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Abstract White spot disease is a devastating disease of
shrimp Penaeus monodon in which the shrimp receptor
protein PmRab7 interacts with viral envelop protein VP28
to form PmRab7–VP28 complex, which causes initiation of
the disease. The molecular mechanism implicated in the
disease, the dynamic behavior of proteins as well as inter-
action between both the biological counterparts that crafts a
micro-environment feasible for entry of virus into the

shrimp is still unknown. In the present study, we applied
molecular modeling (MM), molecular dynamics (MD) and
docking to compute surface mapping of infective amino
acid residues between interacting proteins. Our result
showed that α-helix of PmRab7 (encompassing Ser74,
Ile143, Thr184, Arg53, Asn144, Thr184, Arg53, Arg79)
interacts with β-sheets of VP28 (containing Ser74, Ile143,
Thr184, Arg53, Asn144, Thr184, Arg53, Arg79) and
Arg69-Ser74, Val75-Ile143, Leu73-Ile143, Arg79-Asn144,
Ala198-Ala182 bonds contributed in the formation of
PmRab7–VP28 complex. Further studies on the amino acid
residues and bonds may open new possibilities for prevent-
ing PmRab7–VP28 complex formation, thus reducing chan-
ces of WSD. The quantitative predictions provide a scope
for experimental testing in future as well as endow with a
straightforward evidence to comprehend cellular mecha-
nisms underlying the disease.

Keywords Docking . Molecular dynamics . Molecular
modeling . Shrimp . Simulation . White spot disease

Introduction

Protein–protein interactions orchestrate plentiful biological
processes involved during enigmatic cascading of the path-
ogen ingression into host to cause a fatal disease. White spot
disease (WSD) caused by white spot syndrome virus
(WSSV) is one serious disease that has drastically reduced
the shrimp aquaculture production during the past two dec-
ades. WSD appeared for the first time in 1992 when WSSV
caused a devastating blow to the population of shrimp
Penaeus monodon and even spread to all of Southeast Asia
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within a decade [1]. The deadliest form of WSSV caused
upto 100 % shrimp mortality within 3–10 days [2]. Thus,
development of proficient disease-free broodstock and ef-
fectual treatment of shrimp viruses to augment shrimp aqua-
culture and production became a global apprehension.
Though employment of conducive wet lab methodologies
have served as an indispensable tool for comprehensive
understanding of disease mechanism [3], the availability of
bioinformatics tools and methodologies such as molecular
dynamics and docking [4–6] have elevated the understand-
ing of host-parasite interaction at the atomic level. The
structures of host and pathogen proteins generated by
high-throughput X-ray crystallography and NMR spectros-
copy have transformed the opportunities to use protein
three-dimensional structures to accelerate drug discovery
[7]. In addition, a radical leap in the field of drug discovery
occurred by use of the 3D models of proteins generated
from comparative/homology modeling. In this view, our
study focuses on an insilico approach applying molecular
modeling, dynamics and docking for understanding the
interplay between the host-pathogen proteins through com-
putational surface mapping of infective amino acid residues.

Complete genome sequencing of WSSV [8] ensured
characterization of its genome at molecular level and ele-
vated the understanding of WSD by protein-protein interac-
tion between shrimp and virus [9]. As per the proposed
model of morphogenesis of WSSV [1] when the virus enters
host, the viral envelop proteins interact with endosomal
proteins of shrimp, thereafter the naked viral nucleocapsid
is transported into the shrimp nucleus where viral genome is
released for its replication and dissemination. In this line,
many reports are available that show that the pathogens
intrude into host by endocytosis [10] and hijack the Rab-
mediated trafficking machineries [11] to endure inside the
host endosome. Therefore, targeting the Rab proteins might
devise remedial measures against diseases [12]. The shrimp
protein PmRab7 is a Rab protein located in endosome [13]
and acts as receptor for the WSSV envelop protein VP28
[14]. VP28 is a major structural envelope protein of WSSV
largely accountable for the systemic infection in shrimp
[14]. It also forms an important part of “infectome” crucial
in cell recognition, attaching and guiding the virus into the
shrimp cell [15]. Crystal structure studies conducted on
VP28 revealed that it is located on the outer surface of the
virus and composed of C–terminal nine stranded β–barrel
and N–terminal α–helix [16].

In order to investigate the mechanism of interaction be-
tween shrimp and virus proteins, we designed 3D structure
of shrimp receptor protein PmRab7 and downloaded the
available structure of VP28 from Protein Data Bank
(PDB_ID: 2ED6). After initial energy validation of both
structures, they were simulated for understanding behavior
of both proteins individually. Further energy of simulated

proteins was checked by various validation servers to ensure
that the proteins are stable enough to serve as optimized
inputs for docking. The docked complex obtained served as
an initial complex configuration/conformation onto which
further simulation was performed to get insight into detailed
dynamics of PmRab7-VP28 complex. The study was per-
formed with a motive to find infective surface amino acid
residues as well as bonds involved in complex formation
that may serve as targets for further drug development work.
Disruption of such bonds or alteration in infective amino
acid residues can help in blocking at least one route of entry
of virus into the shrimp that may in turn reduce the spread of
WSD. The outcome of this study provides (i) amino acid site
recognition of the PmRab7 protein that come in direct
contact with virus protein; (ii) the mechanism of initial entry
of virus into the shrimp; (iii) the host–parasite interaction
involved in WSSV infection. The structural studies of VP28
and PmRab7 can provide molecular targets for the develop-
ment of therapeutic strategies based on the blockage of
target cell binding.

Methods

Cross species analysis, selection of template and preparation
of macromolecule

The cross species analysis of Rab7 protein across ten verte-
brates (Table 1) was performed by ClustalW, a multiple
sequence alignment (MSA) tool using default parameters
to detect conserved regions on Rab7 and search suitable
template for predicting the 3D structure of PmRab7. The
suitable template was later confirmed by ModWeb server
[17] and by performing protein BLAST [18] using PDB
database [19]. The 3D structure of PmRab7 was designed
using RatRab7 (PDB_ID: 1VG8) as a template [20] by
Modeller9v8 [21]. Loop, side chain modeling and energy
minimization were done using Swiss PDB Viewer software
(http://spdbv.vital-it.ch/).

Model validation and structural characterization

Structural Analysis and Verification Server (SAVES) (http://
nihserver.mbi.ucla.edu/SAVES/) was used to ensure the
quality of the generated 3D structure of proteins PmRab7
and VP28. Evaluation and validation of the protein struc-
tures were done with PROCHECK [22], ERRAT [23],
WHAT-IF [24], ProSA[25], VERIFY3D [26]. Chimera
[27], PyMolv0.99 (http://www.pymol.org) and Discovery
Studio Visualizer2.5 (http://accelrys.com) softwares were
used for visualizing the 3D structure of proteins. Detailed
insight into the secondary structure arrangement of PmRab7
and VP28 was carried out using CATH database [28].
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Molecular dynamics simulations of PmRab7 and VP28

Molecular dynamics simulations of PmRab7 and VP28 were
performed using the GROMACS 4.5.3 [29] (http://
www.gromacs.org/) under OPLS 2005 atoms force field on
Pentium (R) dual-core processor machine. The 3D structure
of PmRab7 was immersed in a cubic box of 0.85 nm and
periodic boundary conditions were applied using editconf
tool followed by addition of 21,668 SPC water molecules.
System was made electrically neutral by adding 2 Na+ using
the ‘genion’ tool. The system was first minimized for energy
in 1000 steps by steepest descent method to remove exces-
sive strain. The minimized system was then subjected to
MD in two steps. Initially NVT ensemble (constant number
of particles, volume, and temperature) was performed for
500 ps, followed NPT ensemble (constant number of par-
ticles, pressure, and temperature) for 500 ps. The well equil-
ibrated system was then subjected to molecular dynamics
simulations for 9 ns. The total number of atoms in system
was 72,691. Temperature was kept constant at 300 K with
Andersen thermostat, pressure coupling of 1 bar with
Berendsen algorithm and system was further allowed to
undergo production runs. LINCS algorithm [30] was used
to constrain the lengths of all bonds while the waters mol-
ecules were restrained using the SETTLE algorithm [31].
The trajectory files were analyzed by using g_rms and g_
gyrate utilities of GROMACS to obtain the root-mean-
square deviation (RMSD) and radius of gyration (Rg) val-
ues. RMSD values for Cα atoms from the initial structure
were considered as a necessary condition to determine the
convergence of the proteins toward equilibrium and calcu-
lated by:

RMSD t1; t2ð Þ ¼ 1
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i¼1 mi and riðtÞ is the position of atom i at time t.
The shape of protein molecule at all instants of simulation is
indicated through hydrodynamic radius obtained using ra-
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mi is mass

of atom i and ri position of atom i with respect to the center
of mass of the molecule. The same approach was used to

simulate VP28 under the similar conditions (300 K temper-
ature and 1 bar pressure) for 9 ns. Eight Na+ and 19,256
SPC water molecules were used during simulation of VP28
and a total of 60,323 atoms were present in the system. The
simulated 3D model of PmRab7 was submitted to Protein
Model DataBase (http://mi.caspur.it/PMDB/).

Localization of VP28 across the viral envelop

MSA using Multalign [32] followed by transmembrane
prediction program SOSUI [33] were employed to reveal
the structural complexities and understand the location of
VP28. Uncrystallized VP28 (UniProt_ID: Q9ICB7) and
various chains of crystallized VP28 protein (PDB_ID:
2ED6) were considered as input.

Molecular docking

Protein docking between PmRab7 and VP28 was done
using PatchDock server (http://bioinfo3d.cs.tau.ac.il/
PatchDock/) [34] with default settings. PatchDock server
is widely used for the protein−protein docking studies
[35–37] and the algorithm carries out rigid docking with
surface flexibility addressed by intermolecular penetration.

Molecular dynamics simulation of PmRab7-VP28 complex

Molecular dynamics simulations of PmRab7-VP28 com-
plex was performed using the GROMACS 4.5.3 under
gromos43a1 force field [29]. The whole simulation ex-
periment was done for 13 ns by using 26,553 SPC water
molecules and 10 Na+ ions. The same methodology was
adopted for simulation of this complex as done in the
MD of individual proteins PmRab7 and VP28. The tra-
jectory files were analyzed by using g_rms and g_gyrate
utilities of GROMACS to obtain the RMSD and Rg
values while van der Waals and short range electrostatic
energies were computed in order to obtain information
about the stability of the complex [38, 39]. Snapshots of
the docked complex were generated by PyMolv0.99 and
Discovery Studio Visualizer 2.5 software in order to
visualize the pictorial depiction of the interaction between
both proteins.

Table 1 GenBank accession
numbers of Rab7 proteins across
ten vertebrate species

Organisms Accession no. Organisms Accession no.

Mouse CAA61797 Zebrafish AAH54602

Rat BAE17000 Common carp ACK77787

Human AAD02565 Sea anemone JC8006

Dog NP_001003316 Giant tiger shrimp ABB70064

Rabbit AAD02564 Pacific white shrimp ACT65737
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Results

Molecular modeling, quality assessment and structural
characterization

MSA across ten species of Rab7 proteins depicted the
presence of conserved regions (Fig. 1) as well as predicted
RatRab7 as a suitable template for modeling structure of
PmRab7. RatRab7 was further confirmed as one of the
suitable template for modeling 3D structure of PmRab7
from BLAST and ModWeb server. Five models were gen-
erated out of which the model that showed the least RMSD
with respect to the crystal structure of the template, optimal
discrete optimized potential energy (DOPE) and GA314
score was selected for refinement. Table 2 presents the
summarized results obtained from various servers. Our anal-
ysis showed that 94.7 % and 91.2 % residues of PmRab7
and VP28 were in the most favorable region, 5.3 % and
8.2 % residues were in allowed region respectively and none
in the disallowed region. RMSD between the Cα atom of
the template RatRab7 and PmRab7 was 0.207 Å, which
indicated high structural homology between model and tem-
plate (Fig. 2). The G factor (−0.2), Prosa, Errat and Ver-
ify3D of the PmRab7 fit well within the array of a high
quality model. The CATH prediction for PmRab7 depicted a
characteristic Rossmann fold having α-β-α sandwich like
architecture involved in GTPase activity while for VP28

showed to contain mainly beta sheets and belongs to immu-
noglobulin super family.

Molecular dynamics and energy validation of PmRab7
and VP28

The RMSD trajectories showed that PmRab7 and VP28
became stable at 7.7 ns and 6.0 ns respectively (Fig. 3).
RMSD values for PmRab7 increased from 0.99 nm to
1.044 nm at 2.4 ns followed by atomic fluctuation within
protein that leveled off around 7.7 ns (0.51 nm) and then
demonstrated a stable trajectory between 0.49 nm and
0.51 nm. The RMSD value for VP28 starts from 0.001 nm
and increases to 0.19 nm around 1.3 ns followed by sharp
increase of 0.26 nm at 4.8 ns and decrease to 0.13 nm at
5.6 ns and finally becomes stable after 6.0 ns between
0.17 nm–0.18 nm (Fig. 4). VP28 maintained its compact-
ness during the entire simulation while PmRab7 faced minor
changes, but overall compactness was maintained through-
out simulation. Initially the Rg trajectory for PmRab7 was
more compact showing dimension of 1.8 nm which steadily
increased to 1.95 nm at 1.8 ns and elevated to 2.01 nm at
1.9 ns and finally attained stability after 6.3 ns between
2.0 nm and 2.2 nm (Fig. 5). Rg profile generated for VP28
is quite stable between 1.73 nm and 1.78 nm (Fig. 6). Table 2
lists the energy validation results of the simulated structures
from various servers. At the end of simulation, we obtained

Fig. 1 Cross species analysis of Rab7 protein

Table 2 Various scores obtained through different validation servers to depict the quality assessment of the different proteins used for the study

Validation servers/proteins Procheck (in %) Errat G-Factor Prosa Verify_3D (in %)

PmRab7 94.7 87.302 0.02 −6.03 74.76

PmRab7a 94.7 87.302 0.02 −6.03 74.76

VP28 91.2 96.914 0.32 −6.49 82.46

VP28a 91.2 96.914 0.32 −6.49 82.46

a Shows the evaluation scores of protein after MD simulation from various servers
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the stable conformations of the proteins that served as opti-
mized input for the docking algorithm. The simulated 3D
structure of PmRab7 was submitted to Protein Model Data-
Base (PMDB_ID: PM0077992).

Transmembrane localization of VP28

Sequence alignment between crystallized VP28 (169 amino
acid) and uncrystallized VP28 (204 amino acid) indicated a
deficit of 32 amino acids toward N–terminal end and three
amino acids toward C–terminal end in crystallized VP28.
The crystal structure of VP28 started from the 32th postion
of amino acid and ended at 201. The residues from 32 to 201
were 100 % identical in both the sequences. SOSUI predic-
tion of crystallized VP28 gave a negative result for trans-
membrane prediction while uncrystallized VP28 revealed
transmembrane region. The results altogether portrayed that
N–terminal VP28 (amino acid 6–28) traverses the viral
envelop while remaining protein (amino acid 28–204) hangs
out of the viral envelope in order to interact with external
biological moieties (Fig. 7).

Docking of both proteins and molecular dynamics
of the complex

Docking study between PmRab7 and VP28 revealed signif-
icant contribution of hydrogen bonds, attractive van der
Waals, repulsive van der Waals, atomic contact energies
and global interaction energy of −7.34, −51.27, 32.97,
13.96 and −31.91 (kJmol−1) respectively. The complex is
initially stabilized by nine hydrogen bonds. The PmRab7-
VP28 complex with the binding energy −31.91 kJmol−1 was
further used for carrying out MD. RMSD for all backbone
atoms, Rg, electrostatic energy, van der Waals energy of
PmRab7−VP28 complex were studied in the form of MD
trajectories. RMSD profiles always remained less than
0.6 nm for the entire simulation. The RMSD value for the
PmRab7−VP28 complex increased from 0.059 nm to
0.41 nm at 4.1 ns, further constantly increased to attain
0.51 nm value at 10 ns and finally attained 0.52 nm around
11 ns depicting a constant RMSD profile during the simu-
lation (Fig. 8). The constant trajectory depicted a stabilized
complex formation which in turn depicted strong bonding
between both the proteins. Rg of PmRab7-VP28 complex
was analyzed to determine its compactness. Rg value of
initial complex configuration is 2.25 nm followed by decre-
ment in value to 2.14 nm around 7 ns. Thereafter the Rg

Fig. 2 3D structure superimposition of PmRab7 and RatRab7

Fig. 3 RMSD graph of PmRab7

Fig. 4 RMSD graph of VP28

Fig. 5 Radius of gyration graph of PmRab7
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further reduced to attain a constant value of 2.13 nm around
10 ns (Fig. 9). The trajectory shows that initial binding
between both the proteins is loose but with progress in time
the complex became more compact in turn suggesting the
tight bonding between the shrimp and viral protein. To get a
deeper insight into the stability as well as non-bonded
energies of complex van der Waals energy was calculated
that ranged from −459.2 to −5−77.49 kJmol−1 (Fig. 10).
The trajectory for van der Waals energy is almost constant
throughout the tenure of simulation. Short-range electrostat-
ics of the complex was provided by electrostatic energy that
ranged from −341.79129 to −648.61853 kJmol−1 (Fig. 11).
Before the simulation of the complex 9H-bonds were traced
between both the proteins, but with the start of simulation
the number of H-bonds increased to 18 and π−π interac-
tions could also be traced sandwiched within the complex.
With increase in time the number of H-bonds increased to
33 at 4 ns. Furthermore, fluctuation in trends of H-bond and

π−π formation was observed up to 7 ns where 30 H-bonds
and 3 π−π interactions were observed. After 9 ns of simu-
lation, a minor decrease in pattern of H-bond and π−π bond
formation was seen. Thereafter, the number of H-bonds
ranged between 16 and 18 and the π−π interactions were
traced. The results altogether depicted that, the number of
H-bonds and π−π interactions were almost similar at start
and end of simulation, but the complex was found more
stable at the end of simulation as suggested by stable RMSD
and Rg values. In contrast, the RMSD and Rg graph in the
beginning of simulation suggest that initially the complex
was not stable. When H-bonds, π−π interaction, RMSD and
Rg trajectory were considered around 7 ns, all four param-
eters suggested stability of the complex. The high value of
H-bonds and π−π interaction also suggested that both coun-
terpart proteins interacted closely with each other at this
point of simulation. Figure 12 shows the snapshots of the
simulated complex depicting the interaction between both

Fig. 6 Radius of gyration graph of VP28

Fig. 7 Localization of VP28
within viral envelope showing
α-helix of VP28 hanging out
from viral envelop to anchor the
C-terminal β-barrel of VP28
that further interacts with
PmRab7 protein to induce
systemic infection into the
shrimp

Fig. 8 RMSD graph of PmRab7-VP28 complex
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proteins. Furthermore, the receptive amino acid residues
involved in the formation of complimentary surfaces are
Arg69, Val75, Glu105, Leu73, Asp201, Arg79, Glu68 in
PmRab7 and Ser74, Ile143, Thr184, Arg53, Asn144,
Thr184, Arg53, Arg79 in VP28. In addition, the amino acid
interactions that were prevalent for most of the tenure of
simulation involved Arg69-Ser74, Val75-Ile143, Leu73-
Ile143, Arg79-Asn144, Ala198-Ala182.

Discussion

The present study provides a suitable 3D model of PmRab7
that serves as an initial input for PmRab7-VP28 complex
formation. The 3D model of PmRab7 when superimposed to
the atomic coordinate sets of its template depicted optimal
structural alignment and minimal RMSD (0.207 Å) suggests
a strong homology between both proteins. The 3D model of
PmRab7 was further checked for stereo-chemical parame-
ters and overall structure geometry by various energy vali-
dation servers and found to fit well into the proficiency
criteria of these servers, thus suggesting that the 3D struc-
ture generated is good both in terms of structure as well as
energy parameters. CATH prediction for PmRab7 revealed

presence of Rossmann fold having GTPase behavior and
hence we presume that the protein might use GTP for
helping virus entry in the host.

MD of PmRab7 and VP28 were done to understand
individual behavior of PmRab7 and VP28 at atomic level.
RMSD values for PmRab7 and VP28 suggested that though
both proteins undergo fluctuations initially but at the end of
tenure of simulation the trajectories become stable. Rg value
for PmRab7 increases with time and stabilizes after 6 ns
signifying that with increase in time the dimension of
PmRab7 increases but the protein maintains its shape after
6 ns. Rg of VP28 remains almost stable throughout the
simulation thus, suggesting that VP28 remains of same size
throughout the simulation. The result from Procheck shows
the residues in the allowed region of the Ramachandran plot
and Errat depicts the statistics of non-bonded interactions
between different atom types. VERIFY3D postulates the
compatibility of the 3D atomic structure with its own amino
acid sequence. The energy validations of the proteins ensure
that both are energetically favorable and hence serve as an
optimized input to the docking experiment. The structural
complexity and localization of VP28 in the viral membrane
was performed with the motive to get insight into domains
of VP28 that interact with PmRab7. Prior studies revealed
that the C–terminal domain of the VP28 protein was in-
volved in receptor recognition whereas N–terminal portion
remains embedded in the virus [13]. It has further been
reported that the nine stranded β-barrel and one α-helix of
VP28 were involved in systemic infection [13]. Our insilico
findings indicated that N–terminal VP28 (amino acid 6–28)
traverses the viral envelop while the remaining protein
(amino acid 28–204 that consist of β-barrel) hangs out of
the viral envelope. Infectivity resides in this β-barrel of
VP28 while α-helix (toward N–terminus of VP28) acts as
an anchorage to lodge VP28 firmly into the viral envelop.
Thus, PmRab7 and β-barrel portion of VP28 were used for
further docking procedures.

Fig. 9 Radius of gyration graph of PmRab7-VP28 complex

Fig. 10 Van der Waals energy
graph of PmRab7-VP28
complex
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Docking and MD tools have turned out an effective
means for predicting the binding sites involved in protein–
protein docking. The efficiency of docking algorithm has
been validated by taking raw data from already published
work and further running the same docking procedure. The
concordant results have been obtained in both cases suggest-
ing the competence of PatchDock as a good docking server
[40]. The docking algorithm exploits the surface comple-
mentarities of residues present in the binding site based on

how the scoring functions rank the various docking outputs
[41–43]. The best docked conformation is judged on the
basis of optimal geometric score, interface area size and
desolvation energy generated by the complex. The insilico
docking approaches based on surface geometry complemen-
tarities and amino acid pairwise affinities between PmRab7
and VP28 prefigure formation of hydrogen bond networks
between amino acid residues lying in the interface of both
proteins. We have also highlighted the new binding sites

Fig. 12 Snapshots of
molecular dynamics of
PmRab7-VP28 complex during
intervals (a) 3 ns (b) 7 ns (c)
11 ns (d) 13 ns. Protein-protein
interaction are shown between
viral envelop protein VP28
(deepteal cyan) and shrimp
receptor protein in PmRab7
(raspberry red). Hydrogen
bond between amino acids of
PmRab7 and amino acids of
VP28 are marked in black
color line

Fig. 11 Electrostatic energy
graph of PmRab7-VP28
complex
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using blind docking as well as utilizing different docking
grids spanning various regions of the entire protein. The
stable behavior of the PmRab7–VP28 complex is also at-
tributed due to van der Waals forces and atomic contact
energies. Van der Waals interaction energy is computed in
order to derive a theoretical and quantitative evaluation of
the protein–protein and non–bonded interactions. Prior to
MD, the complex revealed presence of 9H-bonds between
both the proteins. With initiation of simulation, π−π bonds
could be located as well as the number of H-bonds increased
to 18. Further increment of H-bonds to 33 at 4 ns indicated
that with progress in simulation period the shrimp and viral
proteins acclimatize each other in order to form a stable
complex. Further fluctuations in trends of H-bond and π
−π formation were observed at 7 ns (30H-bonds and 3 π−π
interactions), at 11 ns (20H-bonds and 2 π−π interactions)
and at 13 ns (18H-bonds and 1 π−π interactions). Thus after
9 ns of simulation a minor decrease in pattern of H-bond and
π−π bond formation is observed suggesting that after a
strong interaction for a trivial period the complex proteins
show a very minor decrease in the bonding pattern. Rg
results depict that with increase in simulation period the
compactness of the complex increases suggesting more in-
teraction till the complex stabilized. At 12–13 ns though the
complex formed is stable enough the number of H-bonds
and π−π bonds formed during the end of simulation de-
crease somewhat suggesting that both proteins try to depart
(decrease mutual communication) from each other possibly
in order to get involved in biological processes such as virus
dissemination, propagation and duplication within the host
[1]. The receptive amino acid residues involved in the
formation of complimentary surfaces for both interacting
proteins were Arg69, Val75, Glu105, Leu73, Asp201,
Arg79 and Glu68 present on α-helix of PmRab7 and
Ser74, Ile143, Thr184, Arg53, Asn144, Thr184, Arg53,
Arg79 on β-sheets of VP28. These amino acid residues play
a crucial role in interaction between host-parasite at molec-
ular level and alteration of these residues can change the
interacting complimentary surface thus de-stabilizing/pre-
vent forming the PmRab7-VP28 complex. In addition to
this, the amino acid interactions that were prevalent for most
of the tenure of simulations involved Arg69-Ser74, Val75-
Ile143, Leu73-Ile143, Arg79-Asn144, Ala198-Ala182. Dis-
ruption of such H-bonds that are present within the binding
pocket of complex, can lead to prevention of PmRab7–
VP28 complex formation.

Conclusions

We conclude, that when WSSV enters host, the envelop
proteins of virus (VP28) fuse with endosomal host proteins
(PmRab7) transiently after which the naked viral nucleocapsid

is transported to the host nucleus where the viral genome
replication starts. PmRab7 probably utilizes energy from
GTP to help the virus enter into the host. During the transient
contact between shrimp protein PmRab7 with the envelop
protein VP28, a complex PmRab7−VP28 is formed. This
complex has critical significance in WSD of shrimp as it is
the starting point of shrimp and viral interaction and also
elucidates intricate relationship between the host (shrimp)
and pathogen (WSSV) at molecular level. In the complex,
the α-helix of PmRab7 (encompassing Ser74, Ile143, Thr184,
Arg53, Asn144, Thr184, Arg53, Arg79) interact with
β-sheets of VP28 (containing Ser74, Ile143, Thr184, Arg53,
Asn144, Thr184, Arg53, Arg79). Thus targeting these amino
acid residues that form complimentary surfaces between
PmRab7 and VP28 as well as disrupting Arg69-Ser74,
Val75-Ile143, Leu73-Ile143, Arg79-Asn144, Ala198-Ala182
bonds can block at least one mode of virus entry into the
shrimp. These conclusions may open new possibilities, chal-
lenges and opportunities for unfolding ventures into
drug designing against WSSV. To our knowledge, this
may be the first attempt toward understanding WSD by
computational methodologies. This study may lead to a
strong foundation for future experiments that can be
used for controlling WSD.
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