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ABSTRACT

Japanese encephalitis (JE) is one of the most frequent causes of viral encephalitis in humans and belongs to the family of flavi-
viruses (Flaviviridae). Japanese Encephalitis Virus (JEV) is transmitted by mosquitoes and vectors from other organisms, so it is
also known as a mosquito-borne disease of the Japanese encephalitis virus, which includes both positive-sense ssRNA (single-
stranded RNA). Includes 11 kb and several structural proteins (C, M and E) and 2 non-resistant proteins that are Non-Structural
(NS) (NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5) of these, E protein plays an important part in immunogenicity, virus-cell
membrane fusion, infection, and virus maturation. The capsid protein C plays a critical role in virus budding by attaching to the
cell membrane and functions in the Nucleocapsid in the assembly of viral RNA. In this study, we have identified potential inhibi-
tors of JEV protein. Three proteins viz. Uniprot IDs PODOH9, PODOK8 and G3FEX6 were selected, with POLS_JAEV5 struc-
tural polyprotein, POLS_JAEVM structural polyprotein and POLG_JAEVM (genome polyprotein Japanese encephalitis virus
(strain M28) (JEV)) respectively. 6 ligand i.e. Prechlorperazine, Chlorpromazine Hydrochloride, Chlorpromazine Methoiodide,
Methochlorpromazine, Chloracyzine and N-Dimethylmethanimidamide were selected to perform the docked again protein based
on literature studies. Docking was carried out using the Schrodinger application software using Glide Dock methods. The dock-
ing result of all three proteins against ligand suggests that Chlorpromazine Hydrochloride is the best inhibitor indicating a docking
score of range from is -4.954. This study identified a potential ligand against JEV and can be further used for drug discovery and
development.
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INTRODUCTION rus is transmitted by the mosquito and vectors of another
organism, so it is also known as the mosquito-borne disease
of the Japanese encephalitis virus (JEV). JEV contains a pos-
itive-sense ssSRNA of both approx11 kb, the virus can contain
several structural proteins include (C, M and E) and 2 non-
structural proteins include (NS1, NS2A, NS2B, NS3, NS4A,

NS4B, and NS5).}

JE is an inflammatory disease that is caused by JEV. The virus
includes a single complementary strand of RNA virus. This
virus belongs to the family of flavivirus (Flaviviridae). JEV
virus is almost similar to the West Nile encephalitis virus. JE
virus-induced inflammation contributes to disease severity
by inducing neuronal cell death'inhibiting the proliferation
and differentiation of neural progenitors and disrupting the
blood-brain barrier (BBB). Japanese encephalitis (JE) is very
often a viral disease of viral encephalitis in living organisms
including human and animals both particularly in Southeast
Asia and also show some smaller extent in the Western Pacif-
ic regions and Australia.JEV proceeds to occupy additional

The crucial role of E protein includes illness against patho-
gen importance in immunogenicity membrane fusion virus
and virus maturation. JE is a disease and organisms spon-
sor such as creatures and cows that play an important func-
tion inside magnification and the conserved of their virus
whereas ancestral bunch, mosquitoes had been subjected to

geographic locations and producing a significant impact on
general health issues.’

Japanese encephalitis (JE) is an infected brain cell that
can affect by the Japanese encephalitis virus (JEV). The vi-

the transportation of virus. *

The JEV is transmitted from one living organism to another
organism through the mosquitoes that were first discovered
in the 1930s. In 1938 it was found in Culextritaeniorynchus.
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It is mostly found in Southern Asia, Eastern Asia and C. tri-
taeniorhynchus is the main vector for responsible JE infec-
tion and context in Northern Australia, C. Annulirostris is the
vector that caused the infection.’

However, the JE virus was characterized by different sort of
species of mosquitoes and also is still a member of genus
Culex, Anopheles and Mansonia however sophistication of
Culexvishnui which contain the Culex tritaeniorhynchus,
Culexvishnui and also Culexpseudovishnui) that are found in
the subordinate of vectors of JEV that could be breed in liv-
ing human body of still water because paddy fields.°

The virus can be shown in human and animals basically in
cattle, horses and are degrade-end hosts of JEV like they are
unable to producing enough level of viremia to reintroduce
the infection to other mosquitoes’. Transmission of JE in hu-
man beings is not feasible, even though transfusion-related
JEV transmission was described in two immune balanced
lung transplant receiver in Hong Kong and the result of lung
transplant in the case of one several encephalitis and other
case is asymptomatic inflammation with seroconversion.®

Many different secondary vectors are shown from other stud-
ies for example Mansoniaindiana, C. whitmorei, C. gelidus,
C. epidesmus, Anopheles subpictus, A. peditaeniatus, along
with M. uniform. The pure cycle of the JE virus calls for wa-
ter creatures and Culex mosquitoes although dinosaurs are
deemed to function as absolutely the absolute most crucial
amplifying host, supplying a link to individuals through-
out their proximity into housing. In India, the most vector
is Culextritaeniorhynchus members of C.vishnui and C.
pseudovishnui. However secondary vectors like C.gelidus,
C.fuscocephala, C. whitmorei, Anopheles subpictus and M.
uniform are likewise accountable for transmission of JE in
India.’

Table 1: Detail of Genome and Structural Polyprotein of JEV

S. No. Uniport Id Entry Name

1 P27395 POLG_JAEV1
2 P32886 POLG_JAEV]
3 PoDOHS8 POLS_JAEV]
4 G3FEX6 POLG_JAEVM
5 Piguio POLG_JAEV5
6 P14403 POLS_JAEVN
7 PoDOH7y POLS_JAEV1
8 PoDOHg POLS_JAEVs5
9 PoDOKS8 POLS_JAEVM

The cycle of the JE virus involves Culex and aquatic birds
while pigs are regarded to function as the amplifying host,
providing a link to folks throughout their closeness to
home.'® Individuals are believed to become dead-end hosts.
JEV is significantly affecting our developing country India
and has been emerged as a potential hub of JEV infection."

Despite some recent successes with widespread vaccination,
JE will likely remain an important public health problem
and significantly affecting our country India. From the path
mechanism study of JE viral infection disease inflammation
is the key process in regulation CNS microenvironment and
activation of microglia cells takes place followed by JEV in-
fection and associated with progressive neurodegeneration.'?

Japanese encephalitis (JE) is among the most frequent cause
of viral encephalitis in humans and can be found worldwide,
notably in south-east Asia and less commonly in the West-
ern Pacific regions and Australia. JEV sustained generating a
medical-related difficulty and to occupy precisely the unique
places.*This virus can be infected the brain cells during
stimulation of microglial cells which is brought on by the JE
virus even the mosquito-borne Japanese encephalitis virus
(JEV) belongs to the genus Flavivirus of the family Flavi-
viridae.

JEV comprises a stranded ssSRNA containing approximately
11 kb, where E, M and C encoded by NS1, NS2A, NS2B,
NS3, NS4A, NS3, NS4B, NS5 assessed by the 7 protein
and the 3 structural components®. The E protein performs
an important part in immunogenicity, virus-cell membrane
fusion, infection, and virus maturation. Detail of JEV pro-
tein is shown in table 1. JE is primarily a zoonotic illness
and vertebrate hosts such as pigs and birds play a significant
role within the maintenance and amplification of the virus
whereas invertebrate host, mosquitoes are responsible for the
transmission of the virus.'

Protein Name Organism

Genome polyprotein Strain (SA-14)

Genome polyprotein Strain (Jaoarsg82)

Structural polyprotein Strain (Jaoarsg82)

Genome polyprotein Strain (M28)

Genome polyprotein Strain (SA(v))

Genome polyprotein Strain (Nakayama)

Structural polyprotein Strain (SA-14)

Structural polyprotein Strain (SA(v))

Structural polyprotein Strain (M28)
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Functional Study of JEV Protein

Capsid protein C plays an important role in virus potential
along the binding to the cell membrane including also the vi-
ral RNA through a nucleocapsid further inducing the mature
virus molecules at the time of entry, the capability of intro-
ducing genome into the cytoplasm on suffocating the host till
hemifusion induced by the surface of the protein. It can move
to the cell nucleus by cytoplasm and perform functions.'” It
can migrate from the cytoplasm to the cell nucleus where it
performed host functions. Host EXOCT is controlling through
the antiviral effects by disseize and deactivate the closed end
through the proteasome degeneration pathway. The capsid
protein C prevents the RNA silencing along with mess with
host Dicer and the Peptide inhibits the ultimate fusion act of
envelope proteins in trans-Golgi by required to bind to enve-
lope protein E and maintain the standard pH6.0.'®

After that virion delivers in extracellular space, gets disrupt
from E dimers. The protein envelope attaches to the host cell
surface receptor and interferes with the fusion along with
the viral and cellular membrane.! Envelope protein which
is a heterodimer alongside protein prM is incorporated in the
endoplasmic reticulum. The virion growing assumes a sig-
nificant job in the ER and recently combined juvenile parti-
cles is covered with 60 spikes which comprise a heterodimer
encompassed by forerunner pr M and envelope protein E.
the virion is moved to the Golgi mechanical assembly where
less pH cause partition of prM-E heterodimers and age of E
same dimmers.*

Homology Modeling

The Major attention of structural biology included the crea-
tion of protein-ligand Complexes in which the protein mol-
ecules employ vigorous in the course of binding. Conse-
quently, perceptive of protein-ligand interaction will be very

Table 2: Identified target protein of jev with UniProt id

S. No. UniProt Id Entry Name
1 PoDOHg POLS_JAEVs5
2 PoDOKS8 POLS_JAEVM
3 G3FEX6 POLG_JAEVM

important for structure-based drug design and its direction.
The forecast of the 3D arrangement of a Protein from the
amino acid chain remains a basic logical and scientific issue.

This problem approach can often have achieved using dif-
ferent types of Techniques and the first and most accurate
approach is “homology” modelling or “relative. Homology
Simulating is simply the approach of the decision to gener-
ate a dependable protein version of 3 D from its chain of
amino acids. The Idea of homology Simulating is employed
to search the exact conformation space by minimally disturb-
ing.

Molecular Docking

In the study of atomic demonstrating, docking is utilized as a
technique that can give results or predicts the direction incli-
nation of one particle to a second when they are bound to like
each other strategy and structure a steady mind-boggling. To
anticipate the quality of affiliation or restricting liking be-
tween two particles, the information on this favoured direc-
tion approach thusly might be utilized. Sub-atomic docking
is one of the most now and again utilized techniques in tran-
quillize structure-based plan, given its capacity to distinguish
and foresee the coupling compliance of little particle ligands
to the objective restricting site of assignment. The coupling
conduct of Characterization has a significant job in the plan
of medications just as to key biochemical procedures. '

MATERIALS AND METHOD

JEV proteins were searched in the UniProt database table 2
shows the list of JEV protein. These proteins were selected
as protein target for docking study and screening of best li-
gand.

Protein Name Organism
Strain (SA(v))
Strain (M28)

Strain (M28)

Structural polyprotein
Structural polyprotein

Genome polyprotein

Table 3 shows the list of ligands that were selected for docking with the target protein of JEV. These ligands were retrieved
from the PubChem database against the Structural and genome polyprotein of JEV.

Table 3: Identified ligand with PubChem CID

S. No. PubChem CID Molecular Formula Molecular Weight  Ligand Name

1 4917 CH,CINS 373.9 g/mol Prechlorperazine

2 6240 CH,CLN5 355.3 g/mol Chlorpromazine Hydrochloride
3 9682 C,H CIN5 460.8 g/mol Chloropromazine Methoiodide
4 9683 C H, CIN S 333.9 g/mol Methochlorpromazine

5 13113 C H,CIN,OS 360.9 g/mol Chloracyzine

6 58273 C.H,CINS 345.9 g/mol N- Dimethylmethanimidamide

I
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RESULTS AND DISCUSSION

I. Homology Modeling of POLS_JAEV5 Protein (
UniProt Id: PODOH9)

The structure prediction of structural Polyprotein was done
by using automated modelling SWISS-MODEL (http://
swissmodel.expasy.org) and the modelled protein structure
was verified using Ramachandran plot as shown in figure
la, which shows the protein structure and 1b show the Ra-
machandran plot.
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Figure 1: Result of JEV showing the modelled structure of
structural polyprotein (UniProt ID- PODOH9) (a) and Ra-
machandran plot for protein STRUCTURAL ANALYSIS (b)

Ramachandran plot determines the analysis of amino acids
residues and detailed analysis shows that 90.9% of the resi-
due lies in most favoured regions, 7.2% residues in allowed
regions and 0.9% residues in the disallowed region as shown
in fig 1(b).

Ligands were identified from the PubChem database (http://
pubchem.ncbi.nlm.nih.gov), and docking was done using
Schrodinger maestro. POLS JAEVS Protein shows the best
docking with N-Dimethylmethanimidamide ligand with a
docking score of - 3.85. The docking result with all the li-
gands was shown in table 4.

Interaction map between ligand and the target protein as
shown as mentioned in table 4 and interaction graphs be-
tween protein and ligands were shown in figure 2A-F
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Figure 2: Result of Schrodinger Maestro showing the Ligand
interaction map with structural polyprotein (POLS_JAEVS5).
Each interaction map (A-F) represents the type of bond and
interacting amino acids where -> (Hydrogen bond backbone),
...... > (Hydrogen bond side chain ) and straight-line repre-
sents pi-pi interaction.

Table 4: Docking score of the interaction of ligands with target POLS_JAEV5 protein

PubChem CID (Compound Ligand Name Docking Score  Ligand-Protein interaction
identification number)
1 58273 N- Dimethylmethanimida- -3.855 A
mide
2 13113 Chloracyzine -3.544 B
3 9682 Chloropromazine Methoio- -3.384 C
dide
4 9683 Methochlorpromazine -3.384 D
5 6240 Chlorpromazine Hydrochlo- -3.375 E
ride
6 4917 Prechlorperazine -3.36 F

1|
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Il. Homology Modeling of POLS_JAEVM Protein
The structure prediction of structural Polyprotein was done
by using automated modelling SWISS-MODEL (http://
swissmodel.expasy.org) and protein structure verification
was done using Ramachandran plot analysis. The result of
structure prediction and verification is shown in figure 3a
and 3b respectively.

Psi (degrees)

Phi (degrees)

Figure 3: Result of JEV showing the modelled structure of
structural polyprotein (UniProt ID- PODOKS8) (a) and Ra-
machandran plot of modelled protein (b)

Ramachandran plot analysis of modelled POLS JAEVM
Protein shows that 88.1% of residues lie in most favoured
regions, 10.1% residues in allowed regions and 0.7% resi-
dues in the disallowed region as shown in figure 3(b).

Docking result of POLS JAEVM Protein with ligands as
shown in table 5, shows that POLS JAEVM Protein has best
interaction with Chlorpromazine Hydrochloride ligand with
the docking score of - 3.88 as shown in table 5.

Table 5: Docking score of the interaction of ligands
with target POLS_JAEVM protein. The docking score
shows the strength and stability of interaction, and
the interaction Map of each compound was shown in
corresponding figures as mentioned in the table.

S. PubChem Ligand Name

Docking Interaction

NO. CID Score Map

1 6240 Chlorpromazine -3.88 A
Hydrochloride

2 58273 N- Dimethylmeth-  -3.859 B
animidamide

Table 5: (Continued)

S. PubChem Ligand Name Docking Interaction

NO. CID Score Map

3 4917 Prechlorperazine -3.471 C

4 9682 Chlorpromazine -3.441 D
Methoiodide

5 9683 Methochlorproma-  -3.441 E
zine

6 13113 Chloracyzine -3.331 F

The interaction map of POLS JAEVM Protein with ligands
as mentioned in table 5 was shown in figure 4A-F.
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Figure 4: Result of Schrodinger Maestro showing the Ligand
interaction with structural polyprotein (POLS_JAEVM).

lll. Homology Modeling of POLG_JAEVM Protein
The structure of POLG_JAEVMProtein is shown in figure
Sa and the Ramachandran plot in figure 5b.  Ramachan-
dran plot of the modelled protein shows that 90.4% lies in
most favoured regions, 9.3% residues in allowed regions and
0.1% residues in the disallowed region.
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Psi (degrees)

Figure 5: Result of JEV showing the modelled structure of GE-
NOME POLYPROTEIN (UniProt ID- G3FEX6).

The molecular docking study of POLG_JAEVM shows that
it has the best interaction with Chlorpromazine Hydrochlo-

ride ligand with a docking score of -4.954 as shown in table
6.

Table 6: Docking score of the interaction of ligands
with target POLG_JAEVM Protein

S. PubChem LIGAND NAME DOCKING (FIG:

NO. CID SCORE  4.3.2(B))

1 6240 Chlorpromazine -4.954 A
Hydrochloride

2 58273 N- Dimethyl- -4.836 B
methanimidamide

3 13113 Chloracyzine -4.559 C

4 9682 Chloropromazine -4.122 D
Methoiodide

5 9683 Methochlorprom- -4.122 E
azine

6 4917 Prechlorperazine -4.04 F

The interaction map between ligands and POLG _JAEVMas
mentioned in table 6 was shown in figure 6e-f.
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Figure 6: Result of Schrodinger Maestro showing the Ligand
interaction with genome polyprotein (POLG_JAEVM).

CONCLUSION

JEV proteins were studied and results were obtained from
UniProtKB. Uniprot ID for 7 different structure and genome
Polyprotein of Japanese encephalitis was retrieved and stud-
ied. Variants of structural and genome Polyprotein from dif-
ferent JEV strain were also studied and their structure was
modelled using the SWISS MODEL software tool. Further
Schrodinger. the software was used for docking with the
identified ligands and a protein-ligand interaction map was
studied. According to different researches in JEV, it has been
identified that a different strain of JEV protein causes virus-
induced encephalitis development in mosquito-borne flavivi-
rus®. Ligand which can play as the antagonist for this protein
can be regarded as a drug against inflammation disease.

--l1—- |
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The First Docking result shows that POLS JAEVS (Uni-
prot id: PODOHY9) protein have the best interaction with
N- Dimethylmethanimidamide ligand with a docking score
of -3.85, second Docking result shows that POLS JAEVM
(Uniprot id: PODOKS) protein have the best interaction with
Chlorpromazine Hydrochloride ligand with docking score
of -3.88 and the third Docking result shows that POLG
JAEVM (Uniprot id: G3FEX6) protein have the best interac-
tion with Chlorpromazine Hydrochloride ligand with dock-
ing score of -4.954. Among these 3 interactions of ligands
against a target protein, the best interaction shows that the
genome Polyprotein POLG_JAEVM (Uniprot id: G3FEX6)
with Chlorpromazine Hydrochloride ligand with the highest
docking score of -4.954. It could be a possible compound for
the treatment for targeting the JEV pathway.
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