding pockets S1/S2 that are close to the catalytic residues. The
spacious substrate binding pockets S3/S4 contained residues are Aspl64, Vall65, Argl66, Glul67,
Met208, Ala246, Pro247, Pro248, Tyr264, Gly266, Asn267, Tyr268, GIn269, Cys217, Gly271, Tyr273,
Thr301 and Asp302 (39).

2.2. DAAs Optimization and Molecular Docking

The structures of the SARS-CoV-2 protease inhibitors were downloaded from the drug
databank, DrugBank, (28). The geometry of all inhibitors was optimized using MMFF94 force
field function of Avogadro software (34). Molecular Docking was applied using AutoDock Vina
software (40), AutoDock Vina achieves approximately two orders of the magnitude speed-up
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compared to AutoDock 4, in addition, it significantly improves the accuracy of the binding mode
predictions.. The docking was rigid against the whole protein to examine the free natural affinity
of binding ligand to substrate binding pockets and catalytic residues without forcing the docking
of ligand to active site only. The docking was repeated 10 times for each ligand. The evaluation
of affinity of docking depends on the docking scores and the probability to bind to the substrate
binding pockets and the catalytic residues of the protein.

2.3. Analysis of Interactions between DAAs and SARS-CoV-2 PLpro

Nearly 61 direct-acting antiviral agents (DAA) have been reported to contemporary drugs in clinical trials
for COVID-19 treatment where many of them were under molecular docking studies to identify the potent
antiviral agents for COVID-19 (41), (42). Protein-Ligand Interaction Profiler (PLIP) web server (36) was
used to analyze the interactions formed between DAAs and COVID-19 PLpro.

2.4. Molecular Dynamics Simulation and Molecular Docking

The molecular dynamics simulation of the PLpro was completed using the GROMACS all atom force field
(37), (43). The protein was solvated, and the system was neutralized with the addition of Na" ions by
replacing the water molecules. After completing those steps, the energy minimization of the system was
then performed, which was followed by equilibration of the system using two consecutive runs, NVT (100
ps) and NPT (100 ps), respectively. Finally, the protein was introduced to 1000 ps molecular dynamics
simulation with a time-stage of 2 fs for each simulation. The root mean square deviation (RMSD) of the
peptide atom backbone and the radius of gyration (Rg) was plotted as a function of time (44). Compressed
coordinates were measured every 10 ps (100 frames). Molecular Docking was finally performed for DAAs
of the highest probability to bind to catalytic residues and different frames of PLpro MD.

2.5. SARS-CoV-2 PLpro Mutant C111S

SARS-CoV-2 PLpro mutant C111S solved structure was downloaded from the Protein Data Bank (PDB ID:
6WRH). The catalytic residues of PLpro mutant C111S are Serlll, His272 and Asp286. Molecular
Docking was performed for DAAs of the highest probability to bind to catalytic residues and substrate
binding-pocket of wild type COVID-19 PLpro (PDB ID: 6W9C) against the SARS-CoV-2 PLpro mutant
C111S (PDB ID: 6WRH) to examine the efficacy of those DAAs against this mutant strain.

3. Results and Discussion
Molecular docking was performed on the solved structure (PDB ID: 6W9C) of SARS-CoV-2 PLpro. Table

1 lists the mean values of the docking scores and their probabilities to bind to catalytic residues and the
substrate binding pockets S3/54.
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The results obtained shows Paritaprevir having the best docking score of -10.8 Kcal/mol, followed by
Ledipasvir docking score of -10.38 Kcal/mol, and Elbasvir docking score of -9.94 Kcal/mol, however their
probabilities to bind to the catalytic residues and substrate binding-pocket S3/S4 are found to be 0% for
those ligands. Therefore, binding results are suggesting that those DAAs are not recommended to be used
as potential treatment for SARS-CoV-2.

On the other hand, 4'-Tosyl Mycophenolic Acid-d3 of docking score -5.98 Kcal/mol has shown the highest
probability of 50% to bind to the catalytic residues, followed by its parent Mycophenolic acid of docking
score -5.72 Kcal/mol and probability of 30% to bind to catalytic residues and probability of 20% to S3/S4
pocket, then followed by Tamiflu of docking score -5.07 Kcal/mol with probability of 60% to bind to S3/S4
pocket, followed by Darunavir of docking score -6.7 Kcal/mol and probability of 60% to bind to S3/S4
pocket, then finally comes GRL 0617 of docking score -7.35 Kcal/mol and probability of 40% to bind to
S3/S4 pocket. Therefore, those drugs have shown good docking scores with high native probabilities to
bind to the active site pocket and are then suggested to be used as potential SARS-CoV-2 treatment with
the preference to Mycophenolic Acid and 4’-Tosyl Mycophenolic Acid-d3. Figure. 1 shows the molecular
docking between Mycophenolic Acid and 4'-Tosyl Mycophenolic Acid-d3 and SARS-CoV-2 PLpro
protease, where SARS-CoV-2 PLpro is represented as cartoon and the catalytic residues PLpro Cys111,
His272 and Asp286 are represented in blue color and their ligands are represented as licorice.

Table 1: Docking scores (Kcal/mol) calculated using AutoDock Vina against SARS-
CoV-2 PLpro. The docking was repeated 10 times for each ligand and the
probabilities to bind to catalytic residues and to active-site pocket (S3/S4) were
calculated. The highest docking scores are highlighted in light green color and the
highest probabilities are highlighted in orange color.

- Probability of
Probability bindingt)t/o
of binding to
Drug Tested AG (Kcal/mol) catalytic substrate
residues binding-pocket
(S3/s4)
Glecaprevir -7.67 £0.21 0% 0%
Grazoprevir -6.60 + 0.09 0% 0%
Simeprevir -7.62 £ 0.18 0% 0%
Voxilaprevir -8.98 £ 0.04 0% 0%
Elbasvir -9.94 + 0.19 0% 0%
Beclabuvir -7.72£0.34 0% 0%
Ledipasvir -10.38 £ 0.38 0% 0%
Remdesivir -7.39+0.2 0% 0%
Avigan -6.40 £ 0.2 0% 10%
Tamiflu -5.07 £0.2 0% 60%
Plaguenil -5.16 £ 0.51 0% 10%
Paritaprevir -10.80 £ 0.04 0% 0%
Daclatasvir -9.52 + 0.09 0% 0%
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Mycophenolic acid -5.72 £ 0.5 30% 20%
4'-Tosyl Mycophenolic Acid-d3 | -5.98 + 0.64 50% 0%
Ombitasvir -9.72 £ 0.25 0% 0%
GRL 0617 -7.35+£0.41 0% 40%
GRL 0667 -7.55 £ 0.36 0% 0%
Lopinavir -6.54 £ 0.57 0% 10%
Darunavir -6.70 £ 0.61 0% 60%
Ritonavir -5.80 £ 0.44 10% 0%
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Protein-Ligand Interaction Profiler (PLIP) web server was used to analyze the interactions formed. Figure.
2 shows the formed interactions between the DAAs and SARS-CoV-2 PLpro protease after the docking,
where ligands are shown in blue color, while the protein residues are shown in green color representations
labeled with three-letter code. The H-bonds are shown in solid yellow lines, while the dashed red lines
represent the hydrophobic interactions, and the green dashed lines represent the salt bridges and Pi-
StackingP in dashed cyan lines. The results show two H-bonds formed between Mycophenolic Acid and
His272 and Asp286 catalytic residues and one Pi-StackingP interaction with TRP 106, while 4'-Tosyl
Mycophenolic Acid-d3 forms one H-bond with Gly163, two salt bridges with His272 catalytic residue, and
one salt bridge with Lys174. The results obtained indicate that the formation of the hydrogen bonds and salt
bridges with the active site pocket inhibits the function of the catalytic residues therefore prevent them

from being shared in the virus replication.
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Mycophenolic acid

Figure. 1: Docking between Mycophenolic Acid and 4'-Tosyl
Mycophenolic Acid-d3 and SARS-CoV-2 PLpro. SARS-
CoV-2 PLpro is represented in gray color as surface, the
catalytic (Cys111, His272 and Asp286) residues of PLpro are
represented in blue color, substrate binding-pocket S1/S2 in
magenta, substrate binding-pocket S3/S4 in cyan and ligands
represented as licorice. 4’-Tosyl Mycophenolic Acid-d3 (-
5.98 Kcal/mol) has the highest probability to bind to catalytic
residues (50%) followed by its parent Mycophenolic acid (-
5.72 Kcal/mol and 30% to bind to catalytic residues and 20%
to substrate binding-pocket S3/S4).
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Mycophenolic acid

ASP.286
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LEU-162

LEU-289 ?
‘ , GLY-163
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Figure. 2: Interactions formed after molecular docking using
PLIP web server. Mycophenolic Acid and 4'-Tosyl
Mycophenolic Acid-d3, represented in blue color, docked to
SARS-CoV-2 PLpro (PDB ID: 6W9C), represented in green.
H-bonds are shown in solid yellow lines while hydrophobic
interactions are shown in red dashed lines. Salt bridges are
represented in green dashed lines and Pi-StackingP are shown
in dashed cyan. The results show two H-bonds formed between
Mycophenolic Acid and the catalytic residues His272 and
Asp286 and one Pi-StackingP interaction with TRP 106. The
4'-Tosyl Mycophenolic Acid-d3 forms one H-bond with
Gly163, two salt bridges with catalytic residue His272 and one
salt bridge with Lys174.
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Interactions between the inhibitor and the protein are instantaneous through the molecular docking process
making the interaction unstable. Therefore, the molecular dynamics simulation is used to allow us to
provide the information about the stability of the molecular interactions on the formed complexes.
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Figure. 3: Plot diagrams of Root Mean Square Deviation
(RMSD) values for the backbone atoms of SARS-CoV-2
PLpro from the initial structure during 1000 ps simulation

as a function of time.
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Figure. 4: Plot diagrams of radius of gyration (Rg)
of SARS-CoV-2 PLpro through 1000 ps of
molecular dynamics simulation.

Table 2: Docking scores (Kcal/mol) of Mycophenolic Acid and 4'-Tosyl Mycophenolic
Acid-d3 against frames of MD of SARS-CoV-2 PLpro. The docking was repeated 10
times for each frame. The docking scores are stable over the different frames.

[T AG (Kcal/_mol) _ AG (Kcal/mo_l) _
Mycophenolic Acid | 4’-Tosyl Mycophenolic Acid-d3
Frame 0 (0 ps) -5.84 £ 0.35 -5.87 £ 0.36
Frame 10 (100 ps) -6.23 + 0.53 -5.13+0.24
Frame 20 (200 ps) -6.27 £ 0.49 -6.36 £ 0.43
Frame 30 (300 ps) -5.95+0.31 -6.74 +0.16
Frame 40 (400 ps) -5.80 + 0.54 -5.86 + 0.24
Frame 50 (500 ps) -5.69 + 0.22 -6.14 + 0.33
Frame 60 (600 ps) -5.88 £ 0.36 -6.62 £ 0.24
Frame 70 (700 ps) -6.17 £ 0.51 -6.10 £ 0.35
Frame 80 (800 ps) -5.65 + 0.37 -6.10 + 0.33
Frame 90 (9000 ps) -5.89 + 0.24 -6.42 +0.47
Frame 100 (1000 ps) -5.91 + 0.35 -6.36 + 0.24




158 A. Nassar et al.

In this research work, PLpro was used to perform molecular dynamics simulation. Figure. 3 shows the root
mean square deviation (RMSD) values of PLpro dynamics simulation over 1000 ps, while the calculated
radius of gyration (Rg) values over the simulation time scale are shown in Figure. 4. The RMSD and radius
of gyration were chosen because they represent the stability of complex (i.e., the binding of inhibitor with
protein over time). Molecular docking was then performed between Mycophenolic Acid and 4'-Tosyl
Mycophenolic Acid-d3 and the different frames of PLpro MD are listed in Table 2 and the relation is
represented in Figure. 5. The docking was repeated 10 times for every frame. The stability of the docking
scores over the MD time indicates that Mycophenolic Acid and 4’-Tosyl Mycophenolic Acid-d3 form
stable complexes with PLpro therefore indicating promise effectiveness for developing potential inhibitors
for SARS-CoV-2.

Mycophenolic acid 4'-Tosyl Mycophenolic Acid-d3

4

&
AG (Kcal/mol)
© b N b b A b N
L

AG (Kcal/mol)

o

100 200 300 400 500 600 700 800 200 1000
0 100 200 300 400 500 600 700 800 900 1000 Time (ps)

Time (ps)

=)
o

Figure. 5: The docking scores in Kcal/mol of Mycophenolic acid and 4'-Tosyl
Mycophenolic Acid-d3 against the frames of MD of SARS-CoV-2 PLpro, shown in blue
dots. The blue line is the docking score of PDB structure of PLpro. The docking was
repeated 10 times for each frame, showing the docking scores are approximately stable
over the different frames.

The alignment between the catalytic residues of the wild type of SARS-CoV-2 papain-like protease PLpro
(PDB ID: 6W9C) and the PLpro mutant C111S protease (PDB ID: 6WRH) is displayed in Figure. 6. DAAs
of the highest probabilities to bind to the catalytic residues and the substrate binding pocket S3/S4 of
SARS-CoV-2 PLpro, including Mycophenolic acid, 4'-Tosyl Mycophenolic Acid-d3, Tamiflu, Darunavir
and GRL 0617, were docked against SARS-CoV-2 PLpro mutant C111S protease to examine their efficacy
against the mutant strain.
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Figure. 6: The alignment between the active site of PLpro wild type SARS-CoV-2 (PDB
ID: 6W9C), represented in green color, with catalytic residues, represented in red color,
and SARS-CoV-2 PLpro mutant C111S (PDB ID: 6WRH) shown in cyan with the

catalytic residues in blue.

Table 3: Docking scores (Kcal/mol) calculated by AutoDock Vina against SARS-CoV-2 PLpro
mutant C111S (PDB ID: 6WRH). The docking was repeated 10 times for each ligand and the
probabilities to bind to te catalytic residues and to the substrate binding-pocket (S3/S4) were
calculated. The highest docking scores are heighted in light green and the highest probabilities

are heighted in light orange color.

Probability of | " ropaoility of
AG A binding to
Drug Tested binding to -
(Kcal/mol) catalytic residues substrate binding-
pocket (S3/S4)
Tamiflu -5.50+£0.13 0% 0%
Mycophenolic acid -5.47 £ 0.29 0% 20%
4'-Tosyl Mycophenolic Acid-d3 | -6.31 +0.19 0% 10%
GRL 0617 -6.89 £ 0.39 0% 10%
Darunavir -6.80 + 0.43 0% 0%

159
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Table 3 lists the mean values of the docking scores and the probabilities to bind to the catalytic residues and
the substrate binding pocket S3/S4. The results obtained is showing Mycophenolic acid has the highest
probability of 20% to bind to substrate binding pocket S3/S4 pocket, the results are demonstrated in Figure.
7, where all DAAs have no chance to bind to the catalytic residues, indicating that Mycophenolic acid
could be of potential trial for therapeutics development for SARS-CoV-2 because the PLpro mutant C111S
strain showed lower efficacy compared to the wild type of SARS-CoV-2 papain-like protease.

Figure. 7: Docking between Mycophenolic Acid and SARS-CoV-2 PLpro protease.
SARS-CoV-2 PLpro mutant C111S represented in gray color as surface, catalytic
(Ser111, His272 and Asp286) residues PLpro represented in blue color, substrate binding
pocket S1/S2 in magenta, substrate binding pocket S3/S4 in cyan and the ligands
represented as licorice. Mycophenolic acid (-5.47 Kcal/mol) shows the highest
probability of 20% to bind to the substrate binding-pocket S3/S4.

4. Conclusion

The novel coronavirus SARS-CoV-2 is the reason behind the current worldwide pandemic of the
respiratory coronavirus disease known as COVID-19. SARS-CoV-2 is considered one of the major
pathogens that primarily targets the human respiratory system causing COVID-19 pneumonia. COVID-19
have shown less severe symptoms and a lower fatality rate compared to other SARS-CoV outbreaks;
however, its transmission rate is faster compared to the other related SARS-CoV infections. The current
study examined few different inhibitors currently used in the drug market, trying to repurpose those safe
antiviral drugs as potential inhibitor against SARS-CoV-2. Our study results showed that Mycophenolic
Acid and 4'-Tosyl Mycophenolic Acid-d3 molecular docking have the highest probability to bind to
substrate binding pocket S3/S4 suggesting those drugs safe use as potent inhibitors against SARS-CoV-2.
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The findings from this work gave us the insight to examine commonly used antiviral drugs against RNA
dependent RNA polymerase to determine their inhibitors activity and to design an in-silico peptide
inhibitor to inactivate the spike protein of SARS-CoV-2 virus.
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