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In the absence of effective therapy till now millions of people are dying due to severe acute respiratory syndrome corona
virus 2 (SARS-CoV-2). To combat with this highly pathogenic virus, potent and less toxic therapeutic drugs are needed. on-
structural protein (NSP4) responsible for cytoplasmic rearrangements necessary for optimal SARS-CoV-2 replication has
been identified as one of the potential drug targets in the development of antiviral agents. To identify promising therapeutic
compounds against the imminent danger of COVID-19, present study was designed to predict a 3D-model of NSP4 protein
and recognize selective inhibitors, followed by molecular docking with reported antiviral photochemical compounds.
Homology modeling was done by using deposited sequence of NSP4 in NCBI database. SWISS MODEL was used to
identify best PDB template 3vcb with a sequence similarity of 61.36 percent. To validate 200 reported antiviral
photochemical compounds were docked against developed3D-NSP4 model by using MoE software. Lowest binding energy
candidates were chosen and screened for pharmacokinetics using the Admits server. NSP4 3D homology model showed
potential binding interactions with all reported drugs. However, seven inhibitors were discovered with strongest binding
energies ranging from -9.4838 to -15.7308 Kcal/Mol. In conclusion, this study presents a 3D model of NSP4 and helps
understanding the molecular interactions at atomic level. Hence, this model could be suggested as an antiviral target for
the development of novel anti-viral agents against COVID-19.
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INTRODUCTION

Over the years the world is surrounded by infectious
viral diseases. These diseases are caused by various
types of viruses which include Middle East respiratory
syndrome corona virus (MERS-CoV), avian influenza
A/H7Ng and HsNz1 viruses, Nipah virus and severe acute
respiratory syndrome coronavirus (SARS-CoV). In
Homosapiens, virus is etiological factor responsible for
this global pandemicCOVID-19 (Astuti 2020; Zhu et al.
2019). In China Wuhan novel virus was primarily detected
during December 2019by wusing next generation
sequencing which termed as severe acute respiratory
syndrome corona virus 2 (SARS-CoV-2). World health
organization (WHO)reported on march 11,2020 in patients
of respiratory tract infection with pneumonia and also
recognized virus as outbreak in the worldwide (Guo et al.
2020; Li et al. 2020). Corona virus belongs to the class of
enveloped viruses, comprises of non-segmented positive
sense, single stranded RNA virus. It consists of
sarbecovirus, orthodox corona Viviane subfamily that
widely spread mammals and homosapiens species

(Huang et al. 2020; Gupta 2019).

Till now, no drug has been approved or reported as a
regimen in the treatment of patients infected with SARS-
Co-2. Only symptomatic treatment has been given to the
most critically ill patients. Globally, scientists through their
extensive research efforts have been constantly working
in order to find new viral drug targets to treat Covid-19
pateints. Pharmaceutical industries are also playing a key
role in the processing and protocols of drug designing and
development in order to explore novel drug moieties
(Balunas et al. 2005).

Computational techniques and modern medicinal
chemistry methods are the most advanced tools used in
the process of drug discovery. These methods not only
reduced time, cost but also many hindrances in the drug
development process. Molecular modeling, molecular
dynamics, virtual screening, structure based and ligand
based drug- designing are used as a powerful software
based techniques to explore the pharmacodynamic-
pharmacokinetic features of ligands and structure activity
relationship between drug and targets (Meng et al. 2011;
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Lopez et al. 2011).

Despite of the various structure determination
methods of biological macromolecules like NMR
spectroscopy, X- Ray crystallography and cryo-electron
microscopy, development of 3D structure of the target
protein is still time taken and difficult to obtain. Homology
Modeling is one of the efficient tools to generate structural
model of the host proteins as well as identifying active and
binding sites on protein. The homology models have been
successfully used in ligand and structure based virtual
screening approaches. In molecular modeling, docking is
one of the most common structure based virtual screening
approach, aims to find the best orientation adopted by a
molecule within a binding pocket of a macromolecular
target to give binding score for each docked pose [9]. In
addition to this, a variety of docking algorithms have been
used which helps in identifying the area of docked
compounds that promote binding affinity of lig and-
receptor complex as well as pharmacokinetic properties
(ADMET: absorption, distribution, metabolism, excretion
and toxicity) (Lipinski and Lombardo 2012).

Two-third genome of all types corona virus have
codes for replicas polyprotein, such as pplab, having two
overlapping open reading frames (ORFs), ORFla and
ORF1l1band treat viral protease to divide into 16 distinct
types of non-structural protein (NSPs) that participating in
transcription and replications (Boopathi et al. 2020; Cotten
et al. 2013; Gupta et al. 2020).

There are several proteins that having non-structural
domain in among of all sixteen proteins, for instances
NSP3, NSP4 and NSP6. NSP3 connected to NSP4 in host
cell, performed rearrangement of membrane in SARS-
CoV-2 and this interaction is essential for viral replication
(Sakai et al. 2017). The activity of NSP3, NSP4, and
NSP6 was noticed in rotator cuff (RTC) disease and
located within ER cells that expressed independently
(Kanjanahaluethai et al. 2007; Oostra et al. 2007; Oostra
et al. 2007). The one-third C-terminus of NSP3 interact
with NSP4 was identified by immune precipitation
technique.

The present study aims for identification and
designing of potential therapeutic drugs against SARS-
COV-2 NSP4 protein having vital role in replication of viral
genome in host cells. We also addressed interaction of
already reported inhibitors with corona virus in order to
understand lig and-protein interaction.

MATERIALS AND METHODS

Data analysis of NSP4 protein sequence

The Fasta sequence of NSP4 protein having
(Accession number YP_009742611.1) in SARS-COV-2
was obtained from NCBI database
(https://www.ncbi.nlm.nih.gov/), While ProtParam tool
(http://web.expasy.org/protparam/)was used to examine
feature of physicochemical properties for instance,
instability index, molecular weight, atomic composition,

theoretical pl, amino acid composition, Negative and
Positive residues and grand average of hydropath city
(GRAVY) (Gasteiger et al. 2005; ProtParam 2017).

Membrane Topology prediction

We predicted Membrane topology and TM-helix
position in such a particular cell of NSP4 protein by using
TOPCON and SOSUI server and validate result with the
help of signallP-4.0 server.

Secondary, Tertiary structure and model evaluation
Predications

Secondary structure prediction was implemented by
SOPMA server which focuses on the analysis of maximum
variances within each amino acids of alpha helix, beta
sheet, and turns (Geourjon et al.1995). The sequence of
NSP4 protein was submitted to SWISS-MODEL server for
prediction of homology modelling. Server simultaneously
performed BLASTp against PDB structure in order to find
out best template which was assessed from target-
template alignment topographies. After that, model with
highest quality was recommended for model building
(Arnold et al. 2006). Primary structure was employed to
verify errors throughout 3D structure Structure was then
analyzed and incorporated by using distinct types of
programs and conformation servers such as ERRAT and
verify 3D. RAMPAGE server has been used to generate
Ramachandran plot and verify result by Procheck server
(Dym et al. 2012). In this stage we were enabled to
identify that residues of protein structure are locating in
favored region, allowed and outlier region. We have done
all visualization of current result by using USCF chimera
4.1 software (Rodriguez-Guerra et al. 2018).

Retrieval of Antiviral Phytochemical Compounds

Literature survey was performed to search
phytochemical reported compounds against SARS-CoV-2.
3D structure of phytochemical compounds were obtained
from PubChem database in sdf format (Kim et al. 2019).
We performed optimization of all ligand structures with the
help of Avogadro software and used in Molecular
Operating Environment (MoE) ligand database for docking
process.

Molecular docking

The MoE site finder tool and COACH server were
used to identify reported binding pocket of NSP4 protein,
and generating specific docking sites (Wu et al. 2018).
MoE software was used for Docking of ligand database
within defined docking sites of protein. All phytochemical
compounds were classified on the basis of S-score. We
used certain compounds for interaction study, based on
highest docked score and active site binding to protein.

Ligand receptor interaction analysis
For better understanding of interactions, top ranked
complexes were added to LigX tool of MoE, where it
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generates 2D plots of receptor and ligand interaction
analysis. This plot showed different types of bonding (eg,
hydrogen bonding) and key interactions (electrostatic, and
Van der Waals) which played a major role in the binding
affinity of drug candidate with the active site of NSp4
protein. 3D complex structures of NSP4 protein with
inhibitors were prepared through MOE software
(Sapundzhi and Dzimbova 2018) and PyMoL.

ADME Toxicity/Drug Scanfrom AdmetSar Server

The drug likeness photochemical compounds were
obtained based on Lipinski’s rule of five, quality estimation
of absorption, distribution, metabolism and excretion.
Toxicity analysis of certain hits was also predicted virtually
by using AdmetSar server (Cheng et al. 2012). In addition,
AMES was also used to analyze the toxicity and
carcinogenic properties of selected inhibitors.

RESULTS

Physiochemical properties of NSP4 protein

We submitted amino acid sequence of target protein
to ExPASy's ProtParam Server for calculating
physiochemical properties. This server also predicts
protein stability and steadiness. We investigated that
molecular weight of NSP4 is 56183.98 kDa and consists
of 500 amino acid residues forming a linear primary
structure. An isoelectric point (PI) of protein is found 7.61
which facilitates positive charge on protein structure.
Negative GRAVY index was 3.43 that demonstrates that
protein was hydrophobic and soluble in nature. Most
abundant residues were also detected as Valine (46),
Leucine (49) and Glycine (41) tracked by Serine (38) and
Alanine (36). The tryptophan (6) residues have found
rarely in its structure. The protein sequence consists of 37
negative and positive charged residues (Aspartic acid,
Glutamic) and (Arginine, lysine). Molecular formula of
protein is Cas92H3925N6310716S25 While total number of
atoms in protein is 7889.

Membrane topology of NSP4 protein

The prediction of subcellular localization of protein
through computational studies that exists within cell,
envisaging position of unidentified protein may provide
indication of cellular functions and this evidence can be
used for understanding the mechanism of disease and
drug designing. The subcellular position of SARS-CoV-2
NSP4 protein was evaluated which describes that it is
membranous protein having trans-membrane (TM)
helices. The exact positions of these helices are predicted
by TOPCON server originated from residues number TM1:
210-230, TM2: 242-262, TM3: 264-284, TM4: 286-306
and TM5: 308-328 as shown in Fig 1 (Tsirigos et al. 2015).

SgralP-40 prea

Postion

Figurel: ()TOPCONS and (b) Signhalp4 showed that
NSP4 is present within the cell membrane.

Secondary and Tertiary structure NSP4 protein

Protein function is directly dependent on 3D structure
recognized active site residues, and facilitates drug
designing. The computational technique for structure
prediction is easy then X-ray crystallography and NMR
(Kopp & Schwede, 2004; Jaroszewski, 2009). The result
of secondary structure indicates that random coils were
present (28.20%) in NSP4 protein structure, which
followed through extended strand (20.60%) while alpha
helix was highly abundant (45.60%) and beta sheet as
5.60%(Fig.2).3D structure of NSP4 protein was predicted
by employing SWISS MODEL which recognized best
appropriated template 3vcb having sequence similarity of
61.36%, that was a virtuous score for building Model. 3D
structure was analyzed through Discovery Studio and
shown in Fig.3. Later on structure prediction properties of
model was primarily checked by ERRAT that outlined
statistics of non-bonded interaction within various
categories of atoms and focused on atomic characteristic
connection. Overall quality factor efficiency was 84.507
which is good for modeling (Colovos & Yeates, 1993).
Model was verified by using PROSAweb server that
described information about energy minimization and Z
score. Z-score of NSP4 protein was found to be -4.34, that
described model is virtuous, presented in Fig.4.

I

Figure 2: Graphical representation NSP4 secondary
structure; Blue: shows alpha helix; Red; shows beta
sheets; Orange: shows random coils
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Figure 3: A) SARS-CoV-2 NSP4 predicted 3D structure
and surface model; Purple: beta sheets structure;
Deep salmon: loops structure; Cyan: predicted
exposed helices region in NSP4 (b)Predicted active
sites residues at alpha helix and loop regions showed
in green color.

RAMANHANDRAN PLOT QUALITY ASSESMENT
Stereo chemical quality of NSP4 model was observed
by means of Ramachandran plots through the Procheck
server and validated by using RAMPAGE, residues of
protein structure were confirmed and lie in different
regions; favoured region (94.3%), allowed region (4.6%)
and outlier region(1.1%). Our results demonstrated that
predicted model shows a better-quality factor (Fig.4).

1807 e T v
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10 43 % 45 0 S0 138 180

0 0
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Figure 4: Ramachandran plot and Z-score analysis

DatabaseScreening and Molecular Docking
We performed docking on antiviral phytochemical
compounds against SARS-CoV-2 NSP4 protein model

and listed them on the basis of stringent screening which
consists of four factor, maximum binding pockets
presence with minimum Gibs Free energy, hydrogen
bonding, and other interactions were collectively predicted
and described with an S-score function. MOE site finder
tool and Coach Server predicted the active site residues of
the NSP4 protein. Sitefinder predicted binding pocket
containing the catalytic residues triad. Tyr448, Tyr451,
Lys452, Tyrd53, Phe454, Ser455, Gly456, Ala457,
Met458, Asp459, Thr460, Tyrd63, Alad66, Ala467,
Cys469, His470, Pro490, GIn491, Thr492, Ser493, lle494
and Thr495 were selected through site finder tool of MOE
while Tyr463, Ala467 and Ala474 was the predicted sites
residues from COACH server. Total 63 compounds were
docked from which top ranked compounds were selected.
LIG1(CID_7312251),LIG2(CID_5467200 ),LIG3(CID_1038
9806),LIG4(CID_5280343),LIG5(CID_3085830),LIG6(CID
~10071695) and LIG7(CID_3080597) (Qamar et al. 2017)
were found attached with high binding energy in the active
site of NSP4 protein (Table 2). The residues of protein
structure were represented in circles and colors
characterized their types. Protein residues were seeming
in distinct types of circle according to interaction studies
and their color categorized their types. Hydrophobic
residues were shown in green circle and deep purple
represent polar charge residues. Acidic residues have
been exhibited in red edge and basic residues with blue
border while solvent exposure as a hallo disc around
residues in bluish color. The arrow of hydrogen bonds
exhibited with dotted lines showing direction of bonds.
Dotted lines arrow specified positions of residues in
protein. Green represents side chain residues, yellow for
solvent ion and blue for backbone residue (Yoshimoto et
al. 2020).

Binding Interactions

SARS-COV-2 NSP4 have two lobes N terminal and C
terminal in their structure. The reported inhibitorLIG1 was
docked to NSP4 and exhibit —=11.8711 Kcal/Mol binding
energy that is shown in table (Table 2), Hydrogen bonds
were located to side chain of arene-H withTyr463 and
backbone of Thr460, although Met458 other residues that
associated closely were [1e494, GIn491, Thr492, Thr495,
Ser493, Asp459, Gly456 and Ala457(Fig.5A). The cut-off
maximum distance of the interacting residues is 4.5
angstroms. LIG1 was followed by the LIG2,LIG3 and LIG4
with binding scores of -15.7308,-15.3199 and -15.1762
kcal/mol respectively (Table 2).

Binding score of these inhibitors was higher than
other compounds. Interaction pattern ofLIG2 confirmed
that it is facilitating hydrogen bonds with back-bone donor
and side-chain donor of hydrophobic and polar
residuesMet454, Phe454 and Ser493 with —OH group,
while arene-arene and arene-H stacking interactions were
formed with His470 and GIn491with benzene ring. Apart of
H-bonds, along with hydrophobic/vdW interactions were
also recognized among the active site residues of protein.
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Significant vdW/hydrophobic interactions with inhibitors
were made by Gly456, Ser455, Tyrd63, Tyr451, Thr460,
Tyrd48, Alad57and Pro490 (Fig.5B). However, residues
belonging to activation segment with LIG3 were catalytic
polar residues.Thr492, Thr460 and GIn491 forms h-
bonds/vdW as side-chain acceptor /back-bone donor with
—OH groups and Carbonyl groups while Tyr463 formed
arene-arene/vdW Hydrophobic residue. Met458 exposed
h-bond/vdW as backbone acceptor/donor with —OH group.
Strong and week hydrophobic/vdW interactions were
found in residues (Leu4l7, Ala457, Thr495, Ile494 and
Ser493) llustrated in Fig.5C. LIG4 exposed higher
docking score owing to tendency of hydrogen bonds with
polar residues bind as backbone acceptor/donor. The
catalytic residues Gly456, Phe454 and Ser493 indicated
h-bonds with Carbonyl group and —OH group.

Figure 5: 2D and 3D interaction anylasis of LigX tool
of MoE and PyMOL which highlight the distances and
H-bonds interaction between NSP4 active site
residues and inhibitors. (A)Docking pattern of LIG1
showed the maximum distance 3.9A.(B) Docking
pattern of LIG2 indicated the extreme distance 2.9 A.
(C) Docking Pattern of LIG3 facilitated with the equal
GIn491 Ser493 and Aln457 participating in non-

Other residues which mediate the spatial interactions
with LIG4was Pro490, GIn491, Met458, Tyr463, Tyrd51
and Thr492 are displayed in Fig.6D. The S-score of LIG5 -
14.4894 was observed with strong h-bonds to the active
site residues. The catalytic polar and hydrophobic His470,
Gly456, Phe454, Thr496 and Lys452 (residues of
activation segments) were existing near the vicinity of —
OH groups as backbone acceptor/donor as well as side

chain donor, while lle494 showed arene-H with benzene
ring of inhibitor.

Instead of these pivotal stacking interactions
betweenLIG5 and active sites residues involves Tyr451,
Tyrd448, Pro490,Thr492, Tyr463, Ser493 and Met458
forming hydrophobic/vdW as explained in Table 2and Fig.
6E. The S-score of LIG6 was -14.1884 (Table 2) observed
the Carbon of benzene ring of inhibitor exhibits hydrogen
bond as side chain acceptor with polar residue Thr492.
The other residues showed interactions around the LIG6
were lle494, Tyrd63, GIn491, Ser493, Thr460, Met458,
Gly456 and Ser455 (Fig.6f) while in (Fig.6g)

LIG7specified H-bonding with Carbonyl group induces
strong side-chain donor with polar residue Thr495and
hydrophobic residueMet458 exhibits h-bond as backbone
donor having minimum S-score energy -9.4838 as
detailed in Table 2. 1le494, Ala457, Thr460, Ser493 and
Tyr463 are found as hydrophobic/vdW interactions around
LIG7.

covalent bonding.

Hydrophobic interactions GIn491 Ser493 and Aln457
participating in non-covalent bonding. Hydrophobic
interactions GIn491 Ser493 and AlIn457 participating in
non-covalent bonding. Hydrophobic interactions which are
necessary structurally and functionally to SARS-COV-2
NSP4 protein. However out of all inhibitors LIG2, LIGS,
LIG4 were placed at topmost because it exhibited highest
binding energy and more interaction bonding propensities.

Figure 6:(D) Docking pattern of LIG4 exposed the top
distance 2.9 A.(E) Docking pattern of LIG5 explored
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carcinogenic passes Lipinski rule of five with O violations.
The numbers of conformational changes of molecules
were described by the number of rotatable bonds and also
for the binding ability to receptor for use as drug
candidate. All inhibitors passed ADMETsar threshold of
drug ability as shown in table (Table 1 and 3).

Saeed et al.
the supreme distance 2.8 A. (F) Docking pattern of
LIG6 revealed the distance 2.7 A. (G) Docking pattern
of LIG7 showed the distance limit 3.3A

ADMET/Drug Scan results

ADMETsar sever were used for prediction of drug
likeness and ADMET properties of compounds. Entire
photochemical compounds are non-toxic, non-

Table 1: Molecular properties and drug likeliness of phytochemicals

Photochemical LIG. Molecular formula Molecular Log p H- bond H- bond Rotatable
Name No weight donor acceptor bond
5-{[(4-chlorophenyl1)
sulfonyll]lamino}-
2-methyl-1- LIG1 C16H12CINO5S 365.8g/mol 3.89 2 4 4
benzofuran-3-
carboxylic acid
2,3-Dehyrosilybin LIG2 C25H20010 480.4g/mol 3.16 5 10 4
Silyhermin LIG3 C25H2209 446.4g/mol 3.34 5 9 4
Quercetin LIG4 C15H1007 302.24g/mol 1.99 5 7 1
Isosilybin LIG5 C25H22010 482.4g/mol 2.36 5 10 4
Cannflavin A LIG6 C26H2806 436.50g/mol 5.0 3 6 7
Bigelovin LIG7 C17H2005 304.34g/mol 1.82 0 5 1

Table 2: Summary of top ranked phytochemicals screened against NSP4. Active sites residues with their

respective docking score, interacting residues and residues contact.

Interaction
Photochemical LIG. S-score f Residues All residues contact around the
Name No with inhibitors Inhibitors
through H-Bonding
5-{[(4-Chlorophenyl)
s‘fgf’;i'ggﬁ';‘f’} LGL | —118711 |  TYr463, Metass, lle495, Thr495, Ser493, Alad57,
' Thr460 Thr492, GIn491, Asp459, Gly456
benzofuran-3-
carboxylic acid
Met458, Ser493, lle494, Tyr463, Tyrd51, Tyr448,
2,3-Dehyrosilybin LIG2 -15.7308 Phe454, GIn491 Ser455, Gly456, Ala457, Ala466,
, His470 Thr492, Pro490, Thr460, Asp459
Meta58, Thra92 le494, Tyra63, Gly456, Alads7,
Silyhermin LIG3 | -15.3199 , Ser493, Thr495, Leu4l7, Asp459, Arg464
Thr460, GIn491 ' ’ !
Met458, Tyrd63, GIn491, Tyr451,
Quercetin LIG4 | -15.1762 G'y“gﬁjgfg& Ser456, Alad57, Pro490, lle494,
Thr492, Ala466
Met458, Gly456, Tyrd51, Tyr463, Tyrd53, Tyr448,
I Thr495 Ser455, Ser493, Thr492, Thr460,
Isosilybin LIGS | -14.4894 , 11494, His470, Alad57, Alad66, Phe454, Pro490,
Lys452,GIn491, GIn491, Asp459
Tyrd63, 1le494, Met458, Ser493,
. GIn491, Gly456, Ser455, Thr460,
Cannflavin A LIG6 -14.1884 Thr492 Arg464, Phedsd, Alad57. Leud17,
Asp459
Tyrd63, lle494, Thr460, Thr492,
Bigelovin LIG7 -9.4838 Met458, Thr495 Ala457, Ser493, Ser496, Asp459,
Gly456
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Table 3: ADMET Profling Enlisting Absoprtion, Metabolism and Toxicity related drug like parameters of all inhibitors

5-{[(4-Chlorophenyl)
Sulfonyl]Amino} .
-2-Methyl-1- 2’3-. . Silyhermin Quercetin Isosilybin Cannflavin Bigelovin
B f Dehydrosilybin A
Model enzofuran-
3-Carboxylic Acid
Absorption
Blood-Brain BBB+ BBB- BBB- BBB- BBB- BBB+ BBB+
Barrier
Human Intestinal HIA+++ HIA+ HIA+ HIA+ HIA+ HIA+ HIA+
absorption
Caco-g_ Caco2+ Caco2- Caco2- Caco2- Caco2- Caco2- Caco2+
permeability
p-glycoprotein Non substrate Non substrate Non substrate Non substrate Non substrate Non Non substrate
substrate substrate
p'g'iﬁ?t‘)’i;gtre'” Non inhibitor Inhibitor Inhibitor Non inhibitor Inhibitor Inhibitor Non inhibitor
Metabolism
CYP4502C9 Non Non
substrate Non substrate substrate Non substrate Non substrate Non substrate substrate Non substrate
CYPA4502D6 Non substrate Non substrate Non substrate Non substrate Non substrate Non Non substrate
substrate substrate
Césggg afieA4 Non substrate Substrate Substrate Substrate Substrate Substrate Substrate
Cleﬁ?b?tgfz Inhibitor Inhibitor Non inhibitor Inhibitor Non inhibitor Inhibitor Non inhibitor
CYizﬁ?b(i’tgfg Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor Non inhibitor
CYP450 2D6 Non inhibitor Non inhibitor Non inhibitor Non inhibitor Non inhibitor _Non Non inhibitor
inhibitor inhibitor
CYP450 2C19 Non inhibitor Non inhibitor Inhibitor Non inhibitor Non inhibitor Inhibitor Non inhibitor
CYP450 3A4 Non inhibitor Inhibitor Inhibitor Inhibitor Inhibitor _Non Non inhibitor
inhibitor inhibitor
Toxicity
AMES Toxicity Non-Ames toxic Non-Ames toxic Non-Ames toxic Non-Ames toxic Non-Ames toxic No?(;,;\ircnes No?(;,;\irges
. . . . . . Non Non
Carcinogens Non carcinogens Non carcinogens | Non carcinogens | Non carcinogens Non carcinogens . )
carcinogens carcinogens
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DISCUSSION

Corona virus has become a pandemic since it is
spreading and affecting the people around the world. The
correlative factor SARS-CoV-2 has demonstrated to be
dangerous and caused severe public health issues
globally. While spreading of SARS in 2003 and MERS-
CoV in 2012 provoked the comprehensive work there
were no medicine for treatment of Zoonotic Corona virus.
SARS virus is appeared 17 years ago and SARS-CoV-2 is
seemed in corona virus that continue to present a serious
threat to global public health. The recent upsurge is to
attempt and finding of critical antiviral preventative
therapeutic drug because there is no FDA approval drug
in the market as yet. The designing of vaccine against
SARS-CoV-2 disease have major challenge to world,
researcher still working on developing of vaccines but it's
too late that affect very much peoples (Amanat and
Krammer 2020). The essential residues of amino acids
are indeed to provoked membrane reconfiguration of
NSP4 protein by interaction with NSP3.

In our current study we focused on homology
modelling of NSP4 protein and molecular docking with the
help of bioinformatic tool and server, and predicted
structure was selected for docking against 63 antiviral
phytochemical compounds. These compounds were
retrieved from PubChem data base and exhibits high
biding scores against targeted protein. We selected only 7
compounds on the basis of their best energy and h-
bonding and interaction from high throughput virtual
screening. These seven phytochemical compounds LIG1,
LIG2, LIG3, LIG4, LIG5, LIG6 and LIG7 have possible
interaction and important hydrophobic contact with active
site residues of NSP4 protein. These compounds have
fulfilled “Lipinski’s Rule of five”,(Brito 2011) (Table 1).
Mostly drug molecules omit through drug development
process due to its poor pharmacokinetic properties and
toxicity (Mota et al. 2018). ADMET profiling of compounds
reveals that there were no side effects on absorption.
Compounds concentrations levels in brain is determined
by the blood brain barrier (BBB). One of key aspects to be
optimized compounds in drug development and its
distribution of drug molecules via blood brain barrier. BBB
is generated within the capillaries of endothelial cell by the
existence of maximum strength of close junction that
prohibits brain uptake (Stokum et al. 2016; Li et al. 2019).
Oral bioavailability is also used as an important factor in
assessing drug likeness active compounds as therapeutic
agents (Bickerton et al. 2012). In fact, physiological,
physicochemical, and also some others biopharmaceutical
factor may greatly affect oral bioavailability (Hurst et al.
2007). In the case of active drug molecule is passing out
through central nervous system (CNS), increasing
prevalence of the blood brain is required whereas non-
CNS low penetration is desirable to remove CNS
consequences (Araujo et al. 2012). ADMET attributes

possible and various model, for instance p-glycoprotein
substrate, human intestinal absorption, BBB penetration,
and CaCO2 permeability demonstrated positive results
that clearly affirm potential of compounds to serve as drug
candidates. HIA has been one of major stages throughout
the transportation of drug molecules to their targets, these
compounds LIG2, LIG3, LIG4 and LIG5having negative
results towards Blood brain barrier while LIG1, LIG6 and
LIG7 demonstrate positive results. CaCO2 permeability
showed negative results except LIG1 and LIG7. HIA
exhibits positive results of all inhibitors, a group of
isoenzymes such as Cytochrome P450 (CYP) engaged in
the metabolisms of drugs, bile acids, and steroids. Human
genome encodes fifty-seven CYP in which fifteen were
concerned in Xenobiotic chemicals as well as others were
involved in metabolism of drugs (Saravanakumar et al.
2019). Around 75% metabolism of drug molecules relies
interaction to CYP enzyme. It is found that all inhibitors
were non-toxic, and isolated in Silybum marianum, W.
somnifera, Inula helianthus-aquatic and Cannabis sativa
L. In previous research phenolic compounds were
obtained from Silybum marianum and used as antiviral
against herpessimplex virus, type 2 (HSV-2), compounds
were also used in docking study that exhibit strong
docking score and interaction to estrogen receptor (Zava
et al. 1998; Zierau et al. 2002). Extracts of Inula
helianthus-aquatica leaves have antidiabetic avtivity
(Seca et al. 2015), anti-inflammatory activity , antiviral
and antimicrobial activity (Zeng et al. 2009). Extracts of
Cannabis sativa L have potential antiviral activity (Mukhtar
et al. 2008; Girgih et al. 2011) and antioxidant activity
while the extracts of W. somnifera have antiviral activity
(Kambizi et al. 2007). We may therefore infer that
selected inhibitors may be used as a novel and effective
drug candidate against SARS-COV-2 NSP4 protein.

CONCLUSION

The current research considers the selective inhibition
of the NSP4 Protein, which is active in corona virus
membrane replication. Similar inhibitors are identified for
NSP4 protein focusing on multitarget drug approach.
Homology modeling and Molecular docking has been
used to find possible inhibitors for NSP4 proteins and to
explore the important residues involves in inhibitor binding
to the protein active site.

Seven NSP4 inhibitors have been described out of
200 antiviral phytochemical compounds, all of which act
by competing with the active site. The formation of
hydrogen bonds within the active region of the protein is
being used as the primary criterion for evaluating strong
inhibitor binding. Apart from hydrogen bonds, hydrophobic
as well as van der waal interactions are the critical
partners in this system.

Because of their high binding energy and interaction
pattern, LIG2, LIG3, LIG4, LIG5, and LIG6 proved to be
the strongest binders for everything. This study will
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expedite the development of multi-target medicines
against NSP4 proteins, that could be used to develop
novel therapies for a variety of diseases.
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