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Abstract Covid 19 caused by novel strain SARS- CoV-2
has become a pandemic due to its contagious nature of
infection. It enters by binding with ACE2 receptor present
on the outer surface of a cell by cleaving S1/S2 with pro-
teolytic protein Furin. Further viral replication or tran-
scription then takes place with the help of main protease
3CLpro and polymerase RdRp. This in silco study was
carried out to block ACE2, Furin, 3CLpro and RdRP with
various phytochemicals to prevent SARS- CoV-2 entry and
replication or transcription. Twenty different phytochemi-
cals were screened to understand the drug-likeliness
obeying Lipinski’s rule 5 and further, molecular docking
was performed using these phytochemicals to block their
respective target proteins. All the phytochemicals follow
Lipinski’s rule of five and molecular docking result shows
best binding affinity of Podofilox — 7.54 kcal/mol with
ACE2, Psoralidin — 8.04 kcal/mol with Furin, Ursolic acid
— 8.88 kcal/mol with 3CLpro and Epiafzelechin —
8.26 kcal/mol with RdRp. Thus, blocking two human
receptors ACE2 and Furin with Podofilox and Psoralidin
respectively may prevent the viral entry into the cells. Also
blocking viral proteins 3CLpro and RdRp with Ursolic acid
and Epiafzelechin may prevent viral replication or tran-
scription. Using this combination therapy of blocking the
receptors responsible for viral entry and viral proteins
responsible for replication or transcription may prevent
SARS- CoV-2 infection.
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Introduction

The novel corona virus SARS- CoV-2 has become a pan-
demic since the time of its flare-up in China and is a
contagious infection to humans. An effective drug for the
treatment of individuals affected by this virus is still
unavailable. To eradicate this virus different lines of ther-
apy including drug designing and the use of antibodies are
in progress [1]. Corona virus ailment 2019 (COVID-19) is
an emerging infectious disease with no set up lab markers
available to evaluate the severity of the illness. [2] Con-
ducted a platelet count to see whether it could separate
COVID-19 patients with severe diseases from those with-
out severe disease. Studies were also carried out to assess
whether thrombocytopenia is associated with extreme
COVID-19 [2]. The coronavirus is a highly transmit-
table viral infection, which can be transferred by human to
human contact [3]. On the basis of structural studies [4-6]
and biochemical experiments [6]7, SARS CoV-2 is opti-
mized for its binding to the ACE?2 receptor in human. The
most variable part of the genome of coronavirus is the
receptor binding domain present in the spike protein. Six
amino acids- L455, F486, Q493, S494, N501 and Y505 [7],
have been shown to be important for optimized binding to
ACE2 receptor and also for determining the host range.
ACE2, a receptor acts by attaching to the outer surface of
the cells situated in lungs, arteries, heart, kidney and
intestines. It lowers the level of blood pressure by cat-
alyzing angiotensin II cleavage into angiotensin 1-7. ACE2
acts as an entry point into cells of some Corona virus [8].
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Another important feature of SARS CoV-2 is the presence
of a polybasic cleavage site at the junction of the two
subunits of the spike-S1 and S2. This promotes effective
cleavage by furin and other proteases and also determines
viral infectivity and host range [9]. In the media, it is
regularly the “case fatality rate” that is mentioned when
the danger of death from COVID-19 is discussed. This
measure is in some cases called case fatality risk or case
fatality ratio, or CFR. The CFR can be calculated easily. It
is calculated by taking the number of individuals who have
died due to the infection and dividing it by those who have
been diagnosed as positive cases. For example if 10 indi-
viduals have died, and 100 individuals have been diag-
nosed as positive, the CFR is [10/100], or 10% [10]. Case
Fatality Rate (CFR, in %) = (Number of Deaths from
Disease X 100)/ Number of diagnosed cases of disease. Till
now there are more than 8, 82,000 confirmed cases and
more than 44,000 deaths due to SARS-CoV-2. COVID-19
infection can be described as a mellow upper respiratory
tract disease or a lower respiratory tract infection including
mild pneumonia, and full blown pneumonia with intense
respiratory difficulty. It affects all age groups ranging from
infants, to the aged people. Pregnant women and individ-
uals above the age of 60 are at greater risk of succumbing
to the infection. In pregnant women with COVID-19
infection there is no proof of vertical transmission of the
infection, however an increase in the number of preterm
deliveries has been noted [11]. No drugs or antiviral agents
have been developed so far against SARS- CoV-2. Some
in-vitro and limited clinical studies of few drugs like
Hydroxychloroquine, Lopinavir, Ritonavir, Remdesivir,
Erythromycin, Tocilizumab, have shown potential benefit.
However there are several associated safety concerns like
cardiac arrhythmias, retinal damage, risk of diabetes,
hepatotoxicity, and GI perforation [12]. The aim of this
study was to target the ACE2 receptor which is the entry
point of the virus, furin a protease that helps in activation
of SARS COV-2 by cleavage of S protein, main protease
(M pro, also called 3CL pro) [13] -a dimer of two identical
subunits that together form two active sites, which play an
essential role in viral replication and RNA dependent RNA
polymerase RdRp which synthesizes a full length negative
strength RNA template to be used by RdRp to make More
viral genomic RNA [14] using phytochemicals. By tar-
geting these three sites the viral replication as well as viral
entry can easily be prevented. An added advantage is that
there are less safety concerns. In this study 5 different
phytochemicals have been assessed for their ability to
target the ACE2 receptor, 3CLpro, RdRp, and Furin using
autodock 4.2. The result has been analysed based on the
best binding energy followed by hydrogen bonds.

Materials and methodology
Protein database

UniProt i.e. Universal Protein Resource is a protein data-
base which provides a stable, easily accessible, cyclopedic
information about the protein sequence and functional
annotation. UniProt database was formed by collaboration
among Protein Information Resource, Swiss Institute of
Bioinformatics and European Bioinformatics Information.
This database was used to gather information about protein
targets used in this in-silico study. UniProt Consortium
(2008)—The universal protein resource (UniProt). [15]

Plants used in the study and the rationale behind it

The plants from which these phytochemicals were extrac-
ted are Leptospermum scoparium (red tea), Viscum album
(mistletoe), Citrus sinensis (orange), Podophyllum hexan-
drum (Indian podphyllum, bankakri), Syringa vulgaris
(common lilac), Polygonum cuspidatum (common knot-
weed), Psoralea corylifolia (babchi), Peganum harmala
(harmal), Boswellia serrate (Indian frankincense), Morinda
citrifolia (Indian mulberry), Oldenlandia diffusa (snake
needle grass), Acacia mearnsii (black wattle), Plumbago
zeylanica (Ceylon leadword), Prosopis juliflora (vlyati
babool), Silybum marianum(milk thistle), Curcuma longa
(turmeric), Marrubium peregrinum (horehound), Bauhinia
pentandra (mountain ebony), Actinidia chinensis (Kiwi
fruit), Vitex trifolia (nichinda).

The phytochemicals present in these plants were
reported to have significant antimicrobial property against
various microorganisms. Some of the phytochemicals that
have anti-cancer, anti-oxidant, anti-hypertensive and anti-
diabetic property have been used for binding with ACE-2
and Furin. The other phytochemicals with anti-microbial
property were used for binding with 3CLpro and
RdRP.[16-19].

Exploiting the antiviral mechanisms of bioactive con-
stituents present in these plants could provide an insight in
to their modes of action towards viral lifecycle, invasion,
penetration, replication, assembly and release. One of the
plants used in this study, Curcuma longa (turmeric) is a
spice used in many Indian cuisines. It has known medicinal
properties [20]

Structural database
RCSB PDB i.e. Research Collaboratory for Structural
Bioinformatics. Protein Data Bank is a universal platform

for storage of 3D structures of proteins, nucleic and their
complexes. It uses the US data centre for global PDB
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storage and also allows users to enter and utilize data free
of cost without any limitation with regard to usage. PDB
helps in research, education in various fields with help
tools, structure, and information. The proteins with PDB
IDs 1R42, 6M71, 6NUR and 4OMC are used as target
proteins in this in-silico approach. [21]

Homology modeling

Modeller 9.24 has been used for modeling four target
proteins and molProbity was used to analyze best modelled
structure. [22]

Compound database

PubChem is an open chemistry data base i.e. one can
upload scientific information in Pubchem and others can
access it with ease. It is available in the National Institute
of Health (NIH). PubChem mainly consists of small
molecules along with macromolecules and chemically
modified structures. All the Phytochemicals and related
information which have been used as ligand in this com-
putational study were obtained from PubChem [23].

Swiss ADME

Swiss ADME is a freely accessible web tool which allows
computation of physico chemical descriptors along with
prediction of ADME parameters, druglike nature, phar-
macokinetic properties and medicinal likeliness of mole-
cules to support drug discovery. It uses canonicals SMILES
format of chemical compounds as input. In this in-silico
study was used to determine the drug likeliness (Lipinski’s
Rule of five) and bioavailability of the phytochemical
compounds [24].

Molecular docking

AutoDock version 4.2[25] was used for analysing the
extent of protein-ligand interactions [26].Target proteins
were first prepared by the addition of polar hydrogen,
followed by the Kollman charge and Gasteiger charge.
Ligands were prepared by adopting the necessary steps.
After fixing the active sites with specific residues, a grid
box of 90 x 90 x 90 A was used for the search. Lamar-
ckian genetic algorithm was used for auto docking the
ligands with the proteins [27]. Analysis of hydrogen bonds
and binding energies were carried out using AutoDock 4.2,
PyMol 2.3.2, and Protein—Ligand interaction profiler.

@ Springer

Results and discussion

Structure of target protein and virtual screening
of the phytochemicals

Structure of four target proteins ACE2 (PDB ID 1R42),
3CLpro (PDB ID 6M71), Nspl2 (PDB ID 6NUR) and
Furin (PDB ID 40MC) was obtained from Protein Data
Bank (PDB). Twenty novel phytochemicals have been
selected to target three different proteins namely ACE2,
3CLpro, RdRp and Furin. These phytochemicals have been
subjected to virtual screening based on their drug-likeliness
following Lipinski’s Rule of five. This rule describes
molecular properties which are important for a drug’s
pharmacokinetics in the human body, including their
absorption, distribution, metabolism, and excretion. The
rule is important for drug development where a pharma-
cologically active lead structure is optimized step-wise for
increased activity and selectivity, as well as drug-like
properties as described by Lipinski’s rule. Lipinski’s rule
says that, in general, an orally active drug should have no
more than one violation of the following criteria:(a) Not
more than 5 hydrogen bond donors (nitrogen or oxygen
atoms with one or more hydrogen atoms) (b) Not more than
10 hydrogen bond acceptors (nitrogen or oxygen atoms)
(c) A molecular weight under 500 daltons (d) An octanol—
water partition coefficient log P of less than 5. (Tables 1, 2,
3, 4) This signifies that all twenty phytochemicals are drug-
able according to Lipinski’s rule of five. [28].

Homology modeling analysis

Homology modeling of two human proteins (ACE2 and
Furin) and two viral proteins (3CLpro and RdRp) has been
modeled to obtain the best structure for further study. The
modeled structures are shown in Fig. 1a—d. The white area
on the modeled structures indicates the active site of the
target protein along with amino acid residue.

Molecular docking analysis

AutoDock 4.2 was used in this in-silico study to analyze
the binding ability of twenty different phytochemicals with
the four target proteins. Results of this study helped us to
identify the phytochemicals which were able to block
ACE2 and Furin (Table 5 and 6) and inhibit both 3CLpro
and Nsp12 (Tables 7 and 8 respectively). Binding ability of
phytochemicals is predicted based on the binding energy.
The hydrogen bond is also considered when two or more
compounds have similar binding energy. Docking results
suggest that Podofilox with — 7.54 kcal/mol, Psoralidin
with — 8.04 kcal/mol, Ursolic acid with -8.88 kcal/mol,
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Table 1 Drug-likeliness analysis results of 10 phytochemicals targeting ACE2
Compound/Pubchem Source Properties
CompoundCID - —
Molecular weight ~ Logp H-Bond H-bond Violations
(< 500 Da) (<5) donor (< 5) acceptor (< 10)
5,7- Leptospermum scoparium (red tea) 284.31 1.76 0 4 0
Dimethoxyflavanone/
378,567
Coniferin/5,280,372 Viscum album (mistletoe) 342.34 - 132 5 8 0
Flavanone/10,251 Citrus sinensis(orange) 224.25 247 0 2 0
Podofilox/10,607 Podophyllum hexandrum (Indian 414.41 1.43 0
podphyllum, bankakri)
Syringin/5,316,860 Syringa vulgaris (common lilac) 372.4 —-159 5 9 0
Table 2 Drug-likeliness analysis results of 10 phytochemicals targeting Furin
Compound/Pubchem Source Properties
CompoundCID - —
Molecular weight Logp H-Bond donor H-bond acceptor Violations
(< 500 Da) (<5) (<5) (< 10)
Resveratrol/445,154 Polygonum 228.24 2.26 3 3 0
cuspidatum(common
knotweed)
Psoralidin/5,281,806 Psoralea corylifolia (babchi) 336.34 2.88 2 5 0
Harmine/5,280,953 Peganum harmala (harmal) 212.25 1.56 1 2 0
Boswellic acid/168,928 Boswellia serrata(Indian 456.70 5.82 3 2 1
frankincense)
Damnacanthal/2948 Morinda citrifolia (Indian 282.25 0.27 1 5 0
mulberry)
Table 3 Drug-likeliness analysis results of 10 phytochemicals targeting 3CLpro
Compound/Pubchem Source Properties
CompoundCID - .
Molecular weight Logp H-Bond donor H-bond acceptor ~ Violations
(< 500 Da) (<5) (<5) (< 10)
Ursolic acid/64,945 Oldenlandia diffusa(snake 456.70 582 2 3 1
needle grass)
Robinetinidol/12,314,983  Acacia mearnsii(black 290.27 024 5 6 0
wattle)
Plumbagin/10,205 Plumbago zeylanica(Ceylon  188.18 059 1 3 0
leadword)
Mesquitol/1,103,382 Prosopis juliflora (vlyati 290.27 024 5 6 0
babool)
Legalon/5213 Silybum marianum(milk 482.44 - 040 5 10 0

thistle)

and Epiafzelechin with —8.26 kcal/mol has best binding
affinity against ACE2, Furin, 3CLpro and Nspl2 respec-
tively. Four best protein—ligand complex structures were

visualized using Pymol 2.3.2 (Fig. 2a—d). SARS-CoV-2 is
optimized for its binding to the ACE2 receptor in human.
ACE2, a carboxypeptidase, reduces the blood pressure
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Table 4 Drug-likeliness analysis results of 10 phytochemicals targeting RdRp

Compound/Pubchem Source Properties
CompoundCID - —
Molecular weight Logp H-Bond donor  H-bond acceptor  Violations
(< 500 Da) (<5) (<5) (< 10)
Curcumin/969,516 Curcuma longa (turmeric)  368.38 1.47 2 6 0
Ladanein/3,084,066 Marrubium 314.29 0.47 2 6 0
peregrinum(horehound)
Fisetinidol/442,397 Bauhinia 274.27 0.79 4 5 0
pentandra(mountain
ebony)
Epiafzelechin/443,639 Actinidia chinensis(Kiwi 274.27 0.79 4 5 0
fruit)
Vitex norditerpenoid 1/ Vitex trifolia (nichinda) 290.44 3.59 0 2 0

11,208,535

ASP-154

S TON

Fig. 1 a Structure of ACE2 with its active sites in white colour, b Structure of Furin with its active sites in white colour, ¢ Structure of 3CLpro
with its active sites in white colour, d Structure of RdRp with its active sites in white colour

level by removing a single amino acid residue of C-ter-
minus of both angiotensin-II that converts angiotensin II
into angiotensin 1-7 and Angiotensin-I into Angiotensin-
(1-9). Angiotensin (1-7) acts as a vasodilator, thus
reducing the blood pressure. ACE2 acts as an entry point
for SARS-CoV-2 [29]. A functional polybasic (RRAR)

@ Springer

cleavage site is present at the junction of two subunits S1
and S2 of the SARS-Cov-2 spike protein. This facilitates
cleavage by furin [30] and other host proteases like
TMPRSS2 effectively, which determines the viral host
range and infectivity [31]. The main function of S1 subunit
is to mediate attachment to the cell surface receptor
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Table 5 Molecular Docking of 5 molecules with ACE2

Ligand name Binding H- Inhibition Inter-molecular VDW-H bond Ligand Electrostatic
energy (Ag) bond constant (um) energy desolvation Energy efficiency energy
5,7- —7.02 1 7.13 - 1785 — 7.88 - 033 0.03
Dimethoxyflavanone
Coniferin — 493 7 244.86 — 794 -179 — 021 — 0.04
Flavanone — 6.94 1 8.25 — 721 — 1722 — 041 0.01
Podofilox — 754 1 2.97 — 891 — 8.71 - 025 — 021
Syringin - 5.07 6 190.91 — 837 — 8.29 - 02 — 0.08
Table 6 Molecular Docking of 5 molecules with Furin
Ligand name  Binding energy H- Inhibition Inter-molecular ~ VDW-H bond Ligand Electrostatic
(Ag) bond  constant (um) energy desolvation Energy efficiency energy
Boswellic — 7.49 4 3.22 — 832 — 7.65 -0.23 — 0.66
acid
Damnacanthal — 5.95 5 43.88 — 6.77 — 643 -0.28 — 0.345
Resveratrol — 6.51 2 17.03 —6.78 — 6.68 -0.41 - 0.1
Psoralidin — 8.04 5 1.28 —-9.14 — 895 -0.32 —0.18
Harmine — 6.42 2 19.81 — 6.69 — 6.59 -0.4 - 0.1
Table 7 Molecular Docking of 5 molecules with 3CLpro
Ligand name Binding energy H- Inhibition Inter- molecular ~ VDW-H bond Ligand Electrostatic
(Ag) bond  constant (um) energy desolvation Energy efficiency energy
Ursolic acid  — 8.88 310.63 - 9.7 —9.54 - 0.27 —0.16
Robinetinidol — 8.44 650.07 — 10.09 —-993 - 04 —0.16
Plumbagin —5.82 54.03 — 6.1 — 6.01 —0.42 —0.08
Mesquitol — 1755 10 2.92 -92 — 878 —0.36 —0.42
Legalon — 8.47 9 614.38 — 10.94 — 10.81 —0.24 —0.13
Table 8 Molecular Docking of 5 molecules with RdRp
Ligand name Binding energy H- Inhibition Inter-molecular ~ VDW-H bond Ligand Electrostatic
(Ag) bond  constant pm) Energy Desolvation Energy efficiency energy
Curcumin — 6.05 4 36.81 — 8.79 — 8.84 - 022 0.05
Ladanein —6.29 7 24.35 — 7.67 — 7.06 - 0.27 — 0.61
Fisetinidol — 7.68 1 2.37 —9.05 9 —0.26 — 0.04
Epiafzelechin — 8.26 8 886.38 —9.63 —9.38 — 041 —0.24
Vitex —4.02 1 1.13 — 8.68 — 8.29 — 0.1 - 04
norditerpenoid

1
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Fig. 2 a Molecular docking
structure of Podofilox-ACE2,

b Molecular docking structure
of Psoralidin-Furin, ¢ Molecular
docking structure of Ursolic
acid-3CLpro, d Molecular
docking structure of
Epiafzelechin -RdRp

whereas S2 subunit mediates the fusion of the viral mem-  reported that loss of ACE2 in knockout mice showed no
brane with the host cell membrane. [32]. It has been  effect on blood pressure level. [33] High binding affinity of
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these phytochemicals towards ACE2 may result in block-
ing the attachment of receptor binding Domain of SARS-
CoV-2 to ACE2, and blocking of Furin with phytochemi-
cals may prevent cleavage of the spike protein and thus
viral entry may be prevented without any effect on blood
pressure level. The main protease of SARS-CoV-2 ie
3CLpro, also known as Nsp5, has 3 domains viz. domain
1(residue8-101),domain 2(residue 102-184) and domain
3(residue 201-303).Active site of 3CLpro is present
between Domain 1 and domain 2 and has CYS HIS cat-
alytic dyad. 3CLpro is naturally cleaved from poly-proteins
to release mature enzymes and again cleaves downstream
Nsps at 11 sites releasing Nsp4-Nsp16. It mainly deals with
the maturation of Nsps which are essential for viral life
cycle. Targeting 3CLpro with the high affinity binding
phytochemicals may prevent the cleavage of the down-
stream Nsps eventually blocking the release of 11 Nsps,
Nsp4-Nspl16 and their maturation which is essential for the
virus. RdRp also known as Nspl12 is a RNA dependent
RNA polymerase which plays an important role in viral
replication/transcription. RdRp Domain has conserved
region with SER-ASP-ASP motif present at C-terminus.
The binding of Nsp12 to the RNA is brought about by the
Nsp7-Nsp8 complex which enhances the enzyme activity
of RdRp. By targeting RdRp, it’s enzyme activity may be
blocked thereby inhibiting viral replication/transcription.

Twenty novel phytochemicals on the basis of Lipinski’s
rule of 5 which targeted two human proteins ACE2 and
Furin and two viral proteins, 3CLpro and RdRp have been
screened. Molecular Docking analysis reveals that Pod-
ofilox with ACE2, Psoralidin with Furin, Ursolic acid with
3CLpro and, Epiafzelechin with RdRp showed best binding
affinity with respective target proteins. This is probably the
first report of blocking Furin by the using the phyto-
chemicals reported in the present study. By blocking two
human proteins we may be able to prevent the entry of
SARS- CoV-2 and by blocking two viral proteins we may
be able to prevent viral replication/transcription. Combi-
nation therapy using phytochemicals mentioned in this
study may finally be able to prevent SARS- CoV-2
infection.
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