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Coronavirus disease-19 disease originated in China by the end of 2019 and has spread all over the world, with
many casualties reported since then. Research for the discovery of effective pharmaceuticals is going on around
the world. Pharmaceutical scientists are keenly interested in revealing the capacities of a large number of
already existing molecules in molecular and drug databases to fight against coronavirus. We identified several
triazole and quinazolinone derivatives from molecular databases that share key pharmacophore features with
oxadiazole, a known drug-like compound, and conducted computational analysis to evaluate their ability to
bind with the envelope protein of Severe Acute Respiratory Syndrome Coronavirus 2. The molecules were
screened for their absorption, distribution, metabolism, excretion properties and drug-likeness using the
SwissADME webserver. Out of a large number of molecules investigated, six were reported in this work that
showed appreciable binding energy values. In vitro, in vivo toxicological studies and clinical trials have to be
conducted to get the complete picture of their efficiency and toxicity.
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The dreadful pandemic of the 21% century,
Coronavirus Disease-19 (COVID-19), caused by
Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) originated in Wuhan, China, in the
last months of 2019 and spread all over the world
within a few months. Infected people may have
symptoms like headache, running nose, fever, throat
pain, etc. In severely affected patients, respiratory
problems and pneumonia may lead to fatalities'?.
Till date, more than 50 lakh people around the
world have lost their lives due to COVID-19B.
Though vaccination drives are progressing around
the world to combat the coronavirus, the lack of
effective drugs increases the casualties in many
countries. Pharmaceutical scientists and medical
practitioners are performing rigorous research to
find effective therapeutics to alleviate the effects
of COVID-19. Some doctors do clinical trials
with already-existing antivirals!*3l. Researchers
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use various drug targets, like structural and non-
structural proteins of coronaviruses, to bind
the small molecules that are already present in
chemical databases. Membrane protein (M),
Nucleocapsid protein (N), Envelope protein (E)
and Spike protein (S) are the important structural
proteins of coronaviruses!(®8l.

E protein is the smallest structural protein of
SARS-CoV-2. E is a viroporin consisting of 75
amino acid residues and acts as a cation selective
channel. The inner pore of the ion channel contains
hydrophobic amino acid residues such as Asn,
Leu, Val, Ala and Thr. E-protein consists of five
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alpha helical strands that are stabilised by the
stacking interaction of Phe residues. Solid state
nuclear magnetic resonance studies showed that
protein conformation is highly homogeneous. It
is also established that the N-terminal segment of
E-protein is more dynamic and hydrophilic than
the C-terminal segment, which is considered a
rigid part. The Transmembrane Domain (TMD) of
E proteins is hydrophobic in nature and consists
of approximately 25 amino acids. This domain
contains five strands that act as the ion channel.
Due to the dynamic nature of the N-terminus, it will
be more perturbed by drug molecules. Deletion of
the coronavirus's E protein (SARS-CoV-1 mouse
model) or disruption of ion channel activity can
reduce viral activity. Thus, the E protein of the
COVID-19 virus is a potential drug target?'?.

In this work, we took the TMD of the envelope
protein of COVID-19 as the drug target to bind
molecules obtained from the chEMBL and Zinc
databases. Pharmacophore and in silico studies
were done to determine structurally similar
molecules and evaluate their binding affinity with
the envelope proteins.

MATERIALS AND METHODS

Molecular data bases such as chEMBL and Zinc
were used to determine the lead compounds for
computational investigations. Biovia Discovery
Studio 2020"*) and UCSF Chimera!'¥ software were
used for the visualization of the docked structure
and checking the binding sites respectively.
Online web server SwissDock!'® was used for
the molecular docking and the physicochemical
and pharmacokinetics of the molecules were
determined by the SwissADME web servert!®l,
Pharmacophore studies of the molecules were

conducted with the help of Pharmagist!'"'®] and
Zincpharmer" web servers. The protein data
bank structure of the envelope protein (TMD) of
Covid-19 was downloaded from Protein Data Bank
and docked with the oxadiazole molecule is shown
in fig. 1all%l,

RESULTS AND DISCUSSION

Some pharmaceutically important compounds
obtained from the chEMBL data were screened
computationally to identify their binding efficacies
on the envelope protein of SARS-CoV-2. A
molecule having chEMBL id: 2059020 (oxadiazole
derivative) showed a good binding score (-9.34
kcal/mol) on the TMD of the envelope protein
using the Swissdock webserver. According to the
ChemBL database, target classes of this oxadiazole
molecule consist of enzymes and ion channels.
According to the database, this molecule has a 50
% chance of binding to ion channels. After docking
with the TMD of the E protein, the poses of the
molecule were analysed using UCSF Chimaera
software. The main pose of this molecule appeared
near the middle region of the hydrophobic ion
channel of the E protein. The main sites of the
oxadiazole derivative (aromatic, cyclobutane,
trifluoromethyl, oxadiazole ring) which interacted
with the binding pocket of the envelope protein
are mapped from the best ligand-receptor pose and
shown in fig. 1b. The pharmacophore feature of
the molecule consisted of four hydrophobic sites.
Out of four sites, three were located in the "head"
region of the molecule and one was located at the
end of the "tail". Two aromatic rings (benzene and
oxadiazole) and one alicyclic ring (cyclobutane)
system constituted the head region. The terminal
aliphatic moiety of the molecule acted as the
hydrophobic tail end.

Aromatic hydrophobe

Aromatic hydrophobe

Fig. 1: a) Transmembrane domain of E protein bound with oxadiazole and b) Pharmacophore features of the molecule
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The oxadiazole interacted with the TMD of the
envelope protein using 12 strong hydrophobic
bonds. The cyclobutane ring of the molecule
made bonds with Valine residues of the protein.
Oxadiazole ring of the ligand interacted with
Valine and Leucine segments of the receptor.
Benzene ring of the molecule also made pi-alkyl
bonds with the valine residues. Leu28 amino acid
residues of four protein chains made hydrophobic
alkyl interactions with the trifluoro methyl carbon
atom. The molecular structure and two dimensional
interaction plot of the oxadiazole with the amino
acid residues are shown in fig. 2.

To find out which molecules had pharmacophore
features similar to that of chEMBL2059020, we
uploaded the same to the Zinpharmer web server.
Out of 146 molecules displayed by the server, we
filtered six by fixing the conditions of the molecular
mass range 500-600 Da and Root Mean Square
Deviation (RMSD)<0.15 at the pharmacophore
sites. The molecules were docked with the TMD of
the envelope protein using the Swissdock webserver
and analyzed with UCSF Chimera. In this work,
we present six molecules that exhibit binding

energy >9 kcal/mol (magnitude) on the E protein
of SARS-CoV-2. Six compounds obtained from the
zinc database are named from A to F for the sake of
discussion (ZINC09185092:A, ZINC09278965:B,
ZINC09014307: C, ZINC02418731: D,
ZINC2401500: E, and ZINC9282093: F). The
molecular structures of these compounds are given
in fig. 3.

Out of the six compounds selected from the zinc
database, two are heterocyclic in nature and
are derivatives of 1,2,4-triazole. The triazole
derivatives A and B displayed -9.61 and 9.0
kcal/mol binding energy on the envelope protein
of the coronavirus, respectively. Other four
compounds are also heterocyclic molecules and
showed more or less similar structural behavior.
These four heterocyclics belonged to the class
4-quinozolinone, which is an important group
in the field of medicinal chemistry. All four
molecules showed good binding affinity with the
transmembrane part of envelope protein (-9.32
to -9.61 kcal/mol). Compounds A and E showed
maximum binding energy (-9.61 kcal/mol) with
the receptor (Table 1).
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TABLE 1: BINDING ENERGIES OF ZINC MOLECULES ON THE ENVELOPE PROTEIN OF SARS-CoV-2

Molecule Molecular mass (D) RMSD Binding energy kcal/mol

A 500 0.144 -9.61

B 522 0.136 -9.00

C 521 0.123 -9.39

D 521 0.128 -9.32

E 541.87 0.126 -9.61

F 521.45 0.128 -9.49

All molecules possessed the features of a The Topological Surface Area (TPSA) of a

pharmacophore shown in fig. 2, i.e., two aromatic
rings and one hydrophobe in the "head" region of
the molecules and one hydrophobe in the "tail"
part. In addition to these features, all the molecules
consisted of hydrogen bond donors and acceptor
sites. But, due to the non-polar nature of the inner
core of the TMD of the protein, only hydrophobic
interactions were established between the receptor
and ligands. Fig. 4 shows the two dimensional
and three dimensional interaction diagrams of hit
compounds with the TMD of the envelope protein
of SARS-CoV-2.

On close examination of the protein-ligand
interactions, it is evident that the aromatic rings of
the head region of the molecules made hydrophobic
interactions with Alanine 32 and Alanine 36
segments of the five strands of the envelope
protein. For molecule B, the methyl group of
Alanine 32 in one stand made a non-conventional
hydrogen bond with the carbonyl group of the
amide linkage. The hydrophobic region of the head
region in all molecules (except B) interacted with
the Leucine28 amino acid segment of the protein,
while the hydrophobic part of the tail made bonds
with Valine28 of the envelope protein. All the
4-quinozolinone class of molecules displayed
a non-conventional hydrogen bond interaction
with the methoxy (-OCH,) group, which leads to
the increased binding of these ligands with the
receptor pocket.

Drug likeness of the ligands predicted by
SwissADME showed that only ZINC 09185092
and ZINC 09278965 (triazoles) perfectly obeyed
Lipinski rule®®. Other four molecules showed some
violations of the rule. But according to the Veber
rule, all molecules except Zinc 09278965 have
drug-like behavior. According to computational
studies, the bioavailability of triazole derivatives
was 0.55. Oxazole and quinozolinone derivatives
exhibited a comparatively lower bioavailability
score compared to triazole (Table 2).
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molecule is important in predicting intestinal
permeability. In general, absorption of the drug by
the intestinal tract will be lowered if it has a high
TPSA. Modifications such as lowering the number
of hydrogen bond donors and acceptors were found
to increase intestinal permeability. The TPSA value
of most drugs will be between 0 and 1402. Since
the TPSA values of the investigated molecules
ranged between 53 and 133 A2 in this work, we
can infer that all molecules possess appreciable
permeability. Poor solubility in water was noted
for all molecules except ZINC 09014307. This is
an indication of the enhanced lipophilic nature of
molecules.

The log Po/w of a molecule is very important
in determining the extent of hydrophilicity or
lipophilicity??!. Highly hydrophilic molecules
show poor permeability and blood plasma binding
capacity. Out of the different models predicted
by SwissADME, consensus LogP values for the
molecules are reported here. Molecules ZINC
09185092 and ZINC 09185092 showed 4.88 and
3.11 log P values, respectively, and fell in the range
predicted by Lipinski. Other molecules displayed
slightly higher log p values than Lipinski rules.

The Molar Refractivity (MR) of the six molecules
deviated slightly from the standard range (40-130).
This parameter is an indicator of the polarizability
of a molecule, and it is very important when
considering drug-receptor interaction??!, The MR
values of the investigated molecules varied from
139 to 142.

In modern pharmaceutical science, a major
concern is the potential for drug-drug interaction
in multi-drug therapies. One drug may induce or
inhibit Cytochrome P450 (CYP450) enzymes and
may alter the metabolism of the other drug(®.
Six cytochrome enzymes, namely CYPIA2,
CYP2C19, CYP2C9, CYP2D6, CYP3A4 and
CYP2E1, play an important role in the oxidation of
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drugs. Understanding the pharmacology of drugs
that inhibit CYP450 enzymes is very important
in multi-drug therapies. This study also reveals
the risk of giving two drugs simultaneously. The
interactions of the molecules with the cytochrome
enzymes predicted by the SwissADME web server
are given in Table 3. The majority of the molecules
acted as inhibitors of the enzymes, except for the
CYP1A2 inhibitor. ZINC 09185092 did not inhibit
CYP1A2 and CYP2C19.

A computational ADME investigation established
that all molecules do not have the capacity to
penetrate the Blood Brain Barrier (BBB), which
is an essential criterion for those drug molecules
affecting the central nervous system. GI absorption
is an important pharmacological property since
it determines the effectiveness of drugs. Out
of six molecules, three showed low activity
(ZINC09185092, ZINC09278965, ZINC2401500)
and three displayed high activity (ZINC09014307,
ZINCO02418731, ZINC9282093).

The Permeability glycoprotein (P-glycoprotein
or P-gp) plays a very important role in removing
toxic metabolites from the body, and it is found
in many organs?¥. If P-gp identifies a drug as a
toxin, it will be thrown out by the efflux pump
of the protein. This will affect the efficacy of the
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Fig. 4: Two dimensional and three dimensional interaction plots of molecules; (a): ZINC09185092; (b): ZINC09278965; (c): ZINC09014307; (d):

oral drugs administered. In some cases, similar to
CYP450, P-gp may induce the drug's efficacy. In
general, the bioavailability of a drug is enhanced
if it is inhibited by P-gp. The pharmacokinetics of
the molecules predicted by SwissADME showed
that all the molecules acted as P-gp substrates.

In  conclusion, pharmaceutically important
oxadiazole molecule that perturbs the ion channel
activity of proteins was selected from the chEMBL
database and analyzed for its binding efficacy on
the E protein of SARS-CoV-2. The pharmacophore
features of the molecule were determined by
considering the best pose of the protein-ligand
complex. Using the pharmacophore model, lead
molecules that possess the same structural features
as the oxadiazole were downloaded from the Zinc
database. Out of the many molecules in the Zinc
database, those with low RMSD were selected for
the docking studies. This consists of two triazole
and three quinazolinone derivatives. Docking
investigations of the molecules were done using
the Swissdock web server. Molecules having good
binding scores (magnitude >9 kcal/mol) were
reported in this work. Pharmacokinetic and ADME
investigations were done on the six molecules
obtained from the zinc database. To obtain a
complete picture of the potency of the drugs, in
vitro, in vivo toxicological studies, and clinical
trials must be conducted.

b

ZINC02418731; (e): ZINC2401500 and (f): ZINC9282093 with the envelope protein of COVID-19 virus
TABLE 2: PHYSICAL PROPERTIES OF THE MOLECULES PREDICTED BY SwissADME

Consensus of

Molecule M. wt (g/mol) TPSA (A?) logPo/w Water solubility  Molar refractivity
A 499.58 113.39 4.88 Poorly soluble 139.05
B 521.56 132.67 3.51 Moderately soluble 137.34
C 521.45 53.35 6.22 Poorly soluble 142.07
D 521.45 53.35 6.13 Poorly soluble 142.07
E 541.86 53.35 6.31 Poorly soluble 141.95
F 521.45 53.35 6.05 Poorly soluble 141.91
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TABLE 3: PHARMACOKINETICS DATA OF SIX HIT MOLECULES FROM ZINC DATABASE

Molecule Gastrointestinal BBB P-gp CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4

absorption permeant substrate inhibitor inhibitor inhibitor inhibitor inhibitor

A Low No Yes No No Yes No Yes

B Low No Yes No Yes Yes Yes Yes

C High No Yes No Yes No Yes Yes

D High No Yes No Yes Yes Yes Yes

E Low No Yes No Yes Yes Yes Yes

F High No Yes No Yes Yes Yes Yes
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