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Abstract

This is already well known that after the entry of the severe acute respiratory $-coronavirus-2 (SARS-CoV-2) into the host, the
replication-associated proteins serve as the major targets of the currently used drugs. However, despite the rigorous effort, still
no appropriate and specific drug against SARS-CoV-2 has been developed. Such a situation may worsen the current COVID-19
pandemic situation in near future. In this circumstance, the rapid drug application strategy can be addressed only by the drug
repurposing approach which is solely based on the genomics functional analysis through computational simulation or the in
silico study. Such a dry experimental strategy using the specialized databases and software allows identifying novel uses for

the sanctioned drugs for other viruses. Based on the recently published reports, current review highlighted some promising

o

drugs identified through such bioinformatic or molecular docking analysis.
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Introduction

The current pandemic (coronavirus disease 2019,
COVID-19) caused by the severe acute respiratory syndrome
-coronavirus 2 (SARS-CoV-2) is being observed with its
high transmission dynamics originating from pangolins or
bats to humans followed by the further rapid propagation
into the human population worldwide resulting in 686703
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deaths with 17918582 infected cases [1]. While sneezing
and coughing have been known as the major mode of viral
dispersal among the community, an array of molecular
studies showed that the SARS-CoV-2 takes entry into the host
cells by the angiotensin-converting enzyme 2 (ACE2) along
with the serine protease TMPRSS2 which is responsible for
the S protein cleavage [2,3]. ACE2, lying within the renin-
angiotensin-aldosterone system (RAAS), plays significant
roles in the homeostasis of blood pressure, electrolyte
balance and the inflammatory responses as happens in
case of COVID-19 cases [4]. Additionally, the protease renin
cleaves angiotensinogen to generate angiotensin I (Angl)
which is cleaved by the ACE2 (the terminal carboxypeptidase,
a type I transmembrane glycoprotein, localized on the
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airway epithelia) to produce Ang II, which is known to be
the negative regulator of RAAS thereby reducing the lung
inflammation [4]. After entry into the nasopharyngeal
tract along the airway epithelial cells, the viral infection
stimulates the huge rush of the cells of innate immunity as
well as the pro-inflammatory cytokines which may serve
as a major target for the immunomodulatory agents or the
antiviral drugs through hindering the Janus kinase (JAK)
signal transduction; deterrence of the viral RNA synthesis by
blocking the RNA dependent RNA polymerase (RdRp) as well
as the viral assembly; and most importantly by blocking the
binding of SARS-CoV-2 S protein to the host ACE 2 receptor on
the receptor binding site (RBD) [2,5-7].

Although the genomic structure of SARS-CoV-2 has
been deeply understood and the associated host-pathogen
relationship has been well deciphered, till date no specific
drug against this virus has been announced for the sole
commercial application let alone the vaccine development
[8,9]. Nevertheless, several candidate vaccines are under
trial; and afew broad-spectrum antiviral drugs (principally
remdesivir) have been being used to mitigate the disease
[2,6]. Indeed, the intensive experimental methods for the
study of interactions between the candidate antivirals and
the target proteins of the virus are consuming time as has

been noticed so far with the involvement of huge expense
[4]. The strategies for the development of antiviral drugs
underlie within the in silico (computational modeling and
simulation) studies, assessment of the molecular databases
for screening special molecules providing the therapeutic
effects; and on the study of viral genomics along with the
predictive exploration of the structures/ structural motifs
of the probable proteins imparting the viral pathogenesis
potential [2,10]. Prior to the cell culture model experiments
as well as patient trials, the computational analysis of drug
targets proposes methods (Figure 1) to test the hypotheses
(for example, the identification of virus-associated protein-
proteininteractions required for reducing the viral shedding)
for the novel and presumed drugs which in turn is economic
regarding both time and cost [4,11,12]. Since the SARS-CoV-2
is assumed to employ ACE-2 protein for the entry into the
lung airway cells, the network of the co-expressed proteins
with ACE2 has been analyzed by Cava and colleagues (in
2020) facilitating the identification of different target genes
on which the known drugs might act on [4,13,14]. Current
review therefore illustrated such computational simulation
study on the basis of the recently published literature in
order to focus on all the probable drug target sites within
SARS-CoV-2.
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Figure 1: Schematic flow chart of the drug repurposing through in silico study and the identification of the candidate drugs
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Drug Repurposing/ Repositioning

Within the pandemic, extensive research and
development on new molecules required to counteract the
SARS-CoV-2 is being conducted by several groups around
the world [15-17]. While the wet experiments involving cell
culture, animal model followed by the patient trial appears
really to be labor-intensive, costly and monotonous, prior
to such intense time-consuming trials, drug repurposing
facilitates to identify the therapeutically effective molecule
from the archive of the pre-existing antivirals [15-19]. Thus,
assessment of the drug repositioning candidates with the
corresponding targets is significant for the viral mitigation
[2,16]. Wu and his group analyzed all the possible target
proteins of SARS-CoV-2, anticipated their structures, and
found 19 potential targets through homology modeling, 21
targets applying the virtual ligand screening; constructed
a database of 78 commonly used antivirals along with
the prediction of possible drug targets; and finally their
work derived several major drug-targets including the
3-chymotrypsin-like protease (3CLpro), Spike protein, the
RdRp, and the papain like protease (PLpro) [2,16]. Some
known broad-spectrum antiviral drugs like the nucleoside
analogues, the HIV-protease inhibitors; and among the
drug targets, the RdRp and ACE2 have so far been well
projected through the drug repositioning [4,15,17]. Indeed,
since no accurate treatment for COVID-19 is available,
the use of derivatives of the existing antiviral drugs can
be an expedient strategy which is achievable through
the initiation of several approaches included in the drug
repurposing [2,4,15-18]. This is interesting to ponder the
possible antiviral potential of the drugs which are already in
use for the treatment against other viruses; and such a tactic
requires the computational tools like the molecular docking
or other forms of bioinformatic analysis using specific
software and databases especially (1) to depict the affinity
between the viral proteins and the candidate inhibitors; and
(2) to identify the drug binding sites [19].

Major Candidate Drugs Identified Through
Computational Simulation: Highlights

Nimesulide, fluticasone propionate, thiabendazole,
photofrin, didanosine and flutamide were identified (out
of 36 candidate drugs) as potential drugs by Cava and
colleagues (in 2020) through ACE-2 gene expression profiles
collected from several public datasets like The Cancer
Genome Atlas, Gene Expression Omnibus and Genotype-
Tissue Expression, Gene Ontology [4]. A protein- protein
interaction network (222 interactions) consisting of 193
genes co-expressed with ACE2 revealed that those genes
may be linked even with the known drugs [4]. The molecular
docking, a structure-based drug designing approach, showed
that favinapir, ritoavir, oseltamivir, lopinavir, ganciclovir and
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remdesivir were effective in the treatment of COVID-19 [15].
The molecular docking approach conducted by Calligari and
colleagues (in 2020) unraveled several inhibitors against
SARS-CoV-2 spike protein and 3C-like protease which were
originally developed for the treatment against hepatitis C
virus (HCV) and the human immunodeficiency virus (HIV)
[19]. The HCV NS3/4A protease inhibitor simeprevir and
the HIV fusion inhibitor enfuvirtide are good examples in
this regard [19]. A promising drug is saikosaponin which has
been shown to interfere with the viral penetration as well
as early stage of viral replication [20]. In another in silico
assay, the computational data discovered the dynamics of
the viral RNA-dependent RNA polymerase (RdRp) protein
as well as its binding affinity to several existing antiviral
drugs including the currently acceptable drug remdesivir
for the treatment of the COVID-19 patients as well as the
other potential drugs like ribavirin, favipiravir, cefuroxime,
hydroxychloroquine, and IDX-184 [21]. Some unique
examples of drug repositioning also cover lopinavir, an HIV-
drug; Bonducellpin D which was found to possess the anti-
viral activity against MERS-CoV; and atazanavir, a general
antiretroviral drug [22-24].

In fine, as stated earlier, proteins; i.e., 3C-like proteinase,
the RdRp, 3'-5' exonuclease, endo RNAse, and 2'-O-ribose
methyltransferase, facilitating the SARS-CoV-2 replication are
the principal target sites for the antiviral drugs; however, still
no specific drug could be developed which in turn initiated
the drug repurposing strategy based on the computational
modeling and simulation [2,24]. As revealed from the recent
research, such a genomics functional analytical strategy is
really helpful to launch a drug to treat the COVID-19 patients
which was originally used against another viral infection
[2,4-6,10,24]. Indeed, repurposing the existing antiviral
drugs against the COVID-2019 epidemic may add the extra
advantage regarding the drug safety since their preclinical,
pharmacokinetic, pharmacodynamic, and toxicity profiles
are already known which in turn also helps to go for the
Phase 3 or 4 trials directly [25].

Conclusion

The emergence of SARS-CoV-2 induced scientists to
discover drugs and to initiate the vaccine development;
however, besides the cell culture experiments the
bioinformatics analysis is really supportive for the study of
the viral molecular elements in order to design appropriate
drugs during this pandemic. The computational approach
with the objective of drug repositioning really goes a long
way to identify the candidate therapeutic targets for SARS-
CoV-2 within a relatively short time span. Current review
briefly discussed the possible scopes of such computational
analysis of the existing drugs which can be used for the
COVID-19 treatment although a lot of literature is currently
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available in this context. However, the information gathered
here can reinforce the existing knowledge on the drug
designing approaches for COVID-19.
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