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Abstract:

Aim:

This study aimed to virtually screen the naturally occurring antiviral molecules for SARS-CoV-2 mitigation based on multiple molecular targets
using docking and molecular dynamics simulations.

Background:

The  coronavirus  catastrophe  (COVID-19)  caused  by  a  novel  strain  of  coronavirus  (SARS-CoV-2)  has  turned  the  world  upside  down  at  an
unprecedented level and has been declared a pandemic by the World Health Organization. It has resulted in a huge number of infections as well as
fatalities due to severe lower respiratory tract sickness.

Objective:

The objective of this study was the identification of inhibitors against the crucial molecular targets linked with viral infection caused by SARS-
CoV-2.

Materials and Methods:

In silico screening of twenty naturally occurring antiviral molecules was performed using the Autodock docking tool. Further, molecular dynamics
(MD) simulations were performed on the most stable docked complex between cysteine-like protease or 3CL protease (3CLpro) and the best-
identified inhibitor (bilobetin).

Results:

3CLpros is one of the very important molecular targets as it is involved in the replication process of the virus. In the present study, we have
initially investigated the inhibitory potential of naturally occurring antiviral molecules against the activity of main viral protease (3CLpro) to put a
halt to viral replication. The investigation had been carried out through docking of the molecules with 3CLpro. Based on the results, the three most
potential molecules (bilobetin, ginkgetin and sciadopitysin) have been screened. Further, these molecules were subjected to checking their activity
on other  molecular  targets  like  papain-like  protease  (PLpro),  spike  protein  S1,  RNA dependent  RNA polymerase  (RdRp),  and  Angiotensin-
Converting Enzyme 2 (ACE2) receptor. In addition to 3CLpro inhibition, ginkgetin was also predicted as an inhibitor of PLpro. However, none of
these three compounds was found to be effective on the rest of the molecular targets. Molecular Dynamics (MD) simulations of the most stable
docked complex between 3CLpro and its best inhibitor (bilobetin) confirmed notable conformational stability of the docked complex under a
dynamic state.

Conclusion:

Bilobetin alone or a combination of bilobetin and ginkgetin may be used to impede viral replication. These observations are solely based on the
results from blind docking with protein molecules and need to be further corroborated with experimental results.
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Table S1. Naturally occurring compounds.

S.
No.

Compound Structure ChemSpider
ID

Source Reported Antiviral
Activity Against

1. Bilobetin 4474758 Torreya nucifera SARS-CoV [1]

2. Ginkgetin 4436579 Torreya nucifera SARS-CoV [1]

3. Sciadopitysin 4445013 Torreya nucifera SARS-CoV [1]

4. Narasin 58911 Ionophores Dengue virus
(DENV-2) [2]

5. Resveratrol 392875 Blueberries,
cranberries etc.

Respiratory
syncytial virus [3]

6. Esculetin 4444764 Lactuca virosa Porcine Circovirus
Type 2 (PCV2) [4]
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S.
No.

Compound Structure ChemSpider
ID

Source Reported Antiviral
Activity Against

7. Esculin 4444765 Lactuca virosa Porcine Circovirus
Type 2 (PCV2) [4]

8. (+)-Matrine 82591 Sophora flavescens
and Sophora
tonkinensis

Human Enterovirus 71
[5]

9. Scutellarin 161366 Scutellaria barbata Porcine Reproductive
and Respiratory

Syndrome Virus [6]

10. Delphinidin 114185 Blueberry West Nile Virus, Zika
Virus, and Dengue

Virus [7]

11. Cyanidin 114193 Bilberry H1N1 Influenza Virus
[8]

12. Pelargonidin 389676 Solanum tuberosum InfV A and B [9]
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S.
No.

Compound Structure ChemSpider
ID

Source Reported Antiviral
Activity Against

13. Harmine 4444445 Peganum harmala murine
cytomegalovirus and

Sindbis virus [10]

14. Harmane 4444755 Symplocos
setchuensis

HIV [11]

15. Harmol 10296888 Peganum harmala Dengue Virus [12]

16. Avarol 65156 Disidea avara HIV [13]

17. Avarone 65157 Disidea avara HIV [13]

18. Polyandrocarpidine B 10469701 Polyandrocarpa sp. HSV [14]



Identification of Naturally Occurring Antiviral Molecules The Open COVID Journal, 2021, Volume 1   v

REFERENCES

Ryu YB, Jeong HJ, Kim JH, et al. Biflavonoids from Torreya nucifera[1]
displaying SARS-CoV 3CLpro inhibition. Bioorg Med Chem 2010;
18: 7940-7.
[http://dx.doi.org/10.1016/j.bmc.2010.09.035]
Low JS, Wu KX, Chen KC, Ng MM, Chu JJ. Narasin, a novel antiviral[2]
compound that blocks dengue virus protein expression. Antivir Ther
2011; 16: 1203-18.
Zang N, Xie X, Deng Y, Wu S, Wang L, Peng C, et al. Resveratrol-[3]
mediated gamma interferon reduction prevents airway inflammation
and airway hyperresponsiveness in respiratory syncytial virus-infected
immunocompromised mice. J Virol 2011; 85: 13061-8.
Sun N, Yu T, Zhao J, et al. Antiviral activities of natural compounds[4]
derived from traditional chinese medicines against porcine Circovirus
Type 2 (PCV2). Biotechnol Bioprocess Eng; BBE 2015; 20: 180-7.
Yang  Y,  Xiu  J,  Zhang  X,  et  al.  Antiviral  effect  of  matrine  against[5]
human Enterovirus 71. Molecules 2012; 17: 10370-6.
Cheng  J,  Sun  N,  Zhao  X,  et  al.  In  Vitro  screening  for  compounds[6]
derived  from  traditional  chinese  medicines  with  antiviral  activities
against  porcine  reproductive  and  respiratory  syndrome  virus.  J
Microbiol  Biotechnol  2013;  23:  1076-83.
[http://dx.doi.org/10.4014/jmb.1303.03074]
Vázquez-Calvo Á, de Oya NJ, Martín-Acebes MA, Garcia-Moruno E,[7]
Saiz J. Antiviral properties of the natural polyphenols delphinidin and

epigallocatechin gallate against the Flaviviruses West Nile Virus, Zika
Virus, and Dengue Virus. Front Microbiol 2017; 8: 1314.
Kannan S,  Kolandaivel  P.  The  inhibitory  performance  of  flavonoid[8]
cyanidin-3-sambubiocide against H274Y Mutation in H1N1 Influenza
Virus. J Biomol Struct Dyn 2018; 36: 4255-69.
Hayashi K, Mori M, Knox YM, Suzutan T, Ogasawara M, Yoshida I,[9]
et al. Anti influenza virus activity of a red-fleshed potato anthocyanin.
Food Sci Technol Res 2003; 9(3): 242-4.
[http://dx.doi.org/10.3136/fstr.9.242]
Hudson JB, Graham EA, Towers GH. Antiviral effect of harmine, a[10]
photoactive  β-carboline  alkaloid.  Photochem Photobio  1986;  43(1):
21-6.
Ishida J, Wang HK, Oyama M, Cosentino ML, Hu CQ, Lee KH. Anti-[11]
AIDS agents. 46. Anti-HIV activity of harman, an anti-HIV principle
from symplocos setchuensis, and its derivatives. J Nat Prod 2001; 64:
958-60.
Quintana  VM,  Piccini  LE,  Zénere  JDP,  Damonte  EB,  Ponce  MA,[12]
Castilla  V.  Antiviral  activity  of  natural  and  synthetic  β-Carbolines
against Dengue Virus. Antiviral Res 2016; 134: 26-33.
Sagar  S,  Kaur  M,  Minneman  KP.  Antiviral  lead  compounds  from[13]
marine sponges. Mar Drugs 2010; 8: 2619-38.
Rinehart KL. Biologically active marine natural products. Pure Appl[14]
Chem 1989; 61: 525-8.
Koehn FE. Sartah, Gunasekera, P., D. Nadine, N. S. Cross, Halitunal,[15]
an unusual diterpene aldehyde from the marine alga Halimeda tuna.
Tetrahedron Lett 32: 169-72.

© 2021 Rana et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

S.
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Compound Structure ChemSpider
ID
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19. Polyandrocarpidine D 10469702 Polyandrocarpa sp. HSV [14]

20. Halitunal 8513688 Halimeda tuna murine coronavirus
A59 [15]
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