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ABSTRACT

Despite many studies on the new Coronavirus disease 2019 (COVID-19),
there is still a rate of disease mortality, which has made researchers to focus more on finding success-
ful antiviral drugs. In this regard, small molecule inhibitors have been suggested for their higher safety,
lower toxicity, and cost-effectiveness. In this study, we applied virtual screening and docking analysis to
identify the prospective inhibitors of 3CL protease and ACE-2 receptors

In this study, 1,600 natural compounds were assessed by virtual screening. The
ligands with a high affinity to bind to active site residues of target proteins were identified using the
glide docking method and then were included in the induced-fit docking analysis in Schrédinger-Maestro
software.

[{EETE The found compounds such as Theaflavin and Delphinidin had a high affinity to bind to the recep-
tors. They had higher binding energy and a potent inhibitory effect compared to common drugs such as
chloroquine.

[@TEIERT The introduced natural compounds can be used to suppress COVID-19. The results may help
develop new drugs or formulations to combat COVID-19; however, clinical trials are needed to examine
the potential of these small molecules alone or in combination with other medical procedures.
[[ETIEE SARS-CoV-2, Molecular docking, Virtual screening, Drug discovery, Natural products
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Extended Abstract

Introduction

he COVID-19, caused by the SARS-

CoV-2 virus, has several symptoms, in-

cluding respiratory issues, fever, loss of

taste and smell, and cardiovascular and

neurological problems. Various meth-
ods, including vaccines, antiviral drugs, antibodies,
anti-inflammatory drugs, immune system regulators,
and anticoagulants, were evaluated for the treatment of
COVID-19, where some studies suggested the simulta-
neous use of multiple drugs. However, despite extensive
research efforts, there are still many challenges in manag-
ing COVID-19 at different levels, including the lack of
strong drugs to reduce the side effects and the reduced
efficacy of some vaccines against variants of the virus.
In addition, finding and developing effective drug com-
pounds is time-consuming, taking about 10-15 years.
Therefore, drug repurposing is important in emergency
situations such as the COVID-19 pandemic. Virtual
screening and in-silico studies are effective for finding
potential virus inhibitors. This study aims to find small
molecules with natural and plant origin that can target
and inhibit the virus’s entry pathway into cells containing
the angiotensin receptor or its replication system inside
the infected cells. In this regard, virtual screening of 1600
natural products was done to identify prospective inhibi-
tors of 3CL protease and angiotensin-converting enzyme
2 (ACE-2) receptors.

Methods

The crystal structures of the ACE-2 receptor (PDB
code: 1R42) and the 3CL protease (PDB code: 6LU7)
were first obtained from the Protein Data Bank. After
protein preparation, a grid box was placed on the recep-
tor based on reported positions in the literature to iden-
tify the precise binding site. For screening, the standard
precision (SP) glide docking, extra precision (XP) glide
docking, and induced-fit docking (IFD) methods in
Schrodinger-Maestro software as well as AGbind calcu-
lation were employed to investigate the top ligands with
the highest affinity to the active site residues of the pro-
tein, including residues Q24, E35, E37, D38, Y41, Q42,
Y83, Q325, and N330 in the outer surface of the ACE-2
receptor and residues E166, F140, H172, H163, S144,
C145, and G164 in the 3CL protease. Finally, several
top compounds were selected in each step based on the
docking score and the minimum energy required for the
ligand to bind to the protein.
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Results

The results of SP glide docking showed that the top
drugs from among 1600 plant-derived compounds can
bind to the active site residues of the target proteins in
the range from -7.529 to -8.429, which were selected for
further steps. Subsequently, the results of XP glide dock-
ing revealed that about 30 compounds had acceptable
docking scores and binding energies, including isocrypto-
lepine, norlichexanthone, delphinidin, epicatechin, auran-
tiamide acetate, mammein, theaflavin, colchicine, IDEIN,
IRESSA, and pseudotropine.

Among the top 30 compounds, delphinidin 3-diglucoside
had the minimum energy required to bind to the receptor in
the MM-GBSA calculations and the lowest docking score
(-13.711) (AGbind=-82.83). The amount of binding free
energy for theaflavin was -66 and its docking score was
-11.343. Delphinidin 3- (6 “-malonylglucoside) had the
highest docking score (-10.686), the highest amount of bind-
ing free energy (-60.05), and thus lower affinity (Table 1).
These findings suggest that the plant-derived compounds
had higher binding energy and a potent inhibitory effect rela-
tive to known drugs such as chloroquine, and 3CL protease
inhibitors such as saquinavir, lopinavir and telinavir.

The root-mean-square deviation (RMSD) value in the
protein complex docked with theaflavin and delphinidin
3-diglucoside was very similar to the value obtained when
the protein docked with chloroquine (RMSD=0.334A),
which indicates a high degree of similarity between the
two complexes. Furthermore, the RMSD value in the pro-
tein complex docked with delphinidin 3-(6’-malonylglu-
coside) was very similar to that of mozenavir, indicating a
high degree of similarity between them (Figure 1).

Conclusion

In this study, we revealed that the plant-derived com-
pounds such as delphinidin 3-diglucoside, theaflavin, and
delphinidin 3- (6 “-malonylglucoside) had higher inhibi-
tory activity compared to other derived compounds and
were selected as effective agents to combat COVID-19.
These small molecules exhibit a high binding affinity to
the targeted protein receptors and require much less bind-
ing energy compared to control samples. The RMSD
values of these compounds were also very close to that
of specific receptor-related control drugs. The interesting
result was the effect of glycosylated groups on creating
a bond and increasing the binding affinity to the recep-
tor which was obtained from the docking results. Fur-
thermore, the natural origin of plant-derived compounds
makes them suitable for use by the general public and
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Table 1. The IFD and glide docking results of the three main derived compounds compared to controls (grey color) bound to each

protein receptor.

Other Inhibi-  XP Docking

Compound  Drug-target tory Activities Score IFD Score AG H-bond Pi-pi Stacking Pi-Cation  Salt Bridge
Proteasomal
Theaflavin ~ ACE2T8C8P" (1 otrypsin- -11.347 125835 6627 9 - - -
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Figure 1. The RMSD values of top plant-derived compounds

may have fewer side effects compared to chemical drugs.
The use of the natural drugs introduced in this study can
help develop new formulations against COVID-19, but
clinical trials are required to examine their potential to be
used alone or along with other medical procedures.
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15. Standard Precision (SP) & Extra Precision (XP)
16. Receptor-binding motif of virus

17. Induced Fit Docking

18. Root-Mean-Square Deviation (RMSD)

19. Superimposed of docked complexes

10. Protein Data Bank

11. Partial charge cutoff

12, Grid box generation

13, Standard Precision (SP) & Extra Precision (XP)
14. Induced Fit Dock
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21. Saquinavir
22, Telinavir

23, Lopinavir
24, Mozenavir
25, Chloroquine
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