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Abstract

SARS-CoV-2 swiftly spread in Wuhan, China, leading to a pandemic crisis worldwide. Genome sequence analysis of this virus
revealed a close analogy with its closely related strains, SARS-COV and MERS-COV. In the case of SARS-CoV-2, Nonstructur-
al protein 13 (NSP13), also known as helicase, has been identified as a target for reducing the severity of infection due to its
high sequence conservation and essential role in viral replication. NSP13 helicase structure in SARS-CoV-2 differs only by one
amino acid from the SARS-CoV helicase structure. Targeting NSP13 with natural compounds holds significant potential for de-
veloping safe and effective antiviral therapies utilizing advanced computational approaches. The properties of 8 different naural
compounds, i.e. Imidazole, Pyrrole, Tropolone, Benzotriazole, Imidazodiazepine, Phenothiazine, Acridone and Bananin were
screened by applying Lipinski’s rule of five, ADME (absorption, distribution, metabolism, and excretion) properties, and Radar
plots to discover their drug efficacy at a target site, safety, and absorption. Docking studies confirmed Bananin with a binding
affinity of -7 kcal/mol as a potential inhibitor of NSP13 of SARS-CoV-2 with better pharmacokinetics, drug likeliness, and oral
bioavailability. Based on the in silico study, it is suggested that Bananin shows promising effects against NSP13 protein, forming
a maximum number of hydrogen bonds exhibiting higher binding affinity. This stronger affinity indicates a stronger interaction
between the compound and its target, potentially leading to enhanced biological activity and therapeutic efficacy. This novel
study has unlocked the door for a prospective SARS-CoV-2 inhibition strategy and developing antiviral interventions targeting
NSP13 based on molecular docking.
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INTRODUCTION

The immensely contagious viral COVID-19 caused by
severe acute respiratory coronavirus 2 (SARS COV-2)
is the most deleterious pandemic in 21%' century,
emerging as the most consequential global health cri-
sis. Corona viridae is a large family which includes vari-
ous genera such as Alpha coronavirus, Beta corona-
virus, Gamma coronavirus, and Delta coronavirus (Fan
et al., 2019). Human Coronaviruses (HCOVs) include 7
strains HCov-229E, HCov-OC43, HCoV NL63, HCoV-
HKU1, SARS-CoV (severe acute respiratory syndrome
coronavirus), and MERS-CoV (middle east respiratory
syndrome coronavirus) that cause illness ranging from
the common cold to more severe diseases (Andersen
et al., 2020) It was reported that the spread of this virus
leads to mutations that give rise to new variants, more
deadly than the original infection. Severe Acute Respir-
atory Syndrome  Coronavirus-2  (SARS-COV-2)
emerged in November 2019 and belongs to Beta coro-
naviruses. The SARS-COV2 (B.1.617) lineages include
three main subtypes B.1.617.1, B.1.617.2, and
B.1.617.3. In India B.1.617.2 lineage variant started
affecting the population by late 2020 with a 60% more
transmissible than the Alpha variant (B.1.1.7). Intense
cases due to this variant has distressed the condition
and has been added to the list of variants of concern
(VOCs) (Baral et al., 2021; Pal et al., 2020). SARS-
CoV2 is a non-segmented double-layered lipid-
enveloped virus (Rastogi et al., 2020), (Naqvi et al.,
2020) with 50-200 nm in diameter(N. Chen et al.,
2020). It has a linear RNA genome of 29.9 kb in size
(Rastogi et al., 2020), which contains 38 % GC content.
However, the genome comprises U (32.2%), followed
by A (29.9%), and G (19.6 %), and C (18.3 %) (Astuti
and Ysrafil, 2020). The whole genome of SARS-CoV2
encodes approximately 7096 residues long polypro-
teins, which consist of many structural and nonstructur-
al proteins (NSPs). The structural protein comprises the
outer structure of the virus whereas nonstructural pro-
teins help in viral replication and viral assembly
(Rastogi et al., 2020). Furthermore, SARS CoV2 is
made up of 14 ORFs (open reading frames) arranged
from 5' to 3', also known as the &' and 3' UTRs
(untranslated regions) (Rastogi et al., 2020). The first
ORF comprises 67% of the genome that encodes non-
structural proteins (NSPs) and the remaining ORF
codes for structural and accessory proteins. Sequence
variation among SARS-CoV-2 and SARS-CoV revealed
no significant difference in ORFs and NSPs. In a nut-
shell, 5 UTR replicase complex (ORF1a and ORF1b)
encodes for nonstructural proteins while 3° UTR region
encodes for structural proteins like spike proteins (S),
nucleocapsid proteins (N), envelope protein (E) and
membrane glycoprotein (M). The present review carried
out computational docking of NSP13 (SARS CoV-2)

against natural compounds.

Detailed structure and function of NSP13

The nonstructural protein 13 (NSP13), a 67 kDa, be-
longs to the 1B superfamily of helicases (Tanner et al.,
2003). It uses the hydrolysis energy of NTPs to cata-
lyse the unwinding of double-stranded DNA or RNA in
the 5' to 3' direction (Tanner et al., 2003). NSP13 com-
prises of 5 domains, an N-terminal zinc-binding domain
(ZBD) that coordinates 3 structural zinc ions, a coiled
"stem" domain, a beta-barrel 1B domain, and two
"RecA-like" helicase subdomains (1A and 2A), which
are responsible for the binding and hydrolysis of nucle-
otides (Newman et al., 2021), (J. Chen et al., 2020).
The N-terminus of NSP13 contains 26 cysteine resi-
dues, 14 of which are highly conserved and predicted
to form a Zn2+ nuclear binding cluster important for
helicase activity in vitro. In addition, some of these cys-
teine residues may participate in disulphide bridges,
and these appear to increase helicase activity (Subissi
et al., 2014). It has been observed that NSP13 interacts
with the viral RNA-dependent RNA polymerase NSP12
and acts synergistically with the NSP7/NSP8/NSP12;
replication transcription complex. Through mechanistic
regulation, this interaction potentially stimulates the
NSP13 helicase property. In addition to helicase activi-
ty, NSP13 possesses 5’RNA triphosphatase activity in
the same active site, suggesting an even more essen-
tial role for NSP13 in the formation of the viral 5' mRNA
cap (Neuman et al., 2006). A helicase protein binds
NTP using two structurally common amino acid se-
quences named motif | (Walker A/Boxes A) and motif Il
(Walker B/Boxes B) (Walker et al., 1982). Motif | is a
phosphate-binding P-loop that interacts with the ribose
sugar while motif Il is a Mg?* cofactor.

Comparative analysis among closely related strains
The genomic arrangement of ORFs is quite similar to
that of SARS-CoV and MERS-CoV. Their proteins have
high degree of sequence similarity to the equivalent
proteins of SARS-CoV and MERS-CoV (Smith et al.,
2013), (Lu et al., 2020). The virus had a 79.0% se-
quence identity with SARS-CoV and an even greater
sequence identity of about 86.7% -89% with MERS-
CoV (Chan et al., 2020). The majority of these SARS-
CoV-2 nonstructural proteins have more than 85% ami-
no acid sequence identity with SARS-CoV. The com-
parative analysis between SARS-COV, SARS-COV2,
and MERS-COV considering NSP13 protein has been
inserted in Table 1.

Certain drugs such as azithromycin, nitazoxanide, and
cefoperazone (Mostafa et al.,, 2020) (Eweas et al.,
2022) have been reported against SARS-COV2 spike
proteins in literature, but targeting the core nonstructur-
al proteins is still a hindrance as multiple potential
drugs are currently in clinical trials for the treatment.
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Table 1. Comparative analysis of SARS-COV, MERS-COV and SARS-COV2

Features
Domain o quence Evolu- Muta- Clinical
Species Name Function Struc- . q_ . tionary tion
Similarity . Relevance
ture Origin Rate
Highly Similar SARS Outbreak
SARS- COV
Non- Helicase-  Con- (98%) Beta 2002-2003
Structural Facilitate served Less Similar MERS Outbreak
MERS-COV Protein 13 Viral repli- Helicase  (60-70%) \c/:i?:sma_ Low 2012
SARS.COV 2 (NSP-13)  cation Domains  Highly Similar Covid pandemic
(198%) since 2019

Several mutations in structural proteins that act against
therapeutic drugs lead to new coronavirus variants. It
has been found that some of the natural compounds
are much more potent against viral infection, so they
may work against COVID-19's upcoming variants. Imid-
azole is a nitrogen-containing hetero-cyclic class of am-
photeric compounds. It is an antifungal and antiviral
drug that already acts against many life-threatening
viruses like zika, dengue, hepatitis, HIV and influenza
viruses (Andersen et al., 2020). Pyrrole is another bio-
logically active derivative that serves as antimicrobial,
anti-cancerous, anti-inflammatory, antiviral and enzyme
-inhibiting drug (Gholap, 2016). This drug is approved
for human therapeutic use against the vaccinia virus as
it inhibits protein synthesis and DNA binding
(Khramtsova et al., 2021). Similarly, Tropolone is a
pharmacological derivative and antibacterial, antiviral,
antifungal antitumor, anti-inflammatory, antioxidant, and
insecticidal properties. It also works against NSP3
(Helicase) protein of Hepatitis C virus (Borowski et al.,
2007). Benzotriazole mimics the natural purine and py-
rimidine chemical structures, intervening as false sub-
strates for performing biological function and resulting
as antibacterial or antiviral agents (Ibba et al., 2021).
Bananin is an adamantane-related antiviral drug that
acts against SARS-COV's helicase, further inhibiting
viral replication. The present study applied the same
approach against SARS-COV?2 to evaluate the effect of
natural compounds. In-silico studies reveal that one of
the above-mentioned drugs, Bananin, negatively affects
the DNA complex stability, resulting in altered replica-
tion activity, which opens a new bridge for advancing
several anti-SARS COV agents that provide a promis-
ing novel strategy to inhibit the COV2 replication.

MATERIALS AND METHODS

Retrieval of receptor three-dimensional structure

The three-dimensional crystal structure of the NSP 13
Protein with PDB ID: 6ZSL with a resolution of 1.94 A
was downloaded from the online database Research
Collaboratory Structural Bioinformatics-Protein Data
Bank; RCSB-PDB (www.rcsb.org) . The protein model
was prepared for docking by deleting water molecules

and heteroatoms (Fig. 1)

Ligand’s preparation and analysis of ADME proper-
ties

For virtual screening, eight ligands were selected. The
3-D structure of these ligands was retrieved from the
PubChem database in SDF format. The Ligand library
was created to determine their ADME (absorption, dis-
tribution, metabolism, and excretion) properties.
(Jayaram et al., 2012). SWISS ADME software was
employed to evaluate Lipinski’s rule of five. In this rule,
physiochemical properties such as molecular weight
(<500 KDa), H-bond donor (5), H bond acceptor (<10),
Log P (<5), and drug likeliness were considered for the
profiling of all the ligands (Lipinski, 2004).

Molecular docking of ligands with NSP13 protein
PyRx v0.8 software is utilized for virtual screening and
binding energy studies. First, energy minimization is
applied for ligands using a Universal Force field (UFF).
The target protein was converted into a macromolecule.
Open Bable feature in PyRx converts the chosen lig-
ands into PDBQT format (O’Boyle et al., 2011). Docked
structure of a macromolecule and ligand with the high-
est binding affinity were interpreted using Discovery
studio visualizer and PYMOL.

Rule of five (RO5)

Lipinski's RO5 (Rule of Five) analysis is used for evalu-
ating the drug-likeness of a compound, a mandatory
step in determining if a specific compound could proba-
bly be orally active. ligands were analyzed for RO5
using a Supercomputing facility for bioinformatics and
computational  biology  (http://www.scfbio-iitd.res.in/
software/drugdesign/lipinski.jsp) in  this  method
(Jayaram et al., 2012; Lipinski, 2004).

In Silico ADME (Adsorption, Distribution, Metabo-
lism, and Excretion) analysis

Various pharmacokinetic characteristics, including Ab-
sorption, Distribution, Metabolism, and Excretion, were
assayed through Swiss ADME software (http://
www.swissadme.ch/index.php ). This analysis aims to
generate information that will assist in developing new
drugs.
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Bioavailability radar

The bioavailability radar ligands were calculated
through Swiss ADME (http://www.swissadme.ch/
index.php), which immediately determines whether a
compound is orally bioavailable or not.

RESULTS AND DISCUSSION

Natural compounds play an essential role in viral infec-
tions, including influenza, MERS, SARS-COV
(Abdelrahman et al., 2020). The present study chose
eight ligands against SARS-COV, and out of these, Ba-
nanin showed remarkable potential against the targeted
molecule. Various Covid variants may even show prom-
ising effectiveness against Bananin targeting the same
receptor (Perez-Lemus et al., 2022; Wang et al., 2011).
Based on the docking studies, it was suggested that
these phytochemicals are potent molecules to be tested
against SARS-CoV-2 and can be used to develop effec-
tive antiviral drugs.

A computational approach is applied to discover a po-
tential drug for the stand-up treatment against this par-
ticular virus. In silico virtual docking depends on ligand
binding with the target molecule where its active site is
tested against the ligand, and the binding score is cal-
culated. A ligand with the highest binding affinity and
lowest binding energy is further considered a potential
one. The binding affinity of chosen ligands has been
scored out. Tropolone, Acridone, Bananin, Imidazodiaz-
epine, Phenothiazine, Benzotriazole, Imidazole, Pyrrole
have binding affinity in the range of -2.5 to -7.5 Kcal/mol
with receptor molecules as shown in Table 4. Docking
studies revealed that Bananin showed a significant
binding affinity of -7.3 kcal/mol, preferably the highest
among the studied eight ligands. It interacts with
Asn179, His554, Asp534, Arg560, Thr410, Arg 409, and
Ala 407 residues of NSP13 protein of SARS COV-2
through covalent hydrogen bonding while Pro406,
Leu405, Leu412, Pro408, Leud417 residues formed van
der Waal force of interaction with ligand. The docked
pose of receptors and ligands is presented in Fig. 1.

In silico results predicted that natural compounds inter-
rupt the attachment of RNA polymerase to NSP13 and
no further unwinding of double-stranded RNA has been
shown; hence RNA polymerase action terminates. It is
reported that Bananin acts as a potent effector drug
against SARS-COV (Tanner et al., 2005). Similarly,
docking results confirm that Bananin can be used as
anti-COVID agent due to a significant binding affinity of
-7.3 kcal/mol.

Pharmacokinetic and drug
of drugs

The properties of 8 selected drugs were screened using
Lipinski's rule of five and in silico ADME analysis fol-
lowed by the determination of bioavailability radar and

likeness screening

bioavailability scores of ligands. The five parameters of
all selected drugs, such as molecular weight, hydrogen
donor, hydrogen acceptor, lipophilicity and molar re-
fractivity, were checked using Lipinski’s rule (Jayaram
et al., 2012; Lipinski, 2004). The selected drugs, such
as Imidazole, Pyrrole, Tropolone Benzotriazole, Imid-
azodiazepine, Phenothiazine, Acridone and Bananin
satisfied all five criteria of Lipinski’s rule as presented in
Table 2 and further screened for ADME analysis using
SwissADME tool (freely available web tool used for
prediction and evaluation of pharmacokinetics and drug
-likeness of molecules built on several models) (Daina
et al., 2017). In silico pharmacokinetics and drug-
likeness of selected ligands are shown in Table 3.

The estimated solubility (ESOL) showed that the drug
Bananin is more soluble among all selected molecules.
Lipophilicity written as iLOGP affects the absorption of
the drug; the lower the iLOGP value, greater will be the
absorption of the drug, and vice versa. Based on lipo-
philicity and polarity of compounds, the gastrointestinal
absorption (GIA) and blood-brain barrier (BBB) perme-
ation are anticipated through a BOILED model (Daina
and Zoete, 2016). All selected compounds showed high
gastrointestinal absorption (GIA) and the bioavailability
score of all selected ligands falls in the normal range,
i.e. 0.55. All ligands except Phenothiazine are non-
substrate of p-glycoproteins most preferable for oral
bioavailability. Drugs that are substrates to p-
glycoprotein have the potential to reduce permeability,
absorption, retention time of drugs, and oral bioavaila-
bility(Amin, 2013; Lin and Yamazaki, 2003). As shown
in Table 2, most of the ligands are non-inhibitors of
CYP3A4 and CYP1A2 (members of drug-metabolizing
enzymes cytochrome P450, which possesses a vital
role in drug metabolism). If a drug is a substrate of any
CYP isoenzyme, it could result in rapid metabolism
causing undesirable accumulation of the drug (Ji et al.,
2020). Therefore, in silico analysis plays a vital role in
drug development by predicting ligands' interaction with
cytochrome P450 isoenzymes.

Bioavailability radar

The graphical representation of bioavailability radar
gives a rapid assessment of the drug-likeliness of a
molecule. As shown in Fig. 2, the pink area indicates
the optimal range of each parameter, including lipo-
philicity, molecular weight, polarity, flexibility, and solu-
bility. A drug is said to be orally bioavailable when it is
not too lipophilic, has small molecules, is polar, and is
not too flexible. The prediction of whether ligands are
orally bioavailable can only be confirmed if the com-
pound falls under the pink area of the radar plot.
Among all parameters, flexibility and polarity are two
mandatory parameters in the prediction of the bioavail-
ability of compounds. Flexibility (FLEX) is determined
by number of rotatable bonds, which should be not
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Fig. 1. Showing 3-D and 2-D interactions of NSP13 protein with studied ligands; Imidazole (A) Pyrrole (B) Tropolone (C)

Benzotriazole (D) Imidazodiazepine (E) Phenothiazine (F) Acridone (G) Bananin (H)

Imidazole Pyrrole Tropolone Benzotriazole

Imidazodiazepine Phenothiazine Acridone Bananin

Fig. 2. Showing radar plots of ligands’ characteristics including lipophilicity, molecular weight, polarity, insolubility, in satu-
ration and flexibility (pink area indicatings the optimal range of each parameter)
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Table 2. Lipinski rule of five

S.No. Ligands Mass Hydrogen Donor  Hydrogen Acceptor LogP Molar refractivity
1 Imidazole 68.0 1 1 0.40 18.58
2 Pyrrole 67.0 1 0 1.01 20.79
3 Tropolone 122.0 1 2 1.12 33.98
4 Benzotriazole 119.0 1 2 0.95 33.88
5 Imidazodiazepine 132.0 0 4 0.07 35.06
6 Phenothiazine 199.0 1 0 3.94 62.45
7 Acridone 195.0 1 2 2.97 59.59
8 Bananin 327.0 5 9 0.50 70.19

Table 3. Pharmacokinetics study of LogS, ESOL, BBB, P-gp substrate, CYP1A2 inhibit, CYP3A4 inhibitor, iLOGP, Bioa-

vailability Score

P- CYP1 A2 . Bioavail-
No. Ligands Es(‘fo 5 A o8 sube  inhibit CyRa g')'OG ability
strate  or Score
1 Imidazole -1.51 High Yes No No No 1.41 0.55
2 Pyrrole -1.41 High Yes No No No 0.01 0.55
3 Tropolone -1.51 High Yes No No No 1.41 0.55
4 Benzotriazole -1.96 High Yes No No No 0.59 0.55
5 Imidazodiazepine -1.15 High No No No No 0.84 0.55
6 Phenothiazine -4.32 High Yes Yes Yes Yes 2.21 0.55
7 Acridone -3.62 High Yes No Yes Yes 1.94 0.55
8 Bananin -0.48 Low No No No No 1.40 0.55

LogsS refers to ligands considering certain parameters; ESOL refers to the calculation of the water solubility of a drug compound; GIA:
refers to the rate of gastrointestinal absorption of a drug molecule; BBB permeability refers to the ability of ligands to cross the blood-
brain barrier and reach their target within the brain to exert a therapeutic effect; P-gp substrate: indicates ligand transported by P-gp
membrane protein to efflux from the cells; CYP1A2 and CYP3A4 inhibitor (Cytochrome P450) properties represent whether ligands
allow to inhibit the activity of these inhibitors that are responsible for affecting the metabolism of substrates; ILOGP refers to the lipo-
philicity of ligand molecules; Bioavailability score measures the fraction of drugs/ligands that reach the systematic circulation in the
body after administration, compared to a dose administered intravenously. It is expressed in percentage.

Table 4. Binding affinity of ligands

S.No. Ligand Molecules Binding Affinity
(kcal/mol)
1 Imidazole -2.9
2 Pyrrole -3.2
3 Tropolone -5.3
4 Benzotriazole -5.3
5 Imidazodiazepine -5.5
6 Phenothiazine -6.0
7 Acridone -6.4
8 Bananin -7.0

more than 9 bonds, and polarity (POLAR) is shown by
TPSA (topological polar surface) not more than 20 A°2
(Ji et al., 2020). Among all selected drugs, only Bana-
nin was noted to satisfy radar plot criteria and hence
can be of choice to be orally bioavailable, as illustrated
in Fig. 2.

Conclusion

The progress and development of vaccines/drugs have
quickly reached the epitome of the fight against the
deadly virus. Natural compounds, including influenza,
MERS, SARS-COV and SARS-COV-2, are essential for

viral infection therapies. Targeting the NSP13 (helicase)
of SARS-COV-2 by using non-competitive inhibitors
may show a promising way to play the role of antiviral
target. In the present study, among eight ligands
(Tropolone, Acridone, Pyrrole, Imidazodiazepine, Phe-
nothiazine, Benzotriazole, Imidazole, and Bananin) se-
lected against NSP13 of SARS-COV as a target mole-
cule, only one ligand Bananin showed the highest bind-
ing affinity against the target molecule and can be used
as an anti-SARS CoV agent. These innovative ap-
proaches can be a turning point in combating the
COVID-19 pandemic and may potentially provide more
target information for drug design.
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