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Mosquitoes transmit the flavivirus known as the Japanese encephalitis virus (JEV), which is related to dengue, yellow 
fever, and other viruses. In this manuscript, we have done an insilico examination of the JEV (Japanese 
encephalitis) protein (Helicase ATP binding domain). We predicted a crucial part that belongs to the DEAH-Box RNA 
helicase. The available tools Prosite, Pfam, and Inter ProScan help to identify the helicase ATP binding domain (HABD). 
We also predict alignment, amino acid composition, charged amino acid, atomic level study, and molecular weight, 
including theoretical Pi. We also study the modelled structure of the helicase ATP binding domain (helices, beta turns) and 
their details, including secondary structure. This family takes into account an enormous number of RNA helicases. The 
Ramachandran plot was used for structure validation, including the topology observation of the helicase domain protein. 
The domain contains strands, α-helix, and circles. The part has a beta-turn, and their deposits are separate between the 
under 7å. The numeral of collections per turn for alpha helices, the helix contributes to the extent of the deviancy of the 
helix geometry as of an ideal helix. We also investigate the protein, DNA, and RNA binding sites. In the current research, 
we appraise the structure-based information and its composition (amino acid and atomic), helices, beta turns, and binding 
sites' details. 

Keywords: JEV, Pfam, InterProScan, α-helix, Prosite, Secondary structure, Ramachandran plot, binding sites. 

 
INTRODUCTION 

The Flavivirus genus, which is a member of the 
Flaviviridae family, contains several viruses that are 
carried by arthropods. The West Nile virus (WNV), dengue 
virus (DEN), yellow fever virus (YFV), zika virus (ZIKV), 
and tick-borne encephalitis virus are among these viruses. 
The zoonotic cycle of JEV transmission between pigs, 
birds, and mosquitoes is maintained throughout the south 
& southeast areas of Asia (Solman et al. 2003, Tsai et al. 
2000). The JEV virus, which attaches to the nervous 
system and has a high mortality rate, is spread through 
mosquito bites. JEV has a plus-sense single-stranded 

RNA genome. It consists of the structural proteins 
membrane, envelope, and capsid. Additionally, there are 
seven non-structural proteins, designated as NS1, NS2A, 
NS2B, NS3, NS4A, NS4B, and NS5, which are translated 
as precursor poly-proteins (Sumiyoshi et al. 1987, Linares 
et al. 1989, Chambers et al. 1990). In this manuscript, we 
focused on the NS3 domain (protease-helicase) of the 
non-structural protein of JEV (Weinert et al. 2015, Crystal 
et al. 2019).  

Established on sequence assessment and conserved 
features, helicases are divided into three super families. 
They are motor enzymes that catalyze the unwinding and 
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remodeling of double-stranded nucleic acids using the 
energy from NTP hydrolysis (Luking et al. 1998). The 
sequence of motif II allows for the further classification of 
helicase into the DEAD, DExD, and DExx subfamilies 
(Ahmadian et al. 1997). All helicases use the motif 
I/Walker A motif, which is a phosphate-binding P-loop, as 
well as the motif II/Walker B motif, which is an aspartic 
acid loop that binds Mg2+ (Koonin et al. 1991). 

The helicase, NTPase (nucleoside 5′-triphosphatase), 
& 5′-terminal RNA triphosphatase functions of the protein 
(NS3) are all carried out by its catalytic domain. 
Functionally, the NS3 proteins of JEV, DEN, and YFV 
have been confirmed to contain helicase and ATPase 
enzymatic activity (Cui et al. 1998, Kuo et al. 1996, 
Warrener et al. 1993). Prior to the Walker A according to 
research, a conserved motif (Q) is required for DEAD-box 
helicases to operate as ATPases [Tanner et al.2003]. It 
has been shown that the JEV and HCV proteins' motif II 
(DExH/D) is essential for the functions of an ATPase & an 
RNA helicase (Utama et al. 2000). Rep from Escherichia 
coli (E. coli) of the superfamily 1 and the NS3 helicases 
from DEN, YFV, and HCV and UvrB from Bacillus 
caldotenax, which are members of the superfamily 2, are 
among the helicases whose crystal structures have been 
reported (Subramanya et al. 1996, Korolev et al.1997, 
Cho et al. 1998, Kim et al. 1998). The RNA binding, RNA 
helicase, and NTPase enzymes are involved in the viral 
genome's transcription and replication (Theis et al. 1999). 
The current study, we assess the depth structure of the 
domain (NS3) that may be played in the molecular 
processes. 

 
  
MATERIALS AND METHODS 
This manuscript includes a different methodology section. 

Organization of the detail domain 
The 3432 amino acid JEV (Japanese encephalitis) protein 
detailed domain organization. We concentrated on the 
critical (HABD) helicase ATP binding domain (188 aa), 
one of the essential domains. The sequence of this 
domain (the Helicase ATP binding domain) was obtained 
from the NCBI genome database for this investigation. 
Pfam, InterProScan & Scan Prosite were some 
implements we make the most for the manual domain 
organization (Tarique et al. 2017, Afaq et al. 2020, 
Bateman et al. 2002).  

Amino acid sequence and its composition 
The amino acid sequence (188 amino acids) of JEV was 
submitted to ExPASy Server on the link 
(https://web.expasy.org/protparam/), generated an aligned 
amino acid pattern with the Number of amino acids, 
molecular weight, and theoretical PI (Gasteiger et al. 
2005, Boeckmann et al. 2003). The total amino acid 
composition of the protein (CSV format) is put on the excel 
sheet, and draw a sound representation of several 

residues with percentages covered throughout the protein 
[Apweileret al.2004]. Similarly, we have done deep 
analysis to identify the total number of atoms (2936). The 
sequence analysis of helicase ATP binding protein was 
done using expect protein (http://www.predictprotein.org), 
online available bioinformatics facility for sequence 
analysis & protein structure & function prediction. This 
software provides us with the total composition of the 
protein, including several aligned proteins and several 
matched pdb structures (Bernhofer et al. 2021, Burkhard 
et al. 2004).  

Modelling & secondary structure prediction 
188 amino acids of the protein were modelled structurally 
(secondary) via the SWISS-MODEL 
(https://swissmodel.expasy.org) using an appropriate 
2z83.1.A (template) [Tarique et al 2013]. One may also 
see how the protein functionalities are appreciated by 
examining their structures. The template was used to 
create the structure models. For the secondary structure 
prediction using psipred, the produced PDB file from 
modelling was used (Armold et al. 2006, Jones et al. 
2022, Moffat et al. 2022, Kandathil et al. 2022). The 
PROCHECK program used the generated file (PDB) to 
validate the simulated structure using a Ramachandran 
plot. The concurrently discovered motifs include the beta-
turn, game-turn, helix, strand, & beta-hairpin. We used 
PDB sum (Sheik et al. 2002, Laskowskiet et al. 1997) to 
understand the produced models' topology. 

Helices and beta turns 
The well-planned colour illustrations "Helical turn & net" 
show the residues in each helix. The residues are color-
coded according to the types of amino acids: hydrophobic 
(green), polar (blue), & charged (red). Concerning 
recovered helical value, the turns and nets accept 3.6 
residues per turn (May et al. 1987, Wilmot et al. 1990). 
The four surrounding residues (i, i+1, i+2, & i+3) constitute 
a helicase domain. The key two residues must not be 
helical, and their C-alpha atom distances must be less 
than 7 (Ramachandran et al. 1968, Hutchinson et al. 
1994). Using the polyproline area of the plot's phi, psi, and 
accumulation i+1 edges, two subclasses of kind VIa turns 
were identified. A requirement for VIa1, VIa2, & VIb kind 
turns is that residue I will apply cis-proline. Turns grouped 
as type IV do not meet the criteria mentioned earlier 
(Lewiset et al. 1973, Richardson et al. 1981). 
 
Binding site prediction 
The NCBI database is used to extract the protein's 
primary sequence, which is then sent to the server at 
http://www.predictprotein.org to generate several regions 
of binding sites, including protein, DNA, and RNA binding 
sites. The different coloured boxes in this viewer represent 
expected traits that correlate to specific locations in the 
primary sequence. Proteins, DNA, and RNA are critical in 
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determining all fundamental biological processes, 
including mechanisms (Yachdav et al. 2014).  
 
RESULTS  

Organization of domain 
The details of domain organizations have been done 

using the available bioinformatics tools/ server. As we 
know that JEV (Japanese encephalitis) contains (1-3432 
amino acid) many domains such as nonstructural protein 
NS-1 (797-1146 amino acid), NS2A (1158-1339 amino 
acid), NS2B (1374-1504 amino acid), Helicase ATP 
binding domain (1672-1859 amino acid), NS4A (2129-
2268 amino acid) and NS4B (2273-2518 amino acid) 
(Figure1A). We carefully focused on the binding domain 
for the study in this article, Helicase ATP Binding Domain 
(HABD). We further used InterProScan to filter the 
helicase ATP binding domain. We found the HABD with 
187 stretches of amino acid in length (Figure 1B). The 
HABD belongs to DEAH-Box RNA helicase. The amino 
acid sequence of HABD is shown in different colors, PTR 
and DEAH (Figure 1C). We also identified the Helicase 
ATP Binding Domain with various tools, InterPro, Prosite, 
and Pfam (Figure 1D).  

 
Figure 1: Schematic representation of domain 
organization JEV domain. (A) The important 
conserved domains are written inside the boxes and 
highlighted in the helicase domain. (B) Helicase ATP 
binding domain (HABD) contains 187 amino 
acids. (C) Essential amino acid is shown in different 
colors. (D) Identification of Helicase ATP Binding 
Domain with various tools. 
DNA viruses that replicate mainly in the nucleus frequently 
practice a cellular helicase. In contrast, most RNA viruses 
that replicate largely in the cytoplasm possess a self-
encoding helicase.  

Sequences and its composition 
A sequence of Japanese encephalitis virus essential 

helicase ATP binding domain with 188 amino acids. The 
alignment of the amino acid sequence was done with the 
help of the Protparam server. We found the molecular 
weight (21003.84) and theoretical Pi (5.67) (Figure 2A). 
Figure 2B represents the total amino acid composition and 
number of residues/ parentages throughout the protein. 
Amino acid residues (Ala): 11.2%, Arg: 7.4%, Asn: 3.2%, 
Asp: 5.9%, Cys: 0.5%, Gln: 4.8%, Glu: 6.9%, Gly: 4.8%, 
His: 3.2%, Ile: 5.9%, Leo: 6.9%, Lys: 2.7%, Met: 3.7%, 
Phe: 2.1%, Pro: 8.5%, Ser: 3.7%, Thr: 8%, Trp: 1.1%, Tyr: 
3.2% & Val: 6.4% to cover throughout the protein. We 
further calculated this protein's negatively charged 
residues and positively charged residues. We discovered 
that negatively charged amino acids (Asp + Glu) have 24 
and positively charged amino acids (Arg + Lys) have 19 in 
number. (Figure 2C). Similarly, we moved toward the 
atomic composition, and we found that atoms Nitrogen, 
Sulfur, Hydrogen, Carbon & Oxygen. The graphical 
representation reveals that C: 31%, H: 50%, N: 9%, O: 
10%, and S: 0% throughout the protein (Figure 2D).   

 
Figure 2:  Aligned of JEV amino acid. (A) The amino 
acid sequences Helicase ATP binding domain were 
submitted to the protparam server, and the data were 
obtained. (B) The total amino acid composition and 
number of residue/ parentages throughout the 
protein. (C) The graph represents the positively 
charged and negatively charged amino acid 
residues. (D) The diagram illustrates the atomic 
composition of protein. 
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Modelling and Secondary structure  
The Swiss model server successfully provided the 

anticipated model of helicase ATP binding domain protein 
and its 3-dimensional coordinate file in PDB format. The 
secondary structure was constructed, and the results 
obtained as of the server contain predicted secondary 
structure (secondary) by a confidence score. JEV-
Helicase domain, template (2z83.1.A), and overlay 

pictures are all shown in Figure 3A. Strand, helix, and coil 
secondary structure perdition are revealed in a different 
hand. Figure 3B's strand is represented by the color 
yellow, the helix by the color purple, and the coil by the 
color grey. Similarly, we discovered that the protein 
contained tiny amounts of nonpolar, polar, hydrophobic, 
and aromatic molecules and cysteine (Figure 3C). 

 
Figure 3:  Structure modelling (A) (i) JEV-Helicase domain (ii) Template (2z83.1.A) (iii) Superimposed 
image. (B) The secondary structure prediction (Strand, helix, and coil) was generated. The yellow amino acid 
color represents the strand, purple for the helix, and gray for the coil. (C) Similarly, small nonpolar, polar, 
hydrophobic, and aromatics plus cysteine. 
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Ramachandran plot and topology 
To assess the predicted model helicase protein with 

an ATP-binding domain. The best-expected model's 
Ramachandran plots were obtained from PROCHECK 
servers and showed the model's consistency. A fair 
eminence model for the helicase domain protein can be 
inferred from the PROCHECK Ramachandran plot, which 
showed residues in the most regions (favoured) & few in 
different regions (allowed) (Figure 4A). Using the PDBsum 
server, the topology of the protein containing the domain 
(Helicase ATP binding domain) was observed. The 
sequence of structure (secondary) elements in the 
helicase domain protein and their relative 3-D positions 
and approximate alignments are substantially simplified 
(Figure 4B). 

 
 

Figure 4: Ramachandran plot (A) Ramachandran plot 
of protein. (B) The observed topology of the protein 
(Helicase ATP binding domain) was done using the 
PDBsum server. 

Empathy of helices 
The data listed in the table for each helix includes the 

helix number, which is assigned consecutively starting by 
way of one on the N-end of the protein, the buildup 
numbers concerning the beginning & end of the helices, & 
the helix type, either alpha helix (H) or helix (G). The 
number of deposits in the helix is followed by details about 

its geometry, including its length and unit rise (measured 
in Angstroms), the number of buildups per turn (ideally 
3.6) for alpha helices, the helix contribution Angstroms, 
and the degree to which it deviates from a perfect helix. 
This last esteem ought to be 0 for an ideal helix. The 
geometrical parameters are not determined for helices 
with less than four buildups. The amino acid (aa) 
sequence of the helix is shown in the table's final 
segment. Table 1 shows the helices of the DHX8 protein 
(Helicase ATP binding domain). The helical value of 3.6 
residues per turn was approved. (Figure 5). 

 
 
Figure 5: The helical diagrammatic depicts the 
residues (amino acids) preparation in every helix. 
Green (hydrophobic), red (charged), and blue (polar) 
colours indicate residues (amino acids). The 
assessment of residues per turn by helices was 
approved. 
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Table 1: Helices in the helicase domain from Japanese encephalitis 

S.No. Start End Type 
No. 

residue 
Length 

Unit 
rise 

Residue
s/turn 

Pitch 
Deviation 
from ideal 

Sequence 

1. Asn15 Leu17 G 3 - - - - - NML 

2. Lys33 Gln47 H 15 21.87 1.42 3.84 5.48 14.3 KTRKILPQIIKDAIQ 

3. Val61 Ala68 H 8 12.17 1.46 3.67 5.35 13.2 VAAEMAEA 

4. Gln82 Glu84 G 3 - - - - - QRE 

*5. His96 Leu103 H 8 12.93 1.57 3.62 5.68 13.7 HATLTHRL 

*6. Pro125 Glu139 H 15 23.13 1.51 3.65 5.50 6.6 PASIAARGYIATKVE 

*7. Glu183 Glu187 H 5 8.03 1.47 3.76 5.53 24.6 EWITE 

 Number of helices in chain A: 7  
*Asterisked motifs relate to those exemplified in the motif plots at the top of the page. 

Empathy of beta turn 
Proteins can have beta twists, an unconventional 

supporting structure that alters how the polypeptide chain 
behaves over time. In proteins and polypeptides, they 
recur frequently. There are four dangerous amino buildups 
in each. The helicase ATP binding domain of a protein's 
beta-turn has been extensively studied. The turning plots 
show a Ramachandran plot with the circle with brown 
(residues i+1) & square with green (i+2) plotted. If the 
focus two deposits are not helical, as determined by either 
the Kabsch & Sander criteria or the creator-described 
criteria, & the space between the Calpha molecules of 

buildup I & buildup i+3 is less than 7 (Figure 6), the two 
deposits are not helical. Every beta-turn's information has 
surfaced: 

The turn type 
The buildup quantities of deposits I and i+3, in turn 
The one-letter stretch amino acid codes for those 

deposits Phi, psi, and chi1 are specified for each focal 
buildup (i+1 and i+2). The final column shows how 
accumulations I and i+3's Calpha iotas differ and if 
hydrogen haven applies to these deposits. Tables 2 and 3 
contain information regarding beta turns in the protein. 

 
Figure 6: The plots for turns display a Ramachandran plothru, which has a circle with brown (residues i+1) and a 
square with green (i+2) schemed on it. The representation map of the turn through the four residues (amino 
acids) with the distance between them labelled as i-i+3. In the residue (amino acid), I donate a hydrogen bond to 
residue (i+3), as shown by the red arrow. The Ramachandran plot displays the number of residues (amino acids) 
and the turn type. 
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Table 2: Strands (Beta) in the helicase domain (ATP bining) from Japanese encephalitis. 

S.No. Start End Sheet 
No. of  
residue 

Edge Sequence 

1 Met22 Asp26 A 5 Yes MTVLD 

2 Thr52 Ala56 A 5 No TAVLA 

3 Arg75 Tyr76 A 2 Yes RY 

4 Val91 Cys95 A 5 No VDVMC 

5 Leu114 Asp118 A 5 No LFVMD 

6 Ala144 Thr149 A 6 No AAIFMT 

Number of strands in chain A: 6 
 

Table 3: Turns (Beta) in the helicase domain from Japanese encephalitis. 
S.No. 

 
Turn Sequence 

Turn 
Type 

Residue i+1 
Phi             Psi      Chi1 

Residue i+2 
Phi           Psi         Chi1 

i to i+3 
CA dist 

H-
bond 

1 Arg18-Gln21 RKRQ II -52.9 147.2 -72.4 84.5 15.6 -145.9 6.6 No 

2 His28-Ser31 HPGS II -55.9 122.8 -23.7 104.3 7.7 - 6.2 No 

3 Thr58-Val61 TRVV IV -59.7 -43.7 -64.1 -76.4 -40.0 88.3 5.8 Yes 

4 Leu69-Leu72 LRGL II -59.2 141.6 -75.7 82.4 -0.9 - 5.8 No 

5 Tyr76-Ser79 YQTS IV -82.9 20.3 -69.0 -139.2 -11.1 37.7 6.3 No 

6 Gln77-Ala80 QTSA IV -139.2 -11.1 37.7 -106.8 9.2 -58.3 6.7 Yes 

7 Gln86-Glu89 QGNE I -68.2 -30.1 - -111.8 6.7 62.7 5.8 Yes 

8 Tyr112-Phe115 YNLF VIII -91.9 -18.3 -54.0 -142.9 136.3 177.3 6.9 Yes 

9 Met117-Ala120 MDEA IV -82.8 149.5 -157.9 45.9 54.0 -61.7 5.6 No 

10 Glu119-Phe122 EAHF IV -76.1 24.8 - -103.7 -20.0 56.3 6.4 No 

*11 Thr149-Pro152 TATP IV -84.9 -15.4 - -139.6 64.8 45.2 5.6 Yes 

*12 Pro152-Thr155 PPGT II -53.7 124.7 -29.3 100.8 -6.5 - 5.6 No 

*13 Asp157-Pro160 DPFP IV -79.9 -10.8 4.6 -121.6 56.0 -58.7 6.4 Yes 

*14 Ser162-Pro165 SNAP VIII -72.2 -18.5 -63.2 -143.3 134.4 - 6.4 Yes 

Number of beta turns in chain A: 14  
* Asterisked motifs relate to those clarified in the motif plots by the top of the page. 
* Residue colouring corresponds to the colouring given in the motif plots and in the RasMol displays. 
 

Binding site extrapolation 
To generate various regions of binding sites, such as 
protein, DNA, and RNA binding sites, the main sequence 
(protein) is taken from the NCBI database and sent to the 
server (http://www.predictprotein.org). The protein binding 
site schematic is shown in Figure 7A: There are eight 
distinct places with varying quantities of amino acids 
where the binding sites are present. This crucial location is 
also appropriate for interacting proteins or necessary 
ligands. The DNA binding site can be found in Figure 7B 
in nine different areas. The mechanism at the DNA level 
may benefit from this binding—the RNA binding site in 
Figure 7C. The RNA helicase subclass of proteins 
includes this one. In terms of biological support, it will be 
helpful too. With the various coloured boxes, this viewer 
displays expected features matching locations in the 
primary sequence. Proteins, DNA, and RNA crucially 
determine all essential biological processes, including 
mechanisms.  

Figure 7:  JEV (Helicase ATP binding domain) binding 
sites. (A) Important protein binding sites (B) Binding 
sites (DNA) (C) Binding sites (RNA). 



Sain et al.                                                                                            Analysis of crucial domain of Japanese Encephalitis 

 

    Bioscience Research, 2023 volume 20(3): 667-676                                                             674 

 

CONCLUSION 
We have done a thorough bioinformatics examination of 
the JEV (Japanese encephalitis) protein (Helicase ATP 
binding domain) in this work. In light of the consequences 
of this investigation, we have built up a novel learning-
based computational methodology for identifying Helicase 
ATP binding domain and ideal evaluate an approach to 
predicted helicase ATP binding domain with different 
available tools; we also indicate alignment, amino acid 
composition; charged amino acid, atomic level study and 
its molecular weight including theoretical Pi. We also study 
the modelled structure of the helicase ATP binding domain 
(helices, beta turns) and their details. The conserved motif 
DEAH is the group's utmost distinctive feature. This family 
takes into account an enormous number of RNA 
helicases. The domain contains strands, α-helix, and 
circles. The number of assortments per turn for alpha 
helices, the helix contributes to the extent of the 
abnormality of the helix geometry from an ideal helix. The 
present study evaluates an approach to predicted 
hydrophobicity, amino acid charge, antigenic region, 
structure (helices, beta turns), & their details. The plots for 
each turn demonstrate a Ramachandran plot with deposits 
plotted on it. The buildup numbers & turn type are shown 
over the Ramachandran plot. The geometrical parameters 
are not determined for helices. This study will help us 
understand the helix's amino acid succession and the 
details of the structure. 
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