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Insecticidal proteins from Bacillus thuringiensis have been exploited to develop
insect-resistance in crop plants. We are using B. thuringiensis serovar konkukian S4
as a model organism to elucidate the substrate utilization pathways in bacteria.
Functional annotation of the putative genes involved in recalcitrant substrate
degradation is vital in this context. Genome sequence analyses of the serovar
konkukian have shown the presence of a probable chitin deacetylase/xylanase gene
named as cdal. The protein sequence of the said gene was retrieved from UniProt
database to describe its function using in silico tools. Primary structure analyses
show that the protein CDA1 is hydrophobic in nature due to the high content of non-
polar amino acid residues. The instability (Ii) and aliphatic indices are computed to
be 23.73 and 93.6, respectively by Expasy’s ProtParam that classify the protein as
stable for a wide range of temperatures. Secondary structure analyses predicted that
CDAI1 has predominantly a-helical structure. Domain and motif prediction by Pfam
has shown the protein to contain one potential domain called polysaccharide
deacetylase 1 and two potential motifs, respectively. The three dimensional structure
of the CDA1 was predicted using online available servers like Phyre, SWISS-
MODEL and PS* followed by Modeller 9.9 through homology modeling. To
elucidate the function of the protein, molecular docking was performed by
AutoDock Vina using chitin and xylan oligomers as substrate. Moreover, the protein
was compared with several chitin deacetylases and xylanases through comparative
phylogenic analyses. Our results have demonstrated that CDA1l is a chitin
deacetylase. This is the very first report on this gene from B. thuringiensis.

INTRODUCTION

extinction coefficient, theoretical isoelectric point (pl),
estimated half life, instability index and many more

Online services and computational packages are heavily
being used nowadays for the characterization of
proteins. Various structural and physicochemical
properties of proteins can be better exploited by using
computational tools. For the purpose of protein
structure prediction and identification plenty of tools
are available on World Wide Web which can either be
used online or as standalone service. The basic primary
sequence analysis of protein can yield information
about sequence length, contribution of individual
residues along with physico-chemical properties of
protein like atomic composition, molecular weight,
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parameters. A molecule’s functional, chemical and
physical properties can solely be determined and
characterized using amino acid sequence information.

Although precise and accurate structure of proteins can
be guaranteed by experimental methods yet they have
the disadvantage of being expensive, time consuming
and large amount of purified protein is required for this
purpose. Computational methods are an excellent and
cost effective alternative, in this context. Despite of the
fact that they are not as much reliable as experimental
ones, still they can provide us nearly exact structure of
proteins besides the deep understanding of structure-
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function relationship of protein at almost no cost. By far
the most authentic and precise solution to the problem
of protein structure prediction is template-based
modeling (Wu et al., 2008). Extensive expertise in the
structural  biology and the wuse of extremely
particularized computer programs are the prerequisite
of modeling of protein structures for each of the
individual steps of the modeling process (Tramontano
et al., 2001). The modern era of automated modeling
facility with integrated expert knowledge and easy to
use interface was came into existence 15 years ago with
the establishment of SWISS-MODEL server (Peitsch,
1996). Prediction of three-dimensional (3-D) protein
structure of CDAIl by online available servers is
verified and followed by the template-based structure
prediction which is also called homology modeling as
described previously (Sehar et al., 2013). Homology
modeling is the prediction of three dimensional
structure of a target protein from the amino acid
sequence (primary structure) of a homologous
(template) protein for which an X-ray or NMR structure
is available. Furthermore, the important cellular process
of binding of CDA1 with chitin is carried out by protein
complexes, for this purpose of providing physical
pictures of interacting proteins, many computational
protein-protein  prediction methods have been
developed in the past but AutoDock Vina is used due to
most reliable and efficient algorithm used in the
backend which yields the near optimal results.

The enzyme chitin deacetylase (EC 3.5.1.41) reported
in various fungi, marine bacteria and insects, is
involved in the hydrolysis of the N-acetomide chitin
and chitosan bonds, yielding glucosamine and acetic
acid (Zhao et al.,, 2010). Considering the role of
chitosan in prevention of infection in fishes and
crustaceans, chitin deacetylase has vital importance in
defense system of marine life. Beside this, it also has

immense applications in food products,
pharmaceuticles, cosmetics and biomedicine (Tsigos et
al., 2000).

We are using Bacillus thuringiensis serovar konkukian
to understand the biodegradation pathways of the
naturally abundant and recalcitrant substrates in
prokaryotes. Chitin is a polymer of N-acetyl
glucosamine and is ubiquitous in nature. Previosuly, we
have characterized two chitinases (Chi74, Chi39) and
two chitin binding proteins (CBP50, CBP24) from the
serovar konkukian (Mehmood et al., 2010; Mehmood et
al.,, 2011; Mehmood et al., 2012; Sehar et al., 2013).
The present study involves the in silico characterization
of a cdal gene which is putatively identified as either a
xylanase or a chitin deacetylase gene. We have
characterized cdal gene on the basis of 3D structural,
physico-chemical  properties and  phylogenetic
relationships using latest bioinformatics tools and up to
date online servers.
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MATERIALS AND METHODS

Sequence retrieval

Amino acid sequence of the putative xylanase/chitin
deacetylase (CDA1) was obtained from UniProt which
is a central, authoritative resource for protein sequences
and also gives functional information (Apweiler et al.,
2004). UniProt gives complete, richly classified,
precisely and completely annotated protein sequence
knowledge, with widespread query interfaces and cross-
references.

CDA1 Sequence analyses

A domain is an area in a protein sequence that has a
particular 3D structure and has a definite function, as
CDAI1 contains only one functionally putative domain
hence domain boundaries were directly taken from
Pfam annotations (Finn et al., 2010). Motif detection
was performed using Pfam service and two putative
motifs were found at different locations. Signal peptide
was removed by SignalP 4.0 server, the removal of
signal peptide makes certain that the structure
prediction is in agreement with the native protein
structure (Jannick et al., 2004). The physico-chemical
parameters of the protein sequence were suggested by
Protparam analysis tool available at Expasy (Gasteiger
et al., 2005). Information about protein’s secondary
structure was gained by PSIPRED, which predicts
helices, coils and strands in target sequence with a
confidence value (Buchan et al., 2010).

Sequence alignment and phylogenetic analyses
Comparative modeling usually begins with search for
known protein structure (Template structure) in Protein
Data Bank (PDB) based on the domain polysaccharide
deacetylase-1, we have found in CDAI1l (Target
sequence). Domain wise multiple sequence alignment
of chitin deacetylase was performed using ClustalW,
multiple sequence alignments are essential for protein
function, structure prediction and phylogeny inference.
The template selected for target sequence was the one
having the highest sequence similarity (32%) and also
the similar domain (Ploysaccharide deacetylasel).
Homology Modeling and structure verification

To get a better idea about the 3-D structure of CDAI,
The 3-D structure was built by means of the Modeller
9.9 along with subsequent online servers like Phyre,
SWISS-MODEL and PS®. By using template based
approach the domain in target sequence was modeled
using  template = composed of  homologous
polysaccharide deacetylase-1 in Bacillus anthracis.
Homology model of domain particularly have high
structure-sequence compatibility score. The resulting 3-
D model evaluation, widespread checking of many
stereo-chemical parameters of the residues and energy
minimization in the target model were done by
PROCHECK (Laskowski et al., 1996),
WHAT CHECK (Vriend, 1990) and VERIFY3D
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(Bowie et al., 1991), respectively. The structures were
visualized by Pymol which is a molecular visualization
system on an open-source foundation. The stereo
chemical quality was accessed by the analysis of
Ramachandran plot (http://mordred.bioc.cam.ac.uk/~
rapper/rampage.php) of the predicted target structure.
Substrate preference analyses through molecular
docking

After the successful prediction of 3-D structure and an
insight into residue by residue information of amino
acids of CDA1 the docking was performed by using
AutoDock Vina (Trott and Olson, 2010) to study the
enzyme-substrate specific interactions. To evaluate the
substrate preference by CDAI1, hexamer of xylan and
chitin were used.

RESULTS AND DISCUSSION

The FASTA sequence of CDA1 enzyme from Bacillus
thuringiensis was obtained by UniProt, the primary
sequence analysis of CDA1 which exploited basic
physico-chemical properties like isoelectric point,
destruction coefficient, amino acid and atomic
compositions (Table 1: Table 2). Proteins demonstrate
their function when the proteins are folded properly to
form appropriate three dimensional structures. The
instability (Ii) and aliphatic indices are computed to be
23.73 and 93.6, respectively revealed the protein as
stable for a wide range of temperature. Thus,
information of the three-dimensional structure is
Table 1: Parameters computed using Expasy’s
ProtParam tool.

Amino acid Composition Frequency Percentage

essential for studying metabolic mechanism of the
proteins. The 3D structure of CDA1 was predicted
through homology modeling, the models generated
were checked and assessed by ERRAT, this evaluation
is based on an algorithm for protein structure
validation, and it works by analyzing the statistics of
non bonded interactions between different atom types.
Crystal structures of 2J13 were used as structural
templates for the homology modeling by MODELLER
9.9 program (Oberbarnscheidt et al., 2007). The best
quality model structure was selected from the obtained
model ensemble (Fig. 2). Furthermore, the model was
evaluated for possible combinations of y and ¢ torsion
angles using the Ramchandran plots (Fig. 1), the
evaluation of the results have shown that the predicted
CDA1 model generated by Modeller program is high
quality.

To perfectly predict the binding activity of CDA1 either
with chitin or xylan, the binding domain of CDA1 was
firstly identified by Pocket-Finder, and then that
particular region was selected to perform docking by
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Glu (E) 9 3.5% Fig. 1: Ramachandran Plot of CDA1
Gly (G) 13 5.1% Presence of dark spots in the allowed region (Dark
His (H) 6 2.4% shaded area in each block) indicates the high quality
Ie (I) 19 1.5% prediction of the 3D structure.
Leu (L) 27 10.6%
Lys (K) 24 9.4% Table 2: Parameters computed Expasy’s ProtParam
Met (M) 2 0.8% tool
Phe (F) 14 5.5% No. of Amino acids 254
Pro (P) 7 2.8% Molecular weight 28522.6
Ser (S) 26 10.2% Theoretical pI (pI) 9.46
Thr 9T) 19 7.5% - Charged residues 24
Trp (w) 5 2.0% + Charged residues 32
Tyr (Y) 7 2.8% Formula C1293H2044N342037882
Val (V) 15 5.9% Extinction coefficient 37930 m'em™
Pyl (O) 0 0.0% Instability index (Ii) 23.73
Sec (U) 0 0.0% Aliphatic index (Ai) 93.66
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Table 3: Binding energy parameters

With Chitin hexamer ligand

With Xylan hexamer ligand

Affinity Distance from Best mode RMSD
(Kcalmol™) RMSD Lb u.b

-6.5 0.000 0.000

-6.4 2.608 13.912

-6.4 2.940 14.715

-5.9 6.453 11.991

-5.8 5.423 12.840

Affinity Distance from Best mode
Kcalmol™ RMSD Lb RMSD u.b
-6.3 0.000 0.000
-5.6 7.527 12.750
-5.4 21.553 24.822
-5.4 2.923 11.540
-5.2 23.949 27.376

CDA1 Model by Modeller (Target) -

Fig. 2: Homology Modeling (Template vs. Target)
Figure shows the homology between the 3D structure of
template and predicted structure of CDA1 enzyme.

AutoDock Vina. The best ligand binding pose with the
least Glide/IFD score or energy was chosen taking into
account the previous docking studies on enzymes of E.
coli (Wojciechowski et al, 2005). Ligands selected for
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Fig. 3: (A); Docking of Xylan ligand with CDA1 (B);

Docking of chitin hexamer ligand with CDA1
Figures represent docking of the ligand within active
site of the enzyme. Pink represents the a-helices,
yellow represents the PB-sheets and gray represents the
loops in the enzyme. Ligands are present at the top of
the protein structure showing interaction.



Functional annotation of the cdal Gene from Bacillus thuringiensis through homology modeling

P18429-Bacillus subtilis
Q84F 19-Bacillus sp.
Q6U894-Bacillus fimus
P26220- ces lividans
Q8GMV7-Themopolyspora flexuos
Q76B V2-Streptomyces themoviola
P26515-Streptomy ces lividans
P96463-Streptomy ces lividans
Q54413 es lividans
Q59301-Cellvibrio mixtus
Q59675-Cellvibrio japonicus
CDA1-B. thuringiensis
P23551-Butyrivibrio fibrisolvens
P26223-Butyrivibrio fibrisolvens
068541-Cellvibrio mixtus
P51584-Clostridi
069231-Paenibacillus barcinonens
P26514- ces lividans
Q8GMV6-Themopolyspora flexuos
P53627-Streptomy ces lividans
QBUB93-Bacillus fimus
1

500 200 100 50 20 10 5 21 0
Amino Acid Substitutions (x100)

IC C7TKT9-Lactobacillus rhamnosus

1 QO36W4-L is casei
C7TE42-Lactobacillus rhamnosus
B AOPYY4-Clostridium nowyi
Q2SI1L9-Hahella chejuensis
B3R3S3-Cupriavid

Q032G7-L. lactis subsp. cre
L A41P86-G i
l— AOPZL3-Clostridium nowi
Q2W078-| irillum magneticum

B2HV91-Acinetobacter baumannii
Q2SAS5-Hahella chejuensis
QO030U9-L: lactis subsp. cre
QO3TNO-Lactobacillus brevis
QO033A4-Lactococcus lactis subsp. cre
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L cpat-s. thuringiensis

Q99PX1-Vibrio alginolyticus
1
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Fig. 4: Phylogetic analyses of the CDA1
The tree presents amino acid sequence based similarity
of CDA1 with xylanase (A) and chitin deacetylase (B).

this purpose are a naturally occurring chitin product
called N-Acetylchitohexaose (Cy4gHgoNgO3;) and Xylan.
The docking has shown strong binding of target protein
with both chitin (Fig. 3A) and xylan (Fig. 3B) ligands,
nevertheless the score was better in case of chitin
ligand. AutoDock randomly dock the ligand with target
protein structure at various orientations and gives a
defined number of most favorable ligand-target
complexes. In this case ten successful ligand-target

complexes were generated with acceptable energy
values out of which the best five are presented (Table
3), the most negative affinity value is consider as the
best possible binding orientation between ligand and
target. Infect, it represents the Gibbs free energy of the
target sequence which is given by AG=-RTInK, as
much as AG is low, the better will be the binding
between ligand-target complex, for this experiment the
best affinity got is -6.5 (K-cal/mol) and -6.3 (K-
cal/mol) in case of chitin and xylan ligands respectively
which proves the preferable binding of ligand against
N-Acetylchitohexaose ligand. Hence this work proves
that CDA1 is a chitin binding protein, the residues
involved in the binding of CDA1 with chitin products
are within the domain sequence, modeled by homology
modeling and are well know.

To support this assumption we also performed multiple
sequence alignment of target protein, specifically the
catalytic domain with the catalytic domains of the chitin
deacetylases and xylanases separately and constructed
phylogenetic trees. We found more conserved residue
and similarity of target protein (Q6HPL9) against chitin
deacetylase genes (Q06702, O13842) as compared to
xylanase genes (Q45518, P09850) of closely related
species as shown in phylogenetic tree (Fig. 4A & 4B).
The ClustalW2 phylogram also proves our assumption
that although CDAL is having similarity with xylanase
gene but actually it is a functional homolog of chitin
deacetylase.

We also compared our predicted 3D target protein
structure with crystal structure of chitin deacetylase
from the fungal pathogen Colletotrichum lindemuthianum
(2IW0) and mesophilic xylanase A from Bacillus
subtilis 1A1 (1XXN) available (Blair et al., 2006;
Murakmi et al., 2005) in PDB (Fig. 5) and found our
target protein to be structurally more similar to chitin
deacetylase (2IW0) as compared to xylanase (1XXN).
Like our predicted structure the 2IWO0 also contain
multiple alpha helix and beta sheets while 1XXN

Fig. 5: Structural comparison of CDA1 (B. thuringiensis), 1XXN (B. subtilis) and 2IWO0 (C. lindemuthianum)
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contains only one alpha helix and more beta sheets
(Murakmi et al., 2005), this comparison also supports
our hypothesis that CDA1 is a chitin deacetylase but
not a xylanase. Molecular characterization of the CDA1
enzyme through protein expression and enzymological
studies may be conducted in the future to confirm the
chitin deacetylase activity.
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		Insecticidal proteins from Bacillus thuringiensis have been exploited to develop insect-resistance in crop plants. We are using B. thuringiensis serovar konkukian S4 as a model organism to elucidate the substrate utilization pathways in bacteria. Functional annotation of the putative genes involved in recalcitrant substrate degradation is vital in this context. Genome sequence analyses of the serovar konkukian have shown the presence of a probable chitin deacetylase/xylanase gene named as cda1. The protein sequence of the said gene was retrieved from UniProt database to describe its function using in silico tools. Primary structure analyses show that the protein CDA1 is hydrophobic in nature due to the high content of non-polar amino acid residues. The instability (Ii) and aliphatic indices are computed to be 23.73 and 93.6, respectively by Expasy’s ProtParam that classify the protein as stable for a wide range of temperatures. Secondary structure analyses predicted that CDA1 has predominantly α-helical structure. Domain and motif prediction by Pfam has shown the protein to contain one potential domain called polysaccharide deacetylase 1 and two potential motifs, respectively. The three dimensional structure of the CDA1 was predicted using online available servers like Phyre, SWISS-MODEL and PS2 followed by Modeller 9.9 through homology modeling. To elucidate the function of the protein, molecular docking was performed by AutoDock Vina using chitin and xylan oligomers as substrate. Moreover, the protein was compared with several chitin deacetylases and xylanases through comparative phylogenic analyses. Our results have demonstrated that CDA1 is a chitin deacetylase. This is the very first report on this gene from B. thuringiensis.
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INTRODUCTION

Online services and computational packages are heavily being used nowadays for the characterization of proteins. Various structural and physicochemical properties of proteins can be better exploited by using computational tools. For the purpose of protein structure prediction and identification plenty of tools are available on World Wide Web which can either be used online or as standalone service. The basic primary sequence analysis of protein can yield information about sequence length, contribution of individual residues along with physico-chemical properties of protein like atomic composition, molecular weight, extinction coefficient, theoretical isoelectric point (pI), estimated half life, instability index and many more parameters. A molecule’s functional, chemical and physical properties can solely be determined and characterized using amino acid sequence information. 


Although precise and accurate structure of proteins can be guaranteed by experimental methods yet they have the disadvantage of being expensive, time consuming and large amount of purified protein is required for this purpose. Computational methods are an excellent and cost effective alternative, in this context. Despite of the fact that they are not as much reliable as experimental ones, still they can provide us nearly exact structure of proteins besides the deep understanding of structure-function relationship of protein at almost no cost. By far the most authentic and precise solution to the problem of protein structure prediction is template-based modeling (Wu et al., 2008). Extensive expertise in the structural biology and the use of extremely particularized computer programs are the prerequisite of modeling of protein structures for each of the individual steps of the modeling process (Tramontano et al., 2001). The modern era of automated modeling facility with integrated expert knowledge and easy to use interface was came into existence 15 years ago with the establishment of SWISS-MODEL server (Peitsch, 1996). Prediction of three-dimensional (3-D) protein structure of CDA1 by online available servers is verified and followed by the template-based structure prediction which is also called homology modeling as described previously (Sehar et al., 2013). Homology modeling is the prediction of three dimensional structure of a target protein from the amino acid sequence (primary structure) of a homologous (template) protein for which an X-ray or NMR structure is available. Furthermore, the important cellular process of binding of CDA1 with chitin is carried out by protein complexes, for this purpose of providing physical pictures of interacting proteins, many computational protein-protein prediction methods have been developed in the past but AutoDock Vina is used due to most reliable and efficient algorithm used in the backend which yields the near optimal results.


The enzyme chitin deacetylase (EC 3.5.1.41) reported in various fungi, marine bacteria and insects, is involved in the hydrolysis of the N-acetomide chitin and chitosan bonds, yielding glucosamine and acetic acid (Zhao et al., 2010). Considering the role of chitosan in prevention of infection in fishes and crustaceans, chitin deacetylase has vital importance in defense system of marine life. Beside this, it also has immense applications in food products, pharmaceuticles, cosmetics and biomedicine (Tsigos et al., 2000).


We are using Bacillus thuringiensis serovar konkukian to understand the biodegradation pathways of the naturally abundant and recalcitrant substrates in prokaryotes. Chitin is a polymer of N-acetyl glucosamine and is ubiquitous in nature. Previosuly, we have characterized two chitinases (Chi74, Chi39) and two chitin binding proteins (CBP50, CBP24) from the serovar konkukian (Mehmood et al., 2010; Mehmood et al., 2011; Mehmood et al., 2012; Sehar et al., 2013). The present study involves the in silico characterization of a cda1 gene which is putatively identified as either a xylanase or a chitin deacetylase gene. We have characterized cda1 gene on the basis of 3D structural, physico-chemical properties and phylogenetic relationships using latest bioinformatics tools and up to date online servers.

MATERIALS AND METHODS 

Sequence retrieval


Amino acid sequence of the putative xylanase/chitin deacetylase (CDA1) was obtained from UniProt which is a central, authoritative resource for protein sequences and also gives functional information (Apweiler et al., 2004). UniProt gives complete, richly classified, precisely and completely annotated protein sequence knowledge, with widespread query interfaces and cross-references.


CDA1 Sequence analyses


A domain is an area in a protein sequence that has a particular 3D structure and has a definite function, as CDA1 contains only one functionally putative domain hence domain boundaries were directly taken from Pfam annotations (Finn et al., 2010). Motif detection was performed using Pfam service and two putative motifs were found at different locations. Signal peptide was removed by SignalP 4.0 server, the removal of signal peptide makes certain that the structure prediction is in agreement with the native protein structure (Jannick et al., 2004). The physico-chemical parameters of the protein sequence were suggested by Protparam analysis tool available at Expasy (Gasteiger et al., 2005). Information about protein’s secondary structure was gained by PSIPRED, which predicts helices, coils and strands in target sequence with a confidence value (Buchan et al., 2010).


Sequence alignment and phylogenetic analyses


Comparative modeling usually begins with search for known protein structure (Template structure) in Protein Data Bank (PDB) based on the domain polysaccharide deacetylase-1, we have found in CDA1 (Target sequence). Domain wise multiple sequence alignment of chitin deacetylase was performed using ClustalW, multiple sequence alignments are essential for protein function, structure prediction and phylogeny inference. The template selected for target sequence was the one having the highest sequence similarity (32%) and also the similar domain (Ploysaccharide deacetylase1).


Homology Modeling and structure verification


To get a better idea about the 3-D structure of CDA1, The 3-D structure was built by means of the Modeller 9.9 along with subsequent online servers like Phyre, SWISS-MODEL and PS2. By using template based approach the domain in target sequence was modeled using template composed of homologous polysaccharide deacetylase-1 in Bacillus anthracis. Homology model of domain particularly have high structure-sequence compatibility score. The resulting 3-D model evaluation, widespread checking of many stereo-chemical parameters of the residues and energy minimization in the target model were done by PROCHECK (Laskowski et al., 1996), WHAT_CHECK (Vriend, 1990) and VERIFY3D (Bowie et al., 1991), respectively. The structures were visualized by Pymol which is a molecular visualization system on an open-source foundation. The stereo chemical quality was accessed by the analysis of Ramachandran plot (http://mordred.bioc.cam.ac.uk/~ rapper/rampage.php) of the predicted target structure.


Substrate preference analyses through molecular docking


After the successful prediction of 3-D structure and an insight into residue by residue information of amino acids of CDA1 the docking was performed by using AutoDock Vina (Trott and Olson, 2010) to study the enzyme-substrate specific interactions. To evaluate the substrate preference by CDA1, hexamer of xylan and chitin were used.

RESULTS AND DISCUSSION


The FASTA sequence of CDA1 enzyme from Bacillus thuringiensis was obtained by UniProt, the primary sequence analysis of CDA1 which exploited basic physico-chemical properties like isoelectric point, destruction coefficient, amino acid and atomic compositions (Table 1: Table 2). Proteins demonstrate their function when the proteins are folded properly to form appropriate three dimensional structures. The instability (Ii) and aliphatic indices are computed to be 23.73 and 93.6, respectively revealed the protein as stable for a wide range of temperature. Thus, information   of    the   three-dimensional    structure   is


Table 1: Parameters computed using Expasy’s ProtParam tool.

		Amino acid Composition

		Frequency

		Percentage



		Ala (A)

		15

		5.9 %



		Arg (R)

		8

		3.1%



		Asn (N)

		15

		5.9%



		Asp (D)

		15

		5.9%



		 Cys (C)

		0

		0.0%



		Gln (Q)

		8

		3.1%



		Glu (E)

		9

		3.5%



		Gly (G)

		13

		5.1%



		His (H)

		6

		2.4%



		Ile (I)

		19

		7.5%



		Leu (L)

		27

		10.6%



		Lys (K)

		24

		9.4%



		Met (M)

		2

		0.8%



		Phe (F)

		14

		5.5%



		Pro (P)

		7

		2.8%



		Ser (S)

		26

		10.2%



		Thr 9T)

		19

		7.5%



		Trp (w)

		5

		2.0%



		Tyr (Y)

		7

		2.8%



		Val (V)

		15

		5.9%



		Pyl (O)

		0

		0.0%



		Sec (U)

		0

		0.0%





essential for studying metabolic mechanism of the proteins. The 3D structure of CDA1 was predicted through homology modeling, the models generated were checked and assessed by ERRAT, this evaluation is based on an algorithm for protein structure validation, and it works by analyzing the statistics of non bonded interactions between different atom types. Crystal structures of 2J13 were used as structural templates for the homology modeling by MODELLER 9.9 program (Oberbarnscheidt et al., 2007). The best quality model structure was selected from the obtained model ensemble (Fig. 2). Furthermore, the model was evaluated for possible combinations of ψ and φ torsion angles using the Ramchandran plots (Fig. 1), the evaluation of the results have shown that the predicted CDA1 model generated by Modeller program is high quality.

To perfectly predict the binding activity of CDA1 either with chitin or xylan, the binding domain of CDA1 was firstly identified by Pocket-Finder, and then that particular  region  was  selected  to  perform docking by
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Fig. 1: Ramachandran Plot of CDA1


Presence of dark spots in the allowed region (Dark shaded area in each block) indicates the high quality prediction of the 3D structure.

Table 2: Parameters computed Expasy’s ProtParam tool


		No. of Amino acids

		254



		Molecular weight

		28522.6



		Theoretical pI (pI)

		9.46



		- Charged residues

		24



		+ Charged residues

		32



		Formula

		C1298H2044N342O378S2



		Extinction coefficient

		37930 m-1cm-1



		Instability index (Ii)

		23.73



		Aliphatic index (Ai)

		93.66





Table 3: Binding energy parameters


		With Chitin hexamer ligand

		With Xylan hexamer ligand



		Affinity   (Kcalmol-1)

		Distance from RMSD l.b

		Best mode RMSD u.b

		Affinity   Kcalmol-1

		Distance from RMSD l.b

		Best mode RMSD u.b



		-6.5

		0.000

		0.000

		-6.3

		0.000

		0.000



		-6.4

		2.608

		13.912

		-5.6

		7.527

		12.750



		-6.4

		2.940

		14.715

		-5.4

		21.553

		24.822



		-5.9

		6.453

		11.991

		-5.4

		2.923

		11.540



		-5.8

		5.423

		12.840

		-5.2

		23.949

		27.376
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2J13 (Template)
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CDA1 Model by Modeller (Target)

Fig. 2: Homology Modeling (Template vs. Target)


Figure shows the homology between the 3D structure of template and predicted structure of CDA1 enzyme.

AutoDock Vina. The best ligand binding pose with the least Glide/IFD score or energy was chosen taking into account the previous docking studies on enzymes of E. coli  (Wojciechowski et al, 2005).  Ligands selected for
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Fig. 3: (A); Docking of Xylan ligand with CDA1 (B); Docking of chitin hexamer ligand with CDA1


Figures represent docking of the ligand within active site of the enzyme. Pink represents the α-helices, yellow represents the β-sheets and gray represents the loops in the enzyme. Ligands are present at the top of the protein structure showing interaction.
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Fig. 4: Phylogetic analyses of the CDA1


The tree presents amino acid sequence based similarity of CDA1 with xylanase (A) and chitin deacetylase (B).

this purpose  are a naturally occurring chitin product called N-Acetylchitohexaose (C48H80N6O31) and Xylan. The docking has shown strong binding of target protein with both chitin (Fig. 3A) and xylan (Fig. 3B) ligands, nevertheless the score was better in case of chitin ligand. AutoDock randomly dock the ligand with target protein structure at various orientations and gives a defined number of most favorable ligand-target complexes.  In  this  case  ten   successful   ligand-target 

complexes were generated with acceptable energy values out of which the best five are presented (Table 3), the most negative affinity value is consider as the best possible binding orientation between ligand and target. Infect, it represents the Gibbs free energy of the target sequence which is given by ∆G=-RTlnK, as much as ∆G is low, the better will be the binding between ligand-target complex, for this experiment the best affinity got is -6.5 (K-cal/mol) and -6.3 (K-cal/mol) in case of chitin and xylan ligands respectively which proves the preferable binding of ligand against N-Acetylchitohexaose ligand. Hence this work proves that CDA1 is a chitin binding protein, the residues involved in the binding of CDA1 with chitin products are within the domain sequence, modeled by homology modeling and are well know. 


To support this assumption we also performed multiple sequence alignment of target protein, specifically the catalytic domain with the catalytic domains of the chitin deacetylases and xylanases separately and constructed phylogenetic trees. We found more conserved residue and similarity of target protein (Q6HPL9) against chitin deacetylase genes (Q06702, O13842) as compared to xylanase genes (Q45518, P09850) of closely related species as shown in phylogenetic tree (Fig. 4A & 4B). The ClustalW2 phylogram also proves our assumption that although CDA1 is having similarity with xylanase gene but actually it is a functional homolog of chitin deacetylase.


We also compared our predicted 3D target protein structure with crystal structure of chitin deacetylase from the fungal pathogen Colletotrichum lindemuthianum (2IW0) and mesophilic xylanase A from Bacillus subtilis 1A1 (1XXN) available (Blair et al., 2006; Murakmi et al., 2005) in PDB (Fig. 5) and found our target protein to be structurally more similar to chitin deacetylase (2IW0) as compared to xylanase (1XXN). Like our predicted structure the 2IW0 also contain multiple alpha helix and beta sheets while 1XXN
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Fig. 5: Structural comparison of CDA1 (B. thuringiensis), 1XXN (B. subtilis) and 2IW0 (C. lindemuthianum) 

contains only one alpha helix and more beta sheets (Murakmi et al., 2005), this comparison also supports our hypothesis that CDA1 is a chitin deacetylase but not a xylanase. Molecular characterization of the CDA1 enzyme through protein expression and enzymological studies may be conducted in the future to confirm the chitin deacetylase activity.
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