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ABSTRACT

Chitin, the second most abundant natural biopolymer, is composed of repeating units of N-acetylf-
D-glucosamine and primarily forms the structural component of protective biological matrices such
as fungal cell walls and exoskeletons of insects. Chitinases are a ubiquitous class of extracellular
enzymes that have gained attention in the past few years due to their wide range of biotechnological
applications, especially in the field of agriculture for bio-control of fungal phytopathogens. They
play an important role in the defence of organisms against chitin-containing parasites by hydrolyzing
the B-1,4-linkages in chitin and hence act as anti-fungal as well as antibiofouling agents. Moreover,
the effectiveness of conventional insecticides is increasingly compromised by the occurrence of
resistance and thus, chitinases offer a potential alternative to the use of chemical fungicides. In recent
years, thermostable enzymes isolated from thermophilic microorganisms have gained widespread
attention in industrial, medical, environmental and biotechnological applications due to their
inherent stability at high temperatures and a wide range of pH optima. Determination of the three-
dimensional structure of a protein can provide important details about its biological functions and

its mode of action. However, despite their significance, the precise three-dimensional structures of
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most of the chitinases, including those isolated from Thermomyces lanuginosusis not fully

characterized so far. Hence, the main focus of the present study was to gain a better understanding

of the structural of chitinases computational techniques, and their relationship with their activity

profiles. In silico protein modeling was helpful in predicting the 3D models of the novel chitinase

class IV Brassica Juncea, followed by the prediction of its active sites. The presence of different

amino acid was found to be essential for the activity of chitinase IV. A Molecular docking were

performed between chitinase IV and Chitin.

Keywords: Chitin, chitinases, Thermomyces lanuginosusis

INTRODUCTION

Chitinases are a class of enzymes that
hydrolyse the naturally occurring
polysaccharide chitins, a linear polymer of 3
(1,4) N-acetyl B-D-glucosamine (Henrissat,
1999). Chitinases are ubiquitous and are
present in all forms of life including bacteria,
fungi, plants, animals and also in viruses.
They form a class of highly conserved
enzymes and exhibit diverse functions in
these organisms. Chitinases possess an
extraordinary ability to hydrolyse the highly
insoluble chitin polymer directly to the lower
molecular weight chitooligomers, which are
widely used in agricultural, biotechnological,
industrial and medical fields. In recent years
chitinase has been the key focus of research
owing to its important biophysiological
functions and applications. They play a
crucial role in the defence of plants against
chitin-containing pathogens and also serves

as an effective biocontrol agent against

phytopathogens. Fungal chitinases primarily

belong to the family of 18 glycosyl
hydrolases (Henrissat B., 1999) and displays
a high amino acid homology with class III
plant chitinases (Hayes et al., 1994). The
family of 18 fungal chitinases comprises of 5
domains viz., catalytic domain, N-terminal
signal peptide region, chitin binding domain,
serine/threonine rich region and C terminal
extension region. The signal peptide,
predicted at the N-terminus is an indicator of
the protein secretion that targets the protein
outside the cells through secretory pathways.
The catalytic domain is the most important
domain of this enzyme which is responsible
for the chitin substrate hydrolysis. A
comparison of the amino acid sequences of
chitinases revealed two highly conserved
motifs in the family of GHIS8 chitinases:
DXXDXDXE and SXGG, corresponding to
the catalytic domains and substrate-binding
sites respectively (Henrissat and Bairoch,

1996). The residues Glu (E) and Asp (D) are
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highly conserved within the catalytic
domains of chitinases, indicating their direct
involvement in the hydrolysis of the
glycosidic bond.

In this study, the chitinase IV gene structure
predictions of were performed using various

algorithms of “Homology modelling” and

“ab initio” methods. The models generated
were further using the molecular docking.
Active sites in the protein were predicted by
bioinformatic tools as well as by comparing
the amino acids sequence with other similar
proteins. Analysis of the active sites was

further confirmed by molecular docking.
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Figure 1: Computational workflow adopted for the reliable model generation using homology modelling

MATERIALS AND METHODS

Model generation of Chitinase 1V through
homology modelling by modeller

The initial step in homology modelling is to
recognize the related protein structures to the
target sequence in the structural databases like
Protein Data Bank (PDB) (Berman et al.,
2000), followed by the selection of template
among those proteins. The numerous available

protein structures and sequence databases

facilitates this phase. The sequence of the
target proteins is used for searching the
template in the PDB (Berman et al., 2000),
DALI (Holm and Rosenstrom, 2010), SCOP
(Murzin et al., 1995) and CATH (Orengo et
al., 1997). Depending upon the complexity of
a genome, there is a 20% to 50% likelihood of
calculating an associated protein structure for
a respective sequence arbitrarily selected from

the given genome (Fischer and Eisenberg,
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1997). The protein comparison methods are
divided into three major subdivisions which
are helpful in similar fold identifications. The
primary class are based on pairwise
comparisons of sequences that includes the
independent comparison of the query sequence
with every sequence of the database
(Apostolico and Giancarlo, 1998). Frequently
used programs for pairwise comparison are
FASTA (Pearson, 1998) and BLAST
(Altschul et al., 1990). The secondary class of
approaches are based on comparisons of
multiple protein sequences to increase the
accuracy of the template exploration (Altschul
et al., 1997). PSI-BLAST (Altschul et al.,
1997) are widely utilized for this purpose,
which iteratively searches an array of
homologs of the query sequence. Regarding a
particular protein sequence, a preliminary
array of protein homologs from a structural
database is gathered, then a weighted multiple
sequence alignments is constructed, thereafter
a PSSM (position-specific scoring matrix) is
created using this alignment, and the created
matrix is utilized to explore the database for
the homologs. The database searching steps
are reiterated until no novel homologs are
discovered. PSI-BLAST locate proteins of
similar structures for about twofold as much
sequences in comparison to BLAST (Park et

al., 1998). An interrelated methodology

(Rychlewski et al., 1998) also starts by
discovering all sequences evidently linked to
the query sequence to find the profile of the
query sequence. Furthermore, comparable
profiles are created for all identified homologs.
Then templates are identified by evaluating the
profile of the query sequences with every
constructed profile for the established template
structures. An additional alternative utilizes
the multiple alignments of the protein
sequence united with information of the
structural elements calculated from the given
protein sequences (Fischer and Eisenberg,
1997), which are helpful in the identification
of significant relationships between the
structures when the sequence identity falls
under 25 % 1i.e, for identifying remote
sequence—structure associations. The
HMMER (Finn et al., 2011) is an HMM based
software used for the profile-HMM
comparison of the query protein with various
protein databases. The “threading” or fold
recognition methods are the listed third-class
algorithms for structure prediction (Bowie et
al., 1991) that utilize the pairwise likeness of a
protein of known structure and a query
sequence. The given methods are particularly
helpful when there are no related sequences for
the modelling query. The HHpred server
(Soding et al.,2005) used for implementing
utilizes the

fold recognition pairwise
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comparison of profile hidden Markov models
(HMMs) for remote protein homology
detection and structure prediction. Various
other domain analysis tools were also used for
the reliable template prediction. This analysis
was performed using SMART (Schultz et al.,
2000), InterProScan 5 (Jones et al., 2014),
ProtoNet (Rappoport et al., 2012) and
SYSTERS (Schultz et al., 2000) in order to
identify the template more precisely.
InterProScan 5 searches the similar signature
in the interpro consortium databases.
Similarly, Simple Modular Architecture
Research Tool (SMART) annotates the
genetically distant domains in the sequence of
the given proteins and SYSTERS which uses
the clustering-based algorithms for the
function prediction of proteins. The Classify
Your Protein module of ProtoNet was used to
analyse the protein family of the respective
proteins. The templates suitable for modelling
the given proteins were selected on the basis of
the following rules.
 The template showing the identity
(>30 %) is considered as the reliable
homolog. The template belonging to a
similar subfamily to that of target
sequence was selected on the basis of

multiple sequence alignments and a

phylogenetic analysis.

* The template descriptor factors like
ligands, pH, solvent and quaternary
interactions etc. should be evaluated to
the required parameters for the model.

* The excellence of the experimental
accuracy of the template structure in
terms of NMR structure’s number of
restraints per residue and the R-factor
and resolution of a crystallographic
structure is considered as important
factors for template selection.

The templates fulfilling the respective criteria
were selected for the construction of the
comparative model. Multiple templates can be
used for the homology modelling as the
utilization of various templates central from
the sequence of the target usually amplifies the
predicted model precision (Fiser and Sali,
2003).

Template-Target alignment

The predictions of homology modelling
methods are based on folding assignments
which makes an alignment among the template
structures and sequence of the target.
However, it is not considered as the reliable
target-template alignment for homology
modelling. The database probing methods are
frequently adjusted to find the remote identity.
Consequently, when particular templates are
selected, a particular means should be utilized

to perform the alignment of template structures
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and the target sequence (Baxevanis, 1998).
The alignment is approximately correct with
identity over 40 % for closely related protein
sequences, but if it is lower than 40 %, then the
regions of minimal local sequence similarity
turns out to be frequent (Saqi et al., 1998)
(Rost, 1999). The alignments contain
progressively more alignment errors and a
number of gaps as the sequence identity
decreases. In order to obtain the most accurate
and highly reliable alignment the methods like
CLUSTAL W (Thompson et al., 1994) and
PRALINE (PRofile ALIgNEment) (Simossis
and Heringa, 2005) were used. The latter
method utilizes the secondary structure
elements for the comparative-extended
multiple sequence alignment (Simossis and
Heringa, 2005).

Three-Dimensional (3D) Model Building
After a preliminary alignment of the target—
template, an array of techniques can be utilized
to predict a 3D model of the query protein.
There are three methods widely used for the
model building i.e. modelling using rigid body
assembly (Blundell et al., 1987), segment
matching (Claessens et al., 1989) and
satisfaction of spatial restraints (Aszodi and
Taylor, 1996). Modelling through assembly of
rigid bodies form the 3-D model of the protein

from a few of the rigid bodies generated from

the alignment of the protein structures

(Blundell et al., 1987). This method is centred
on the inherent dissection into variable loops,
conserved core regions and side chains of the
various protein folds (Blundell et al., 1987).
3D model constructions by Coordinate
Reconstruction or Segment Matching forms
the basis on the assumption that the majority
of the hexapeptide segments in the structure of
proteins can be grouped into roughly 100
structural classes (Unger et al., 1989).
Therefore, the atomic positions from the
template structures can be utilized to build
homology models by recognizing and
collecting brief segments which mount these
positions (Unger et al., 1989). The Ca atoms
are assumed to be the guiding positions of the
segments conserved in the aligned sequence of
target and the structure of the template (Unger
et al., 1989). The prediction of the protein
structure using satisfaction of the spatial
restraints produces many restraints or
constraints obtained from the alignment with
the template structure on the framework of the
query sequence. The assumption that the
equivalent angles and distances among aligned
residues in the query and the template
structures are alike, leads to the generation of
the restraints. The stereochemical restraints on
dihedral angles, bond angles, bond lengths and
non-bonded atoms acquired from an empirical

force field, supplemented these comparatively
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derived restraints. The 3D model was then
constructed by reducing the infringements of
all the restraints. In this study, the
MODELLER (Fiser and Sali, 2003) module
present in DS was used to construct the three-
dimensional structure of the query protein by
satisfying the spatial restraint. The homology
model was generated for the Chitinase Class
IV from Brassica Juncea. The amino acid
sequence was retrieved from UniPort database
!, To retrieve amino acid sequence from
UniProt we search by name “Chitinase Class 4
Brassica Juncea” we find one hit which is
having UniPort id is “UniProtKB - A5JVZ1
(A5JVZ1 BRAJU)”. Download the protein
sequence run the BLAST search and select top
4 sequence similarity and maximum identity.
Model were generated through using
Modeller9.12 ® Amino acid sequence was put
into PIR format that is readable by modeller.
Subsequently, a search for potentially was
aligned with the template, and the model was
constructed and evaluated on the basis of
DOPE score.

Analysis of model constructed by modeler

An estimation of the precision of the predicted
3D models of the proteins is necessary for the
understanding  of  derived  structural
information. The model evaluation was

performed using whole structure as well as in

distinct regions. The fold analysis was the first

step using the energy-based Z-score, assuming
that for a score less than 2.5, then the template
and the query protein belong to the same fold
(Sanchez and Sali, 1998). Various available
methods were used for the evaluation of the
model such as TM score and DOPE Profile.
Moreover, the 3D models were further verified
using the modules of the SAVES server
(http://nihserver.mbi.ucla.edu/SAVES/) such
as PROCHECK, VERIFY3D,
WHAT CHECK, PROVE and ERRAT
modules. The PROCHECK assesses the
stereo-chemical quality of the structure residue
by residue in comparison with a well refined
structure of the proteins with similar
resolutions.  Similarly, =~ WHAT CHECK
algorithm performs the extensive calculation
of the stereo-chemical parameters. ERRAT
calculates the statistical parameters of the non-
bonded interactions between different atom
types, while PROVE computes the Z-score
deviation by utilizing the comparisons with

highly refined PDB
VERIFY 3D performs the compatibility of

structures  and

three-dimensional protein models with its own
1D structure i.e., amino acid sequences. If the
evaluation score was not satisfactory, then the
selected models were refined using GROMOS
energy minimization algorithm implemented
in DeepView (Kaplan and Littlejohn, 2001),
CHARMm (Vanommeslaeghe et al., 2010)
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energy ChiRotor
algorithm of DS and SCWRL 4.0 (Wang et al.,
2008). After model constructed through

minimization  using

modeller, we select the best model on the basis
of DOPE score, selected model will be
analyzed by ERRAT and Ramachandran plot.
ERRAT was calculated by SAVES v5.0 online
program. This ERRAT sore is a program for
verifying protein structure determined by
crystallography and Ramachandran plot
through RAMPAGE Ramachandran plot is
used to show in theory which values, or
conformations, of @ and y angles are possible
for an amino-acid residue in a protein and
show the empirical of data points observed in
a single structure in usage for structure
validation or else in a database of many
structures and usually shown against for the
theoretically favoured regions.

Finding Binding Pocket

Active or binding sites on the protein surfaces
play a central role in the protein functions. The
identification of those binding sites on the
protein molecule is often the first step to study
protein functions and structure-based drug
design. In this study, the active site was
predicted using various bioinformatics tools as
well as by comparing the chitinase IV amino
acids sequence with the template and other
similar proteins. The active site pockets were

predicted by metaPocket 2.0 (Zhang et al.,

2011), COFACTOR (Roy et al., 2012) and
COACH (Yang et al., 2013). The metaPocket
2.0 algorithm uses LIGSITEcs, PASS, Q-
SiteFinder, SURFNET, Fpocket, GHECOM,
ConCavity and POCASA predictors to
identify the pocket sites. COFACTOR
identifies template proteins of similar folds
and functional sites by threading the target
structure through three representative template
libraries that have known as protein—ligand
binding interactions, Enzyme Commission
number or Gene Ontology terms. COACH was
based on two methods, (i) based on binding-
specific substructure comparison (TM-SITE)
and (ii) based on sequence profile alignment
(S-SITE), for complementary binding site
predictions. Finding the Binding pockets with
the help of MetaPocket 2.0 meta server.
Binding sites on the protein surfaces play
important role in protein function. MetaPocket
is an open source identify ligand binding sites
on protein surface, which is based on a
consensus method, in which the predicted
binding sites from eight methods: LIGSITEcs,
PASS, Q-SiteFinder, SURFNET, Fpocket,
GHECOM, ConCavity and POCASA are
combined together to improve the prediction.
For finding Binding pocket we used selected
model which is created by modeller is used as

input query and for output we find 05 pockets
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by using default parameter. The docking
studies were further performed with chitin.
Finding Conserved Domain and Motif
Finding the Domain in Chitinase Class IV
Amino acid sequence we use the PROSITE
tool > of ExPasY , which provides a resource
for the identification and annotation of
conserved regions in protein sequences,
covering protein families, domains and motifs.
PROSITE shows the protein domains, families
and functional sites. To finding motif in
chitinase 4 sequence we run the online motif
tool. (https://www.genome.jp/tools/motif/)
Docking of Chitin into binding pocket

The characteristics of an enzyme derived from
its amino acid sequence determine the shape of
the enzymes. A closer fit between an active
site of an enzyme and its substrate molecule
increases the efficiency of a reaction (Sullivan
and Holyoak, 2008). The active site is
typically found in a 3D groove or pocket of the
enzyme molecule aligned with amino acid
residues. The molecular utility of a protein is
generally limited to its active site residues,
which may comprise of an interaction with
small size ligands, nucleic acids or other
proteins (Powers et al., 2006). Integrity of the
essential structural constituent of the active
site is vital for preserving the functional
activity of the protein. The interaction studies

between biomolecules are central to all

biological processes. The interaction between
biologically relevant molecules such as
nucleic acids, proteins, carbohydrates and fatty
acids play an important role in the process of
signal transduction. Complex regulatory and
metabolic interaction networks within the
living systems are governed by these
interactions. Experimental observations and
computer based theoretical analysis are the
main scientific tools for understanding this
phenomenon. Molecular docking is a
computational method which tries to predict
the preferred orientation of one molecule to a
second when bound to each other to form a
stable complex (Kitchen et al., 2004). The
docking of small molecules i.e. ligands against
larger receptor molecules is a complex task.
Docking between these respective molecules
is often considered to be a Lock and Key
mechanism, where the receptor and ligand do
not change the conformation during binding.
The ligands are believed to be more flexible
and assume multiple conformations in solution
space. Moreover, even though the receptors
show well defined conformations, they can
also show the alteration if the binding of ligand
through Induced Fit mechanism. Knowledge
of the preferred alignment in turn may be used
to predict the strength of association or binding
affinity between two molecules using scoring

functions. Docking simulations are utilised for
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rational drug design and virtual screening of
the library of small compounds (Kitchen et al.,
2004). Most of the docking algorithms
generate a large number of likely
conformations, some of which can be rejected
immediately due to high energy clashes with
the protein. We require a means to score each
pose to identify those of most biological
relevance. The free binding energy can be
written as an additive equation of various
intermolecular energies to reflect their relative
contributions in binding.

AGDbind = AGsolvent + AGconformation +
AGinteractions + AGrotations +
AGvibrations
Generally, the docking practices between
ligands and the receptors can be executed in a
rigid mode, where a single conformation is
used. This methodology is of little importance
in contrast to docking procedures. The
universal assumption for docking studies is to
grasp the protein in a strict rigid conformation
and to dock a chain of ligand conformations
against the active site of the receptor protein.
Most of the docking algorithms are based on
these assumptions. On the other hand flexible
docking allows the optimization of a particular
arrangement of side-chains during the process
of molecular docking. Flexible docking also
facilitates the specification of pregenerated

conformations of the receptor that comprises

backbone and side-chain flexibility. Flexible
docking usually takes additional CPU time in
comparison with the rigid docking practices.
In this work, we predicted the active site of
chitinase using the information present in the
literature of similar proteins, various
bioinformatics tools and docking studies.
Chitinase Class IV protein 3-dimentaional
structure  was predicted by homology
modeling and predicted protein structure was
used for energy minimisation, Energy
minimisation of modeled structure was

3 and

performed by using UCSF Chimera
prepared for docking. Autodock is a molecular
simulation software, which carries out
molecule docking studies through AutoDock
Tools (ADT) 1.5.4. ®. Docking enables us
understanding the molecular interactions those
take place between a ligand and corresponding
receptor. In 3D structure of the chitin,
hydrogen was added by employing (command
line) ChemAxon (http://www.chemaxon.com)
software-molconvert. We dock the chitin in 2
different pocket which is find in a MetaPocket
2.0. AutoDock Tools (ADT) 1.5.4. was used
preparation of all input files. Polar Hydrogen’s
were added and partial atomic charges were
assigned by Kollman charges method. The
build structure was then saved in PDBQT

format to be delivered to AutoDock tools as

input file. The number of grid point in xyz
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94x92x92 (x, y, and z) and grid box center is
12.41%-3.208x19.258 (x, y, and z) was
assigned on the macromolecule binding pocket
with the spacing of 0.375A. All docking
calculation parameter were kept as a default
value. Ligands were docked using Lamarckian
Genetic Algorithm, with initial population of
150 randomly placed individuals, a maximum
number of 2500000 energy evaluation, a
mutation rate of 0.02 and a crossover rate of
0.8. Total 10 docking conformation were run.

The grid maps were calculated by Autogrid4

and docking procedure was performed by
Autodock4. After docking extract the complex
depends on binding score. Top BE score
complex was used for find the hydrophobic,
hydrogen bond interaction of chitin with active
pocket by using Protein-Ligand Interaction
Profiles online web server.

RESULT AND DISCUSSION

Retrieve sequence from Uniport

The amino acid sequence was retrieved from

UniProt. UniProt ID: AS5JVZ1 with the

sequence as shown following Figure 2.

> tr|ASJVZ1|ASJVZ1 _BRAJU Class IV chitinase OS=Brassica juncea OX=3707 PE=2 SV=1

MKYAKTTSRNDQFAVLLTALFFLILTVSKPVASQNCGCPPGLCCSTNGYCGTTDDYCGVG
CKEGPCKNSGPGDPTVSLEETVTPEFFNSILSQATGSDCKGRGFYTRETFIAAANSYSKFGA

SISKREIAAFFAHVTQETGFLCHIEEVDGPAKAAEYCNTTNTESPCAQGKGYYGRGAIQLS

WNYNYGPCGRDLNEDLLATPEKVAQDQVLAFKTAFWYWTTY VSSSFKSGFGATIKAVN
SRECTGGDSTEKAANRVRCFQDYCTKLGVQPGENLTC

Figure 2: Retrieved uniport sequence

Construction of Model through Modeller

MODELLER is a computer program for
comparative protein structure modelling.
Search the template using Chitinase Class IV
Amino acid sequence through default modeller
settings. The input is an alignment of a
sequence to be modeled with the template
structures, MODELLER then automatically

calculates a model. Searching structures

related to Chitinase Class IV. It is first
necessary to convert the target Chitinase Class
IV sequence into the ‘PIR’ format that is
readable by MODELLER (.ali). MODELLER
uses the PIR format to read and write
sequences and alignments. The first line of the
PIR-formatted sequence consists of >P1;
followed by the identifier of the sequence as

shown in following Figure 3.
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>P1;BJ_ChilV
Sequence : BJ ChilV:::::::0.00: 0.00

MKYAKTTSRNDQFAVLLTALFFLILTVSKPVASQNCGCPPGLCCSTNGYCGTTDDY
CGVGCKEGPCKNSGPGDPTVSLEETVTPEFFNSILSQATGSDCKGRGFYTRETFIAAA
NSYSKFGASISKREIAAFFAHVTQETGFLCHIEEVDGPAKAAEYCNTTNTESPCAQG
KGYYGRGAIQLSWNYNYGPCGRDLNEDLLATPEKVAQDQVLAFKTAFWYWTTYV
SSSFKSGFGATIKAVNSRECTGGDSTEKAANRVRCFQDYCTKLGVQPGENLTC*

Figure 3: modeller pir format file

The sequence is identified by the code BJ
ChilV. The second line, consisting of ten fields
separated by colons, usually contains details
about the structure, if any. In the case of
sequences with no structural information, only
two of these fields are used: the first field
should be sequence and the second should
contain the model file name. The rest of the file
contains the sequence with an asterisk (*)
marking its end. After construction of basic

modeller files need to search suitable template

structure. A search for potentially related
sequences of known structure can be
performed using the command of
MODELLER using build profile.py script.
And give a set of statistically significant
alignments. Then select the templates from
resulted templates. We select top 4 Template
on the basis of maximum identity similarity, a
sequence identity value above ~25% indicates

a potential template.as shown in following

Table 1.

Table 1: modeller selected template score

Template Query Cover Per. Ident
2dkv 86% 35.92%
4mck 1% 50.99%
Sh7t 70% 46.83%
3hbd 72% 47.14%

Aligning TPRS sequence with template
To align the sequence of Chitinase Class IV

with selected 4 template structures by use

the aligned command in MODELLER.
Sequence alignment with template as shown

following Figure 4.
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2dkwA

1 10

2dkva
Sh7tA
ShbdA
4mckA
BJ_ChilIv

2dkvA

2dkva
ShTtA
ShbdA
4mekA
BJ_ChiIV |

2dkva

ZdkvAa
ShTtA
3hbda
4mckA
BJ _ChiIv

2dkvA

2dkva
Sh7tA
3hbda
4mckA
BJ_Chilv

20

Figure 4: Aligning TPRS sequence with template

Model Building

Once a target-template alignment is
constructed, MODELLER calculates a 3-D
model of the target completely automatically,
using model-single.py script we generate ten
different models of Chitinase Class IV on basis

of selected template structure.

Evaluating Model

From generated Ten model the best model can
be selected by picking the model with the
lowest value of the DOPE, top 5 DOPE score

are shown as following Table 2.

Table 2: top 5 modeller score

Model DOPE Score GA341 score
BJ_ChilV.B99990005.pdb -26845.06250 1.00000
BJ_ChilV.B99990004.pdb -26683.33008 1.00000
BJ_ChilV.B99990006.pdb -26655.59180 1.00000
BJ_ChilV.B99990008.pdb -26543.42578 1.00000
BJ_ChilV.B99990009.pdb -26486.24609 1.00000

Among these 10 models we select the fifth
which  DOPE
26845.06250K cal/mol.

model score 1S -

Once a final model is selected, we analysed the

model, final model was shown in following

Figure 5.
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Figure S: Generated Model Structure

Analysis of constructed model

The modeled structure was analyzed by
Errate score and Ramachandran plot
generated by SAVES v5.0. Regions of the
structure that can be rejected at the 95%
confidence level are yellow; 5% of a good

protein structure is expected to have an error

value above this level. Regions that can be
rejected at the 99% level are shown in red.
The model ERRAT quality factor scores of
72.201 revealed that the non-bonded
interactions of model lie within a reasonable

normal range (Figure 6).

20 Overall quality factor**: 72.201

anl Wi

™1l

25
20
1B
10
5
gLl
R LR O

95% Warning

e B e 6 B A A e o P S R e R D D T e e P e

“Ilu..m..l ‘“”

il

S
i

[

|||||1||I||||

i

Il

Figure 6: ERRAT score for selected model

After Errat we calculate the Ramachandran
plot (Figure 7) which suggests that 90.7%
residues are in the favoured region, and 1.3%

of the modeled amino acids have disallowed

geometry, as shown in following Figure 7. The
obtained results suggest that the model of
receptor is reliable and suitable for further

studies.
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~b
b
Plot statistics

Residues in most favoured regions [AB.L] 215 90.7%

Residues in additional allowed regions [a,b,1,p] 17 7.2%
— Residues in generously allowed regions [~a,~b,~I,~p] 2 0.8%
g Residues in disallowed regions 3 1.3%
§ Number of non-glyeine and non-proline residues 237 100.0%
= Number of end-residues (excl. Gly and Pro)
& Number of glycine residues (shown as triangles) 27

Number of proline residues 12

Total number of residucs 278

T T T
-180  -135 90  -ds 0 45 90 135

Phi (degrees)

Figure 7: Ramachandran Plot for Selected Model

Finding active binding site of chitinase
protein
MetaPocket 2.0 is a meta server shows the

binding pocket on protein structure. we run the

MetaPocket server by providing generated
structure, we find total 5 Binding pocket in
provided input structure as shown in following

Figure 8.

Figure 8: Top Four Binding Pocket Find By F-Pocket

By using MetaPocket server our protein
successful run the CON, FPK, GHE, LCS,
PAS, SFN method but QSF and PCS method
were failed among total method. Above figure

A and B shows the top 5 binding pocket in pink

colour and Figure 8 C shows the cluster of all
pocket found in MetaPocket which is having
total Z- Score is 19.98 of pocket sites. As well
as in COACH online server shows the amino

acid present in binding pocket-1 which take
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part in interaction these amino acids are as

HIS135, GLUI139, GLU148, TYRISS,
GLY176, 1LE180, GLNI181, LEUI&2,
SER183, ASNI187, TYR220, TRP221,

ALA239, VAL240, ASN241, ARG257. To
validate the above predicted result the docking
analysis was performed.

Analysis of Conserved Domain

We run the PROSITE tool of ExPasY to
finding the domain in Chitinase Class IV
Amino acid sequence. In a given sequence of
Chitinase Class IV we find the 3 hits, shown as
in following figure. Which contains Chitin-
binding type-1 domain, many plants respond
to pathogenic attack by producing defense

protein which is having capacity to bind to

chitin, an N-acetylglucosamine
polysaccharide present in cell wall of fungi
and exoskeleton of insects. Fungi cell wall
contains the polysaccharide and insect have
exoskeleton. There are 30-43 amino acid
residue of chitin binding protein having
common structural motif, contain 4-disulfide
core, called as chitin binding domain type-1.
Following given figure shows the chitin
binding domain type-1 at sequence 33 to

68 amino acid “SQNCG---=---

_CPPGLCCSTNGYCGTTDDYCGVGCKeG

PCKN” which is having 9.454 score and di-
sulfide bond form between amino acid shown

in following Figure 9.

Hits for all PROSITE (release 2019_03) motifs on sequence P1-BJ_ChilV :

found: 3 hits in 1 sequence

P1-BJ_ChilV (278 aa)

MEKYAKTTSRNDOQFAVLLTALFFLILTVSKPVASQNCGCPPGLCCSTNGYCGTTDDYCGVGCKEGPC
KNSGPGDPTVSLEETVTPEFFNSILSQATGSDCKGRGFY TRETFIAAANSYSKFGASISKREIAAF
FAHVTOQETGFLCHIEEVDGPAKAAEYCNTTNTESPCAQGKGYYGRGATIQLSWNYNYGPCGRDLNED
LLATPEKVAQDOQVLAFKTAFWYWT TYVSSSFKSGFGATIKAVNSRECTGGDSTEKAANRVRCFQDY

CTKLGVOPGENLTC

Legend:
-
disulfide bridge active site

hits by profiles: [1 hit (by 1 profile) on 1 sequence]

other ‘ranges’

>

other sites

Upper case represents match positions, lower case insert positions, and the ' ' symbol represents deletions relative to the matching profile.

1 100
ruler:

P1-BJ_Chilv ZW
PS50941 CHIT BIND | 2 Chitin binding type- 1T domain profile :
33 - 68: score =9.454
SQNEG CPPGLCESTNGYCGTTDDYCGVGCKeGPCKN
Predicted features:
DOMAIN 33 68 Chitin-binding type-1
DISULFID 36 a4
DISULFID 38 50
DISULFID 43 57
DISULFID 61 66

200 300

(278 aa)

[condition: none]
[condition: C-x*-C]
[condition: C-x*-C]
[condition: C-x* C]
[condition: CG-x*-C]

Figure 9
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Also, given sequence find the chitin 19 at amino acid 99-127 on given sequence of
recognition domain or binding domain at 38- Chitinase Class IV (Figure 10).

57 amino acid and another one chitinase family

hits by patterns: [2 hits (by 2 distinct patterns) on 1 sequence]

4 100 200 300
ruler: IR - M - PR R — g L I

PS00026 CHIT _BIND | 1 Chitin recognition or binding domain signature :
38-57: [confidence level: (0)] Cppgl.CCStnGyCGttddYC
PS00773 CHITINASE 19 1 Chitinases family 19 signature 1 :
99-121: [confidence level: (0)] Ckgrg.FYTretFIaAansYskFG
Figure 10

We run the online Motif tool to finding the Class IV find motif as shown in following
motif in Chitinase Class IV Amino acid Figure 11.

sequence. In a given sequence of Chitinase

[ PROSITE Pattern I NCBI-COD

I Ffan
P1;BJ_Chily | ' ' ! ! 1 ! ! ! ! 1 ! ! ! 278
0 100 200
| — | —
CHIT_BIND_I_1 CHITINASE_19_1
|
340359
e |
306651
j——] |
333909 225720
—
211311
e |
214593
I I
211312 340375
]
211316
— .
211315 Glyco_hydro_19 Glyco_hydro_19
]

Chitin_bind_1

Figure 11
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In a above Figure 11 shows the PROSITE
pattern, NCBI-CDD 2, and Pfam motifs.
PROSITE pattern found 2 motifs shown in
green colour, NCBI-CDD-10 motifs red in

colour and Pfam-2 motif blue in colour and
flowing Table 3 give the ID and position of

motifs.

Table 3: Conserved Domain Site Id and Position

S. No. 1D Position
1. Prosite: CHIT BIND I 1 38..57
2. Prosite: CHITINASE 19 1 99..121
3. NCBI-CDD 1D:340359 82..278
4. NCBI-CDD ID:306651 82..278
5. NCBI-CDD ID:225720 110..224
6. NCBI-CDD 1D:333909 38..61
7. NCBI-CDD ID:211311 38..61
8. NCBI-CDD ID:214593 38..64
9. NCBI-CDD ID:211312 38..62

10. NCBI-CDD ID:340375 164..224

11. NCBI-CDD ID:211316 41..64

12. NCBI-CDD ID:211315 43..57

13. Pfam: Glyco hydro 19 82..225 and 230.278

14. Pfam: Chitin bind 1 35..66

Molecular Docking of Chitin
Oligosaccharide of chitin was docked in
predicted Chitinase Class IV on predicted top

2 active site of protein. The chitin structure was

HsC

HO

draw in Marvin Sketch software of InstaJChem
(Figure 12) and saved in “. mol2” format with

3D format by adding hydrogen bond.

Figure 12: Chitin 2D Structure
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Firstly, we perform docking for first
predicted active site of protein shown in
Figure 13A. The docking of chitin resulted
binding energy is -2.09kcal/mol. The docked

interaction which hydrogen bond interaction,
hydrophobic interaction and non-bonded
interactions. Interactions are shown in

following Table 4 and Figure 13A-D.

oligosaccharide  Chitin  find different

Table 4: First Predicted Active Site Bonding Interaction with Amino Acid.
Bond Amino Acid and number
Hydrophobic Interactions 186TYR, 224TYR
Hydrogen Bonds 139GLU, 181GLN, 183SER, 187ASN, 241ASN, 243ARG

Figure 13: Chitin Interaction with Chitinase Class Iv First Pocket

Secondly, we perform docking for second top binding energy is -3.95kcal/mol. different

predicted active site of protein shown in Fi interaction are shown in following Table 5 and

gure 14 A. The docking of chitin resulted Figure 14.

Table 5: Second Predicted Active Site Bonding Interaction with Amino Acid.
Bond Amino Acid and number
Hydrophobic Interactions 20LEU, 25LEU, 40PRO, 83THR, 85GLU
Hydrogen Bonds 18THR, 20LEU, 21PHE, 23LEU, 81THR, 1266LYS, 27LYS

Lys-126  PRO-40 AEU-Z5

Figure 14: Chitin Interaction with Chitinase Class Iv Second Pocket
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CONCLUSIONS

The sequence is identified by the code
BJ ChilV. The templates from resulted
templates were select, top 4 Template on the
basis of maximum identity similarity. Align
the sequence of Chitinase Class IV with
selected 4 template structures by use the
aligned command in MODELLER. The
models were generated with high precision
refinement using various available prediction
algorithms. These models showed high
structure similarities to the chitinase-like
proteins with the characteristic (B/a)8 TIM
barrel found in both proteins. From generated
Ten model the best model can be selected
based on the lowest value of the DOPE.
Among these 10 models we select the fifth
which  DOPE  score is -
26845.06250K cal/mol. The modeled structure

model

was analysed by Errate score and
Ramachandran plot generated by SAVES
v5.0. Regions that can be rejected at the 99%
level. The model ERRAT quality factor scores
of 72.20. After Errat we calculate the
Ramachandran plot which suggests that 90.7%
residues are in the favoured region, and 1.3%
of the modeled amino acids have disallowed
geometry. MetaPocket 2.0 shows the binding
pocket on protein structure, server we find
total 5 Binding pocket which is having having
total Z- Score is 19.98 of pocket sites. The

active site analysis is predicted by further
structure refinement using the molecular. A
closer inspection of the predicted 3D structures
of chitinase IV showed that it contains binding
pocket-1 which take part in interaction these

amino acids are as HIS135, GLUI139,

GLU148, TYRI158, GLY176, ILEIRO,
GLN181, LEUI182, SERI183, ASNI&7,
TYR220, TRP221, ALA239, VAL240,

ASN241, ARG257 in the active site pocket.

PROSITE pattern found 2 motifs, NCBI-

CDD-10 motifs and Pfam-2 motif. These

analyses of the active site were further

confirmed by molecular docking studies using

AutoDock. These analyses were helpful in

understanding the active sites as this enzyme.

The docking of chitin in pocket 1 shows the

binding energy is -2.09kcal/mol. And in

second pocket chitin resulted binding energy is

-3.95kcal/mol.
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