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Abstract
Introduction: Bacillus megaterium is a ubiquitous bacterial strain that produces the enzyme arsenate reductase that catalyzes the reduction of
less toxic arsenate (V) to more toxic arsenite (lll). Due to the functional significance of this enzyme, the present study was carried out to

construct and validate the Three Dimensional (3D) structure of arsenate reductase of B. megaterium and study its interaction with arsenate.
Materials and Methods: The 3D model was generated by MODELLER using the known crystal structure of the enzyme. The superimposition of
the model with the template structures was done by PyMOL. PATCHDOCK was used to perform molecular docking of the enzyme with arsenate
ion and Fire Dock was used to refining the docked complexes. The highest geometric score containing docked complex was visualized and the
intra-molecular interaction within it was evaluated.

Results: The evaluation of the 3D computed model showed good qualities including fine stereochemical properties, satisfactory compatibility
between the structure and its amino acid sequence, acceptable residues error value, etc. The model as well as its phylogenetic relatives (Bacillus
and Staphylococcus) showed the same active site motif which is CTGNSCRS. The crucial amino acids involved in binding with the arsenate ion
(AsOs3) were Cys10, Thr11, Gly12, Asn13, Ser14, Cys15, His43, and Asp106. Among these, the first six amino acids fell in the conservative
motif (CTGNSCRS).

Conclusions: Studying this interaction can be helpful for more research to inhibit the binding or any other approach that will stop the inimical

conversion of less toxic arsenate to more toxic arsenite.
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Introduction

Many natural phenomena and industrial growth have led to
the heavy metal contamination, a real threat to the all living
beings and environment. Predominantly, the geogenic origin
and also anthropogenic sources cause the metal contamination
in water and soil. Some metals are important and play a
great role in human body. However, some are toxic even at
low concentration and can lead to chronic effects. Among the
heavy metals like chromium, cadmium, copper, mercury, lead
etc., arsenic is one of the major causes of many health and
environmental issues. It can cause cytotoxicity, carcinogenicity
and mutagenicity in nature at low concentrations.! Arsenic is
a metalloid and its two toxic ubiquitous forms include
trivalent (arsenite) and pentavalent (arsenate) arsenic.? Arsenic
can also be available in an inorganic form which is also
toxic. Arsine gas also has toxicity and may cause hemolysis.
However, in the biological system the conversion of arsenate
to arsenite happens and both of their chronic exposure bring
detrimental effects.®> The ars operon in the system contains
ArsC gene that encodes arsenate reductase enzyme. This

enzyme reduces arsenate to arsenite.* For this conversion,
the enzyme binds to the arsenate ion available in the
circumstances.® The other one that also encodes this enzyme
is known as Arr (arsenate respiratory reductase). This gene
is mainly available in anaerobic bacteria which respires
utilizing the arsenate as the electron acceptor. This enzyme
binds to the arsenate ion (AsO,*) and reduces it to arsenite
(AsO3*).6 Arsenite (AsO,) which is more toxic than arsenate,
disrupts sulfhydryl groups of proteins, dithiols and interferes
with enzyme function whereas arsenate (AsVOy) acts as a
phosphate analog and can interfere with phosphate uptake
and transport.”° Millions of people are exposed to arsenic
containing water in a daily basis due to its environmental
extensiveness and are colossally affected because of higher
arsenic concentrations in natural aquifers.'® People of South
Asia subcontinent particularly Bangladesh, Myanmar, India,
Nepal and Pakistan are mostly affected.’* The problem
caused by arsenic has become so detrimental that a vast
study on this, is a very crucial demand of time. Many physical,
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chemical and biological methods have been used to decrease
the concentration of arsenic in contaminated water as its full
eradication is quite impossible.!> However, physical and
chemical treatments are very costly and they associate a
plethora of fatalistic impacts on the environment. Therefore,
bioremediation can be a great way to deal with it.** The aim
of bioremediation in this case is to convert the more toxic
arsenite to less toxic arsenate. Many species of bacteria can
transform arsenite to arsenate in anoxic conditions by using
arsenite as an electron donor.!! But the matter of concern is
that arsenic is mostly found as an arsenate form in the
surface water and is up taken by most of the organism. Into
the system, it is converted to arsenite and this more toxic
form is then released to the environment. Arsenate reductase
is the enzyme that is responsible for the less toxic arsenate
(V) conversion to more toxic arsenite (I1I) form in the
nature.’®> To counter this detrimental conversion process,
this enzyme should be focused on. The presence of this enzyme
in different bacteria like Escherichia coli, Staphylococcus
aureus, Chrysiogenes arsenates, Bacillus subtillis, B. megaterium
etc. are confirmed. In B. subtilis, the arsenate reductase is
coupled with the thioredoxin and thioredoxin reductase to
catalyze the reduction of arsenate to arsenite.’®!’ The
enzyme of B. subtilis has a conserved motif CTGNSCR
(residues 10-16) which performs as an arsenate binding
loop.'® Among these residues, Cys10 is a key residue which
performs the initial nucleophilic attack on arsenate.’6:
Though the crystallographic structure of arsenate reductase
of B. subtilis is available, but the structure of the enzyme of
B. megaterium, another arsenic reactive bacteria, has not
been deposited yet in the Protein Data Bank (PDB). In the
absence of experimental structures, it is necessary to use the
computational methods to predict the 3D protein structure of
arsenate reductase enzyme. Through a computational study
of this enzyme and its binding to the ligand arsenate ion, a
depth insight into its structure, characteristics and function
can be theorized. In recent days, many researchers have used
computational tools to model and analyze the arsenate
reductase enzyme of different bacterial species.’®%° In this
research, amino acid sequence of arsenate reductase from B.
megaterium was used to execute in silico study. This bacteria
is a gram positive, rod shaped and endospore forming
bacteria.?® Unlike many other bacteria, its genome is fully
coded and ArsC gene is present in this bacteria which
expresses the arsenate reductase protein.??2 The completed
genomes allow access to whole genome DNA arrays and
high throughput proteomics.?® It is an important enzyme of
functional significance as it catalyzes the conversion of
arsenate to arsenite in B. megaterium.?* This study was
carried out in order to use the computational methods to
predict the 3D structure of arsenate reductase (ArsC) of B.
megaterium and its docking with the arsenate ion to get a
comprehension of the structure and its function. To reverse it

or to know the clear mechanism it is a prerequisite to know
the structure and characteristics of the enzyme that is responsible
for this conversion.

Materials and Methods

Retrieval and Analysis of Query Sequence

The protein sequence of arsenate reductase of B. megaterium
was retrieved in FASTA format from the NCBI database
(National Centre for Biotechnology Information), an online
data retrieval system (http:/Aww.nchi.nlm.nih.gov/). To appraise
the physicochemical properties of the query sequence such
as molecular weight, extinction coefficient, isoelectrical
point, atomic composition, instability index aliphatic index,
grand average of hydrophobicity (GRAVY) etc., the Expasy's
ProtParam server was comprehensively used.?>2® Pfam and
CATH were used to identify the families of the protein
sequence.®*3! To predict the domains, various online tools
such as CDD, CDART and SMART, were used.®2% A
multitude of multiple sequence alignment of full-length
proteins is reserved in CDD which was used to identify the
conserved domains. In protein sequence, motifs are regarded
as manifestation of protein families. Moreover, these play a
key role in enzymes as they are associated with catalytic
function. Motifs of the query sequence were identified using
Motif Finder (https://mww.genome.jp/tools/motif/ MOTIF.html).

Multiple Sequence Alignment and Phylogenetic Analysis
Multiple Sequence Alignment (MSA) of arsenate reductase
enzyme was performed among the sequences from different
strains of B. megaterium and also among the homologs from
different species to detect conserved or functionally important
regions. The sequences of the enzyme from different strains
of B. megaterium was collected from NCBI database. On the
other hand, the homologous sequences of the target enzyme
were searched against UniProtKB/Swiss-Prot with the help
of Basic Local Alignment Search Tool (BLAST).3* Among
the sequences from the BLAST search, those with higher
sequence identity and query coverage were selected for
sequence alignment. The multiple sequence alignment was
executed by Molecular Evolutionary Genetics Analysis
(MEGA) version 6.0 which accomplished the alignment
using the neighbor-joining method in the program Multiple
Sequence Comparison by Log-Expectation (MUSCLE).*®
Then, the MEGA was used to construct phylogenetic tree in
the aim of investigating the evolutionary relationship of the
query sequence with its homologous sequences. In MEGA,
the important parameters which were set to build the
phylogenetic tree were neighbor-joining method, 1000 bootstrap
replications and the Poisson model.

Secondary Structure Prediction
To identify the features of proteins and to recognize the
folds, secondary structure prediction is a crucial step. It also
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acts as an intermediate step for a 3D protein structure
prediction. The PSIPRED tool was used to predict the
secondary structure of the query sequence. This tool uses
position specific scoring matrix produced by PSI-BLAST
based on neural network methods for secondary structure
prediction. %

Homology Modeling for 3D Structure Generation
Homology modeling is to construct an atomic-resolution
model of the "target" protein using its amino acid sequence
and an experimental three-dimensional structure of a related
homologous protein which is called template. In the present
study, homology modeling was implemented with the help
of the MODELLER version 9.19 to get the 3D structure of
arsenate reductase of B. megaterium. At first, the query
sequence was searched for similar sequence identity using
BLAST against PDB to identify the corresponding templates.®*
The maximum percentage of sequence identity along with
query coverage and E-value was considered to select the
homologous templates from the BLAST search result. The
structures of the selected templates were retrieved from the
PDB (https://www.rcsh.org/). Then, the alignment file of the
query sequence and the python script files containing
necessary instructions to run MODELLER were generated.
Multiple sequence alignment was then performed between
the template sequences and the query sequence and on the
basis of the alignment; the 3D model of the query sequence
was built. The MODELLER was instructed to build five
probable models. The best model among them was selected
based on its DOPE score. Energy minimization was carried
out for the best model by Swiss-PdbViewer.%

Validation of the Predicted 3D Model

The 3D model of arsenate reductase constructed by
MODELLER was verified using several in silico tools such
as PROCHECK, Verify 3D, ERRAT and PyMOL. PROCHECK
was used to generate and evaluate the Ramachandran plot for
the model of target enzyme.® This plot allowed visualizing
the distribution of all the residues of the enzyme into four
particular regions which were the most favored regions,
additional allowed regions, generously allowed regions and
disallowed regions. The distribution of each residue was
based on its backbone dihedral angles y against ¢. Verify
3D helped to determine the compatibility of the 3D structure
of arsenate reductase with its own amino acid sequence (1D)
by comparing the 3D-1D profile of the query enzyme to
good structures.®® The ERRAT analyzed the statistics of
non-bonded interactions between different atom types and
calculated the overall quality factor of the protein model.*°
Then, the 3D structure of arsenate reductase was compared
with the structure of one template protein by superimposition
of both the structures. The template with the highest sequence
similarity was chosen for this purpose. The superimposition

of the structures and the calculation of RMSD (root mean
square deviation) between them were executed by PyMOL
(https://pymol.org/2/).

Molecular Docking

The method of molecular docking was implemented to
predict the preferred orientation of binding of arsenate ion to
arsenate reductase enzyme to form a stable complex structure.
To perform docking, the 2D structure of arsenate ion was
retrieved in SDF format from PubChem (https://pubchem.
nchi.nlm.nih.gov/). The molecule of arsenate ion was then
optimized using Gaussian software (www.gaussian.com)
applying the universal force field (UFF) of molecular
mechanics method and converted to PDB format using the
same software. Docking was performed using PATCHDOCK
server, where the optimized arsenate molecule and the
constructed 3D model of arsenate reductase enzyme were
provided as ligand and receptor, respectively.*? One
hundred models of docked complex were generated by the
server, of which the first ten models acquiring higher scores
were used to refine by FireDock.*® Among these ten models,
the highest geometric score containing docked complex was
selected to analyze by Discovery Studio to identify the key
residues of the enzyme involved in the interaction with the
arsenate ion and the types of bonds formed between them.

Results and Discussion

Sequence Analysis

The FASTA sequence of the arsenate reductase of B.
megaterium retrieved from the NCBI database had the
accession number of KFM97827 which was comprised of
140 amino acids. Various physicochemical properties of this
sequence were obtained from ProtParam server which is
presented in Table 1. These properties can be very useful
while analyzing the protein in laboratory. For example, the
molecular weight (15687.54 Da) and the isoelectric point
(pl) (5.51) of the protein were theoretically calculated with
the help of this server which can be beneficial to know while
performing gel electrophoresis for the protein. The extinction

Table 1. Physicochemical Properties of Arsenate Reductase of B.
megaterium Computed using ProtParam Server

Physicochemical Parameters ~ Values

Number of Amino Acid 140

Molecular Weight 15687.54
Theoretical pl 5.51

Formula Cos4H1058N 198021307
Total Numbers of Atoms 2160

Extinction Coefficient 25230 M1 cm-!
Absorbance 1.608 L M1 cm-!

Estimated Half Life 30 hours (mammalian reticulocytes,
in vitro)
>20 hours (yeast, in vivo)

>10 hours (Escherichia coli, in vivo)

Instability Index 29.81
Aliphatic Index 65.57
GRAVY -0.648
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Table 2. Homologous Sequences of Arsenate Reductase obtained from NCBI through BLAST Search

Homologous Sequences from Different Species Query Coverage Percentage Identity E-value
Bacillus licheniformis_Arsenate reductase 100% 84.29% 6e-93
Bacillus subtilis_Arsenate reductase 100% 80.71% 2e-89
Geobacillus thermodenitrificans_Arsenate reductase 99% 82.01% 1e-88
Bacillus halodurans_Arsenate reductase 100% 77.86% 6e-84
Bacillus clausii_Arsenate reductase 100% 75.71% 1e-82
Oceanobacillus iheyensis_Arsenate reductase 100% 72.86% 1e-80
Bacillus cereus_Arsenate reductase 99% 69.06% 7e-74
Bacillus cytotoxicus_Arsenate reductase 99% 69.06% 4e-73
Brevibacillus brevis_Arsenate reductase 99% 69.78% 3e-72
Bacillus anthracis_Arsenate reductase 99% 68.35% 2e-71
Bacillus thuringiensis_Arsenate reductase 99% 67.63% 8e-71
Staphylococcus aureus_Arsenate reductase 96% 61.48% 1e-62
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Figure 1. Multiple Sequence Alignment of Arsenate Reductase of B. megaterium with Homologous Sequences. Here the asterisk at the top of the
sequences implies identical amino acids within the sequences. The regions which are conserved at 90% level or above are highlighted by colored
blocks.
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Figure 2. Multiple Sequence Alignment of Arsenate Reductase Enzyme of Various Strains of B. megaterium. Here the asterisk at the top of the
sequences implies identical amino acids within the sequences. The regions which are conserved at 90% level or above are highlighted by colored

blocks.

coefficient of the protein was estimated to be 25230 M1 cm!
at 280 nm wavelengths in water. The estimation of extinction
coefficient helps to calculate the absorbance or optical density
of a protein at a certain wavelength which was found to be
1.608 L M cm™ for the target protein. It would actually be
useful when analyzing the protein with spectrophotometer.
The half-life of the protein was predicted to be 30 h in
mammalian reticulocytes (in vitro) which postulates that half
of the amount of the protein would disappear within this
time after its synthesis in the cell. On the other hand, in yeast
(in vivo) and in Escherichia coli (in vivo), the half-life of the
protein was assessed to be >20 h and >10 h, respectively.
The enzyme scored an instability index of less than 40,
which manifested its higher stability in the test tube. Another
important feature obtained from ProtParam was the grand

average of hydropathicity (GRAVY), the positive and negative
value of which indicates the hydrophobic and hydrophilic
nature of various proteins, respectively.?®! Since the target
protein had a negative GRAVY score (-0.648), it pointed
toward the hydrophilic nature of the protein.

The family and domain of the enzyme arsenate reductase
were determined by Pfam, CATH, CDD, CDART, and
SMART. It was found that this enzyme belongs to the Low
Molecular Weight Phosphatase (LMWP) family which is
included in the Protein Tyrosine Phosphatase (PTP) super
family. The LMWP is a group of enzymes that have a highly
conserved active site motif which is CXGNXCRS (here,
X = any amino acid). This motif was found to be present in
the sequence of the query enzyme within 10-17 amino acids
(contain active site motif CTGNSCRS). The CDD server
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also provided insights into protein’s function describing its
role in arsenic detoxification through reduction of arsenate
to arsenite by coupling with thioredoxin (Trx)/thioredoxin
reductase (TrxR) or glutathione (GSH)/glutaredoxin (Grx).
Studying the CATH imparted that the query enzyme belongs
to the alpha-beta class which forms a three layer alpha-beta-
alpha sandwich architecture incorporating Rossmann fold

topology.

Multiple Sequence Alignment and Phylogenetic Analysis

In order to demonstrate the evolutionary relationship of arsenate
reductase of B. megaterium with its homologs, it was aimed
to perform multiple sequence alignment and construct
phylogenetic tree. In this purpose, the homologous sequences
of the target enzyme were identified through BLAST search.
The result of BLAST revealed that the target sequence had
very high similarity with eight species of Bacillus and also
with some other closely related groups which were from
different genus (Geobacillus, Oceanobacillus), but belonged
to the same family (Bacillaceae). The target sequence also
had similarity with some species of Staphylococcus. A total
of 12 species were selected from BLAST for alignment, all
of which had >96% query coverage and >61% sequence
identity regarding the target sequence (Table 2). The multiple
sequence alignment exhibited that large number of residues
of the enzyme of the selected species were highly conserved
(Figure 1). Moreover, multiple sequence alignment was also
executed among different strains of B. megaterium which
showed that most of the residues were identical (Figure 2).
Both alignments revealed that the active site motif (CTGNSCRS)

of B. megaterium was completely conserved among all the
strains and also among all the selected species. The
phylogenetic tree made the relationship of the target enzyme
with its homologs more clear (Figure 3). The pattern of
branching in the phylogenetic tree postulated that the
arsenate reductase of B. megaterium was more closely related
to B. licheniformis compared to others, since both of them
diverged from the most recent common ancestor. This clade
then converged with B. subtilis which made it the next
closely related species to B. megaterium. In the phylogenetic
tree, the S. aureus was represented as the out group.

Secondary Structure Prediction

According to the prediction of PSIPRED, the structure of
arsenate reductase was composed of a-helices, p-strands and
coil structures (Figure 4). It was found that most of the
residues of the enzyme were polar and small non-polar
amino acids. Besides, there were also some hydrophobic and
aromatic amino acids which were comparatively less in
number.

Modeling of 3D Structure

The 3D model of arsenic reductase of B. megaterium was
obtained from the homology modeling program MODELLER.
To construct this model, the selected homologous templates
identified from BLAST search were the crystal structure of
B. subtilis arsenate reductase (PDB ID-1JL3), solution structure
of Trx-arsenate reductase complex from B. subtilis (PDB ID-
2IPA), and X-ray structure of arsenate reductase from S.
aureus (PDB ID-1JF8) (Table 3).

Bacillus licheniformis

_|—

Bacillus subtilis

@ Bacillus megaterium

Geobacillus thermodenitrificans
Bacillus halodurans

Bacillus clausii

Bacillus cereus
Bacillus cytotoxicus
Brevibacillus brevis
— Bacillus anthracis
L— Bacillus thuringiensis

Oceanobacillus iheyensis

0.05

Staphylococcus aureus

Figure 3. Phylogenetic Relationship of Arsenate Reductase of B. megaterium with Sequences from Different Species. The position of the target

sequence is highlighted by a blue circle.
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Figure 4. Secondary Structure Prediction of the Arsenate Reductase of B. megaterium. Here the purple and yellow colored regions show the a-helix
and B-strand forming residues, respectively and regions with coil structure are represented by grey colored line.

Based on the multiple sequence alignment between these
templates and the query enzyme, five models of the enzyme
were generated by MODELLER. These five models were
primarily evaluated by DOPE score and among them;
model-2 was chosen to be the best model on the basis of the
lowest value of the DOPE score (Table 4). The energy of
this protein model was found to be -2092.378 KJ/mol from
the calculation performed by Swiss-PdbViewer. To make the
structure stable and free from steric clashes, refinement of
the model was done by minimizing the energy to -5975.973

KJ/mol. When visualized by PyMOL, the structure of the
modeled enzyme was found to be made of five a-helices,
which were labeled as al, a2, a3, o4 and a5, and four f3-
sheets, labeled as B1, B2, B3, and p4 (Figure 5). The B-sheets
are parallel with each other and are flanked by the a-helices
on both sides. Among the a-helices, a5 is the longest which
ends with C-terminal region of the protein. On the other
hand, the N-terminal region starts with the Bl strand. The
a-helices and the B-sheets are linked together by coil
structures.

Table 3. Selected Templates for the Homology Modeling of Arsenate Reductase

Description PDB ID Query Coverage Identity E-value
Crystal structure of B. subtilis (Arsc) (Chain A) 1JL3 100% 81% 3e-85
Solution structure of Trx-Arsc complex of B. subtilis (Chain B) 2IPA 100% 79% 4e-82
X-ray structure of arsenate reductase from Staphylococcus 1JF8 96% 60% 4e-56
aureus (Chain A)

Table 4. DOPE Score of Five Generated Models by MODELLER
Models of Arsenate Reductase DOPE Score

Arsenate reductase_model.01
Arsenate reductase_model.02
Arsenate reductase_model.03
Arsenate reductase_model.04

Arsenate reductase_model.05

-14719.20020
-14888.80371
-14833.30664
-14529.88281
-14477.31348
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Evaluation of the Model

The stereochemical quality of the arsenate reductase model
was assessed by analyzing the Ramachandran plot of the
protein obtained from PROCHECK (Figure 6). According to
the Ramachandran plot, 95.9% residues of the model was
present in the most favored regions, while 3.3% and 0.8%
residues were resided in the additional allowed regions and
generously allowed regions, respectively (Table 5). There
was no amino acid present in the disallowed regions. Thus,
the analysis by PROCHECK revealed that the phi/psi angles
of all the residues of the model were within the acceptable
range, ensuring good stereochemical quality of the model.

Table 5. Distribution of Residues of Arsenate Reductase Model in
Ramachandran Plot

Regions of Ramachandran No. of Percentage of
Figure 5. The 3D Structure of Arsenate Reductase of B. megaterium R:Ott ; Tz I](;ezldues ggs;(i)/ues
; g . : ost favored regions 9%
Rep‘resentmg by Cartoon Model and Rainbow Color; the Five Alpha Additional allowed regions 4 3.3%
Helices are Labeled as al, a2, a3, a4 and a5 and the Four Beta Generously allowed regions i 0.8%
Sheets as 1, B2, B3 and B4, Respectively. Disallowed regions 0 0.0%

180

135

Psi (degrees)
=)

*

180 -135 90 45 0 45 9 135 180
Phi (degrees)

Figure 6. Ramachandran Plot of Arsenate Reductase Model Showing the Distribution of Amino Acids in Most Favored Regions, Additional Allowed
Regions, Generously Allowed Regions and Disallowed Regions.
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According to the calculation done by Verify 3D, 100% of
the residues of arsenate reductase model had the 3D-1D
average score above the threshold level which was 0.2 (Figure 7).
It confirmed very good compatibility of the protein’s 3D
structure with its amino acid sequence. The ERRAT plot
(Figure 8) for the arsenate reductase model showed that the
error value of all the residues were below the 99%
confidence limit and most of them also had less than 95%
error value, except residues 57-59. The ERRAT server also
provided the overall quality factor of the protein model. It
expressed the percentage of protein responsible for residual

error value to fall below the 95% rejection limit. Usually,
protein structures with high resolutions get quality factor
around 95 or higher. Since the quality factor of arsenate
reductase was found to be 97.7273, it indicated a very good
quality of the model.

The superimposition of arsenate reductase model and the
template (1JL3) structure exhibited very high similarity
between these two structures (Figure 9). The root mean square
deviation (RMSD) between the target and the template was
0.382 which was lower than 1. This low deviation meant that
the constructed protein model was well grounded.

Verify3D: (Arsenate reductase model.pdb)

0.8
0.6 oo, 9.0%an
P °0C 0p 0 %, o
i P oo )
. 0.4 CmeOCD:PO Dugooomof’oﬂ;o%ooo@ %ood’qﬂ@@q:mo% wdnoomcp%bmnnr
5}
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o]
[F]
D o
—
2
< -0.2
= 100.00% of the residues have averaged 3D-1D score >= 0.2
A 0.4
on
-0.6
0.8
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Figure 7. 3D-1D Profile of Arsenate Reductase Model Obtained from Verify 3D.
ERRAT Error Values
18 Quality Factor: A: 97.7273
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Figure 8. Plot Showing Error Values and Quality Factor of Arsenate Reductase Model Obtained from ERRAT.
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Figure 10. Docked Complex of Arsenate Reductase Enzyme with
Arsenate lon. The arsenate ion is represented by ball and stick model, the
enzyme is represented by solid ribbon and the residues of the enzyme

Figure 9. Superimposition of Arsenate Reductase Model (Purple Color)
involved in interaction with ligand are represented by solid sticks.

with the Structure of Template Protein (1JL3) (Cyan Color).

Figure 11. Binding Pocket of Arsenate Reductase Represented by Surface Model Based on Hydrophobicity.

Figure 12. Interaction of Arsenate lon with The Amino Acids of Arsenate Reductase.
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Study of Intramolecular Interaction within the Docked
Complex

The docked complex of arsenate reductase enzyme with
arsenate ion (Figure 10) was obtained from PATCHDOCK
and FireDock server which helped to analyze the interaction
between them. When visualized by Discovery Studio, the
arsenate ion was found to be resided in a pocket of the
enzyme (Figure 11). The key amino acids of the enzyme
which built the binding pocket and were involved in the
interaction with arsenate were Cys10, Thrll, Glyl2, Asnl3,

Ser14, Cys15, His43, and Asp106 (Figure 12). Among these
residues, Cys10, Thrll, Glyl12, Asn13, Serl4, and Cys15 are
part of the classical conserved motif (CTGNSCRS). These
six residues and also His43 formed hydrogen bonds with the
oxygen molecules of the arsenate ion. On the other hand, the
Aspl06 residue formed electrostatic bond with the arsenic
molecule. The distances of hydrogen bonds between the
interacting residues and the arsenate ion were within the
range of 2.1-3.4 A and the distance of the electrostatic bond
was about 5.3 A (Table 6).

Table 6. Bond Types and Bond Distances between Receptor and Ligand

Atoms of Amino Acids of Receptor  Atoms of Ligand Types of Bonds Bond Distances
ASP106:062 As Electrostatic 5.27718
THR11:N (@) Hydrogen bond 3.35485
GLY12:N (@) Hydrogen bond 2.30709
ASN13:N (@) Hydrogen bond 2.42332
CYS15:N (@) Hydrogen bond 2.50510
HIS43:N§1 (@] Hydrogen bond 2.83209
SER14:CB (@) Hydrogen bond 2.62944
CYS10:Sy O Hydrogen bond 2.15936
Conclusion 2. Oremland RS, Stolz JF. Arsenic, microbes and contaminated

The present study predicts and validates the 3D structure of
arsenate reductase enzyme of B. megaterium. The molecular
docking study shows the formation of a stable complex of
arsenate reductase with arsenate. In the docked complex, the
binding site of the enzyme was found to be comprised of
Cys10, Thrll, Gly12, Asnl3, Serl4, Cysl15, His43, and Aspl106.
The binding of this enzyme with arsenate ion led to the
detrimental conversion of arsenate to arsenite. The computational
3D structure of this enzyme and its interaction with the ion
can provide a comprehensive insight of this process. This
understanding can be exploited in further studies to inhibit
this interaction and subsequently can procure a potent means
of bioremediation.
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