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ABSTRACT
The recent outbreak of the SARS-CoV-2 virus leading to the disease COVID 19 has become a global
pandemic that is spreading rapidly and has caused a global health emergency. Hence, there is an
urgent need of the hour to discover effective drugs to control the pandemic caused by this virus.
Under such conditions, it would be imperative to repurpose already known drugs which could be a
quick and effective alternative to discovering new drugs. The main protease (Mpro) of SARS-COV-2 is
an attractive drug target because of its essential role in the processing of the majority of the non-
structural proteins which are translated from viral RNA. Herein, we report the high-throughput virtual
screening and molecular docking studies to search for the best potential inhibitors against Mpro from
FDA approved drugs available in the ZINC database as well as the natural compounds from the Specs
database. Our studies have identified six potential inhibitors of Mpro enzyme, out of which four are
commercially available FDA approved drugs (Cobicistat, Iopromide, Cangrelor, and Fortovase) and two
are from Specs database of natural compounds (Hopeaphenol and Cyclosieversiodide-A). While
Cobicistat and Fortovase are known as HIV drugs, Iopromide is a contrast agent and Cangrelor is an
anti-platelet drug. Furthermore, molecular dynamic (MD) simulations using GROMACS were performed
to calculate the stability of the top-ranked compounds in the active site of Mpro. After extensive com-
putational studies, we propose that Cobicistat and Hopeaphenol show potential to be excellent drugs
that can form the basis of treating COVID-19 disease.
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1. Introduction

A novel deadly coronavirus known as severe acute respira-
tory syndrome-coronavirus 2 (SARS-CoV-2) has led to a
worldwide health emergency (Lai et al., 2020). The infection
caused by this virus is so severe that it has already killed
more than 0.2 million around the world till 02 May 2020 and
infected more than 2.5 million people since its first case was
reported in December 2019 in Wuhan city of China (Wang
et al., 2020). World Health Organization (WHO) has named
the illness caused by SARS-CoV-2 as COVID-19 and it has
already been declared as pandemic on March 11, 2020
(Huang et al., 2020). This viral infection has given rise to the
socio-economic emergency around the globe. At present no
treatment is available for COVID-19. The main limitations of
new drug discovery and development are the slow pace,
high attrition rates, and expensive costs. Hence, repurposing
of the known drugs to treat the diseases which need an
urgent cure is gradually becoming a more practical and
viable proposition because it involves the use of verified
drugs with lower costs and timelines (Boopathi et al., 2020;
Xue et al., 2018).

SARS-COV-2 affects the lungs causing severe respiratory
syndrome in humans (Li & Xia, 2020). It is a positive-strand
RNA virus having a genome size of around 30 kb which
translates into 29 different proteins (Fehr & Perlman, 2015).
These proteins perform various functions for virus survival
from translating the genome to suppressing the host
immune system. The first protein of coronavirus which is syn-
thesized inside the human infected cell is a polyprotein con-
sisting of a chain of 16 proteins (Hilgenfeld, 2014). The main
protease, also called Mpro or 3CLpro acts as molecular scis-
sor which cuts these proteins into individual units to func-
tion independently. This protease is essential for virus
survival because its function is responsible for the processing
of all the non-structural proteins translated from viral RNA.
Hence this is an excellent drug target amongst all the pro-
teins of the coronavirus (Anand et al., 2003).

The three-dimensional crystal structure of the main prote-
ase from SARS-CoV-2 has recently been deposited in the pro-
tein data bank (PDB ID: 6Y2F). This structure can be used to
identify potential inhibitors using virtual screening and dock-
ing studies. Structurally, Mpro from both SARS-COV and
SARS-COV-2 is very similar. The molecule consists of an

CONTACT Sujata Sharma sujatasharma.aiims@gmail.com Department of Biophysics, All India Institute of Medical sciences, New Delhi 110029, India.
†Authors contributed equally.
� 2020 Informa UK Limited, trading as Taylor & Francis Group

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS
https://doi.org/10.1080/07391102.2020.1798286

http://crossmark.crossref.org/dialog/?doi=10.1080/07391102.2020.1798286&domain=pdf&date_stamp=2020-07-31
http://orcid.org/0000-0003-3890-1958
http://orcid.org/0000-0002-7358-3716
https://doi.org/10.1080/07391102.2020.1798286
http://www.tandfonline.com


antiparallel beta barrel divided into two domains with an
alpha helical region forming the third domain. The substrate
binding site is situated between the two beta-barrel
domains. The alpha-helical domain is responsible for the
dimerization of the Mpro which is essential for the function
of the enzyme. The N-finger (the first seven N-terminal resi-
dues) of one monomer interacts with the Glu166 of the
other monomer, thereby shaping the S1 subsite of the sub-
strate-binding site (Yang et al., 2003). Previous reports have
shown that residues 41, 140, 142-145, 161, 163, 166, and 172
form the major part of the active site. Additionally, the con-
served residues, His41, and Cys145 play an important role in
the catalysis (Zhang et al., 2020). The importance of these
residues has been shown by mutational studies as mutating
these two residues leads to a loss of protease activity (Huang
et al., 2004). Drug repurposing has been extensively done
against many protein targets of this virus, the Main protease
has been targeted for natural compounds, antivirals, plant
alkaloids, phytochemicals, many other drugs like alcoholism
averting drug, Disulfiram but no compound has been effect-
ive till date (Aanouz et al., 2020; Adeoye et al., 2020; Al-
Khafaji et al., 2020; Elmezayen et al., 2020; Gyebi et al., 2020;
Islam et al., 2020; Joshi et al., 2020; Khan, Jha, et al., 2020;
Khan, Zia, et al., 2020; Lobo-Galo et al., 2020; Muralidharan
et al., 2020). Spike protein and ACE2 complex has been tar-
geted for drug repurposing, many natural products, stilbe-
noid analogs have been docked and their binding affinities
have been calculated (Elfiky, 2020; Gupta et al., 2020; Hasan
et al., 2020; Sinha et al., 2020; Wahedi et al., 2020; Kumar et
al., 2020; Pant et al., 2020). Sarma et al have identified theo-
phylline and pyrimidone derivatives as inhibitors against RNA
binding to the N terminal domain of N protein of corona-
virus (Sarma et al., 2020). Sofosbuvir, Ribavirin, Galidesivir,
Remdesivir, Favipiravir, Cefuroxime, Tenofovir, and
Hydroxychloroquine have been identified as inhibitors of
RNA dependent RNA polymerase (Elfiky, 2020). In this study,
we have targeted the active site of the main protease of
SARS-CoV-2 and virtually screened the drugs which are
already FDA approved from the ZINC database and spec
database of approved natural drugs from medicinal plants.

2. Material and methods

2.1. Protein and ligand preparation

The main protease of SARS-CoV-2 (Zhang et al., 2020) was
selected as a target receptor protein. The coordinates of this
protein were retrieved from the protein data bank (PDB ID:
6Y2F). The protein structure was imported to the Maestro
v11(Schr€odinger, 2017) and the structure was prepared using
the protein preparation wizard of the Schr€odinger-2017at
physiological pH of 7.4 (Sastry et al., 2013). The protein was
prepared for molecular docking by removing the ligand from
its active site. Also, the missing loop residue insertion was
allowed if found and the water oxygen atoms were removed
and the hydrogen atoms were added. The protein was opti-
mized and energy minimized for optimized potentials using
the liquid simulations (OPLS-3) force field for all atoms in the
structure (Harder et al., 2016). The dimensions of the

receptor grid-box generated using Glide v7.1 (Friesner et al.,
2006) were 5 Å� 5Å� 5Å around the center of the active
site residues of the protein to ensure that all the extended
conformations of ligand fits within the grid box. The ligands
were retrieved from the ZINC database (FDA drug) (Sterling
& Irwin, 2015) and Spec database (Natural compound from
medicinal plants) in SDF file formats. The downloaded
ligands were prepared for docking using the Ligprep module
(Schr€odinger, 2017). Ligands were minimized using the OPLS-
3 force field. All the compounds were energy minimized by
the addition of hydrogen atoms. Finally, these compounds
were converted to low energy structures with correct chiral-
ity, ionization states, tautomeric states, stereochemistries,
and ring conformation (Schr€odinger, 2017).

2.2. Screening the compounds

High Throughput Virtual screening (HTVs) was performed by
the Glide docking module (Friesner et al., 2006) using a grid
receptor with the set of ligands. A total of 2100 FDA
approved drugs from the ZINC database and 400 compounds
from the Spec database were used for HTV. After screening
all the compounds against the receptor grid box using the
HTVs docking module, fifty compounds from the FDA
approved drugs and twenty compounds from medicinal
plants were selected based on their docking score, glide
energy and hydrogen bond interactions. The selected ligands
were subjected to Extra Precision (XP)glide docking in which
the constructed grid on the receptor was held rigid while
docking. The XP glide scoring of docked ligand was carried
out based on the docking score and energy. Four from FDA
approved drugs and two ligands from medicinal plants were
selected to proceed with induced fit docking.

2.3. Induced fit docking

Induced fit docking (IFD) was carried out for six ligands using
the molecular modeling software GLIDE of Maestro v11,
Schrodinger suite 2017 (Friesner et al., 2006). The energy
minimized COVID-19 receptor active site residues were used
to generate the grid box which was subjected to the IFD
studies. The energetically favourable docked poses were
obtained for all 6 ligands and the best poses were chosen
based on the glide energy, docking score, hydrogen bond,
and hydrophobic interactions.

2.4. Molecular dynamic simulation

The stability of the interactions of the drug molecules (both
FDA approved drugs and natural compounds) with SARS-
CoV2-Mpro is essential to understand its binding affinity with
the drug target. The top binding poses of drug-like mole-
cules with SARS-CoV2-Mpro from the molecular docking
results were subjected to MD simulation using GROMACS
package version 5.0.6 (Kutzner et al., 2007). The topology of
SARS-CoV2-Mpro protein was generated by the GROMOS96
54a7 force field. The topology of ligands was generated from
the PRODRG online server and used for the initial protein-
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ligand molecular dynamic simulation runs. The protein mol-
ecule kept at the center of the cubic cell and the periodic
boundary condition was 1 Å from all the directions. The cell
was solvated by an explicit SPC water model and the system
was neutralized by adding appropriated counter ions. To
minimize the energy, the system was allowed to converge at
the tolerance of 1000 kJ mol�1 nm�1 with 500 steps of steep-
est descent. Similarly, the conjugate gradient method was
run with the same parameter set up for further minimization
of the system. During the MD process, the LINCS algorithm
(Hess et al., 1997) was employed for all covalent bonds in
protein and long-range electrostatic interactions were com-
puted using Partial Mesh Ewald method (Kawata &
Nagashima, 2001) (PME). The geometry of water molecules
was constrained by SETTLE algorithm (Miyamoto & Kollman,
1992). To equilibrate the system, v-rescale temperature
(Berendsen et al., 1984) scaling method was implemented for
NVT equilibration at 330 K and then, Parrinello–Rahman
(Parrinello & Rahman, 1981) pressure coupling method was
executed for NPT equilibration at 1 bar pressure. The time of
both equilibrations was 500 ps. The MD simulation was per-
formed to 100 ns time steps for all the molecules. The output
energy and coordinate were stored in the trajectory for every
2 ps and they were analyzed using the Gromacs analysis
tool (Xmgrace).

2.5. Binding free energy calculation

The molecular dynamic trajectory was used for calculation of
the binding free energy (DGbin) between protein and ligands.
The binding free energy depends on three factors; the gas-
phase free energy (DGMM), the solvation free energy (DGsol)
and the change in the system entropy (�TDS), which can be

calculated by molecular mechanics Poisson-Boltzmann
Surface Area (MM-PBSA) module, as expressed in Equation
(1) (Kollman et al., 2000):

DGbin ¼ DGMMþ DGsol�TDS (1)

In this study, MM-PBSA calculations were performed using
GMXPBSA 2.1: A GROMACS tool to calculate the interaction
energy between the ligand and the residues of the protein
active site as discussed in the ligand-protein inter-
action section.

2.6. Electrostatic potential calculation

The respective output files of the structures were saved in
the pqr file format that contains the information about the
partial charge and radius of each atom. The electrostatic sur-
face potential of the complexes with the best free energy
values was generated and viewed using PyMol software
(DeLano, 2002).

3. Result and discussion

3.1. Docking

The docked complexes of six ligands (four from the FDA
drug and two from medicinal plant compound databases)
with Mpro show that these ligands are positioned in the
active site with the active participation of hydrogen bonds
and hydrophobic contacts with the residues of Mpro. In the
crystal structure (PDB ID: 6Y2F), the active site cavity is a
well-defined pocket with the area and volume of 335.94 Å2

and 364.1 Å3, respectively (Figure 1).
This paves a way for binding of inhibitors like alpha-

ketoamide (O6K) which has ligand interface area and volume
of 634.2 Å2and 570.1 Å3, respectively. In comparison with the
co-crystal inhibitor, the selected docked molecules have
shown the ligand interface area and volume of 540.0 Å2 and
640.7 Å3 for Fortovase (ZINC-26664090), 607.2 Å2 and 752.1
Å3 for Cobicistat (ZINC-85537014), 533.8 Å2 and 567.7 Å3 for
Cangrelor (ZINC-85537017), 452.9 Å2 and 576.8 Å3 for
Iopromide (ZINC-3830958), 621.6 Å2 and 791.2 Å3 for
Hopeaphenol (AA-504/21113022) and 598.7 Å2 and 780.7 Å3

for Cyclosieversiodide-A (AH-214/21172036) respectively.
All the compounds occupied the active site in a varied

manner. The co-crystal ligand Alpha-ketoamide was docked
at the active site residues of Mpro of SARS-CoV-2 and the
docking score and glide energy was calculated as �10.983
and �78.884 kcal/mol, respectively. Alpha-ketoamide formed
hydrogen bond interactions with the residues Asn142,
Gly143, Glu166, Gln189, and Gln192 (Figure 2) and also
formed several hydrophobic contacts with neighbour-
ing residues.

Cobicistat, an HIV drug that showed the docking score
and glide energy of �12.318 and �93.052 kcal/mol respect-
ively. This 5 ringed drug formed 6 hydrogen bond interac-
tions with the His41, Cys145, Glu166, Gln189, and Thr190
(Figure 3).

This drug formed strong hydrogen bonds with both the
catalytic residues, Cys145 and His41, as well as other residues

Figure 1. Diagram showing the active site residues of the main protease
(Mpro) of SARS-CoV-2. The area and volume of the binding site are 335.94 Å2

and 364.1 Å3 respectively. This site was used for screening and docking the
compounds from drug databases.
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of the substrate-binding site. Cangrelor, an antiplatelet drug
is a nucleoside triphosphate analogue that is oriented
towards the distal part of the cavity and forms strong hydro-
gen bond interactions with the residues of Phe140, Gly143,
Glu166, and Gln189 (Figure 4A). The docking score and glide
energy of Cangrelor are �12.284 and �88.723 kcal/mol,
respectively.

The next drug Fortovase used widely for controlling HIV
formed 7 hydrogen bond interactions with the Phe140,
Gly143, Ser144, Glu166, and Gln189 but did not form any
hydrogen bonds with the catalytic residues, Cys145 and
His41 (Figure 4B). It showed a docking score and glide
energy of �10.284 and �81.886 kcal/mol, respectively.

The Iopromide interacts with active site residues by form-
ing 9 hydrogen bond interactions with Asn142, Hie164,
Glu166, Arg188, Gln189, Thr190, and Gln192 and displayed a
docking score and glide energy of �14.261 and
�95.137 kcal/mol, respectively (Figure 4C).

Hopeaphenol, a resveratrol tetramer forms hydrogen
bond interactions with residues Ser46, Glu47, Met49, Asn142,
Gly143, Hie164, Glu166, Gln189, Thr190 and Gln192 of Mpro
and the docking score and glide energy of this complex are
�14.273 and �99.273 kcal/mol, respectively (Figure 3A & C).

Cyclosieversiodide-A, the other compound from medicinal
plants interacted with the residues Phe140, Asn142, Ser144,
Glu166, Gln189, and Gln192, and also the active site residue
His41 and showed a docking score and glide energy of
�11.263 and �94.126 kcal/mol, respectively (Figure 4D). All
the results of docking are summarized in Table 1.

3.2. Molecular dynamic simulation

The alpha-ketoamide inhibitor complex of SARS-CoV2-Mpro
was considered as a reference drug molecule throughout the

MD simulation analysis. The native form of Mpro was also
included to check the overall conformational changes in the
protein molecule when these drug molecules interact with the
protein. The MD results suggested that the interaction of
Cobicistat and Iopromide molecules with SARS-CoV2-Mpro
leads to a reduction in the Root Mean square Deviation
(RMSD) values when compared with the native and Alpha-
ketoamide bound SARS-CoV2-Mpro. When the RMSD profiles
of the complexes of Cobicistat and Iopromide were compared,
we found the values less in case of Cobicistat than Iopromide
complex that shows the Cobicistat complex is more stable
(Figure 5A). Though both the drugs Cobicistat and Iopromide
showed a good RMSD profile, it is suggested that Cobicistat
would have a better binding pattern with SARS-CoV2-Mpro
than Iopromide. The root mean square fluctuation (RMSF) val-
ues showed that Cobicistat interacts with more residues of the
active site than Iopromide and Alpha-ketoamide (Figure 5B).
Cobicistat also interacts with both the main catalytic residues
of this protease, His41, and Cys145. All the fluctuations of the
active site residues were impeded by cobicistat throughout
the MD run. The radius of gyration (Rg) of all the complexes
ranged from 2.15 to 2.30 nm. These values indicate that there
was not much change in the overall globular structure of the
protein after the binding of these ligands (Figure 5C). This ana-
lysis showed that the Cobicistat had better and stable inter-
action with SARS-CoV2-Mpro than the reference drug
molecule Alpha-ketoamide. Moreover, this data also indicated
that Iopromide can also be the potential inhibitor of this prote-
ase along with Cobicistat.

On the other hand, similar MD analysis was performed
with best-docked poses of natural compounds with SARS-
CoV2-Mpro, with alpha-ketoamide as a reference drug for
comparison. The RMSD graph indicated that the value of
RMSD was below 3Å (avg RMSD �2Å) in case of the

Figure 2. Ligand interaction diagram showing the interactions of the co-crystallized ligand a-ketoamide (O6K) and active site residues of Mpro.
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Hopeaphenol and it was more than 4Å in case of the refer-
ence drug. This result indicates that Hopeaphenol complex is
more stable (Figure 6A). The results of Root Mean Square
Fluctuation (RMSF) indicated that the natural compound
Hopeaphenol impedes the fluctuations of the residues
throughout the MD run (Figure 6B). The radius of gyration of

SARS-CoV2-Mpro in native and ligand-bound forms varied
between 2.10 to 2.30 nm (Figure 6C). This result showed that
there was not any significant change in the overall globular
structure of the protein.

These results indicate that the natural compound
Hopeaphenol could be a potential molecules which can

Figure 3. (A) Surface diagram showing the position of Cobicistat and Hopeaphenol in the active site. (B) Ligand interaction diagram showing hydrogen and hydro-
phobic interactions of Cobicistat with Mpro. (C) Ligand interaction diagram showing hydrogen and hydrophobic interactions of Hopeaphenol with Mpro.

Figure 4. (A) Ligand interaction diagram showing hydrogen and hydrophobic interactions of Cangrelor with Mpro. (B) Ligand interaction diagram showing hydro-
gen and hydrophobic interactions of Fortovase with Mpro. (C) Ligand interaction diagram showing hydrogen and hydrophobic interactions of Iopromide with
Mpro. (D) Ligand interaction diagram showing hydrogen and hydrophobic interactions of Cyclosieversiodide-A with Mpro.
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Table 1. Docking score and glide energy (in kcal/mol) of co-crystal (Alpha-ketoamide) inhibitor, FDA approved drugs and medicinal plant compounds with main
protease (MPro) of SARS-CoV-2 (PDB ID: 6Y2F).

Compounds
Hydrogen binding

interactions Distance (Å) Hydrophobic interactions
Docking

Score (kcal/mol)
Glide

Energy (kcal/mol)

Asn142(N—H…O) 3.23
Co-crystal (O6K) Gly143(N—H…O) 2.77 Thr25, Thr26, Leu27, His41, Val42,

Met49, Tyr54, Phe140, Leu141,
Ser144, Cys145, His163, Hie164,
Met165, Leu167, Pro168, Asp187,
Arg188, Thr190 and Ala191

�10.983 �78.884

Alpha-ketoamide Glu166(N—H…O) 2.72
Glu166(N—H…O) 2.95
Gln189(N—H…O) 2.87
Gln192(N—H…O) 3.18
Phe140 (N—H…O) 2.77

ZINC-26664090 Gly143(O—H…O) 3.02 Thr25, Thr26, Leu27, His41, Val42,
Cys44, Thr45, Ser46, Glu47,
Met49, Leu50, Leu141, Asn142,
Cyc145, His163, Hie164, Met165,
Hie172, Val186, Asp187,
Arg188 and Gln192

�10.283 �81.886

(Fortovase) Ser144(O—H…O) 3.26
Glu166(N—H…O) 3.08
Glu166 (N—H…O) 3.01
Gln189 (O—H…O) 3.14
Gln189 (N—H…O) 2.84
His41(N—H…O) 3.05

ZINC-85537014 Cys145(S—H…O) 2.95 Thr25, Leu27, Cys44, Thr45, Ser46,
Glu47, Met49, Leu50, Phe140,
Leu141, Asn142, Gly143, Ser144,
His163, Hie164, Met165, Leu167,
Pro168, Gly170, Hie172 and Gln192

�12.318 �93.052

(Cobicistat) Glu166 (N—H…O) 3.00
Gln189(O—H…O) 3.23
Thr190 (N—H…O) 3.28
Thr190 (O—H…O) 3.06
Phe140(O—H…O) 3.05

ZINC-85537017 Gly143(N—H… F) 2.91 His41, Met49, Gly138, Ser139, Leu141,
Asn142, Ser144, Cys145, His163,
Hie164, Met165, Leu167, Pro168,
Gly170, Hie172, Asp187, Arg188 and Gln189

�12.284 �88.723

(Cangrelor) Glu166 (O—H…O) 2.71
Glu166 (N—H…O) 2.84
Glu166 (N—H…O) 2.86
Glu166 (N—H…O) 2.98
Gln189(O—H…O) 3.28
Asn142(O—H…N) 2.81
Hie164(O—H…N) 3.11 His41, Glu47, Met49, Phe140, Leu141,

Gly143, Ser144, Cys145, His163,
Met165, Leu167, Pro168, Hie172,
Asp187 and Ala191

ZINC-3830958 Glu166(N—H…O) 2.79 �14.261 �95.137
(Iopromide) Glu166 (N—H…O) 3.31

Arg188(O—H…N) 3.01
Gln189(N—H…O) 3.14
Thr190 (O—H…O) 2.76
Thr190 (O—H…O) 2.90
Gln192(O—H…O) 2.93
Ser46 (O—H…O) 2.62
Glu47 (O—H…O) 2.88

AA-504/21113022
(Hopeaphenol)

Met49(N—H…O) 3.12 Thr24, Thr25, Thr26, Leu27, His41,
Val42, Cys44, Asp48, Leu141, Ser144,
Cys145, His163, Met165, Leu167,
Pro168, Gly170, Val186, Asp187 and Arg188

�14.473 �99.413

Asn142 (O—H…O) 2.63
Gly143(O—H…O) 2.97
Hie164 (O—H…O) 2.71
Glu166 (O—H…O) 3.18
Gln189(O—H…O) 3.08
Thr190 (O—H…O) 3.27
Gln192(O—H…O) 2.99
His41(O—H…O) 2.89
His41(O—H…N) 2.72 Thr25, Leu27, Val42, Cys44, Thr45,

Ser46, Glu47, Met49, Leu141,
Gly143, Cys145, His163, Hie164,
Met165, Leu167, Pro168, Hie172,
Arg188, Thr190 and Ala191

(continued)
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inhibit the main protease of the SARS-CoV2. All the results
obtained from MD simulation of these ligands are summar-
ized in Table 2.

3.3. Binding free energy calculation

The binding free energy (MM-PBSA) was calculated after
each complex reaches equilibrium during MD simulation cal-
culations. The last 10 ns were used for calculating the bind-
ing energy of each complex and results are detailed in Table
3. Cobicistat showed the lowest binding free energy with the
main protease (Mpro) among the FDA approved compounds
that were identified from the ZINC database based on dock-
ing score, glide energy, and MD calculations. While
Hopeaphenol depicted the lowest binding free energy
among the natural compounds from the Specs database.

The number of hydrogen bonds as a function of run-length
was plotted for all the systems considered for the study. The
default values of hydrogen bond distance (3.5 Å) and angle
(120˚) was implemented for calculations. Cangrelor, Fortovase,

Iopromide, cyclosieversiodide A, and native-alpha-ketoamide
showed two hydrogen bonds in the active site of the protein
(average value). Hopeaphenol, however, showed 3 hydrogen
bonds, while cobicistat showed 4 hydrogen bonds with the
protein throughout the simulations (Figure 7).

No cytochrome P450 enzymes inhibition was predicted
using SwissADME webtool (http://www.swissadme.ch/index.
php#), suggesting no cytotoxicity involved with these mole-
cules. The off-target predictions were performed by utilizing a
freely accessible MolTarPred webserver (http://moltarpred.mar-
seille.inserm.fr/). This protocol uses the knowledge-driven from
607,659 compounds and 4,553 proteins collected from the
ChEMBL repository. Cobicistat, cyclosieversiodide A, hopeaphe-
nol, and native-alpha-ketoamide showed no prominent off-tar-
gets (even at a low confidence level of 70%). On the other
hand, cangrelor (off-target: Purinergic receptor P2Y12), fortso-
vase (off-targets: Human immunodeficiency virus type 1 prote-
ase, Prelamin-A/C, Thromboxane-A synthase, Vasopressin V1a
receptor), and Iopromide (off-target: Prelamin-A/C) showed
some off-targets with high confidence.

Table 1. Continued.

Compounds
Hydrogen binding

interactions Distance (Å) Hydrophobic interactions
Docking

Score (kcal/mol)
Glide

Energy (kcal/mol)

AH-214/21172036
(Cyclosieversiodide A)

Phe140 (O—H…O) 2.76 �11.263 �94.126

Asn142(O—H…O) 2.92
Ser144(O—H…O) 2.87
Glu166 (O—H…O) 2.95
Gln189 (O—H…O) 2.82
Gln192 (O—H…O) 3.35

Figure 5. Analysis of the molecular dynamic simulation results of MPro, MPro-Fortovase complex, MPro-Cobicistat complex, Mpro-Cangrelor complex, MPro-
Iopromide complex and MPro-a-ketoamide complex. (A) Root Mean Square Deviation (RMSD), (B) Root Mean Square fluctuation (RMSF), (C) Radius of Gyration (Rg).
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3.4. Electrostatic potential calculation

Electrostatic potential calculations help in understanding the
distribution of the charge on the protein surface and its
interaction with the ligands. The cavity of the protein was
negatively charged or neutral amino acids were present and
the rest of the active site was positively charged (Figure 8).

4. Conclusions

COVID-19 pandemic has forced the entire scientific fraternity
around the world to find some fast and effective solution
against this disease. Searching a drug from scratch will be
impractical at this time because of the time a drug takes for
its development. Therefore, it is worthwhile to look for other
drugs that have already been declared safe in humans to
fight against this virus. In this study, after exhaustive compu-
tational analysis, we have identified four FDA approved
drugs (Cobicistat, Iopromide, Cangrelor, and Fortovase) and
two approved drugs from medicinal plants (Hopeaphenol

Figure 6. Analysis of the molecular dynamic simulation results of MPro, MPro-Hopeaphenol complex, MPro-Cyclosieversiodide-A complex, and MPro-a-ketoamide
complex. (A) Root Mean Square Deviation (RMSD), (B) Root Mean Square fluctuation (RMSF), (C) Radius of Gyration (Rg).

Table 2. Time averaged properties calculations obtained from MD simulation of Mpro with various docked ligands.

Analysis MPro O6K Fortovase Cobicistat Cangrelor Iopromide Hopeaphenol Cyclosieversiodide A

Average RMSD (Å) 3.05 4.30 3.10 2.25 3.85 2.95 2.20 4.90
Average Rg (Å) 22.3 22.4 22.0 22.5 22.5 21.7 23.5 21.7

Table 3. Binding free energy calculations obtained after MD simulation of Mpro with various docked ligands.

Analysis Fortovase Cobicistat Cangrelor Iopromide Hopeaphenol Cyclosieversiodide A

Binding Free Energy (kcal/mol �7.52 �11.42 �6.93 �8.22 �10.95 �8.54

Figure 7. Plot showing the number of hydrogen bonds as the function of run
length for all the ligands. Cobicistat and Hopeaphenol has shown the maximum
number of hydrogen bonds throughout the simulation process.
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and Cyclosieversiodide-A) which could be potential inhibitors
of the main protease of SARS-CoV-2. When the interactions
of these ligands with the other homologous proteins from
SARS-CoV and MERS were compared, we found that most of
the residues (His41, Cys145, Glu166, Gln189 and Gln192)
interacting with all the ligands are identical in SARS-CoV-2,
SARS-CoV, and MERS. Some residues (Asn142 and Thr190)
which were not identical were found to be similar in all the
counterparts. The stability of these complexes with Mpro
was checked by molecular dynamic simulation. After analyz-
ing the MD results, found that Cobicistat and Hopeaphenol
could be the potential inhibitors of the main protease that
can be studied in the experimental setup. These findings
would certainly help in developing the therapeutic molecules
against this virus.
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