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ABSTRACT:
White spot syndrome (WSS) is one of most virulent viral disease known in the shrimp farming industry around the
world. This is caused by a double stranded enveloped DNA virus-WSSV, the type species of the genus Whispovirus
of the family Nimaviridae. White spot syndrome virus (WSSV) contains different proteins like envelope proteins,
structural and nonstructural proteins. The envelope proteins are VP24, VP26, VP28 and VP19. VP19 is one of the
foremost envelope protein causing the disease. These proteins are essential for entry into cells of the crustacean host.
The aim of the present work is to generate the 3D structure of target protein VP19, validate the structure and predict
its novel binding sites using bioinformatics techniques. The target protein was subjected to preliminary investigation
by sequence analysis and similarity searching. The BLAST search of sequence against PDB (Protein Data Bank)
database showed maximum homology with 3TB6_A. This was used as a template for structure prediction using
SWISS PDB software. The newly generated structure was validated using Ramachandran plot. Bioinformatics tools
are available for the detection of cavities in protein 3D structure and ranking them on the bases of probable binding
clefts. The different validation steps proved that the protein structure is stable. Furthermore, the predicted structure
can be selected for future studies thereby generating effective antiviral drugs.
Keywords: White Spot Syndrome Virus, VP19 protein, Homology modeling, Structure validation, Active site
prediction.

[I] INTRODUCTION
White spot syndrome virus is a widely occurring
highly virulent virus which attacks cultured
shrimp and many other crustaceans [24], causing
massive economic losses to the farmer. This virus

induces distinctive clinical signs of white spots
on the carapace, appendages, and the inner
surface of the body [21]. The virus has an outer
lipid bilayer membrane envelope, sometimes with
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a tail like appendage at one end of the virion [25,
17]. The virion envelope contains two major
proteins of VP28 and VP19 and the nucleocapsid
consists of three major proteins of VP26, VP24
and VP15 [6, 19]. Study on the morphogenesis of
the WSSV particle requires the genomic
identification and chemical characterization of
these WSSV virion proteins. An internal amino
acid sequence of envelope protein VP19 was
obtained by amino acid sequencing and used to
locate the VP19 open reading frame of this
protein on the genome, as WSSV ORF182. VP19
contained two putative transmembrane domains,
which may anchor this protein in the WSSV
envelope [23].
In this in-silico study, various computational
tools were used for the primary examination by
sequence analysis followed by homology
modelling. Homology modelling of protein refers
to constructing an atomic-resolution model of the
"target" protein from its amino acid sequence and
an experimental three-dimensional structure of a
related homologous protein considered as
"template". Homology modelling relies on the
identification of one or more known protein
structures likely to resemble the structure of the
query sequence, and on the production of an
alignment that maps residues in the query
sequence to residues in the template sequence.
The homology modelling procedure can be
broken down into four sequential steps: template
selection, target-template alignment, model
construction, and model assessment.
[II] MATERIALS AND METHODS
2.1. Target Sequence Identification
In this in silico study, the selected target is an
envelope protein VP19 based on its active
involvement in causing white spot disease. The
amino acid sequence of the target protein was
retrieved from sequence database NCBI.
2.2. Primary Sequence Analysis
Various Bioinformatics tools were used to predict
the primary sequence analysis. Study of physical
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and chemical properties, domain analysis,
transmembrane helices, protein family prediction
etc are the major areas in primary sequence
analysis.
2.3. Secondary Structure Prediction
This technique aims to predict the secondary
structures of protein based on knowledge of their
primary structure. This means predicting the
formation of protein structures such as alpha
helices and beta strands.
2.4. Tertiary Structure Prediction and
Validation
Homology modelling involves taking a known
sequence with an unknown structure and
mapping it against a known structure of one or
several similar homologous proteins. It would be
expected that two proteins of similar origin and
function would have reasonable structural
similarity. Therefore it is possible to use the
known structure as a template for modelling the
structure of the unknown structure. The stereo
chemical validation of model structures of
proteins is an important part of the comparative
molecular modelling process.
2.5. Active Site Prediction
Active site is the small portion of a protein
where substrate molecules bind and undergo
a chemical reaction. Active site of the target
protein was predicted using bioinformatics tools.
2.6. Structure Visualization
This program is aimed to display publication
quality images of proteins. A molecular graphics
visualization tool is required to view the structure
that is encoded by atomic coordinate PDB files
and to be able to manipulate the images to view
the molecule from various perspectives.
[III] RESULTS AND DISCUSSION
The target sequence VP19 was obtained from the
database NCBI with Accession no: ABG75925.1
which contains 121 amino acid residues.
3.1. Physical and Chemical Characterization
Various physical and chemical parameters of the
target protein were calculated by PROTPARAM
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server. The PROTPARAM tool computed
parameters include the molecular weight,
theoretical pI, amino acid composition, atomic
composition, extinction coefficient, estimated
half-life, instability index, aliphatic index and
grand average of hydropathicity (GRAVY) of the
protein VP19 (Fig. 1).
3.2. Domain Prediction
Protein domain analysis is an essential
component of protein sequence interpretation.
Conserved domains are functional units within a
protein that have been used as building blocks in
molecular evolution. The bioinformatics tool,
BLOCKS are multiply aligned ungapped
segments corresponding to the most highly
conserved regions of proteins. During the
sequence entry in BLOCKS database, a set of
blocks is converted to a position-specific score
matrix. This matrix is used to score the motif
found in the query sequence. Here the total
number of BLOCKS was 152 (Fig. 2). The red
color position shows the BLOCKS along the
query sequence.
3.3. Transmembrane Helices Prediction
TMHMM program is used for the prediction of
transmembrane helices in proteins. In addition to
this, TMHMM discriminate between soluble and
membrane proteins with high degree of accuracy.
TMHMM are a membrane protein topology
prediction method based on a hidden Markov
model. The plot showed the posterior
probabilities of inside/outside/TM helix (Fig. 3)
of VP19. It predicts two transmembrane helices
of VP19, which probably helps the protein to
hang on the viral envelope.
3.4. Protein Family Prediction
This helps to predict the protein families which
are similar to the query sequence. Similar
families should have identical functions. Pfam is
used for the prediction of similar families. The
Pfam database is a large collection of protein
families, each represented by multiple sequence
alignments and hidden Markov models (HMMs).
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HMM scan calculates the matching score
between the query sequence and each domain
found in Pfam library in bit score and in E-value.
Pfam result showed that the protein VP19 has
nine similar families (Fig. 4).
3.5. Secondary Structure Analysis
SOPMA (Self Optimized Prediction Method with
Alignment) is a secondary structure prediction
program that uses multiple alignments. SOPMA
has been described to improve the success rate in
the prediction of the secondary structure of
proteins. This predicts 69.5% of amino acids for a
three-state description of the secondary structure
such as alpha-helix, beta-sheet and coil. The
result of the present study showed 31.40% alpha
helix, 25.62% extended strand, 41.32% random
coil and 1.65% beta turns in target protein (Fig.
5).
3.6.
Homology
Modelling:
Similarity
Searching
Similarity searching is the initial step of
homology modelling. The simplest method of
template identification relies on serial pairwise
sequence alignments by BLAST. In BLAST the
target sequence searched similarity against the
structure database PDB. BLAST search helped to
select the best hit based on maximum identity
with low E-value. The selected template structure
showed 37% of similarity with query sequence
(Fig. 6).
3.7. Template Selection
Choosing the best template among the candidates
from BLAST result is a key step. The selected
template 3D structure was downloaded from
template library of SWISS-MODEL server. Its
PDB ID is 3TB6_A (Fig. 7).
3.8. Target-Template Alignment
To build a model, all comparative modelling
programs depend on a list of assumed structural
equivalences between the target and template
residues. This list is defined by the alignment of
the target and template structure. Here the query
sequence of VP19 was aligned with the template
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3TB6_A. This homology modeling technique
was carried out by SWISS-PDB software (Fig. 8).
3.9. Model Refinement
This is the final stage of homology modeling.
Three-dimensional structural model of the target
was generated (Fig. 9).
3.10. Structure Validation
Structure validation is the process of evaluating
reliability for 3-dimensional atomic models
of target protein VP19. These models provide 3D
coordinates for each atom in the protein.
PROCHECK helped to check the stereo chemical
quality of a protein structure by analyzing
residue-by-residue geometry and overall structure
geometry (Fig. 10). As a result of the
Ramachandran Plot analysis, we proved that the
target protein is suitable for further studies. The
Ramachandran Plot showed the residues to be
present in the most favored regions as 91.6%.
3.11. Energy Minimization
Energy minimization is an important step in
molecular modeling with applications in
molecular docking and in mapping binding sites.
Minimization involves repeated evaluation of
various bonded and non-bonded energies of a
protein complex. Energy minimization can repair
distorted geometries by moving atoms to release
internal constraints. Atoms should be displaced in
order to reach a lower energy state are shown by
dotted lines (Fig. 11).
3.12. Structure Visualization
The molecular visualization tool Rasmol was
used to display the modeled protein molecule on
the screen in a variety of color schemes and
molecule representations (Fig. 12). The program
reads in a molecule co-ordinate file and
interactively displays the protein structures in
different ways such as wireframe, backbone,
sticks, spacefill, ribbon etc.
3.13. Active site Prediction
Active site is found in a pocket that is lined
by amino acid residues that participate in
recognition of the substrate. POCASA is an
automatic program which can predict binding
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sites by detecting pockets of proteins of known
3D structure. The target protein VP19 showed 2
pockets in different colors (Fig. 13).

Figure 1: ProtParam result

Figure 2: Blocks result

Figure 3: TMHMM result
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Figure 7: Selected template structure

Figure 4: Pfam result

Figure 8: Target-Template alignment in Swiss-PDB
software
Figure 5: SOPMA result

Figure 6: The template 3TB6_A was screened by BLAST
Figure 9: Modelled structure
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Figure 13: Two pockets are found in VP19 structure
Figure 10: Ramachandran Plot Analysis

Figure 11: Energy minimized in Swiss-PDB software

[V] CONCLUSION
White spot syndrome virus (WSSV) is one of the
most serious pathogens of the cultured shrimp. In
WSSV the protein VP19 plays a crucial role for
the spreading of the disease. Based on this
literature knowledge, we have selected VP19 as a
target protein in this study. But the 3D structure
of VP19 protein was not available in any
structure database. So we initiated this in-silico
method to generate the structure of VP19. The
target protein showed a successive result in initial
studies by sequence analysis and similarity
searching. BLAST search sequence indicated
maximum homology with template and structure
prediction was carried out by SWISS-PDB
software. Newly generated structure was
validated and also its active sites predicted. These
studies suggest that the protein structure is stable.
Furthermore, the predicted structure can be
selected for future studies thereby generating
effective antiviral drugs.
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Figure 12: Rasmol result
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