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ABSTRACT

Background: Drug development strategies for treating COVID-19 focus on actives
that either physically block angiotensin-converting enzyme-2 (ACE-2) receptors (viral
entry point), or those, which inactivate viral proteases like 3CLpro or RdRp, inside
the infected host cells. Objectives: The objective of the present study is to virtually
screen phytochemicals for both these purposes. Methods: Molecular docking, molecular
dynamic simulation (MDS) and multiple sequence alignment were employed. Results:
All the screened phytochemical actives showed negative binding energies with their
respective targets, attesting good complex stabilities. Among each set of ten actives,
for blocking ACE-2 receptors and for inactivation of 3CLpro and RdRp, Dichamanetin-
ACE-2, Glabrene-3CLpro and Naringenin-RdRp complexes were most stable, with
binding energies of -9.8, -9.11 and -7.7 Kcal/mol respectively. MDS studies of these
representative actives and their complexes, also attested to complex stabilities. Multiple
sequence alignment analysis of nine significant amino acid residues of the Homo sapiens
ACE-2 receptor, with nine different species, showed conservation of several residues.
Conclusion: A set of phytochemicals actives can block ACE-2 receptors and prevent the
entry of SARS-CoV-2 into host endothelial cells. Two other sets of actives can inactivate
viral 3CLpro and RdRp enzymes and prevent replication of SARS-CoV-2 inside host cells.
They all can hence be further explored for the control of COVID-19.
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INTRODUCTION

The global medical community is racing to
find therapeutic solutions for the contagious
novel coronavirus disease (COVID-19),
transmitted by SARS-CoV-2. The disease
leads to respiratory distress and organ failure,
primarily in immune-compromised and
comorbid patients.'” To date, no synthetic
or natural compounds have been medically
validated for its treatment. The quest for
effective vaccines is also on-going as such
products have to pass through several
phases of clinical trials before they ate
released commercially.

Wortld-wide, the development of therapeutic
actives or drugs that can influence key and
parallel pathways for COVID control is
hence an area of intense research. The
structural conformations and functional

groups of such drug candidates can
contribute to fortify and protect host cells
at different levels. Drugs may block the
host endothelial cell surface receptors to
which the SARS-CoV-2s spike protein
binds, for facilitating an entry. Alternatively,
drug molecules can also deactivate vital
viral proteases inside infected cells. When
employed individually or in
both strategies aim to reduce viral loads
and prevent aggravation of symptoms,
thus leading to successful intervention.
Angiotensin-Converting Enzyme 2 (ACE-
2) protein receptors are the main entry
points for the invasion of SARS-CoV-2 into
the host cells, although other entry points
may also exist.*® After entry, an eleven-time

tandem,

proteolytic cleavage of a single transcribed
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viral poly-protein, by viral 3CLpro, yields mature
functional proteins.”? A viral non-structural protein
nsp12, also known as RNA dependent RNA polymerase
(RdRp), further catalyses the synthesis of viral RNA, by
using nsp7 and nsp8 as cofactors. RARp thus assumes a
crucial role in the replication and transcription cycle of
SARS-CoV-2.""!"

In the present study, virtual interactions of several
phytochemical actives, with ACE-2 receptor protein
(for blocking viral entry into target cells), 3CLpro (for
inactivating it and thus preventing poly-protein cleavage)
and RdRp (for blocking viral RNA synthesis), have been
studied. Since phytochemicals are abundant in the plant
kingdom as constituents of natural food products, the
need for their multi-step laboratory synthesis is abolished.
By serving as instant actives from wholesome dietary
sources, they may be therapeutically consumed, for
potential infection control."*!*

MATERIALS AND METHODS
Databases Used

Information on three protein targets,iz.,the ACE-
2protein receptot, 3CLpro and RdRp (PDB IDs 1R42,"
6LU7,' 6M71" respectively) was collected from PDB
database. Information on thirty phytochemicals used as
ligands, were collected from PubChem. Open Babel'®
was used to convert their SDF file formats, downloaded
from PubChem, to PDB file format. To determine
their drug likeliness (Lipinski’s Rule of Five) and bio-
availabilities, the Swiss ADME" web tool was used.

Molecular Docking And Dynamic Simulation

Interactions between target proteins and their respective
phytochemical ligands were determined by AutoDock
version 4.2. Target proteins were first prepared with the
ligands by the following necessary steps.”’ Their active
sites were then fixed with specific residues. The respective
ligands were positioned to binding sites by using an
auto grid and by determining the x, y, z coordinates.
AutoDock was carried out for docking each ligand with
the individual target protein by making use of Lamarckian
genetic algorithm. The number of hydrogen bonds
and also binding energies were noted. Hydrophobic
interactions and 7- 7 interactions were also recorded
by AutoDock 4.2, PyMol 2.3.2 and Protein-Ligand
interaction profiler! Gromacs 2018 was used to
carry out this study, till 200ps. Simulation was carried
out for the unbound target proteins and the selected
target protein-ligand complexes. The topology of the
target proteins was generated with the Gromacs96 53a6
force field” PRODRG setver was used to create the
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ligand topology files.** Solvation was petformed using
simple point charge water molecules. Neutralization of
the free target proteins and protein-ligand complexes
was achieved with counter-ions like Na* and CI. After
necessary optimizations, simulations were carried out
till 200ps. The Gromacs utility files contained data on
Root Mean Square Deviations (RMSD) and Root Mean
Square Fluctuations (RMSF).”

Multiple Sequence Alignment

ClustalOmega® was used to perform MSA of the target
Homo sapiens ACE-2 receptor protein with that of nine
different species.

RESULTS AND DISCUSSION

Structures of three target proteins, #i3., ACE-2 protein
receptor, 3CLpro and RdRp (PDB IDs 1R42, 6LU7,
6M71 respectively), were obtained from the Protein
Data Bank. ACE-2 protein receptor was chosen since the
Receptor Binding Domain (RBD) of the viral spike protein
interacts with it to enter into the host’s endothelial cells.”’
3CLpro (nsp5), contains domains one (residues 8-101),
two (residues 102-184) and three, which are involved in
the maturation of viral non-structural proteins essential
for viral life cycle including replication and transcription.
RdRp plays a vital role in the viral replication/ transcription
complex and it is conserved in all coronavirus species.”
Ten phytochemicals, available from plants that can serve
as dietary sources, were selected as potential compounds
for studies with each protein target, 3., ACE-2 protein
receptors, 3CLpro and RdRp [Table 1(a-c)]. Based on
their bioavailability and drug-likeliness accordingly to
Lipinski’s Rule of Five,” they wete screened virtually.
Lipinski’s defines the important
properties that concern an active’s pharmacokinetics
in the human body and includes its absorption,

rule molecular

distribution, metabolism and excretion. It is vital for
drug development wherein a pharmacologically dynamic
lead structure is optimized step-wise, for increased
activity and selectivity, along with drug-like properties.
As per this rule, in general, an orally active drug should
have no more than one violation of the following
criteria: (a) A molecular weight of less than 500Da (b)
An octanol-water partition coefficient (log P) of less
than 5 (c) Not more than five hydrogen bond donors
(nitrogen or oxygen atoms with one or more hydrogen
atoms) (d) Not more than ten hydrogen bond acceptors
(nitrogen or oxygen atoms). Except for Baicalin, which
showed two violations, all phytochemicals in this study
had a bioavailability of 0.5 and obeyed Lipinski’s Rule of
Five [Table 1(a-c)].
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Table 1a: Drug-likeliness analysis of phytochemicals targeting ACE2.

Compound/ SoTCe Molecular | Logp (<5) H-Bond H-bond
PubChem CID weight donor (<5) | acceptor
(<500 Da) (<10)
Piper sarmetosum (Wild betel) 468.50 2.79 4 6
Dichamanetin/181193 Polyalthia longifolia
(Ashoka tree, debdaru)
Hetidine/101685340 ?f:;gﬁ”; t’;i’:’;’ﬁa}s’ :’IIL;T 35744 139 2 °
6-DeacetyINimbin/10505484 Azadirachta indica (Neem) 498.56 1.69 1 8
Lycorine/72378 Lycoris radiate (Red spider lily) 287.31 1.08 2 5
Epicatechin gallate/107905 Camellia sinensis (Green tea) 442.37 0.05 T 10
PhaitanthrinD/ 24970703 Isatis indigotica (Indigowoad) 292.29 2.07 1 3
Belladine/441586 Aconitum heterophyllum (Indian Ativisha ) 315.41 2.70 0 4
Quercetin/5280343 Allium cepa (Onion) 302.24 -0.56 5 7
Scutellarein/5281697 Houttuynia cordata (Chameleon plant) 286.24 -0.03 4 6
Baicalin/64982 Scutellaria baicalensis (Baikal skullcap) 446.36 -1.63 6 11*

*Represents deviation from Lipinski’s rule

Table 1b: Drug-Likeliness Analysis of Phytochemicals Targeting 3CLpro.

Compound/ SoTCe Molecular Logp H-Bond H-bond
PubChemCID weight (<500 (<5) donor acceptor
Da) (<5) (<10)
Glabrene/480774 Salvia gfﬁcinalis (.Garfden Sage) . 32235 2.65 2 4
Glycyrrhiza glabra licorice (mulethi)
. Brassica oleracea var. italica (Broccoli 286.24 -0.03 4 6
LRl EEtR e Capsicum annum (Chilli pépper) )
Ferulic acid/445858 Salvia officinalis (Garden sage) 194.18 1 2 4
Epicatechin/72276 Camellia sinensis (Green tea) 290.27 0.24 5 6
Apigenin/5280443 Salvia officinalis (Garden sage) 270.24 0.52 3 5
Moringa oleifera (Drumstick tree) 286.24 -0.03 4 6
Kaempferol/5280863 Spinacia oleracea (Spinach)
Brassica oleracea (Cabbage)
Rosmarinic acid /5281792 Salvia officinalis (Garden sage) 360.31 0.90 ) 8
Caffeic acid/689043 Salvia officinalis (Garden sage) 180.16 0.70 3 4
. . Anacardium occidentale (Cashew nut 170.12 -0.16 4 5
Celicge U Vitis vinifera(Gra(pes) )
Vanillic acid /8468 Salvia officinalis (Garden sage) 168.15 0.74 2 4

Table 1c: Drug-likeliness analysis of phytochemicals targeting RdRp.

Properties
Compound/PubChem Source Molecular Logp (<5) | H-Bond H-bond
CID weight donor (<5) | acceptor
(<500 Da) (<10)
Naringenin/932 Citrgs sinensis (Orange) 2729 0.71 3 5
Lycopersicon esculentum (Tomato)
Licoflavonol/ 5481964 Glycyrrhiza uralensis (Chinese liqourice) 354.35 1.09 4 6
L llaria baicalensis (Baikal skull .52
Bl seniers Sglcl:tuet;lafi: Ta(t::rieflo‘j: ((Blze é':‘killl(iacpa)p) AN 00 ’ °
Vitexin /5280441 Crataegus oxycantha (Hawthorn) 432.38 -2.02 7 10
LicocoumarinA/5324358 Glycyrrhiza glabra (Licorice) 406.47 3.45 3 5)
Liquiritin /503737 Glycyrrhiza glabra (Licorice) 418.39 -0.92 5 9
Biochanin A /5280373 Trifolium pratense (Red clover) 284.26 0.77 2 5)
Ellagic acid /5281855 Fragaria anannassa (Strawberry) 302.19 0.14 4 8
Licocoumarone /503731 Glycyrrhiza uralensis (Chinese liqourice) 340.37 2.01 3 5
Curcumin/969516 Curcuma longa (Turmeric) 368.38 1.47 2 6
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MDA was performed with the phytochemicals (as
ligands) and their respective protein targets, using
AutoDock 4.2 for prediction of their binding affinities
in terms of the binding energies of their complexes
[Table 2(a-c)]. Higher binding affinities of phytochemical
ligands to the target proteins are reflected as lower
binding energies of the complexes. In this study, binding
energies were negative for all complexes, showing a
good association of phytochemical ligands and their
respective target proteins. When two or more compounds
have similar binding energies, the number of hydrogen
bonds determines their respective stabilities. These
bonds, along with hydrophobic interactions, salt bridges,
n stacking and cation-n interactions, were also analysed
using a protein-ligand interaction profiler [Supplementary
Table (S1-S3)]. Dichamanetin, Glabrene and Naringenin,
with binding energies of -9.8, -9.11 and -7.7 Kcal/mol,
showed best affinities for binding with ACE-2 protein
receptor, 3CLpro and RdRp respectively. Visualization
of their protein-ligand complex structures was done by
using Pymol 2.3.2 [Figure 1(a-c)].

Dichamanetin, Glabrene and Naringenin (with no
violation of Lipinski’s rule) had the least binding energies
[Table 2(a-c)] with their respective target proteins.
Hence MDS was performed for their target proteins

Fig la

Figure 1: Molecular Docking of ACE-2 with Dichamanetin,
3CLpro with Glabrene and RdRp with Naringenin, along with
their bond interactions.
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and complexes. Root Mean Squate Deviation (RMSD)
values for each target protein before (blue) and after
(red) binding with the respective phytochemical active
ligand, as a function of time, are shown in Figure 2(a-c).
Compared to free forms of all three target proteins, the
bound forms with their respective actives had favourable
configurations that impart stability to these complexes
and facilitate their formations.

Additional evidence for the stable nature of these
protein complexes, when compared to their free forms,
is obtained by the Root Mean Squate Fluctuation
(RMSF) analysis, which shows the flexibility of amino
acid residues of target proteins before and after binding
to phytochemical ligands to form their respective
complexes. Higher RMSF values signify higher flexibilities
and lower stabilities and vice versa. RMSF values of
single amino acid residues of the target proteins, before
(blue) and after (red) binding with the respective phyto-
chemical ligands, are shown in Figure 3(a-c). RMSF values
for the active site amino acid residues of ACE-2 protein
receptor before and after binding to Dichamanetin, are
given in brackets as follows:
Glu145(0.1105,0.0980),Cys344(0.1181,0.0810),
His345(0.1265,0.0880),
Cys361(0.1101,0.0750),His374(0.1198,0.0766),
Glu375(0.1155,0.0787),
His378(0.1455,0.0783),G1u402(0.1988,0.0841),
His505(0.1160,0.1026),
Arg514(0.1249,0.1023),Tyr515(0.1318,0.1119),
Asn149(0.1323,0.1029),
Arg273(0.0949,0.0727),Pro346(0.1370,0.1057),
Thr347(0.1449,0.1194),
Met360(0.1112,0.0742),Lys363(0.1058,0.0849),
Tht371(0.1169.0.0776),

Tyr510(0.1194,0.1011)

The RMSF values for the active site amino acid residues
of 3CLpro before and after binding to Glabrene, are
given in brackets as follows:
Thr24(0.1558,0.1515),Phe140(0.2036,0.0782),Asn142
(0.2433,0.1458),
Gly143(0.2714,0.1455),Cys145(0.1389,0.0769),
His163(0.1451,0.0689), His164(0.1433,0.0871),Glu166(
0.0812,0.0598),His172(0.0746,0.0727)

The RMSF values for the active site amino acid residues
of RdRp before and after binding to Naringenin, are
given in brackets as follows:
Cys306(0.0841,0.0840),Cys310(0.0972,0.0822),
His642(0.1429,0.0967),Cys645(0.1099,0.0863),
Cys646(0.0916,0.0794).

For all the target proteins, higher RMSF values were
observed for all active site amino acid residues in

Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 2 | Apr-Jun, 2021



Dey, et al.: Phytochemicals for SARS-CoV-2 Control

Table 2a: Molecular Docking Analysis of Phytochemical Actives with ACE-2 Receptor.

Name Binding H- bond Inhibition Inter- VDW-H bond Ligand Electro-static
Energy Constant molecular desolva-tion Efficiency energy
(Ag) (pm) Energy Energy

Dichamanetin -9.80 6 65.84 -12.27 -12.03 -0.28 -0.24
Hetidine -9.40 4 129.18 -9.95 -8.28 -0.36 -1.67
6-Deacetyl Nimbin -7.70 2 2.28 -9.62 -9.35 -0.21 -0.27
Lycorine -7.46 3 3.43 -8.0 -6.4 -0.36 -1.61
Epicatechin-gallate -7.43 10 3.58 -10.45 -10.13 -0.23 -0.32
Phaitanthrin D -7.24 3 4.91 -7.24 -7.15 -0.33 -0.09

Belladine -7.01 3 7.24 -9.21 -8.49 -0.3 -0.7
Quercetin -6.61 4 14.18 -8.26 -8.15 -0.3 -0.11
Scutellarein -6.25 5 26.42 -7.62 -7.54 -0.3 -0.08

Baicalin -5.30 8 130.97 -8.04 -8.48 -0.17 0.44

Table 2b: Molecular docking analysis of phytochemical actives with 3CLpro.

Name Binding H-bond Inhibition Inter- VDW-H bond Ligand Electro-static
energy constant molecular desolvation efficiency energy
(AG) (um) energy Energy
Glabrene -9.11 3 208.69 -10.01 -9.92 -0.38 -0.09
Luteolin -8.54 5 546.58 -9.92 -9.74 -0.41 -0.17
Ferulic acid -8.05 4 1.25 -9.15 -9.03 -0.4 -0.12
Epicatechin -7.68 9 2.36 -9.32 -9.03 -0.37 -0.29
Apigenin -7.59 6 2.72 -8.69 -8.65 -0.38 -0.04
Kaempferol -7.42 8 3.66 -8.79 -8.51 -0.35 -0.27
Rosmarinic acid -6.97 9 7.75 -10.27 -10.14 -0.27 -0.13
Caffeic acid -4.99 6 219.47 -6.36 -6.3 -0.38 -0.07
Gallic acid -4.33 6 666.2 -5.71 -5.6 -0.36 -0.11
Vanillic acid -4.27 746.1 -5.36 -5.54 -0.36 0.17

Table 2c: Molecular docking analysis of phytochemical actives with RdRp.

Name Binding H- bond Inhibition Inter VDW-H bond Ligand Electro-static
energy constant molecular desol-vation efficiency energy
(Ag) (pm) energy Energy
Naringenin =7.7 7 2.29 -8.79 -8.65 -0.39 -0.14
Licoflavonol -7.00 6 7.45 -8.92 -8.74 -0.27 -0.18
Baicalein -6.95 3 8 -8.05 -7.97 -0.35 -0.08
Vitexin -6.69 9 12.54 -9.43 -8.9 -0.22 -0.53
LicocoumarinA -6.49 3 17.54 -8.68 -8.56 -0.22 -0.12
Liquiritin -6.22 6 27.36 -8.69 -7.91 -0.21 -0.78
Biochanin A -6.08 6 34.74 -7.18 -6.67 -0.29 -0.51
Ellagic acid -5.68 6 68.63 -6.78 -6.42 -0.26 -0.36
Licocoumarone -5.44 5 103.31 -7.36 -7.36 -0.22 0

Curcumin -5.12 6 176.06 -7.87 -7.22 -0.19 -0.65

free unbound state, making them more flexible and
consequently unstable. RMSF values were lower when
these residues were bound to respective phytochemical
active ligands forming their complexes. Such complexes
with lower RMSF values became less flexible, more rigid
and more stable. This once again attests to their higher
stabilities when compared to the free forms of their

proteins.

Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 2 | Apr-Jun, 2021

Multiple Sequence Alignment (MSA) of ACE-2

Prevention of viral entry into host cells remains the first
point of disease control. Since the Homo sapiens ACE-2
protein receptor is an entry point for binding with RBD
of SARS-CoV-2 spike protein for cell invasion, MSA
was used to find whether specific amino acid residues
involved in this binding shows conservation in ACE-2
protein receptor of other species. The nine significant
amino acid residues are GIn24, Asp38, Tyr4l, Gln42,
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Table S1: Interactions of phytochemical actives with ACE-2 protein receptor.

Phytochemical Hydrogen Hydrophobic Salt bridges m-stacking Cation- 1

ligands bonds interactions interactions
Dichamanetin 6 5) 0 1 0
Hetidine 4 3 1 0 0
6-DeacetyINimbin 2 3 2 0 0
Lycorine 8 2 1 0 0
Epicatechin gallate 10 2 0 1 1
Phaitanthrin D & 4 0 0 0
Belladine & 4 0 1 0
Quercetin 4 6 0 0 0
Scutellarein 5 6 0 0 0
Baicalin 8 2 0 1 0

Table S2: Interactions of phytochemical actives with +3CLpro.

Phytochemical ligands Hydrogen Hydrophobic Salt bridges m-stacking m-cation

bonds interactions interactions
Glabrene ) 3 0 0 0
Luteolin 5 2 0 0 0
Ferulic acid 4 2 0 0 0
Epicatechin 9 2 0 0 0
Apigenin 6 2 0 1 0
Kaempferol 8 2 0 0 0
Rosmarinic acid 9 3 2 0 0
Caffeic acid 6 3 0 0 0
Gallic acid 6 4 0 0 0
Vanillic acid 4 5 0 1 0

Table S3: Interactions of phytochemical actives with RdRp.

Phytochemical ligands Hydrogen Hydrophobic Salt bridges m-stacking m-cation

bonds interactions interactions
Naringenin 7 9 0 0 0
Licoflavonol 6 7 0 0 1
Baicalein 3 10 0 0 0
Vitexin 9 3 0 0 1
LicocoumarinA 3 2 1 0 1
Liquiritin 6 3 0 0 0
Biochanin A 6 2 0 0 0
Ellagic acid 9 1 2 0 1
Licocoumarone 5 4 0 0 1
Curcumin 6 4 0 0 0
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Figure 2: RMSD plot of free ACE-2 protein receptor (blue) and
ACE-2- Dichamanetin complex (red), free 3CL Pro (blue) and
3CL Pro-Glabrene complex (red) and free RdRp (blue) and
RdRp-Naringenin (red) complex.

Figure 3: RMSF plot of free ACE-2 protein receptor (blue) and
ACE-2- Dichamanetin complex (red), free 3CL Pro (blue) and
3CL Pro-Glabrene complex (red) and free RdRp (blue) and
RdRp-Naringenin (red) complex.

tr|FINHRA | FINHRA_CHICK
tr|D32YK4|D3ZYKA_RAT

tr|KIGLMA | KTGLMA_PIG
tr|WSESBE|WSPSBE_SHEEP
=p|QS8DD0 | ACE2_BOVIN
sp|Q9BYFL|ACE2_HUMAN
tr|AOA2J8KI96 | AOAZTEKU96_PANTR
tr|FéVIL3 | FEVIL3 HORSE
sp|Q56H28 |ACE2_FELCA
tr|J9P7Y2| J9RTY2_CANLF

tr|F1NHR4 | FINHRE_CHICK
tr|D3IZYK4 | DIZYK4_RAT

tr|KTGLMA | KIGLMA_PIG
tr|W5PSBE|WSPSBE_SHEEP
=p|Q5ADD0 | ACEZ_BOVIN

=p |QYBYFL |ACEZ_HUMAN

tr [ADA2TOKUSE [AORZTEKUSE_PANTR
tr|E6VILI | FEVILI_HORSE

=p | Q5EHZE |ACEZ_FELCA
tr|J9PTY2|JY9ETY2_CANLF

Li |FLNHRS [FLNER4 CHICK

£r |D3ZYE4 | DIZ¥EL_RAT

Py | KTELME | KTf—']-M"I_PII’.—

Ex |WSE3BG | WOEERG_SHEEPR

sp | QELD0 | ACES_BOVIN

=p | QUDYTL |RCES HUMAK

Er |AOAZTEKUSE |ADRZ JEKTSE_FANTE
tr |FEVILI|FEVEL3 HORSE

=p | 6H2H [ACEZ FELTA

La | T9PTYZ| JOETYE_CANLE

MLLHFWLLCGLSAVVTEQINT-QEAQTFLAEFNVRAED ﬁEN SWNYNTNITEETAR 59
i - LIS UASWNYNTNITEENAD 21
MSGSFWLLLSLIFVTARQSTTEELAKT FLEKENLEARDLAOS AUASHN YRTNITDENIQ &0
MTGSEWLLLSLVAVTARQSTTEG FLEKFNHEARDLA YO JUASWNYNTNITDENVQ 60
MTGSFWLLLSLVAVTARQST TEROAKT FLEXKFNHEARD LG JUASWNYNTN I TDENVD &0
MSSSSWLLLSLVAVTARQSTIERQAKT FLOKENHEARD LS QUASWN YNTNITEENVQ 60
MSGSSWLLLSLVAVTAAQST IEHOAKTFLOKFNHEARDLAYES WNINTNITEENVQ &0
M5GSSWLLLSLVAVTARQSTTEDLAKTFLEKFNSEAEELSHOE WSYNTNITDENVD &0
MSGSFWLLLSFAALTARQSTTEELAKTFLEKFNHEAEEL a SWNYNTNITDENVQ &0
MSGSSWLLLSLAALTARQS-TEDLVKTFLEKFNYEAEE i WHYNINITDENVQ 59
Fl _f*v’&t.** tii:'. :
HMSEAGAKWAAFYEEASRNASRFSLANIQDAVTRLOIQSLODRGSSVLSPERYSRLNSV 119
KMNEARRKWSAFYEEQSKIAQNESLOEIQNAT IKRQLKALDQSGS SALSPDENKQLNTIL a1
KMNDARAKNSAFYEEQSRIAKTHFLOEIQTLILERQLQALDOSGT SGLSADKSKRINTIL 120
HMNEARAKWSAFYEEQSRMARTH FLEE IQNLTLEROLKALQHSGTSVLSAERSKRLNTIL 120
KMNEARAKWSAFYEEQSRMAL LEEIONLTLEROLKALOHSGTSALSAEKSKRINTIL 120
NMNNAGDEWSAFLEEQSTILA FLOEIQNLTVKLOLDALQONGSSVLSEDKSKRLNTIL 120
NMNHAGDEWSAFLEEQSTILA FLOETQONLTVELOLOALOONGS SVLSEDKSKRLNTIL 120
FMNEAGARWSAFYEEQUHILA PLEETQONLTVERQLOALDOSGSSVLSADKSKRINEIL 120
KMNE. EEQSHIAKTNPLAE IHNTTVKROLOALDOSGSSVLSADKSORLNTIL 120
FWSAFYEEQ! L TFPLEEIQDSTVERQLRALY VLSADENQRLNTIL 119
S PCL I L ¢ e, R G e pha gy
CENWLAME I FETAEAFFASICLYNMIESTWTRSHNLTEETINEREVVCH PTMD.W@DYR: 58
NOSWLAERIFEEAEKFFVSVCGLIOMI M SFWTNSMLTEDG] EVVCHITAWDLGHSDETR.T 313
MSWIA TH TFERARKFEWS 1L ERMT S0 WANSMLEFE SRR OH PTaw L]0 s | 38R
NeEWLAER I FEEAEKFFVSIGLEYMIQGFWONSMLT EFGDERERVVCHETARD! DFEI 358
NOSWOAEE IFKEAEKFEVS 1 SLEYMTOGFWONSMLTEPGLGRKVVCH PTAWDI =IFRL 387
CORWLAQE IFHEAEKT TV SVGLENMT QST WENSMLT DEGN VDAV CIETAWD! 358
CORWDRADR IFEEAERFEVSVGLENMT QGFWENSMLT DEGHVOKAVCHETAND! 358
COSWDAKR TFEEAEKFFVSVGLENMTQOFWENSMLTEPGRCREVVCH P TAWDL 3EB
NOSWLARAI FHEAEKFEVSVGELENMIOGFWINSMLTEPGLERKVVTH ETAWDLE 5H
N SWLARK I FKEAEKFFV SVGLENMIQEFWENSMLTEFSDERFVVCHETAWD asy
Fig 4

Figure 4: Multiple Sequence Alignment of Homo sapiens ACE-2 protein with different species, viz., Gallus galluss (chicken),
Ratus norvegicus (Rat), Sus scrofa (Pig), Bos taurus (Bovine), Ovis aries (Sheep), Pan troglodytes (Chimpanzee), Equus
caballus (horse), Canis lupus familiaris (Dog) and Felis catus (Cat).
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Table 3: Multiple sequence analysis of Homo sapien ACE-2 protein receptor amino acid residues with that of

different species.

Species Name (Common name / Amino Acid Residues
conserved residues) GIn24 | Asp38 | Tyr41 | GInd2 | Leud5 | Leu79 | Met82 | Tyr83 | Lys353
Homo Sapiens (Human) v v v v v v v v v
Pan troglodytes (Chimpanzee,9) v v v v v v v v v
Bostaurus (Bovine,7) v v v v v v v
Ovisaries (Sheep,7) v v v v v v v
Canislupus familiaris (Dog,6) v v v v v v
Feliscatus (Cat,6) v v v v v v
Sus Scrofa (Pig,6) v v v v v v
Equuscaballus (Horse,5) v v v v v
Gallus gallus (Chicken,4) v v v v
RatusNorvegicus (Rat,2) v v

Leu45, Leu79, Met82, Tyt83 and Lys353." Their MSA
withACE-2 protein receptors of nine species in Clustal
Omega showed that these RBD specific amino acids are
conserved in them to different extents (Figure 4, Table
3). Interestingly, 100% of residues are conserved in
chimpanzees with 78% conservation (all except Leu79
and Met82) in livestock species like bovine and sheep.
Six of the same residues are conserved in dogs and cats
(Gln24, Asp38 and Met82 are not conserved), showing
67% similarity, which is same as in pigs, where Asp38
is conserved and Leu79 was not. Only five and four
residues are conserved in horses (56%) and chickens
(44%), with rats conserving only two residues, w73,
Gln42 and Leu45. Potential interspecies transmission
through ACE-2 protein receptor between Homo sapiens
and Pan troglodytes (chimpanzees) may be possible as the
RBD of the viral spike protein can fit well into such
receptors of both species. Species jump between Homzo
sapiens and livestock animals may be less probable as
also between dogs and cats, vz this receptor pathway.
Such prospects become negligible in equines, poultry
and rodents. In this context, it comes critical to block
the ACE-2 receptor protein as the first line of defence
against SARS-CoV-2.

CONCLUSION

All thirty phytochemicals used in this study obeyed
Lipinski’s rule of five. The negative binding energies
that accompany their molecular docking with respective
target proteins, 23, ACE-2 protein receptor, 3CLpro and
RdRp, attested good complex stabilities. MDS studies,
on target proteins and their model complexes with
Dichamanetin, Glabreneand Naringenin showed RMSD
and RMSF values favouring complex formation. All
phytochemicals are available from plant sources. Hence
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their dietary therapeutic prospects, either as extracted
and purified forms, or as direct plant products, can be
further explored. Combinations of actives from each
group (eg,, Ashoka tree leaves, licorice/garden sage and
oranges/tomato) may also have potential benefits for
inhibition of viral entry and also targeting viral proteins.
MSA of active residues in Homo sapiens ACE-2 protein
receptor, with that of different species, revealed that
residues are conserved to different extents in the species
and hence possibilities of inter-species transmission of
SARS-CoV-2 occurring by this receptor pathway exist
among them.
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SUMMARY

COVID-19 is a globally raging pandemic disease. Drug development strategies for its treatment can either
include using actives to block the angiotensin-converting enzyme-2 (ACE-2) protein receptor of host cells and
prevent binding of the causative SARS-CoV-2 to this entry point, or inactivate essential viral proteases inside
these cells. Accordingly, in this present study, three sets of ten phytochemical actives were virtually explored
as therapeutic options for the same. Viral proteins studied for binding with actives were 3CLpro and RNA
dependent RNA polymerase (RdRp). All the phytochemicals obeyed Lipinski’s rule of five and showed favourable
binding energies with the respective target proteins, attesting the stability of complexes. Among each set of
actives, Dichamanetin-ACE-2, Glabrene-3CLpro and Naringenin-RdRp complexes were most stable, with binding
energies of -9.8, -9.11 and -7.7 Kcal/mol respectively. Molecular dynamic simulation studies, carried out for
these representative actives and their complexes, also attested complex stabilities. Possibly these actives can be
consumed, in combination as a dietary therapy for blocking viral entry into host cells and for binding to 3CLpro
and RdRp for their inactivation. In addition multiple sequence alignment of the nine significant amino acid
residues of the Homo sapiens ACE-2 protein receptor that interact with the receptor-binding domain of SARS-
CoV-2, with those of nine different species, was performed. All residues of the Homo sapiens ACE-2 protein
receptor were conserved in Pan troglodytes (chimpanzee). The results reveal the possibility of interspecies
transmission through the ACE-2 protein receptor and the importance of blocking it by therapeutic options.
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