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Chitinases occur in a wide range of organisms including bacteria, fungi, plants, insects, and animals. Chitinase
has been widely used as one of the mycobiocontrol agent as it degrades chitin which is a chain homopolymer of
N- acetylglucosamine (GIcNAc) connected by B-1,4 glucosidic linkages. Beauveria bassiana is an insect
pathogenic fungus successfully used as an insect pest control agent worldwide. In this paper, 21 different
chitinase, endochitinase and chit proteins / gene retrieved from Swiss-Prot database are analysed and
characterized. Various Bioinformatics and molecular modeling approach were adopted to explore properties
and structure of chitinase gene in Entomopathogenic fungi. Primary structure analysis predicted the physico-
chemical properties such as pl, EC, Al, GRAVY and instability index and provides data about these proteins and
their properties. Subcellular localization were predicted by MultiLoc software. Prediction of motifs, patterns,
disulfide bridges and secondary structure were performed for functional characterization. Three dimensional
structures for chitinase like proteins are not available as yet at PDB. Therefore, homology models for were
developed. The modelling of the three dimensional structure of these proteins shows that models generated by
Modeller were more acceptable in comparison to that by Geno3D and Swiss Model.
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has been correlated with increased in their
virulence [6].

Introduction

Chitinases are cuticle-degrading enzymes [1, 2,

3] and have been reported as pathogenicity
determinants in fungi [4]. Chitinase gene has
been widely studied because of its
characteristic feature of degrading chitin which
is a chain homopolymer of N-acetylglucosamine
connected by a 1, 4 glucosidic linkages [5]. They
have been classified into two groups, endo- and
exo-chitinases.  Overproduction of endo-
chitinases in fungi such as Beauveria bassiana,

Beauveria bassiana is an entomopathogenic
fungi that parasitizes insects leading to their
permanent disability or mortality.
Entomopathogems were among the first
organisms to be used as mycoinsecticide
biocontrol agents [7, 8]. These fungi are
reported to produces cuticle degrading proteins
such as chitinases, proteases, and lipases [4, 9,
6]. Investigations on secretions of Beauveria
bassiana reported production of multiple
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chitinases that possess different functions [1, 2,
3]. Difference in the functions of these
chitinases suggests difference in their structure,
substrate specificity or catalytic mechanism.
However, these differences in specificities and
catalytic mechanism need to be proven and the
correlation between structure and functions is
to be deciphered.

Recent years have seen enormous increase in
sequence data. Soft computing tools are being
used to derive huge amount of information
from these sequences that includes
comparative analysis and properties prediction
of putative proteins [10, 11]. The
physicochemical and the structural properties
of the proteins are well predicted with the help
of several online computational packages [12].
These in silico approaches are a viable solution
for decreasing time and cost involved in in vitro
and in vivo studies [13].

In the present study, we characterized of a
novel chitinase gene isolated from Beauveria
bassiana by our group and used several
bioinformatic tools to predict physic-chemical
properties and compared it with characterized
chitinases from other organisms.

Materials and method

The schematic flow-chart for the prediction of
3-D structure of protein through protein
sequence is given below (figure 1).

1. Sequence Retrieval and analysis

Novel chitinase sequence (GenBank number:
KF559204; NCBI Protein accession number:
AHA93892.1) identified and sequenced by our
group was translated to amino acid sequence
with the help of online server DNA translation
tool on Expasy (http://web.expasy.org/cgi-
bin/translate/dna_aa). The translated sequence
was subjected for BLASTP [14] for homology
similarity. The protein sequences of maximum
similarity with our protein (Table 1) were
downloaded from  SWISSPROT  (http://

www.expasy.ch), a public domain protein
database [15] for further analysis. The proteins
were analyzed for their subcellular location by
online  tool MultiLoc  (http://abi.inf.uni-
tuebingen.de/Services/MultiLoc), which is an
extension of TargetLoc. The physicochemical
analysis were calculated by ProtParam tool [16]
(http://web.expasy.org/protparam/), which
includes theoretical isoelectric point [12],
molecular weight, total number of positive and
negative residues, extinction coefficient [17],
instability index [18], aliphatic index [19], and
grand average hydropathy (GRAVY) [20] listed in
Table 1.

2. Structure and Functional Annotation
Identification of transmembrane region of
proteins was done with SOSUl server
(http://harrier.nagahama-i-bio.ac.jp/sosui/cgi-
bin/adv_sosui.cgi). Table 2 represents the
transmembrane region identified for these
chitnase proteins. Disulphide linkages are
important in functional characterization and
bonds are predicted by the tool CYS REC
(http://sunl.softberry.com/berry.phtml?topic),
which helps to identify the positions and total
number of cysteines, and predicts the most
probable "SS" bond pattern of pairs in the
protein sequences which are listed in Table 2.
Table 3 represents the output of Prosite [21], a
database of protein families and domains,
which was recorded in terms of the length of
amino residues of protein with specific profiles
and patterns.

3. Secondary structure prediction

The self-optimized, neural network [10] based
alignment tool SOPMA was used for prediction
of secondary structural features [22]. This
method calculates the content of a-helix, B-
sheets, turns, random coils and extended
strands listed in Table 4.

4. Homology Modelling and Evaluation

An attempt was made to model the target
protein. The three homology modelling
programs Geno3D [23], Swissmodel [24], and
Modeller [25] were used for modeling of the
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sequence by ORF tool

Translated sequence was subjected to BLASTP for sequence alignment.
Sequences with maximum similarity wereretrieved from Expasy.ch

!

Subcellular localization were predicted by MultiLoctool and various othertools.

!

Physiochemical properties were calculated by protparam tool which include
Molecular weight, Isoelectric point , Instability index, etc.
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Identification of transmembrane region of proteins were done with SOSUI server.
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protein (Geno3D, Swissmodel and Modeller) and Ramachandran plot was
generated with procheck.
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Figure 1. Flow-chart for the prediction of 3-D structure of protein through protein sequence.

three dimensional structure of the protein. The
constructed model was evaluated in terms of
quality and validation by Ramachandran plot
(http://mordred.bioc.cam.ac.uk) to study the
overall stereochemical property of protein [26]
and Z score by using Qmean [27]. Structural
analysis was performed and  figures
representations were generated with Pymol
software.

Results and Discussions

BLAST analysis revealed 85% similarity with 18
sequences listed in Table 1 and further
sequences of these proteins were retrieved
from the SWISSPROT (http://www.expasy.ch/)
and used for further analysis. The subjected
protein with accession number AHA93892.1
(283 AA) of Chitinase protein of Beauveria
bassiana showed maximum similarity with
accession number G3JH30 (349 AA) (92 %)
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Table 1. Sequence Retrieval and analysis.

Protein sequences considered for the study

Primary structure prediction analysis
using Protparam

AcceNsslons Species Proteins Length M.wt pl | Al -R | +R | GRAVY

AHA93892.1 | Beauveria Chitinase 283 29783.9 | 5.12 | 2657 | 85.23 | 22 | 18 | 0.043
bassiana

G3JH30 Cordeyceps Endochitinase | 349 | 36617.9 | 6.81 | 28.16 | 86.22 | 22 | 22 | 0.136
militaris

K9JFDO Beauveria Chitinase 348 36794.9 | 5.94 | 30.14 | 84.17 | 26 | 23 | -0.027
bassiana

ESLEW9 Beauveria Chit1 348 36784.9 | 5.94 | 29.59 | 84.45 | 36 | 23 | -0.024
bassiana

QaJ1yY3 Beauveria Chit1 348 476445 | 859 |55.98 | 59.32 | 25 | 23 | -0.937
bassiana

F6MIVS Beauveria Chit1 348 367949 | 594 | 30.14 | 84.45 | 26 | 23 | -0.026
bassiana

DIMGZ8 Beauveria Endochitinase | 348 36730.7 | 5.94 | 28.69 | 82.76 | 26 | 23 | -0.037
bassiana

E9DX57 Metarhizium Chitinase 345 36580.9 | 6.41 | 31.32 | 88.29 | 23 | 22 | 0.083
acridum

D6NOZ5 Trichoderma Chitinase 322 337544 |46 |3081 |87.64 |22 |14 |0.17
longibrachiatum

A2VEC4 Hypocrea Chitinase 342 337544 |46 |3081 |87.64 |22 |14 |0.17
jecorina

D6N0Z4 Trichoderma Chitinase 323 338284 |46 |31.46 |86.78 | 22 | 14 | 0.168
ghanense

D6NO0Z3 Trichoderma Chitinase 322 33751.3 | 435 | 29.46 | 89.16 | 25 | 13 | 0.182
citrinoviride

CowJD1 Metarhizium Chi4 282 29669.7 | 53 |33.25 | 86.21 | 22 | 18 | 0.058
anisopliae

Q8NJQ4 Trichoderma Chitinase 337 | 355382 |4.55 | 23.88 | 85.13 | 24 | 15 | 0.103
inhamatum

Q8NJQ5 Trichoderma Chitinase 337 35478.1 | 4.55 | 25.08 | 85.16 | 24 | 15 | 0.104
harzianum

E9F7R6 Metarhizium Chitinase 345 36500.6 | 5.61 | 32.29 | 85.71 | 25 | 22 | 0.035
anisopliae

A2SW11 Bionectria Endochitinase | 348 36547.5 | 5.49 | 26.39 | 86.38 | 22 | 18 | 0.103
ochroleuca

D6NOZ1 Trichoderma Chitinase 322 33791.6 | 4.87 | 25.54 | 88.79 | 18 | 13 | 0.212
croceum

endochitinase protein of Cordeyceps militaris
and least similarity (85%) with accession
number D6NO0Z1 (322 AA) chitinase protein of
Trichoderma croceum. The identified protein
showed similarities with other chitinases
identified from Beauveria, which suggested

multiple isoforms of chitinase gene and large
group of chitinases available in this fungus.

1. Primary structure prediction analysis
The physiochemical properties showed that the
molecular weight of AHA93892.1 (29783.9 Da)
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Table 2. Structure and Functional Annotation.

Transmembrane regions identified by SOSUI | Disulphide (SS)
Accessions . server bond pattern of
Species Gene names . .
no Transmembrane Length | Tyoe of brotein pairs predicted,
region g P P by CYS_REC
AHA93892.1 | Beauveria Chitinase No --- Soluble Cys29-Cys251
bassiana Transmembrane Cys33-Cys270
region
Q8NJQ4 Trichoderma TRLLDASFLLLPVI Cys 29-
. ys 29- Cys 247
inhamatum Chitinase VSTLEGTAS 23 Transmembrane
Q8NJQ5 Trichoderma , TRLLDASFLLLPVI Cys 29- Cys 247
harzianum Chitinase VSTLEGTAS 23 Transmembrane
G3JH30 Cordeyceps Endochitinase i i i Cys 29-Cys 251
militaris Cys 33- Cys 270
Q8I1v3 Beauveria . Cys 408- Cys 424
. Chitl - - R
bassiana
A2SW11 Bionectria - Cys 32- Cys 250
Endochitinase - - -
ochroleuca
D6NO0Z1 .
Trichoderma Chitinase i i i Cys 30- Cys 267
croceum
Table 3. Functional characterization of proteins of chitinase at Prosite.
Accession Motif identified Position in
Gene name numbers Profile the Description
protein
AHA93892.1 | Chitinase Chitinase_18 140 —-148 | Chitinases are enzymes that
K9JFDO Chitinase Chitinase_18 | 155-163 | catalyze the hydrolysis of the f-
E9DX57 Chitinase Chitinase_18 | 155 163 I?"L'N'acetY"D'i',‘thsaml'“e
D6NO0Z5 Chitinase 153 -161: Fm ages hm cnn po.ymerS%
Chitinase A2VEC4 Chiti Chiti 18 | 153-161 | Lo € vew Pomt o
ltinase unase_ sequence similarity chitinases
D6N0Z4 Chitinase Chitinase_18 153-161 | belong to either family 18 or 19
D6NO0Z3 Chitinase Chitinase_18 153 -161 in the classification of glycosyl
Q8NJQ4 Chitinase Chitinase_18 152 -160 | hydrolases.
Q8NJQ5 Chitinase Chitinase_18 152 - 160 it ¢ famil |
E9F7R6 Chitinase Chitinase_18 | 153163 | Chitinases of family 18 (also
— — known as classes Il or V)
D6N0Z1 Chitinase Chitinase_18 153-161 groups a variety of proteins.
Endochitinase | G3JH30 Endochitinase Chitinase_18 156 — 164
D1MGZ8 Endochitinase Chitinase_18 155-163 Catalysis of the hydrolysis of (1-
A2SW11 Endochitinase Chitinase_18 155-163 | >4)-beta linkages of N-acetyl-D-
Chi4 CoOWJD1 Putative chitinase | Chitinase_18 | 104—112 | glucosamine (glcnac) polymers
Chitl ESLEW9 Chitinase Chitinase_18 | 155163 | °f chitinand chitodextrins
Q8J1Y3 Chitinase Chitinase_18 155-163
F6MIV5 Chitinase Chitinase_18 155-163
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Table 4. Calculated secondary structure elements by SOPMA.

Proteins/ Alpha 310 Pi Beta | Extended Beta Bend | Random | Ambiguous | Other

Secondary helix helix | helix | bridge strand turn region coil states states

structure
AHA93892.1 | 22.89% | 0.00% | 0.00% | 0.00% | 18.66% 8.45% | 0.00% | 50.00% 0.00% 0.00%
G3JH30 31.23% | 0.00% | 0.00% | 0.00% | 15.47% 6.30% | 0.00% | 46.99% 0.00% 0.00%
K9JFDO 26.72% | 0.00% | 0.00% | 0.00% | 19.54% 8.33% | 0.00% | 45.40% 0.00% 0.00%
ESLEW9 29.31% | 0.00% | 0.00% | 0.00% | 19.25% 6.32% | 0.00% | 45.11% 0.00% 0.00%
Q8J1Y3 22.54% | 0.00% | 0.00% | 0.00% 3.99% 2.82% | 0.00% | 70.66% 0.00% 0.00%
FEMIV5 27.87% | 0.00% | 0.00% | 0.00% | 18.68% 6.61% | 0.00% | 46.84% 0.00% 0.00%
D1MGZ8 27.01% | 0.00% | 0.00% | 0.00% | 17.82% 5.75% | 0.00% | 49.43% 0.00% 0.00%
E9DX57 27.25% | 0.00% | 0.00% | 0.00% | 19.13% 6.67% | 0.00% | 46.96% 0.00% 0.00%
D6N0Z5 29.81% | 0.00% | 0.00% | 0.00% | 19.57% 9.32% | 0.00% | 41.30% 0.00% 0.00%
A2VEC4 26.53% | 0.00% | 0.00% | 0.00% | 19.24% 5.25% | 0.00% | 48.98% 0.00% 0.00%
D6N0Z4 27.24% | 0.00% | 0.00% | 0.00% | 17.96% 6.50% | 0.00% | 48.30% 0.00% 0.00%
D6N0Z3 31.37% | 0.00% | 0.00% | 0.00% | 16.15% 7.45% | 0.00% | 45.03% 0.00% 0.00%
cowlD1 27.66% | 0.00% | 0.00% | 0.00% | 19.15% | 11.35% | 0.00% | 41.84% 0.00% 0.00%
Q8NJQ4 32.34% | 0.00% | 0.00% | 0.00% | 18.40% 6.23% | 0.00% | 43.03% 0.00% 0.00%
Q8NJQ5 24.33% | 0.00% | 0.00% | 0.00% | 19.29% 5.93% | 0.00% | 50.45% 0.00% 0.00%
E9F7R6 28.77% | 0.00% | 0.00% | 0.00% | 19.65% 5.96% | 0.00% | 45.61% 0.00% 0.00%
A2SW11 30.17% | 0.00% | 0.00% | 0.00% | 19.25% 7.18% | 0.00% | 43.39% 0.00% 0.00%
D6N0Z1 27.64% | 0.00% | 0.00% | 0.00% | 18.32% 9.32% | 0.00% | 44.72% 0.00% 0.00%

is nearly equal to COWJD1 (29669.7 Da). The
physiochemical  properties showed that
molecular weight is highest in Q8J1Y3 (47644.5
Da) and lowest in C9WJD1 (29669.7 Da).
Isolelectric point (pl) plays an important role in
the stability of proteins and is used to study the
net charge on the surface of proteins. The
computed pl value of all proteins are < 7 with
pH value of 4.6 to 5.96, i.e. the pH value of
AHA93892.1 is 5.12, which is similar and close
to other proteins, indicating proteins are acidic
in nature except Q8J1Y3 with pH of 8.59. The ph
range suggested that for chitinase activity, an
ionized acidic group and protonated basic group
is required for the regulation of chitinase
enzyme activity [28, 29]. Instability index helps
in the stability of proteins and instabilty index
less than 40 considered to be best, as protein is
stable at this values [18]. The instability index
(1) revealed that all proteins are stable except
the Q8J1Y3. The instability value ranges from
22.92 to 55.98. It was concluded that the
positive value of Instability index leads to the
thermostability of proteins [30]. Aliphatic index
infers the stability of protein at wide range of

temperature and is defined as the relative
volume occupied by aliphatic side chains
(alanine, wvaline, isoleucine, and leucine).
AHA93892.1 showed the aliphatic index value
of 85.23 which predicted it as thermostable
protein like all other listed proteins.

The Grand Average hydropathy (GRAVY) value
tells us whether protein is hydrophilic or
hydrophobic in nature. The positive value of
AHA93892.1 as 0.043 indicated that protein is
hydrophobic except accession numbers K9JFDO,
D1MGZS8, E5LEW9, Q8J1Y3, and F6EMIVS5, which
is accepted as hydrophilic in nature. The
hydrophobic nature of protein was proved as
evidence for the stability and secondary
structure of proteins and helps in determining
the protein folding properties [31].

2. Structure and Functional Annotation

In the prediction of transmembrane regions,
the disulfide bonds are important characterstics
of functional annotation. The SOSUI server
distinguishes between membrane and soluble
proteins from amino acid sequences and
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Figure 2. Modelled structure of Chitinase protein AHA93892.1.

predicts the transmembrane helices. The SOSUI
server classified AHA93892.1 as soluble protein
with water molecules and Q8NJQ4 and Q8NJQ5
as membrane proteins. The server identified
one transmembrane region in both proteins.
Cys_Rec tool helped in the prediction of
disulphide linkages which plays an important
role in determining the thermostability of
proteins. Possible pairing and patterns with
accessions numbers G3JH30, Q8NJQ4, Q8NJQ5,
Q8J1Y3, A2SW11, D6NOZ1 contain disulphide
linkages along with translated protein. It was
calculated that there is no transmembrane
region present in AHA93892.1 and no signal
peptide was present which showed that protein
is secretory in nature.

The domain analysis was conducted by Prosite
database which helps in calculating motif length
and its Profile. The motif of about 10 — 15
amino acids length belonging to chitinase 18
retrieved which is functionally important for the
biological and structural studies. Chitinase
enzyme plays an important role in cuticle
degradation and the data supports that our

protein plays an important role in catalyzing the
linkages in chitin hydrolysis of the B-1, 4-N-
acetyl-D-glucosamine polymers.

3. Secondary structure prediction

The SOPMA tool predicts the Secondary
structure of proteins was predicted by SOPMA
tool to classify whether a given amino acid lies
in a helix, strand or coil. The default parameters
were used for the prediction of secondary
structure [32, 33]. The results revealed that
random coils dominated among secondary
structure elements followed by alpha helix,
extended strand and beta turns for all
sequences. In case of AHA93892.1, Random coil
is 50.00% with alpha strand as 22.89% and it
was clearly noticed that beta turns showing
very less percentage of conformations below
10%, i.e. 8.45% with extended strand value of
18.66%. The studies of high random coil lead to
intrinsic  conformations with respect to
correlating with low energy conformations and
have significance with regard to protein
structure prediction and design [34, 35, 36].
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Table 5. Ramachandran plot calculation with Procheck program.

Servers Modeller
Residues in the most favored Region 85.4%
Residues in additionally allowed region 12.7%
Residues in generously allowed region 1.4%
Residues in disallowed region 0.5%

Ramachandran Plot
chitinase
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Figure 3. Ramachandran plot showing the phi -psi torsion angles for all residues in most stable Predicted 3-D conformation of chitinase protein
AHA93892.1 (except those at the chain termini).

4. 3D Modelling and evaluation

Geno 3D, Swiss Model and Modeller were used
to construct the 3D model of AHA93892.1
(figure 2). The modelled structure was helpful in
studying the function of proteins and its active
sites. PDB id 1w9v was selected as template
with 52.1 identity with query sequence. The
structure was validated by using Qmean server
with its Z-score as -0.67, which means 67%

similarity with template. The structure and
quality of model was analyzed by
Ramachandran plot (figure 3). RAMPAGE
analysis showed that only 1.4% residues in
outer region, 12.7% allowed regions and 85.4%
in favored regions (table 5). The values
indicated that the modelled structure is reliable
and of good quality. The results obtained
signified new perspectives and importance to
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biological or computational assays and
bioinformatics analyses to improve biological
models [37]. The most important part of this
research was to predict 3D structure of
chitinase gene through an insilico analysis which
is not yet available in PDB. This hypothetical
structure can be used as model structure for
other DNA or protein sequences and can be
verified through NMR and X-ray
Crystallography. Moreover, this pipeline is very
easy for the new researchers to predict.

Conclusion

This study presents a comprehensive in silico
assessment and structure prediction of protein
AHA93892.1. In this study 18 sequences were
selected to acquire an understanding of its
physical and chemical properties along with its
functional and structural levels. Primary
structure analysis reveals that AHA93892.1 is
acidic in nature. Protein is stable in nature as it
have hydrophilic interactions and disulphide
linkages. The 3D structure was more acceptable
by modeller with Qmean score of -0.65 with
65% similarity. The model was verified by
Ramachandran plot. The data calculated will be
helpful in formulating their uses in industries
and protein structure by NMR and X-ray
crystallography. The derived properties and
structure will provide insights into functional
analysis of this protein enabling researchers to
design in vivo assays.

References

1. Bogo MR, Rota CA, Pinto H, Ocampos M, Correa CT, Ainstein
HM, Schrank A. 1998. A chitinase encoding gene (chitl gene)
from the Entomopathogen Metarhizium anisopliae: isolation
and characterization of genomic and full-length cDNA. Curr
Microbio. 37(4):221-225.

2. Screen SE, Hu G, St. Leger RJ. 2001. Transformants of
Metarhizium anisopliae sf. anisopliae overexpressing chitinase
from Metarhizium anisopliae sf. acridum show early induction
of native chitinase but are not altered in pathogenicity to
Manduca sexta. J InvertebPath. 78(4):260-266.

3. St. Leger RJ, Joshi L, Bidochka MJ, Rizzo NW, Roberts DW.
1996. Characterization and ultrastructural localization of
chitinases from Metarhizium anisopliae, M. flavoviride, and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Beauveria bassiana during fungal invasion of host (Manduca
sexta) cuticle. App and Environ Microbiology. 62(3):907—912.
Charnley AK, St. Leger RJ. 1991. The role of cuticle-degrading
enzymes in fungal pathogenesis in insects,” in E. T. Cole and
H. C. Hoch (eds.), Fungal spore disease initiation in plants and
animals. Plenum Press, New York, N.Y, pp.267-287.

Kramer KJ, Muthukrishnana S. 1997. Insect chitinases:
molecular biology and potential use as biopesticide, Ins
Biochem. Mol. Biol. 27:887-900.

Fang W, Zhang Y, Zheng X, Yang X, Duan H, Li Y, Pei Y. 2004.
Agrobacterium tumefaciens-mediated transformation of
Beauveria bassiana using an herbicide resistance gene as a
selection marker. J. Invertebr. Pathol. 85:18-24.

Sandhu SS, Sharma AK, Beniwal V, Goel G, Batra P, Kumar A,
Jaglan S, Sharma AK, Malhotra S. 2012. Myco-Biocontrol of
Insect Pests: Factors Involved, Mechanism, and Regulation. J
of Pathogens. http://www.hindawi.com/journals/jpath/2012/
126819/.

Tuli HS, Sandhu SS, Sharma AK. 2014. Pharmacological and
therapeutic potential of Cordyceps with special reference to
Cordycepin. Biotech. 4:1-12.

Charnley AK. 2003. Fungal pathogens of insects: cuticle
degrading enzymes and toxins. Adv in Bot Res. 40:241-321.
Prashant VT, Uddhav SC, Madura SM, Vishal PD, Renuka RK.
2010. Secondary Structure Prediction and Phylogenetic
Analysis of Salt Tolerant Proteins. Global J of Mol Sci. 5(1):30-
36.

Pradeep NV, Anupama A, Vidyashree KG, Lakshmi P. 2012. In
silico Characterization of Industrial Important Cellulases using
Computational Tools. Adv in Life Sci and Tech. 4:8-14.
Sivakumar K, Balaji S, Gangaradhakrishnan. 2007. In silico
characterization of antifreeze proteins using computational
tools and server. J of Chem Sci. 119 (5):571-579.

Sahay A, Shakya M. 2010. In silico Analysis and Homology
Modelling of Antioxidant Proteins of Spinach. J of Prot &
Bioinfo. 3(5):148-154.

Altschul SF, Gish W, Miller W, Myers EW, Lipman D. 1990.
Basic local alignment search tool. J of Mol Bio. 215(3):403-
410.

Bairoch A, Apweiler R. 2000. The SWISS-PROT protein
sequence database and its supplement TrEMBL in 2000. Nuc
Acids Res. 28(1):45-48.

Gasteiger E. 2005. Protein Identification and Analysis Tools
on the ExPASy Server. In John M. Walker Ed .Humana Press.
pp. 571-607.

Gill SC, Von Hippel PH. 1989. Extinction coefficient. Analytical
Biochemistry. 182:319- 328.

Guruprasad K, Reddy BVP, Pandit MW. 1990. Correlation
between stability of a protein and its dipeptide composition: a
novel approach for predicting in vivo stability of a protein
from its primary sequence. Protein Enginerring. 4(2):155-64.
Ikai AJ. 1980. Thermo stability and aliphatic index of globular
proteins. J of Biochem. 88(6):1895-1898.

Kyte J, Doolottle RF. 1982. A simple method for displaying the
hydropathic character of a protein. J of Mol Bio. 157(1):105-
132.

Falquet L, Pagni M, Bucher P, Hulo N, Sigrist CJA. 2002. The
PROSITE database, its status in 2002. Nuc Acids Res.
30(1):235-238.

Ashokan KV, Mundaganur DS, Mundaganur YD. 2010.
Catalase: Phylogenetic Characterization to Explore Protein
Cluster. J of Res in Bioinfo. 1:1-8.

Combet C, Jambon M, Deleage G, Geourjon C. 2002. Geno3D:
Automatic comparative molecular modelling of protein.
Bioinformatics. 18(1):213-214.


http://www.hindawi.com/journals/jpath/2012/

Journal of Biotech Research [ISSN: 1944-3285] 2016; 7:1-10

24. Arnold K, Bordoli L, Kopp J, Schwede T. 2006. The SWISS-
MODEL workspace: a web-based environment for protein
structure homology modelling. Bioinformatics. 22(2):195-201.

25. Sali A, Blundelll TL. 1993. Comparative protein modeling by
satisfaction of spatial restraints. J of Mol Bio. 234 (3):779-815.

26. Ramachandran GN, Ramakrishnan C, Sasisekhran V. 1963.
Stereochemistry of polypeptide chain confi guarations. J of
Mol Bio. 7:95-99.

27. Benkert P, Biasini M, Schwede T. 2011. Toward the estimation
of the absolute quality of individual protein structure models.
Bioinformatics. 27(3):343-350.

28. Mishra S, Kumar P, Malik A. 2013. Effect of process
parameters on the enzyme activity of a novel Beauveria
bassiana isolate. Int.J.Curr.Microbiol.App.Sci. 2(9):49-56.

29. Coudron TA, Kroha MJ, Ignoffo CM. 1984. Levels of chitinolytic
activity during development of three entomopathogenic
fungi. Comp. Biochem. Physiol. 79:339-348.

30. lkai AJ. 1980. Thermo stability and aliphatic index of globular
proteins. J of Biochem. 88(6):1895-1898.

31. Sarkar A, Kellogg GE. 2010. Hydrophobicity — Shake Flasks,
Protein Folding and Drug Discovery. Curr Top Med Chem.
10(1):67-83.

32. Jyotsna C, Ashish P, Shailendra G, Verma MK. 2010. Homology
Modeling and Binding Site Identification of 1 deoxy d-Xylulose
5 phosphate Reductoisomerase of Plasmodium Falciparum:
New drug target for Plasmodium falciparum. Int J of Eng Sci
and Tech. 2 (8):3468-3472.

33. Ojeiru FE, Kazuya T, Yuki H, Mohammed SM, Shunsuke M.
2010. Circular Dichroism Studies on C-terminal Zinc Finger
Domain of Transcription Factor GATA-2. Yonago Acta medica.
53:25-28.

34. Swindells MB, MacArthur MW, Thornton JM. 1995. Intrinsic f,
W propensities of amino acids derived from the coil region of
known structures. Nat. Struct. Biol. 2(7):596—603.

35. Munoz V, Serrano L. 1994. Intrinsic secondary structure
propensities of the amino aicds using statistical phi-psi
matrices: comparison with experimental scales. Proteins:
Structure, Function and Genetics. 20(4):301-311.

36. Smith U, Fiebig KM, Schwalbe H, Dobson CM. 1996. The
concept of a random coil: Residual structure in peptides and
denatured proteins. Folding and Design. 1(5):95-106.

37. Rossetti RAM, Lorenzi JCC, Giuliatti S, Silva CL, Coelho-Castelo
AAM. 2008. In Silico Prediction of the Tertiary Structure of M.
leprae Hsp65 Protein Shows an Unusual Structure in Carboxy-
terminal Region. J Comput Sci Syst Biol. 1:126- 131.

10



