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ABSTRACT
COVID-19 caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) primarily appeared
in Wuhan, China, in December 2019. At present, no proper therapy and vaccinations are available for
the disease, and it is increasing day by day with a high mortality rate. Pharmacophore based virtual
screening of the selected natural product databases followed by Glide molecular docking and dynam-
ics studies against SARS-CoV-2 main protease was investigated to identify potential ligands that may
act as inhibitors. The molecules SN00293542 and SN00382835 revealed the highest docking score of
214.57 and 212.42kcal/mol, respectively, when compared with the co-crystal ligands of PDB-6Y2F
(O6K) and 6W63 (X77) of the SARS-CoV-2 Mpro. To further validate the interactions of top scored mole-
cules SN00293542 and SN00382835, molecular dynamics study of 100ns was carried out. This indi-
cated that the protein-ligand complex was stable throughout the simulation period, and minimal
backbone fluctuations have ensued in the system. Post-MM-GBSA analysis of molecular dynamics data
showed free binding energy-71.7004 1/2 7.98, 256.811/2 7.54kcal/mol, respectively. The compu-
tational study identified several ligands that may act as potential inhibitors of SARS-CoV-2 Mpro. The
top-ranked molecules SN00293542, and SN00382835 occupied the active site of the target, the main
protease like that of the co-crystal ligand. These molecules may emerge as a promising ligands against
SARS-CoV-2 and thus needs further detailed investigations.

Abbreviations: HTVS: High throughput virtual screening; SP: Standard precession; XP: Extra precession;
RMSD: Root mean square deviation; RMSF: Root mean square fluctuation; MD: Molecular dynamics; Å:
Angstrom; SARS-CoV-2 Mpro: Severe Acute Respiratory Syndrome Corona Virus 2 main protease; MM-
GBSA: Molecular Mechanics, the Generalized Born model and Solvent Accessibility
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Introduction

Coronaviruses are a group of viruses that generally affect the
respiratory system of mammals, including humans, and can
cause severe acute respiratory tract infections. After the last
two attacks by Severe Acute Respiratory Syndrome
Coronavirus-1 (SARS-CoV-1) and the Middle East Respiratory
Syndrome Coronavirus (MERS-CoV), which caused high mor-
bidity and mortality in some parts of the world, its third new
strain known as SARS-CoV-2 is causing havoc across the
entire globe. Initially, the virus was originated from Wuhan
city, Hubei province of China, in late December 2019 and
then later spread across the entire globe affecting more than
200 countries (Adhikari et al., 2020). WHO declared corona-
virus disease 2019 (COVID-19), a pandemic on March 11,
2020, and as of June 2, 2020, is responsible for 376 320
deaths globally. The symptoms associated with COVID-19
include pyrexia, cough, hemoptysis, muscle soreness, diar-
rhea, lymphopenia, dyssomnia, dyspnea, and dysgeusia.
Certain atypical symptoms of coronavirus infections have
also been reported, like gastrointestinal distress and lower
respiratory tract infections (Keyhan et al., 2020; Rothan &
Byrareddy, 2020).

Currently, no drug or vaccine has been approved for the
treatment or prevention of COVID-19. Considerable efforts
are being taken to repurpose or develop novel molecules for
the treatment of COVID-19. The targets that are currently
being explored for the development of novel inhibitors
include SARS-CoV-2 Spike (S) protein, Angiotensin-converting
enzyme-2 (ACE-2), human proteases such as Transmembrane
protease, serine 2 (TMPRSS2), Furin, viral proteases like RNA-
dependent RNA-polymerase (RdRp) and Papain like protease-

2 (PLpro) (Andersen et al., 2020; Bestle et al., 2020; Coutard
et al., 2020; Hoffmann et al., 2020; Walls et al., 2020; Xia, Liu,
et al., 2020; Xia, Zhu, et al., 2020). Of all the targets that are
being explored for SARS-CoV-2, the Main protease (Mpro) of
SARS-CoV-2, also known as 3-Chymotrypsin like protease (3-
CLpro) has gathered much attention from the scientists
around the world owing to its crucial role in the life cycle of
SARS-CoV-2. Sequence similarity studies have revealed that
the Mpro of SARS-CoV-2 is 96% identical to that of Mpro of
SARS-CoV-1. SARS-CoV-2 Mpro cleaves the pp1ab at 11 spe-
cific sites to release 12 nsps (nsp4, nsp6-16), the recognition
sites being Leu-Gln#(Ser, Ala, Gly) (Wu et al., 2020; Zhang
et al., 2020). Structurally Mpro is a dimer, and each monomer
consists of three domains, namely domain I, II, and III. The
substrate-binding site containing the catalytic dyad (Cys145
and His61) is positioned between domains II and III (Jin
et al., 2020a). The inhibitors designed to target Mpro broadly
fall into two groups- peptidomimetic inhibitors and small
molecule-based inhibitors (Pillaiyar et al., 2016).
Peptidomimetic inhibitors were designed by attaching a
“warhead” groups like Michael acceptors, ketones, aldehydes,
halomethyl ketones, etc. to a peptide that resembles the nat-
ural substrate. In general, these inhibitors exhibit their action
via two steps- (i) they first bind non-covalently with the
enzyme such that the “warhead” is in close vicinity with the
catalytic residue. (ii) this is followed by a nucleophilic attack
by Cys145 that results in the formation of a covalent bond,
thereby inhibiting the enzyme reversibly or irreversibly
(Pillaiyar et al., 2016). Recently, Jin et al. reported the irre-
versible inhibition of SARS-CoV-2 Mpro by Michael acceptor
type peptidomimetic inhibitor N3 (Figure 1) (Jin et al.,
2020a). The X-ray crystal structure of N3 in the binding

Figure 1. Structure of inhibitors of SARS-CoV-2 Mpro.
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pocket of SARS-CoV-2 Mpro (PDB ID- 6LU7) is shown in
Figure 2A, B. Dai et al. reported the SARS-CoV-2 Mpro inhibi-
tory potential of two novel peptidomimetic aldehydes 1 and
2 (Figure 1). The peptidomimetic aldehydes 1 and 2 exhib-
ited IC50 values of 0.053 mM and 0.040 mM, respectively,
against the Mpro of SARS-CoV-2 (Dai et al., 2020). Zhang
et al. reported the optimization of a-ketoamide inhibitors tar-
geting the SARS-CoV-2 Mpro. The a-ketoamides offers an

advantage over the Michael acceptor or aldehydic based
inhibitors in that its warhead is capable of forming two
hydrogen bond interaction with catalytic residues rather
than one hydrogen bond interaction as in the case of
Michael acceptors or aldehydes (Zhang et al., 2020). The crys-
tal structure of N3 and a-ketoamide inhibitor 3, in the bind-
ing site of SARS-CoV-2 Mpro (PDB ID- 6LU7, and PDB ID-
6Y2F) is depicted in Figures 2A, B and 3A, B. A

Figure 2. (A) 3D interactions of compound N3 with active site residues of the target protein, color interpretation- yellow hydrogen bond, pink- aromatic hydrogen
bond; (B) 3D view of compound N3 inside the binding pocket of SARS-CoV-2 Mpro (B) (PDB ID- 6LU7).
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pharmacophore is an ensemble of spatial and electronic fea-
tures that is necessary for interaction with a macromolecular
target that results in a biological response. Pharmit (http://
pharmit.csb.pitt.edu/) is an open-source web server that pro-
vides a platform for the virtual screening of large compound
databases based on pharmacophore, molecular shape, and
energy minimization. The users can input a pre-defined
pharmacophore query, or Pharmit can elucidate the pharma-
cophore queries from the receptor and/or ligand structures
(Sunseri & Koes, 2016). Molecular docking is a widely used

approach for structure-based drug discovery that enables
modeling of interaction between a macromolecule and a lig-
and. It is used to forecast the ideal conformation of the lig-
and in the macromolecule (binding pose) and, the binding
affinity. In structural biology, molecular dynamics (MD) is a
powerful computational technique to study the dynamics of
macromolecules like proteins and nucleic acids.

In the current study, two crystal structures of SARS-CoV-2
Mpro in complex with a covalent inhibitor O6K (PDB ID-
6Y2F), and a non-covalent inhibitor X77 (PDB ID- 6W63) were

Figure 3. (A) 3D interactions of compound 3 with active site residues of the target protein, color interpretation- yellow hydrogen bond, pink- aromatic hydrogen
bond; (B) 3D view of compound 3 inside the binding pocket of SARS-CoV-2 Mpro (B) (PDB ID- 6Y2F).
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used for the generation of two pharmacophore models
(Figure 4). A large number of studies have been done in the
past to identify anti-CoV natural products (Islam et al., 2020;
Lin et al., 2014; Mani et al., 2020). In the past, different
classes of natural products like flavonoids and terpenoids
have also been reported to inhibit Mpro of SARS-CoV
(Pillaiyar et al., 2016). Recently, shikonin, a naturally occurring
naphthoquinone, was reported to inhibit SARS CoV-2 Mpro

(Jin et al., 2020b). Recent studies have also highlighted the
importance of Traditional Chinese Medicine for the treat-
ment or prevention of COVID-19 (Luo et al., 2020; Yang
et al., 2020). Therefore, a natural products-based treatment
regimen promises to be a useful ally in the raging war
against COVID-19. The generated pharmacophore models
were used as a query for the virtual screening of natural
product databases like Supernatural product (SNP), Zinc nat-
ural database, and Marine Natural Products (MNP), with the
hope of identifying potential inhibitors of SARS-CoV-2 Mpro.
The generated HITS from the virtual screening were then
docked into their respective proteins. Finally, the interactions
of the top molecule were validated by performing MD simu-
lation study.

Materials and method

Pharmacophore modeling and virtual screening

The pharmacophore models were generated by using the
Pharmit server (http://pharmit.csb.pitt.edu/) (Sunseri & Koes,
2016). The models were constructed by using the selected
PDB codes 6Y2F and 6W63 obtained from the RCSB protein
data bank (http://www.rcsb.org/structure/6y2f, https://www.
rcsb.org/structure/6w63). The pharmacophoric models were
generated by keeping the default parameters in the server.
The generated models were used for virtual screening of
Supernatural product (SNP) database consisting of 274,363
molecules, Zinc natural database consisting of 120,720 mole-
cules (Sterling & Irwin, 2015) and Marine Natural Products
(MNP) database consisting of 14,064 molecules.

Molecular docking studies

Docking studies of the database compounds were performed
using the Glide module of Schrodinger software (Schr€odinger
Release, 2019c) installed on Intel XenonW3565 processor and

Figure 4. Workflow adopted during the current study. The numbers inside the brackets indicate the total number of molecules.
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Ubuntu enterprise version 14.04 as an operating system. The
selected target protein structure was retrieved from the
RCSB protein data bank.

Ligand preparation

The ligands used as an input for docking study was down-
loaded from virtual screening hits of the natural databases.
Then, ligands were incorporated into the workstation, and
the energy was minimized using OPLS3e (Optimized
Potentials for Liquid Simulations) force field in the Ligprep
module of the software (Schrodinger, 2019). This minimiza-
tion helps to assign bond orders, the addition of hydrogens
to the ligands, and conversion of 2D to 3D structure for the
docking studies. The generated output file (Best conforma-
tions of the ligands) was further used for docking studies
(Schr€odinger Release, 2019b).

Protein preparation

Protein preparation wizard (Version 2019-1, Schrodinger)
(Schr€odinger Release, 2019e) is the primary tool in
Schrodinger to prepare and minimize the energy of protein.
Hydrogen atom was added to the protein, and charges were
assigned. Generated Het states using Epik at pH 7.0 ± 2.0.
Pre-process the protein and refine, modify the protein by
analyzing the workspace water molecules and others. The
critical water molecules remained the same, and the rest of
the molecules apart from the heteroatoms was deleted.
Finally, the protein was minimized using the OPLS3 force
field. A grid was created by considering co-crystal ligand,
which was included in the active site of the selected protein
target (PDB-6Y2F and 6W63). After the final step of docking
with the co-crystal ligand in extra precision(XP) mode, root
mean square deviation (RMSD) was checked to validate the
protein. (Schr€odinger Release, 2019e).

Receptor grid generation

A receptor grid was generated around the proteins (PDB-
6Y2F [co-ordinates X-11.0, Y- �0.61, Z-20.83, 10� 10� 10]
and 6W63 [co-ordinates X- �20.46, Y- 18.17, Z- �26.28,
10� 10� 10]) by choosing the inhibitory ligand (X-ray pose
of the ligand in the protein). The centroid of the ligand was
selected to create a grid box around it, and Vander Waal
radius of receptor atoms was scaled to 1.00 Å with a partial
atomic charge of 0.25

MM-GBSA analysis

The MM-GBSA (Molecular Mechanics, the Generalized Born
model and Solvent Accessibility) analysis was performed to
investigate the free binding energies of the protein and lig-
and complexes. The prime module of Schr€odinger software
was used to calculate the optimal binding energy of the
selected complexes whose docking score was lowest among
all. For the analysis, VSGB 2.0 model was exploited, having
OPLS-AA force field inclusive of an implicit solvent model in

addition to physics-based modifications for p-p interactions,
hydrophobic interactions, and hydrogen bonding self-contact
interactions (Li et al., 2011)

In silico predicted physico-chemical parameters

The Physico-chemical parameters of the obtained hits after
the docking studies were in silico predicted using the
Qikprop module of Schrodinger. The diverse parameters pre-
dicted were molecular weight (M.Wt.), total solvent accessible
surface area (SASA), number of hydrogen bond donor (HBD),
number of hydrogen bond acceptor (HBA), octanol/water
partition coefficient (log P), aqueous solubility (Log S), pre-
dicted apparent Caco-2 cell permeability in nm/sec (P Caco)
and number of rotatable bonds (Rot) (QikProp Descriptors
and Properties PISA, 2015; Schr€odinger Release, 2019d).

Molecular dynamics and post-MM-GBSA analysis

MD study was performed using the Desmond module of
Schrodinger software (Schr€odinger Release, 2019a) through
the system’s builder panel; the orthorhombic simulation box
was prepared with the simple point-charge (SPC) explicit
water model in such a way that the minimum distance
between the protein surface and the solvent surface is 10 Å.
Protein-ligand docked complexes were solvated using the
orthorhombic SPC water model (Mark & Nilsson, 2001). The
solvated system was neutralized with counter ions, and
physiological salt concentration was limited to 0.15M. The
receptor-ligand complex system was designated with the
OPLS3 force field (Jorgensen et al., 1996). The simulation was
for a total of 100 ns using NPT (Isothermal-Isobaric ensemble,
constant temperature, and constant pressure, constant num-
ber of particles) ensemble (Kalibaeva et al., 2003) at a tem-
perature of 300 K and atmospheric pressure (1.013 bars) with
the default settings of relaxation before simulation. The MD
simulation was run by using the MD simulation tool, the sys-
tem with 36136 atoms including 10434water molecules
loaded, and simulation time setup to 1000 ns. Further, for
viewing the trajectories and creating a movie, _out.cms file
was imported, and the movie was exported with high reso-
lution (1280� 1024) with improved quality. During the MD
simulation, the trajectory was written with 2002 frames. To
understand the stability of the complex during MD simula-
tion, the protein backbone frames were aligned to the back-
bone of the initial frame. Finally, the analysis of the
simulation interaction diagram was achieved after loading
the _out.cms file and selected Root Mean Square Deviation
(RMSD) and Root Mean Square Fluctuation (RMSF) in the
analysis type to obtain the mentioned plots. To perform the
post-MM-GBSA analysis, the thermal_MMGBSA.py script of the
Prime/Desmond module of the Schrodinger suite was used
(Masetti et al., 2020). The binding energy calculation was per-
formed on the basis of this parameter- MM-GBSA DG Bind:
The binding energy of the receptor and ligand as calculated
by the Prime Energy, a Molecular Mechanicsþ Implicit
Solvent Energy Function (kcal/mol).
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Results and discussion

Pharmacophore modeling and virtual screening

A pharmacophore is an ensemble of spatial and electronic
features that is necessary for interaction with a macromol-
ecular target that results in a biological response. In the
present study, two structure-based pharmacophore models
were developed based on the crystal structure of SARS-
CoV-2 co-crystallized with alpha-ketoamide 13b and non-
covalent inhibitor X-77 (PDB ID- 6Y2F and PDB ID- 6W63,
respectively) using Pharmit server that provides a setting
for virtual screening of databases using appropriate
pharmacophore models. The initially generated pharmaco-
phore model for PDB 6Y2F is stemmed from the active
site which includes the following essential features
of ligand-

� Four hydrogen bond acceptors (Acc) - F1 for interacting
with amino-acid residues Gly143, Cys145; F2 for accepting
a hydrogen bond from amino-acid His41, F4 and F5 for
interacting with His163 and Glu166 amino-acids,
respectively.

� Two hydrogen bond donors (Don)- F3 for interacting with
amino-acid Phe140, and F6 for interacting with amino-
acid Glu166 (Figure 5).

To develop a useful pharmacophore query for virtual
screening, six essential features were only chosen.
Secondly, the essential pharmacophoric features of ligand
X77 complexed with SARS-CoV-2 Mpro (PDB ID-
6W63) includes-

� Four hydrogen bond acceptors, F1-F4 for interacting with
amino-acid residues Glu166, His163, Gly143, Gly143,
respectively.

� One hydrophobic center (Hyd) F5 for interacting with
amino-acid residue His41 (Figure 6).

The generated pharmacophore models were used as a fil-
ter to screen the natural product databases such as Zinc nat-
ural product database consisting of 120,720 molecules, SNP
containing 274,363 molecules, and MNP containing 14064
molecules. A total of 124 hits (108 from SNP, 15 from MNP
and 1 from Zinc natural product database) were obtained for
PDB- 6Y2F and a total of 313 Hits (292 from SNP, 20 from
MNP, and 1 from Zinc natural product database) were
obtained for PDB- 6W63 which were utilized for further dock-
ing study.

Molecular docking studies

The principal objective of the present study was to inspect
the natural product databases in order to find out potential
inhibitors of SARS-CoV-2 main protease Mpro. The generated
pharmacophore-based hits (124 for PDB ID 6y2f, and 313 for
PDB ID 6w63) were further selected for the profound
molecular docking studies by using Schrodinger’s Glide. Prior
to screening of all ligands, co-crystal structures of PDB-6Y2F
and 6W63 with their inhibitors were chosen and were re-
docked back into their active site. The RMSD values between
the crystallographic orientation and the best-docked pose

Figure 5. The pharmacophore model developed using the Pharmit server for the target protein (PDB ID- 6Y2F). Orange spheres- Hydrogen bond acceptors; White
spheres- Hydrogen bond donors; Acc- Acceptors; Don- Donors.
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were generated. The RMSD values of the selected targets
were found to be 1.7 Å and 0.4 Å, respectively (Figures 7 and
8). The lower RMSD value indicates that the docking protocol
could be reliable for the final docking studies of the selected
compounds against the selected targets.

The docking studies revealed the presumed binding
modes in the active site of the selected targets and exhibited
the maximum docking scores. The results were surprising;
the co-crystal ligands of the selected targets revealed less
docking scores when compared with the top hit natural
product database compounds. The docking scores of the co-
crystal ligand and natural product database compounds are
depicted in Tables 1 and 2. Top-ranked (Top 3) compounds
against both the targets (PDB – 6Y2F, 6W63) were selected
for the exhaustive analysis.

The co-crystal ligand of the 6Y2F (alpha-Ketoamide),
unveiled seven hydrogen bonds in the active sites of both
the selected targets PDB- 6Y2F (Figure 9). Apart from the
hydrogen bonds, alpha-Ketoamide revealed an aromatic
interaction with THR-26. The alpha-ketoamide displayed the
hydrogen bond interactions with the amino-acid residues
like GLU-166, HIE- 163, GLY-143, CYS-145, PHE-140 along
with one water-mediated interaction as well. All these critical
amino-acid residue interactions of the alpha-Ketoamide
revealed a comparable docking score of �7.720 kcal/mol in
the active site of the target (Table 3).

SN00293542 is 1F-fructosylnystose and belongs to the
class of fructooligosaccharides (FOC) that consists of one
molecule of sucrose and three molecules of fructose. These
are widely distributed in onions, asparagus, and edible

Figure 6. The pharmacophore model generated using the Pharmit server for the target protein (PDB ID- 6W63). Orange spheres- Hydrogen bond acceptors; Green
sphere- Hydrophobic center; Acc- Acceptor; Hyd- Hydrophobic.

Figure 7. Superimposition view of the X-ray native pose of co-crystal ligand
and the re-docked pose of the co-crystal ligand in the active site of the target
PDB-6Y2F (RMSD- 1.7 Å). Color interpretation: Green- X-ray native pose, Black-
Re-docked pose.

Figure 8. Superimposition view of the X-ray native pose of co-crystal ligand
and the re-docked pose of the co-crystal ligand in the active site of the target
PDB-6W63 (RMSD- 0.4 Å). Color interpretation: Green- X-ray native pose, Pink-
Re-docked pose.
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burdock (Mitsuoka et al., 1987). FOC has been traditionally
used as a sweetener in Japan. 1F-fructosylnystose is an ingre-
dient in the commercial product Neosugar that consists of a
mixture of FOCs (Hidaka et al., 1986). The FOCs have exhib-
ited beneficial effects in humans, such as prebiotic effect,
reduced blood glucose levels, decreased blood triglycerides,
cholesterols, and phospholipids (Mitsuoka et al., 1987;
Sabater-Molina et al., 2009). FOCs have also been isolated
from roots of Morinda officinalis, a traditional Chinese medi-
cine (TCM), and have been widely explored for its antidepres-
sant effect (Qiu et al., 2016; Zhang et al., 2002, 2018). This
molecule produced the highest docking score of
�14.565 kcal/mol in the active site of the target 6Y2F, which
is almost double of the docking score of the co-crystal lig-
and. This molecule also revealed nine hydrogen bond inter-
actions and three water medicated interactions in the active
site of the target, which strongly suggested that the mol-
ecule occupied the active receptor site and revealed its

maximum docking score (Figure 10). Amino-acid residues like
THR-45, SER-46, ASN-142, GLY-143, SER-144, HIE-164, GLU-
166, and GLN-189 exhibited hydrogen bond interaction with
the SN00293542 molecule. No aromatic and Pi-Pi interac-
tions were revealed by the same molecule.

In the same series of Supernatural product database, the
second top-ranked molecule is SN00334894. SN00334894 is
a glycan produced by Rhizobium meliloti J7017 (Hisamatsu
et al., 1985). This molecule revealed less docking scores
when compared with the previously discussed top-ranked
molecule and significant docking score when compared with
the co-crystal ligand. Similarly, like the previous molecule,
the SN00334894 revealed nine hydrogen bond communica-
tions, including some water-mediated interactions. In both
cases, ASN-142, GLY-143, and HIE-164 are the common
amino-acid residues (Figure 11). Apart from the common res-
idues, amino-acids SER-46 and THR-24 are involved in the
hydrogen bond interaction. The docking score exposed by
this compound is �13.780 kcal/mol.

SN00213037, Dihydrostreptomycin 3’alpha,6-bisphos-
phate is in the third position of the list. Dihydrostreptomycin
3’alpha,6-bisphosphate is produced by the reaction between
dihydrostreptomycin-6-phosphate and ATP catalyzed by
enzyme Dihydrostreptomycin-6-phosphate 30-alpha-kinase
that is produced by Streptomyces. The biological significance
of Dihydrostreptomycin 3’alpha,6-bisphosphate, has not been
elucidated yet, but it is speculated to be slowly converted
into its active antibiotic in vivo (Walker & Walker, 1970). This
molecule also exhibited frequent amino-acid interactions as
that of molecule SN00334894. Additionally, this compound
also exhibited a hydrogen bond interaction with the catalytic
residue of CYS-145 (Figure 12). However, in all the cases of

Table 1. Hits identified after extra precision (XP) docking studies of Supernatural product database against the target PDB-6Y2F.

S.no Compound code Glide score (Kcal/mol) S.no Compound code Glide score (Kcal/mol)

1 SN00293542 214.57 31 SN00213301 �9.10
2 SN00334894 213.78 32 SN00038641 �9.06
3 SN00213037 213.32 33 SN00213550 �8.96
4 SN00007464 �11.53 34 SN00237624 �8.90
5 SN00340755 �11.48 35 SN00331876 �8.65
6 SN00249174 �11.30 36 SN00220693 �8.64
7 SN00296151 �11.18 37 SN00165570 �8.62
8 SN00352807 �10.98 38 SN00388072 �8.41
9 SN00216715 �10.66 39 SN00171785 �8.41
10 SN00299979 �10.61 40 SN00274778 �8.29
11 SN00213181 �10.60 41 SN00396679 �8.28
12 SN00334175 �10.53 42 SN00311904 �8.25
13 SN00165563 �10.46 43 SN00311904 �8.25
14 SN00216711 �10.39 44 SN00311904 �8.25
15 SN00215944 �10.27 45 SN00260154 �8.23
16 SN00216710 �10.19 46 SN00366013 �7.99
17 SN00347461 �10.07 47 SN00364207 �7.86
18 SN00220722 �10.07 48 SN00310067 �7.78
19 SN00350811 �9.90 49 SN00292930 �7.76
20 SN00347999 �9.73 50 SN00231630 �7.68
21 SN00347999 �9.73 51 SN00395488 �7.68
22 SN00288247 �9.63 52 SN00215337 �7.67
23 SN00213547 �9.61 53 SN00265167 �7.60
24 SN00321138 �9.59 54 SN00256000 �7.37
25 SN00302560 �9.59 55 SN00266598 �7.35
26 SN00384731 �9.58 56 SN00302377 �7.32
27 SN00215773 �9.36 57 SN00378515 �7.28
28 SN00341530 �9.30 58 SN00317208 �7.13
29 SN00240768 �9.29 59 SN00386537 �7.02
30 SN00242594 �9.18 60 SN00305874 �7.02

Table 2. Hits identified after extra precision (XP) docking studies of Marine
natural product database and Zinc natural database against the target
PDB-6Y2F.

S.no Compound code Glide score (Kcal/mol)

1 96626-37-8 �12.72
2 865369-05-7 �12.55
3 474794-52-0 �12.43
4 105404-83-9 �11.99
5 32581-42-3 �10.91
6 113322-01-3 �9.94
7 134439-73-9 �9.37
8 106543-01-5 �9.32
9 157171-93-2 �7.45
10 ZINC70665993 �11.80

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS 9



the top-ranked molecules, this molecule exposed the highest
water-mediated interactions.

Similarly, a non-covalent bond inhibitor in PDB-6W63
exhibited five-hydrogen bond interactions with the sur-
rounded amino-acid residues. The docking scores of the co-
crystal ligand and natural product database compounds are
depicted in Tables 4 and 5. Two aromatic bond interactions
with HIE-164 and ASN-142 and one pi-pi interaction with
HIE-41 was exhibited by the co-crystal ligand. GLU-166, HIE-
163, and GLY-143 are the amino-acid residues which contrib-
uted a hydrogen bond with the co-crystal ligand (Figure 13).
All these interactions made the docking score of �7.20 kcal/
mol of the co-crystal ligand (Table 6).

Supernatural product database compound SN00382835 is
a multi-ester oligosaccharide- 6-O-benzoyl-30-O-sinapoylsu-
crose that is isolated from various Polygala species like P. ten-
ulifolia, P. sibirica, P. tricornis, and P. telephioides. These plants
are used in Traditional Chinese medicine as a tranquilizer, as
an expectorant, tonic, and for the prevention of memory fail-
ure (Chang & Tu, 2007; Li et al., 2005; Miyase et al., 1999;
Miyase & Ueno, 1993). Molecule SN00382835 unveiled the
maximum docking score of �12.425 kcal/mol, and it occu-
pied top rank in the 6W63 target. The amino-acid residues

like GLU-166, GLY-143 are common residues involved in the
interaction in the case of both the co-crystal ligand and the
compound SN00382835. Apart from the common amino-
acid residue, ASN-142 exhibited a hydrogen bond interaction
with the molecule SN00382835 (Figure 14). Two water-medi-
ated interactions were also observed in the same molecule.

Molecule SN00403420 is a natural color pigment-
Delphinidin 3-(6”-malonyl-glucoside) that belongs to the class
of anthocyanidin glycosides. It is responsible for giving a
blue color to the plant Clitoria ternatea (Kazuma et al., 2003).
It has also been reported to be present in fruits like Mulberry
(Morus atropurpurea) and blood oranges Sanguinello and
Tarocco (Citrus sinensis) (Cebadera-Miranda et al., 2019; Wu
et al., 2011). Delphinidin 3-(6”-malonyl-glucoside), being a fla-
vonoid, is widely explored for its antioxidant activity
(Rocchetti et al., 2017; Wu et al., 2011). This molecule also
revealed a comparable docking score of �12.402 kcal/mol,
which was ranked second in the order. The common amino-
acid residues that are involved in the interaction with the
molecule SN00382835 are also involved in the interaction
with SN00403420. Apart from these common connections,
the molecule additionally also connected with the amino-
acid residues HIE-163,164 and THR-25 with a hydrogen bond

Figure 9. Amino-acid residue interactions exhibited by the co-crystal ligand in the active site of the target PDB-6Y2F. (A) 3D interaction diagram of the co-crystal
ligand showing the hydrogen bond interaction in black, aromatic bond in blue color. (B) 2D interaction diagram of the co-crystal ligand showing the hydrogen
bond interaction in magenta color.

Table 3. In-depth amino-acid residues interactions exhibited by the co-crystal ligand and Top-3 compounds against the target PDB-6Y2F.

S.no Compound Code Hydrogen bond with distances (Å)
Aromatic bond
with distance (Å)

Glide score
(Kcal/mol)

1 SN00293542 (1st) ASN-142 (2.62), GLY-143 (1.75), SER-144 (2.21), HIE-163
(2.09), HIE-164 (2.66), GLU-166 (2.32), THR-45 (2.77), SER-
46 (2.40), GLN-189 (2.03), H20 (2.77,2.43, 2.05)

– 214.565

2 SN00334894 (2nd) SER-46 (2.21), ASN-142 (2.22), GLY-143 (2.14), THR-24 (1.94,
2.62), HIE-164 (1.50, 1.95), H20 (1.74,2.44)

– 213.780

3 SN00213037 (3rd) HIE-164(1.74), ASN-142 (1.65), GLY-143(2.32), CYS-
145(2.20), H20 (2.40,2.08,1.93,1.63)

– 213.322

4 Co-crystal ligand (PDB-6Y2F) GLU-166 (1.92,2.15), HIE-163 (1.89), GLY-143 (2.06), CYS-
145(2.06), PHE-140 (2.30), H20 (2.21)

THR-26 (2.37) 27.720
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(Figure 15). One water-mediated interaction was also
observed in the molecule. HIE-41 exhibited pi-pi interaction
with the molecule SN00403420.

A Zinc natural product database compound 20633-84-5
came in the picture next to the Supernatural product data-
base compounds and occupied the third position in the list.
The molecule 20633-84-5 is a flavonoid glycoside- Luteolin-
7-rutinoside. It is reported to possess a wide range of bio-
logical actions like antioxidant, antigenotoxic, anticancer,
antiallergic, and antimicrobial, among others (Inoue et al.,
2002; Orhan et al., 2016; Zhu et al., 2004). It is also reported
to interact and inhibit enzymes like sentrin-specific protease
1 (SENP1) (a SUMO protease that is involved in the develop-
ment of prostate cancer), aldose reductase (an enzyme that
is responsible for conversion of glucose to sorbitol and has a

pathophysiological role in Diabetic retinopathy), and Matrix
metalloproteases (MMPs) (an enzyme that is overexpressed
in cancer, arthritis, atherosclerosis, etc.) (AID 651697, 2012;
Crasc�ı et al., 2017; Jung et al., 2011). This molecule exhibited
one common amino-acid residue interaction with GLU-166
(Figure 16). Overall, the compound 20633-84-5 exhibited
seven hydrogen bond interactions. Apart from the common
amino-acid residue interactions, this molecule also exhibited
three hydrogen bond interactions with the amino-acid resi-
dues like HIE-163, THR-190, and one water-mediated hydro-
gen bond interaction as well.

The structures and brief details of the selected molecules
are depicted in Table 7. No common molecules were identi-
fied among the top-3 ranked compounds after docking stud-
ies on PDB 6Y2F and 6W63. This was expected as the hits

Figure 10. Amino-acid residue interactions exhibited by the molecule SN00293542 in the active site of the target PDB-6Y2F. (A) 3D interaction diagram of the
SN00293542 showing the hydrogen bond interaction in black. (B) 2D interaction diagram of the SN00293542 showing the hydrogen bond interaction in
magenta color.

Figure 11. Amino-acid residue interactions exhibited by the molecule SN00334894 in the active site of the target PDB-6Y2F. (A) 3D interaction diagram of the
SN00334894 showing the hydrogen bond interaction in black. (B) 2D interaction diagram of the SN00334894 showing the hydrogen bond interaction in
magenta color.
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identified after virtual screening was unique owing to their
different pharmacophoric features. The identified molecules
briefly belonged to glycans, oligosaccharides and flavonoids.
The selected molecules have been explored for their CNS
effects, antioxidants effects, among others. Notably, flavo-
noids have been reported to possess significant activity
against coronaviruses (Chiow et al., 2016; Jo et al., 2020).

Therefore, it would be interesting to test if 20633-84-5 has
any effect on SARS-CoV-2. GLU-166 and GLY-143 are the
amino-acid residues which commonly contributed their role
in the active hydrogen bond formation with these hit mole-
cules. Water played an essential role in the formation of
water-mediated interactions. All these interactions strongly
suggested that these top hit molecules may act as potential

Figure 12. Amino-acid residue interactions exhibited by the molecule SN00213037 in the active site of the target PDB-6Y2F. (A) 3D interaction diagram of the
SN00213037 showing the hydrogen bond interaction in black. (B) 2D interaction diagram of the SN00213037 showing the hydrogen bond interaction in
magenta color.

Table 4. Hits identified after extra precision (XP) docking studies of Supernatural product database against the target PDB-6W63.

S.no compound code Docking score (Kcal/mol) s.no compound code Docking score (Kcal/mol)

1 SN00382835 212.425 31 SN00388072 �8.972
2 SN00403420 212.402 32 SN00141985 �8.912
3 SN00041592 �12.142 33 SN00032643 �8.764
4 SN00168969 �11.966 34 SN00042584 �8.724
5 SN00391842 �11.751 35 SN00166870 �8.376
6 SN00040401 �11.621 36 SN00335100 �8.351
7 SN00114482 �11.538 37 SN00386048 �8.344
8 SN00162335 �11.512 38 SN00165676 �8.321
9 SN00330810 �11.082 39 SN00038775 �8.273
10 SN00392377 �10.899 40 SN00164881 �8.22
11 SN00216726 �10.822 41 SN00173581 �8.21
12 SN00038781 �10.736 42 SN00173831 �8.209
13 SN00175930 �10.628 43 SN00329478 �8.085
14 SN00379716 �10.557 44 SN00399664 �7.915
15 SN00161123 �10.444 45 SN00160358 �7.911
16 SN00339099 �10.286 46 SN00393877 �7.887
17 SN00338961 �10.22 47 SN00380351 �7.873
18 SN00143458 �10.068 48 SN00160458 �7.795
19 SN00162745 �10.052 49 SN00025215 �7.763
20 SN00213304 �9.936 50 SN00173164 �7.756
21 SN00382588 �9.851 51 SN00040115 �7.747
22 SN00165557 �9.782 52 SN00218781 �7.702
23 SN00332128 �9.743 53 SN00388121 �7.682
24 SN00037946 �9.499 54 SN00096441 �7.521
25 SN00398348 �9.27 55 SN00100418 �7.46
26 SN00106829 �9.2 56 SN00218714 �7.409
27 SN00339802 �9.108 57 SN00214165 �7.4
28 SN00106842 �9.067 58 SN00164074 �7.368
29 SN00387960 �9.008 59 SN00397542 �7.132
30 SN00011125 �9.007 60 SN00096315 �7.094
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inhibitor of SARS-CoV-2 Mpro. Upon keen observation of all
hydrogen bond distances with the surrounded amino-acid
residues and the water molecules, the distances are very
close to the molecules, and these connections are also
tightly bonded to the molecules, which may further, in turn,
contributed to its significant docking score when compared
with its co-crystal ligand.

In silico predicted physico-chemical parameters

In medicinal chemistry, Absorption, Distribution, Metabolism,
and Excretion (ADME) plays a significant role. These parame-
ters will decide the drug likeliness of the molecules. In silico
Physico-chemical (Lipinski’s rule of five and Jorgensen’s rule
of three), parameters of the top 5 hits from the docking
study was predicted using the QikProp module of the
Schrodinger. The parameters are depicted in Table 8. The
molecules exhibited a higher molecular weight than the pre-
scribed limit. Log Po/w was predicted, and these values are
within the prescribed limit of �2.0 to 6 except for the com-
pounds SN00334894, SN00293542 and SN00213037 for
the PDB 6Y2F. The violations are considered up to 4. For all

the predicted molecules, the maximum violation is 3 only.
These results suggested that the molecule may exhibit suit-
able drug likeliness property. The molecules exhibited good
solubility, indicated by the Log S values except for the com-
pounds SN00334894 and SN00213037. The in silico pre-
dicted Caco-2 cell permeability for the selected compounds
was found to very low, suggesting that it may face some
hurdles in absorption process. The number of likely meta-
bolic reactions of the compounds were found to be high.
Overall, the results are satisfied with the rules with fewer vio-
lations only.

Additionally, the Prime MM-GBSA module analyzed the
binding energy calculation of selected top two compounds
based on their binding affinity towards the active site bind-
ing pocket of the target molecule. MM-GBSA score of lead
molecule SN00293542 was �82.04, whereas, the second
lead molecule SN00382835 has shown significantly lower
MM-GBSA score �64.81 (Table 9). With these results, it can
be concluded that the free binding energy score of
SN00293542 was better in comparison to the
SN00382835 compound.

Molecular dynamics and post-MM-GBSA analysis

To validate the protein-ligand complex of the docked com-
pound and to measure the constancy of the ligand binding
in the active site of the selected target, molecular dynamics
simulation study was conducted for the top hit molecule
from each PDB. The compounds SN00293542 SN00382835
with the protein complex was immersed in an orthorhombic
box of SPC water molecules. The solvated system was neu-
tralized by adding one Naþ counterion. To equilibrate the
system, the solutes were subjected to NPT ensemble. Finally,

Table 5. Hits identified after extra precision (XP) docking studies of Marine
natural product database and Zinc natural database against the target
PDB-6W63.

S.no compound code Docking score (Kcal/mol)

1 20633-84-5 212.203
2 139933-53-2 �12.007
3 102040-09-5 �9.888
4 476437-86-2 �8.58
5 103425-21-4 �8.553
6 23235-67-8 �8.543
7 98166-57-5 �7.911
8 ZINC02030982 �8.033

Figure 13. Amino-acid residue interactions exhibited by the co-crystal ligand in the active site of the target PDB-6W63. (A) 3D interaction diagram of the co-crys-
tal ligand showing the hydrogen bond interaction in black, aromatic bond in blue color. (B) 2D interaction diagram of the co-crystal ligand showing the hydrogen
bond interaction in magenta color and Pi interaction in green color.
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Figure 14. Amino-acid residue interactions exhibited by the molecule SN00382835 in the active site of the target PDB-6W63. (A) 3D interaction diagram of the
molecule SN00382835 showing the hydrogen bond interaction in black and aromatic interaction in blue color. (B) 2D interaction diagram of the molecule
SN00382835 showing the hydrogen bond interaction in magenta color.

Figure 15. Amino-acid residue interactions exhibited by the molecule SN00403420 in the active site of the target PDB-6W63. (A) 3D interaction diagram of the
molecule SN00403420 showing the hydrogen bond interaction in black and Pi- interaction in magenta color. (B) 2D interaction diagram of the molecule
SN00403420 showing the hydrogen bond interaction in magenta color and Pi- interaction in green color.

Table 6. In-depth amino-acid residues interactions exhibited by the co-crystal ligand and Top-3 compounds against the target PDB-6W63.

S.no Compound Code Hydrogen bond with distances (Å)
Aromatic bond
with distance (Å)

Pi-Pi interactions
with distance (Å)

Glide score
(Kcal/mol)

1 SN00382835 (1st) GLU-166 (2.56), ASN-142 (2.06), GLY-143
(1.83), H20 (1.79, 2.25)

TYR-54 (2.77) – 212.425

2 SN00403420 (2nd) GLU-166 (1.98,2.13), HIE-163 (1.92), HIE-
164 (2.41), GLY-143 (2.75), THR-25
(2.15), H20 (1.67)

– HIE-41 (4.30) 212.402

3 20633-84-5 (3rd) GLU-166 (1.65,1.66 2.03), HIE-163 (1.79),
THR-190 (1.81, 1.84) H20 (1.81)

– – 212.203

4 Co-crystal ligand (PDB-6W63) GLU-166 (1.89), GLY-143 (2.09), HIE-163
(2.08), H20 (1.98, 2.25)

HIE-164 (2.48),
ASN-142 (2.68)

HIE-41 (4.86) 27.20
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the full system was subjected to an MD simulation run for
100 ns at 300 K temperature and 1 bar pressure. The obtained
simulation results were analyzed using the backbone RMSD
values. All conformations disclosed significant RMSD values
in the selected targets. Both the targets revealed the max-
imum RMSD value of 2 Å, which describes that the protein-
ligand complex throughout the simulation period was main-
tained continuously (Figures 17 and 18).

Protein interactions with the ligand were supervised
throughout the simulation. These interactions can be organ-
ized by type, reviewed, and represented in Figures 19 and
20. Protein-ligand interactions were categorized into four
types: Hydrogen Bonds, Hydrophobic, Ionic and water
bridges. The type of aminoacid residues present in the active
site of the target protein plays a crucial role in making the
protein-ligand complex stable. The MD simulation study indi-
cates stable results of the molecules SN00293542,
SN00382835 in the protein-ligand complex. The aminoacid
residues GLU-166 and GLY-143 exhibited hydrogen bond
contact with the molecule SN00293542, as revealed by
docking studies was also existing in MD throughout the tra-
jectory, with 88 and 79% interaction in the stipulated time.
The second hit molecule form the other target 6W63
revealed significant hydrogen bond interaction with aminoa-
cid residue GLU-166, with 20–26% interacted during the
entire simulation. Apart from these residues, a crucial amino-
acid residue CYS-145 was also actively contributed to the
hydrogen bond with the target molecule in the active site.
The amino acid residues like GLN-189 (89%), GLU-47 (75%)
and ASP-48 (56,40%) were involved in the hydrogen bond
formation with the molecule SN00293542. Aminoacid

residue GLY-192 was involved in the bond formation with
the molecule SN00382835 in the active site of 6W63
(Figures 21 and 22). All the aminoacid interactions revealed
upon docking studies of the target molecule was also exhib-
ited during the dynamic study. This indicated that the pro-
tein-ligand complex was stable throughout the simulation
period, and minimal backbone fluctuations have ensued in
the system. Overall, the simulation revealed more water-
mediated connections with the hit molecules; amino-acid
mediated water bridges were also found in the MD simula-
tions study. Specific timeline contacts with the aminoacid
residues that were present in the targets are briefly pre-
sented in Figure 23. The darker the color represents the
number of connections with respective of the aminoacid was
high. Apart from this, Pre-MM-GBSA analysis of the same hit
compounds revealed the binding free energy of �84.04,
�64.81 kcal/mol, respectively. The co-crystal ligands, which
were present in the targets also revealed significant binding
free energies. Co-crystal ligand presents in the target 6Y2F
revealed �58.20 kcal/mol, which was comparatively lesser
than that of the molecule SN00293542. Another co-crystal
ligand of 6W63 revealed significant binding free energy of
�75.50 when compared with analogue SN00382835. The
post-MM-GBSA analysis of free binding energy calculation
was carried out with the generation of 0-2002 frames having
around 10-step sampling size. A total of 201 frames were
processed and analyzed throughout the post-MM-GBSA cal-
culation of 100 ns MD data of both the hit ligands revealed
by the dynamics studies. The calculated binding free energy,
DG average of the molecule SN00293542 was found to be
�71.70 þ/� 7.98 kcal/mol and the second hit molecule

Figure 16. Amino-acid residue interactions exhibited by the molecule 20633-84-5 in the active site of the target PDB-6W63. (A) 3D interaction diagram of the mol-
ecule 20633-84-5 showing the hydrogen bond interaction in black color. (B) 2D interaction diagram of the molecule 20633-84-5 showing the hydrogen bond inter-
action in Magenta color.
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SN00382835 found to be �56.81 þ/� 7.54 kcal/mol
SN00382835. Pre dynamic MM-GBSA results displayed the
best binding free energy scores when compared with the
post dynamic MM-GBSA calculations.

Conclusion

There is an urgent requirement to discover novel therapeutics
for treating the early stages of COVID-19 caused by SARS-CoV-

2. Mpro is one of the potential targets for antiviral treatment

against SARS-CoV-2. The abundant natural resources can be

exploited for the discovery of natural products of pharmaco-

logical significance. In the present study, a combination of

computational approaches, namely- pharmacophore based

virtual screening, molecular docking, MD simulation, and MM-

GBSA were performed to identify potential inhibitors of SARS-

CoV-2 Mpro from available natural products databases.

Table 8. In silico predicted Physico-chemical parameters of the top-5 compounds against each PDB.

PDB- 6W63

Compound code

Lipinski rule of five Jorgensen rule of three

MW donorHB accptHB logPo/w Violation logS PCaco metab Violation

SN00382835 652.6 7 19.65 �0.325 3 �2.417 10.426 9 2
SN00041592 476.4 7 19.75 �2.547 2 �1.186 14.907 7 2
20633-84-5 594.5 8 19.8 �2.013 3 �2.436 2.518 9 2
139933-53-2 971.1 11 29.2 0.474 3 �3.687 0.939 13 2
SN00403420 550.4 7 16.05 �1.525 3 �2.815 0.058 8 2
PDB - 6Y2F
SN00293542 828.7 17 36.6 �7.824 3 1.174 0.007 17 2
SN00213037 743.5 19 31.55 �8.037 3 �0.067 0 9 2
SN00334894 990.8 20 52.7 �12.325 3 2 0.003 20 2
SN00007464 358.2 8 18 �3.247 2 �0.494 1.172 8 2
SN00340755 1138.1 18 31.4 �4.464 3 �2.296 0 17 2

Description: Lipinski rule- Number of violations of Lipinski’s rule of five. The rules are: mol MW < 500, logPo/w< 5, donor HB � 5, accept HB � 10 and max-
imum 4 violations.
Jorgensen’s rule of three - Number of violations of Jorgensen’s rule of three. The three rules are: logS > �5.7, PCaco > 22 nm/s, # Primary Metabolites < 7.
Compounds with fewer (maximum 3) violations.

Table 9. The computed (MM-GBSA) binding free energies (DG bind) of the selected compounds against Mpro enzyme.

S. No Compound code
MMGBSA score
(Kcal/mol)

Pre dynamics MM-GBSA
1 SN00293542 �84.04
2 SN00382835 �64.81
3 Cocrystal ligand (PDB-6Y2F) �58.20
4 Cocrystal ligand (PDB-6W63) �75.50
Post dynamics MM-GBSA
1 SN00293542 �71.70 þ/� 7.98
2 SN00382835 �56.81 þ/�7.54

Figure 17. Root Mean Square Deviation of the protein-ligand complex of PDB-6Y2F with the lowest binding energy compound SN00293542.
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Figure 18. Root Mean Square Deviation of the protein-ligand complex of PDB-6W63 with the lowest binding energy compound SN00382835.

Figure 19. Plot (stacked bar charts) of Protein interactions with the ligand supervised throughout the simulation of the compound SN00293542 (PDB-6Y2F).

Figure 20. Plot (stacked bar charts) of Protein interactions with the ligand supervised throughout the simulation of the compound SN00382835 (PDB-6W63).
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Two pharmacophore models were generated based on
the selected crystal structure of SARS-CoV-2 Mpro with a
covalent inhibitor O6K (PDB ID- 6Y2F), and a non-covalent
inhibitor X77 (PDB ID- 6W63). Various natural products
belonging to different classes have been reported to possess
significant anti-CoV activity in the past. Therefore, performing

a virtual screening against the natural product databases
could result in the identification of putative active com-
pounds against SARS-CoV-2. Hence, the generated pharma-
cophore models were used as a filter for screening the
selected natural product databases - SNP, MNP and Zinc nat-
ural product database to identify potential inhibitors of

Figure 21. Detailed ligand SN00293542 atomic interactions with the protein residues of PDB-6Y2F.

Figure 22. Detailed ligand SN00382835 atomic interactions with the protein residues of PDB-6W63.
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SARS-CoV-2 Mpro. The adopted virtual screening procedure
identified a total of 124 hits for the developed pharmaco-
phore model with PDB ID - 6Y2F and a total of 313 hits for
the developed pharmacophore model with PDB ID - 6W63,
all of which were then subjected to molecular docking study.
The detailed interactions of six natural compounds (Top 3
hits for each target) after the docking study have been thor-
oughly investigated, and they exhibited strong predicted
binding affinities for the SARS-CoV-2 Mpro. To further validate
the stability of a potential inhibitors SN00293542 and
SN00382835, a MD simulation study was performed for
100 ns. The MD simulation result revealed significant stability
of test compounds SN00293542 and SN00382835 in the
active site of SARS-CoV-2 Mpro and exhibited good interac-
tions with the surrounded amino acid residues. The pre (after
docking study) and post (after MD simulation) MM-GBSA
analysis of the compounds SN00293542 and SN00382835
showed significant binding affinity with its selected target.

The six identified potential inhibitors belong to different
classes of natural compounds like- FOCs, aminoglycosides,
anthocyanin glycosides, and flavonoid glycosides. These mol-
ecules have been isolated from various plant and bacterial
species. These plants have been used as traditional Chinese
medicine for different purposes. Structurally, all these com-
pounds possessed at least one sugar molecule: pentose or a
hexose and were also characterized by the presence of many
hydroxyl groups, which played a crucial role in hydrogen
bond formation with the surrounding amino acid residues,
thus shaped significant docking scores. Compounds
SN00382835, SN00403420 and 20633-84-5 also shared a
phenolic nucleus in their structures. Fascinatingly, com-
pounds SN00403420 and 20633-84-5 are flavonoids.

Flavonoids have been experimentally proven to inhibit Mpro

of corona viruses. Moreover, flavonoids are also reported to
possess potent anti-inflammatory activity and thus may
prove to be beneficial against the cytokine storm during
SARS-CoV-2 infection. Further, in vitro studies of the identi-
fied natural products against SARS-CoV-2 Mpro needs to be
performed in order to substantiate them as a potential
inhibitory ligand of SARS-CoV-2 Mpro.
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