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ABSTRACT
The widely distributed hydrolytic enzyme of wide application is cellulose. It is involved in conversion of biomass into
simpler sugars. Homology modeling is used to predict the 3D structure of a unknown protein based on the known structure
of a similar protein. During evolution, sequence changes much faster than structure. It is possible to identify the 3D
structure by looking at a molecule with some sequence identity. One can predict the 3D structure with how much sequence
identity is needed with a certain number of aligned residues, to reach the safe homology modeling zone for a sequence of
under residues, for example, a sequence identity of 40% is sufficient for structure prediction. When the sequence identity
false in the safe homology modeling zone. We can assume that the 3D structure of both sequences is the same. The known
structure is called target homology modeling of the target structure can be done in seven steps namely (template
recognition) FASTA, from and BLAST from EMBL – EBI and NCBI and initiation  alignment by using PDB with the help
of BLAST alignment correction using clustal W (SCRs), Back Bone generation, loop modeling, side chain modeling,
model optimization and model validation. By this, the cellulose protein is modeled by SPDB Viewer with the help of
template, lib4 derived from PDB and visualized in rosmol finally the modeled cellulose protein is checked by the WHAT
IF SERVER and the results had showed.
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INTRODUCTION
Homology modeling is the attempt to create a 3
dimensional protein structures given its amino acid
sequence and a structural template. The other name for
homology modeling is ‘comparative modeling’. If the
sequence similarity between the unknown and the template
are sufficiently high (>50%), the procedure can automate
with reasonable results. Threading techniques have also be
used with good results for molecules that are structurally
similar.

The Homology Module allows you to build a 3D model of
a protein based on the 3D structure or structures of one or
more homologous proteins. The protein with the
undetermined structure that you want to model is called
the "model", "unknown", or "sequence" protein. The
protein(s) with known 3D structures is/are are referred to
as the "reference" or "real" protein(s).

Why homology modeling
 Rate of structure solving through NMR or X-ray is

slow compared to the deposition of DNA and Protein
sequences

 Crystallization is the bottleneck (time in months)
 No generic receipe for crystallization
 Membrane proteins are difficult to crystallize
 30% of proteome of living things
Knowledge of 3D structure is essential for the
understanding of the protein function
 Structural information enhances our understanding of

protein-protein or protein-DNA interactions
 Primary and Structural information of proteins are

stored in different places (SWISS-PROT, PDB)
 Rate of publication of primary sequence has increased

dramatically
 Swiss-Prot Release 41.24 of 19-Sep-2003 134,343

entries; PDB as of 16-Sep-03 has 22,516 structures
 Traditional structure solving methods are slow-NMR
 NMR limited by size of the molecule; Use of H

signatures creates noise

Knowledge of three-dimensional structure is a prerequisite
for the rational design of site-directed mutations in a
protein and can be of great importance for the design of
drugs. Structural information often greatly enhances our
understanding of how proteins function and how they
interact with each other or it can, for example, explain
antigenic behaviour, DNA binding specificity, etc. X-ray
crystallography and NMR spectroscopy are the only ways
to obtain detailed structural information. Unfortunately,
these techniques involve elaborate technical procedures
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and many proteins fail to crystallize at all and/or cannot be
obtained or dissolved in large enough quantities for NMR
measurements. The size of the protein is also a limiting
factor for NMR. In the absence of experimental data,
model-building on the basis of the known three
dimensional structure of a homologous protein is at
present the only reliable method to obtain structural
information. Comparisons of the tertiary structures of
homologous proteins have shown that three-dimensional
structures have been better conserved during evolution
than protein primary structures, and massive analysis of
databases holding results of these three dimensional
comparison methods, as well as a large number of well-
studied examples [e.g. 50-58] indicate the feasibility of
model building by homology.

Steps Involved

 Similiarity Search (sequence or structural)
 Sequence Alignment
 Structural Alignment
 Selecting the Templates
 Model Building
 Evaluating the Model(s)

Although it is simpler to use a single reference
protein, It is much more reliable to use several reference
proteins. This is because comparison of the several known
structures allows you to identify regions of structural
conservation in addition to regions of sequence
conservation. There are many programs available for
homology modelling. The easiest method is to use a
webserver such as
-SWISS-MODELLER
3D-Jigsaw homology or What-IF
Procedures for Homology Modeling

A homology modeling routine needs three items of input:
1. The sequence of the protein with unknown 3D structure, the "target sequence".
2. A 3D template is chosen by virtue of having the highest sequence identity with the target sequence. The 3D

structure of the template must be determined by reliable empirical methods such as crystallography or NMR, and
is typically a published atomic coordinate "PDB" file from the Protein Data Bank.

Uses of homology models
Successful predictions based on homology models have
been reviewed by Baker and Sali. The positions of
conserved regions of the protein surface can help to
identify putative active sites and binding pockets. If the
ligand is known to be charged, the binding site may be
predicted by searching the surface for a cluster of
complementary charges. The size of a ligand may be
predicted from the volume of the putative binding pocket.
In one case, relative affinities of a series of ligands have
been predicted. Such predicions are useful to guide
mutagenesis experiments.
Cellulase enzyme is commercially has wide application.
Hence, an urgent need for this enzyme to be characterized
in all aspect to understand the structural and functional
relations.  The presence study is to identify the more
efficient celllulolytic enzyme producing microorganism
for Biopolyshing using the computational analysis Protein
sequence of cellulase is retrieved from NCBI  and where
subjected to Protparam to analyze physicochemical
parameters, Secondary structure prediction using GOR IV
and SOPMA, Homology modeling (Swiss model),
Phylogenetic analysis and active site prediction site by
SCFBIO.
Sequence retrieval and alignment
Cellulase protein sequence of Clostridium thermocellum
[AAA23226.1] was retrieved from the National Center for

Biotechnology (NCBI) and made as the query sequence
for the structure, properties prediction and modeling.
Blastp was performed and obtained nine similar sequences
of different strains. Clustal W multiple sequence
alignment was done for those sequences using BioEdit5.0.
Goto:http://swissmodel.expasy.org/repository/http://swiss

model.expasy.org/workspace/http://www.proteinmodelpor
tal.or
Three dimensional protein structures are crucial for
understanding protein function at a molecular level. In
recent years, tremendous progress in experimental
techniques for large-scale protein structure determination
by X-ray crystallography and NMR has been achieved.
Structural genomic efforts have contributed significantly
to the elucidation of novel protein structures (Levitt,
2007), and to the development of technologies, which
have increased the speed and success rate at which
structures can be determined and lowered the cost of the
experiments (Slabinski et al., 2007, Manjasetty et al.,
2008). However, the number of known protein sequences
grows at an ever higher rate as large-scale sequencing
projects, such as the Global Ocean Sampling expedition,
are producing sequence data at an unprecedented rate
(Yooseph, 2007). Consequently, the last release of the
UniProt (Bairoch et al., 2005) protein knowledgebase
(version 14.0) contained more than 6.5 million sequences,
which is about 100 times the number protein structures
currently deposited in the Protein Data Bank (Berman et
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al., 2007) (∼53 000, September 2008). For the foreseeable
future, stable and reliable computational approaches for
protein structure modelling will therefore be required to
derive structural information for the majority of proteins,
and a broad variety of insilico methods for protein
structure prediction has been developed in recent years.
Homology (or comparative) modelling techniques have
been shown to provide the most accurate models in cases,
where experimental structures related to the protein of
interest were available. Although the number of protein
sequence families increases at a rate that is linear or
almost linear with the addition of new sequences
(Yooseph et al., 2007), the number of distinct protein folds
in nature is limited (Levitt, 2007; Chothiac, 1992) and the
growth in the complexity of protein families appears as a
result of the combination of domains (Levitt, 2007).
Achieving complete structural coverage of whole
proteomes (on the level of individual soluble domain
structures) by combining experimental and comparative
modelling techniques therefore appears to be a realistic
goal, and is already been pursued, e.g. by the Joint Center
for Structural Genomics for the small model organism
Thermotogamaritima (JCSG) (McCleverty et al., 2008, Xu
et al., 2008). Assessment of the accuracy of methods for
protein structure prediction, e.g. during the bi-annual
CASP (Critical Assessment of Techniques for Protein
Structure Prediction) experiments (Kopp et al., 2007;
Kryshtafovych et al., 2007) or the automated EVA project
( Koh et al., 2003), has demonstrated that comparative
protein structure modelling is currently the most accurate
technique for prediction of the 3D structure of proteins.
During the CASP7 experiment, it became apparent that the
best fully automated modelling methods have improved to
a level where they challenge most human predictors in
producing the most accurate models (Battey et al., 2007;
Soding, 2005; Zhang, 2007). Nowadays, comparative
protein structure models are often sufficiently accurate to
be employed for a wide spectrum of biomedical
applications, such as structure based drug design (Hillisch
et al., 2004; Tan et al., 2008; Thorsteinsdottir et al.,2006;
Vangrevelinghe, 2003), functional characterization of
diverse members of a protein family (Murray et al., 2005),
or rational protein engineering, e.g. the humanization of
therapeutic antibodies, or to study functional properties of
proteins (Lippow et al., 2007; Junne et al., 2006; Peitch
2002; Trammontano 2008; Li et al., 2007).
Here, we describe the SWISS MODEL Repository, a
database of annotated protein structure models generated
by the SWISS MODEL Pipeline, and a set of associated
web-based services that facilitate protein structure
modelling and assessment. We emphasize the
improvements of the SWISS MODEL Repository which
have been implemented since our last report (Koop and
Schwede, 2006). These include a new pipeline for
template selection, the integration with interactive tools in
the SWISS MODEL Workspace, the programmatic access
via DAS (distributed annotation system) (Jenkinson et al.,
2008), the implementation of a reference frame for protein
sequences based on md5 cryptographic hashes, and the
integration with the Protein Model Portal (http://www.
proteinmodelportal.org) of the PSI Structural Genomics
Knowledge Base (Berman et al., 2008; Berman, 2008).

Homology modelling
The SWISS MODEL Repository contains models that are
calculated using a fully automated homology modelling
pipeline. Homology modelling typically consists of the
following steps: selection of a suitable template, alignment
of target sequence and template structure, model building,
energy minimization and/or refinement and model quality
assessment. This requires a set of specialized software
tools as well as up-to-date sequence and structure
databases. The SWISS MODEL pipeline (version 8.9)
integrates these steps into a fully automated workflow by
combining the required programs in a PERL based
framework. Since template search and selection is a
crucial step for successful model building, we have
implemented a hierarchical template search and selection
protocol, which is sufficiently fast to be used for
automated large-scale modelling, sensitive in detecting
low homology targets, and accurate in correctly
identifying close target structures. In the first step,
segments of the target sequence sharing close similarity to
known protein structures are identified using a
conservative BLAST (Altchul et al., 1997) search with
restrictive parameters [E-value cut-off: 10−5, 60%
minimum sequence identity to sequences of the SWISS
MODEL Template Library SMTL (Arnold et al., 2006).
This ensures that information about close sequence
relationships is not dispersed by the subsequent profile
based search strategies (Sadowski and Jones, 2007). If
regions of the target sequence remain uncovered, in the
second step a search for suitable templates is performed
against a library of Hidden Markov Models for SMTL
using HHSearch (Soding, 2005).Templates resulting from
both steps are ranked according to their E-value, sequence
identity to the target, resolution and structure quality.
From this ranked list, the best templates are progressively
selected to maximize the length of the modelled region of
the protein. New templates are added if they significantly
increase the coverage of the target sequence (spanning at
least 25 consecutive residues), or new information is
gained (e.g. templates spanning several domains help to
infer relative domain orientation). For each selected
target–template alignment, 3D models are calculated using
ProModII (Guex and peitch, 1997) and energy minimized
using the Gromos force field (Van Gunsteren et al., 1996).
The quality of the resulting model is assessed using the
ANOLEA mean force potential (Melo and Feytmans,
1998).
Depending on the size of the protein and the evolutionary
distance to the template, model building can be relatively
time consuming. Therefore, comprehensive databases of
precomputed models (Koop and Schwede 2006; Koop and
Schwede 2004; Pieperu et al., 2006) have been developed
in order to be able to cross-link real-time model
information with other biological data resources, such as
sequence databases or genome browsers.
Model database
The SWISS MODEL Repository is a relational database of
models generated by the automated SWISS MODEL
pipeline based on protein sequences from the UniProt
database (Bairoch et al., 2007). Within the database,
model target sequences are uniquely identified by their
md5 cryptographic hash of the full length raw amino acid
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sequence. This mechanism allows the redundancy in
protein sequence databases entries to be reduced, and
facilitates cross-referencing with databases using different
accession code systems. Mapping between UniProt and
various database accession code systems to our md5 based
reference system is derived from the iProClass database
(Huang et al., 2007). Regular updates are performed for all
protein sequences in the SwissProt database (Boulet et al.,
2007), as well as complete proteomes of several model
organisms (Homo sapiens, Mus musculus, Rattus
norvegicus, Drosophila melanogaster, Arabidopsis
thaliana, Escherichia coli, Bacillus subtilis,
Saccharomyces cerevisiae, Caenorhabditis elegans and
Hepaci virus). Incremental updates are performed on a
regular basis in order to both include new target sequences
from the UniProt database and to take advantage of newly
available template structures, whereas full updates are
required when major improvements to the underlying
modelling algorithms have been made. The current SWISS
MODEL Repository release contains 3.45 million models
for 2.72 million unique sequences, built on 26 185
different template structures (34 540 chains), covering

48.8% of the entries from UniProt (14.0), and more
specifically 65.4% of the unique sequences of Swiss-Prot
(56.0), the manually annotated section of the UniProt
knowledgebase. The size of the models ranges from 25 up
to 2059 residues (e.g. fatty acid synthase β-subunit
from Thermomyces lanuginosus) with an average model
length of 221 residues.
Graphical user web interface
The web interface at http://swissmodel. expasy. org/
repository/ provides the main entry point to the
SWISSMODEL Repository. Models for specific proteins
can be queried using different database accession codes
(e.g. UniProt AC and ID, GenBank, IPI, Refseq) or
directly with the protein amino acid sequence (or
fragments thereof, e.g. for a specific domain). For a given
target protein, a graphical overview illustrating the
segments for which models (or experimental structures)
are available is shown (Figure 1). Functional and domain
annotation for the target protein is retrieved dynamically
in real time using web service protocols to ensure that the
annotation information is up-to-date.

UniProt annotation of the target protein is retrieved via
REST queries (http://www.uniprot.org). Structural
domains in the target protein are annotated by PFAM
domain assignment (Fim et al., 2008), which is retrieved
dynamically by querying the InterPro (Mulder and
Apweiler, 2008) database using the DAS protocol
(Jenkinson et al 2008). The md5-based reference frame for
target proteins allows to update the database accession
mappings in between modelling release cycles. This
ensures that cross references with functional annotation
resources such as InterPro correspond to proteins of
identical primary sequence, thereby avoiding commonly
observed problems with incorrect cross-references as a
result of instable accession codes or asynchronous updates
of different data resources. Finally, for each model, a
summary page provides information on the modelling
process (template selection and alignment), model quality

assessment by ANOLEA (Melo and Feytmans, 1998) and
Gromos (Van Gunsteren et al., 1996), and in page
visualization of the structure using the Astex Viewer
(Hartshom, 2002) plugin. Typical view of a
SWISSMODEL Repository entry. For the UniProt
entry P53354, the α-amylase I (EC 3.2.1.1; 1,4-α-D-
glucanglucanohydrolase) from
Integration with SWISS-MODEL Workspace
The SWISSMODEL Repository is a large-scale database
of precomputed 3D models. Often however, one may be
interested in performing additional analyses either on the
models themselves, or on the underlying protein target
sequence. We have therefore implemented a tight link
between the entries of the SWISSMODEL Repository and
the corresponding modules in the SWISSMODEL
Workspace, which provides an interactive web based,
personalized working environment (Arnold et al., 2006;
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Guex and Peitch 1997; Schwede et al., 2003). Besides the
functionality for building protein models it provides
various modules to assess protein structures and models.
The estimation of the quality of a protein model is an
important step to assess its usefulness for specific
applications. In particular, models based on template
structures sharing low sequence identity require careful
evaluation. Therefore, entries from the Repository can be
directly submitted to the Workspace for quality assessment
using different global and local quality scores such as
DFire (Zhou and Zhou, 2002), ProQRes (Wallner and
Elofsson, 2006) or QMEAN (Benkert et al., 2008).
The default output format for models in the Repository is
the project file for the program Deep View (Guex and
Peitsch 1997); this program allows the underlying
alignments to be adjusted manually and for the request to
be resubmitted to Workspace for modelling. While new
protein structures are deposited in the PDB on a daily
basis, the respective modelling update cycles are more
infrequent, resulting in a delay in the incorporation of new
templates. The Repository therefore links directly to the
corresponding template search module in Workspace,
which allows searches for newly released templates to be
performed. The direct cross-linking between Repository
and Workspace allows combining the advantages of the
database of pre-computed models with the flexibility of an
interactive modelling system.
The DAS-Server of the SWISSMODEL Repository is
based on the DAS/1 standard and can be queried by
primary UniProt accession codes or md5hashs of the
corresponding sequences. Individual models for a query
sequence (‘SEGMENT’) are annotated as ‘FEATURE’,
with information about the start and stop position in the
target sequence, template-sequence identity and the URL
to the corresponding SWISSMODEL Repository entry.
The DAS service allows the SWISSMODEL Repository to
be cross linked with other resources using the same
standards, e.g. genome browsers. The SWISSMODEL
Repository DAS service is accessible at http://swissmodel.
expasy.org/service/das/swissmodel/.
The protein model portal
One of the major bottlenecks in the use of protein models
is that, unlike for experimental structures, modelling
resources are heterogeneous and distributed over
numerous servers. However, it is often beneficial for the
user to directly compare the results of different modelling
methods for the same protein. We have therefore
developed the protein model portal (PMP) as a component
of the PSI structural genomics knowledge base (Berman et
al., 2008, Berman 2008). This resource provides access to
all structures in the PDB, functional annotations,
homology models, structural genomics protein target
tracking information, available protocols and the potential
to obtain DNA materials for many of the targets. The PMP
currently provides access to several million pre-built
models from four PSI centers, ModBase (Pieper et al.,
2006) and SWISS-MODEL Repository (Koop and
Schwede, 2004, 2006).

Future Direction
SWISSMODEL Repository will be updated regularly to
reflect the growth of the sequence and structure databases.

Future releases of SWISSMODEL Repository will include
models of oligomeric assemblies, as well as models
including essential co-factors, metal ions and structural
ligands. Structural clustering of the Swiss Model Template
Library will also allow us to routinely include ensembles
of models for such proteins, which undergo extensive
domain movements.
Secondary structure and physicochemical
characterization cellulose
The sequences obtained were analyzed using various
softwares available in the ExPASyserver (Web: Proteomic
tools Expasy). The GOR IV analysis was performed to
understand the presence of helices, beta turns and coils in
the protein structure (Bioinformatic Tools for Protein
structure analysis and visualsation). Self-optimized
prediction method with alignment (SOPMA) analysis was
done for analyzing the structural components (Geourjon
and Deleage, 1994). Comparison was made between the
GOR IV and SOPMA analysis results. ProtParam software
analysis was done to understand about the amino acid
composition, molecular weight, instability index, aliphatic
index and grand average of hydropathicity (GRAVY)
(Web: Proteomic tools. Expasy). Hydropathy plot analysis
for all cellulase sequences was performed and the nature
of amino acid residues was studied using ProtScale (Web:
Proteomic tools. Expasy).based on Kyte and Doolittle
scale.
Homology modeling of cellulase
Homology models were predicted using SWISS-MODEL
(Arnold et al., 2006; Kiefer et al., 2009 and Peitsch, 1995)
and the quality was analysed using VMD 1. 9.1
(Humphery et al., 1996). RMSD values were calculated
using the RMSD calculator and the best homology model
was selected. Ramachandran plot for the best predicted
model was depicted by RAMPAGE software (Lovell et
al., 2003).
Phylogenetic analysis
Phylogenetic relation among the aligned cellulase
sequences obtained from Blastp were analyzed based on
neighbor joining method (Saitou and Nei, 1987) using
MEGA 4.0 (Tamura et al, 2007). The cellulase sequence
of C. thermocellum [AAA23226.1] was considered as the
root taxon for the analysis. Confidence level was analyzed
using bootstrap of 1000 replications.
Activity validation by active site comparison:
Active sites of the predicted models and the template were
analyzed using Automated Active Site prediction AADS
server of SCFBio (Tanya et al., 2011). Amino acid
compositions of all the cavities were analyzed and the
frequency of amino acid occurrence in the cavities of each
models were analyzed.
Blast analysis and sequence retrieval:
The cellulase protein sequence of Clostridium
thermocellum [AAA23226.1] was used as query sequence
and nine sequences were obtained by performing Blastp.
Multiple sequence alignment was done in BioEdit
software and further used for phylogenetic analysis in
MEGA.

Secondary structure and physicochemical analysis
SOPMA and GOR IV were used to predict the secondary
structure, percentage of alpha, extended and random coils
of cellulase producing microorganism are presented Table



Modeling of cellulase in Aspergillus terreus

434

1 (see supplementary material). SOPMA analysis for the
structure prediction was also done and obtained the
percentage of alpha, extended, beta and random coils
(Table 1). The secondary structure indicates whether a
given amino acid lies in a helix, strand or coil (Jyotsna et
al., 2010; Ojeiru et al, 2010). SOPMA was used for
structure prediction of cellulase protein (Pradeep et al.,
2012). Random coil dominates the other forms in the
cellulase analyzed by SOPMA and GOR IV. It was
identified that random coils of M.abomyces (58.72%) and
T. longibrachiatum (57.88%) were dominant compared to
other forms. However, followed by random coils,
extended forms ranging from (10%-27%) was dominant
over α and β helix. All the cellulases analyzed, α-helix was
ranging from (13%-37%) dominates β-helix, which had
less percentage of conformation (4%-10%).
ProtParam analysis was performed and the number of
amino acid residues, molecular weight, pI value, aliphatic
index and GRAVY index was obtained for each
sequence Table 2 (see supplementary material).
Comparison of the amino acid residue occurrence in
cellulase sequences were done and the most dominant
residues were highlighted Table 3 (see supplementary
material). It was found that molecular weight ranging from
25-127 kDa and it was higher in C. thermocellum (83 kDa)
and lower in M. albomyces (25kDa). Comparing to the
eukaryotic cellulase available, the higher aliphatic index of
up to 97.51 was noted in T. subterraneus strains which
indicate their stability over a wide range of temperatures.
GRAVY value was negative in all species studied. It was
notable that the bacterial strains had lower GRAVY values
indicating the better possibilities of aqueous interaction. pI
value showed that cellulase is acidic in nature. T.
subterraneus had a slightly neutral pI value and the
highest GRAVY value. Generally it was observed that
towards acidic pI values the GRAVY tends to be low. In
eukaryotic cellulases, the occurrence of α helices was
found to be too low. In case of A. bisporus, α helices was
similar to that of lower taxonomic groups. Moreover these
cellulases possess higher percentages of random coils. A
general pattern of inverse relationship between the
percentage of occurrence of α helices and random coils
were observed in both higher and lower taxonomic levels.
Cellulase of M. albomyces, T. longibrachiatum and R.
flavefaciens FD-1 was classified as unstable (II > 40) with
an instability index (II) of 53.54, 55.23 and 54.34
respectively. It is notable that the M. albomyces and T.
longibrachiatum are eukaryotic isolates and possess the
least percentage of alpha helices in their structure. P.
haloplanktis and R. flavefaciens FD-1 with dominant
amino acid residues Asn (10.1%) and Ser (11.6%)
respectively which are hydrophilic residues, all the other
sequences had ALA and GLY as dominant residues which
are hydrophobic in nature. ALA was dominant in
cellulases of A. bisporus, C. thermocellum, P.
carotovarum, Saccharophagus sp. and T. subterraneus
whereas, Gly was dominant for C. thermocellum, M.
albomyces and T. longibrachiatum.
Homology model validation
SWISS MODEL was used to predict the homology model
of the cellulase sequences and the protein structure quality
was analyzed. RMSD values for the models were

calculated and the model with least value i.e. the best
predicted model is shown in (Figure 1). Ramachandran
plot for the model was constructed using RAMPAGE
software. Residue B 169 -LEU belonged to outlier region
and the number of residues in the allowed and favoured
region was very close to the expected values. It was
observed that 94.8% of residues were in favored region
and 5.5% in allowed region. It was found that 0.2% was
found in outlier region.

FIGURE 1

Homology Model of Pseudoalteromonas haloplanktis
cellulase based on template 1tvn predicted using SWISS
MODEL. The model showed least RMSD value compared
to other models
Phylogenetic analysis
Phylogenetic tree was constructed using the ten sequences
based on neighbour joining method with reference
sequence C. thermocellum [AAA23226.1] as a root
(Figure 2). It was observed that the cellulase of T.
subterraneus [ZP_07835928.1] was found to be more
related to the eukaryotic cellulases. T. longibrachiatum
[CAA43059.1], T. subterraneus [ZP_ 07835928.1], M.

albomyces [CAD56665.1], A. bisporus [CAA83971.1], C.
thermocellum [CAA43035.1] were belonging to same
group. It can be implied that cellulase sequence of T.
subterraneus and C. thermocellum were much similar to
eukaryotic cellulase and it is not much evolved from the C.
thermocellum [AAA23226.1] cellulase sequence. But the
higher boot strap values for the other sequences supports
its divergence from the root sequence. However, all the
taxa of the group belonged to prokaryotic origin. There
was no much influence for evolutionary divergence of the
sequence with respect to variations in secondary structure.
Neighbor joining tree showing evolutionary relationship
among cellulase sequences of different origin were
depicted using MEGA 4.0.Boot strap values are depicted
at the nodes and branch lengths are also
shown. Clostridium thermocellum.
Compared to bacterial cellulases, fungal cellulases are
widely used. Moreover, the cellulolytic activities are high
for fungal cellulases. Highest cellulase activity for C.
thermocellum was 12.05IU/ml. P. haloplanktis being a
psychrophilic bacterium the cellulase obtained is cold
adaptable. Cellulase from the former has conserved five
amino acid residues in their active sites (Garsoux et al.,
2004). C. thermocellum is a thermophilic bacteria and its
cellulase has a better heat stability. It is known to be
ethanogenic strain and cellulase from this source has high
commercial applications (Xu et al., 2001). Cysteine
residues contribute to protein thermal stability (Xu et al.,
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2001. Amongst fungi, species of Trichoderma and
Aspergillus are well known for cellulolytic potential (Lynd
et al., 2002). Apart from the above, other fungi used for
cellulase production are Humicola and Aspergillus sp.
(Ghori et al., 2011). Hydropathy plot for the cellulase
sequence was constructed using ProtScale based on Kyte
and Doolittle and the hydrophilicity and hydrophobicity
nature was observed from the plot. It was observed that the
majority of the residues were belonging to the hydrophilic
regions confirming the interaction of the enzymes in
aqueous medium. Aliphatic residues namely ALA, LEU,
ILE and VAL were among the hydrophobic residues in the
profile. Similarly, Phe which is an aromatic residue and
sulfur containing residues MET and CYS were the other
residues belonging to hydrophobic regions of ProtScale
profile.
Active site prediction based on active site
Active sites for each model and template were predicted
using Active Site prediction server and tabulated. It was
found that T. longibrachiatum had most number of cavities
(192). C. thermocellum [AAA23226.1] had 84 cavities
which were very close to template with 85 cavities.
Comparison of amino acid residues present in the cavities
of each models were made. It was inferred that THR rich
active sites may be favouring the enzyme activity in
extreme environments and ASN rich cavities may be
contributing towards better enzyme activity. Among the
analysed models, 4 models and the template was found to
possess ASN as the dominant residue in its active sites.
Both C. thermocellum and R. flavefaciens FD-1 cellulases
had LYS rich active sites. ARG was dominant in active
sites of M. albomyces [CAD56665.1] and T. subterraneus
DSM 13965[ZP_07835928.1] cellulases. However P.
haloplanktis, an extremophile had THR dominant active
sites. In T. longibrachiatum ASN and THR was found to
be dominant in active sites with a frequency of 10.58. It is
clearly notable that the hydrophilic amino acid residues
are high in the active sites of these enzyme structures
ensuring their interaction with substrate in aqueous phase.
However the least found residue was CYS which assures
stable interaction and bonding. Though the frequency of
CYS was too low, it was found in both C.
thermocellum and 3 eukaryotic cellulases. So this result
validates the higher cellulolytic activity and T.
longibrachiatum could be the source of most active
cellulase from the present study.
These studies provide an insight for better prospecting of
cellulolytic isolates from the environment for various
industrial applications. Among the microbial cellulase
used in the present work, T. longibrachiatum cellulase was
found to be best with high number of active sites.

RESULTS & DISCUSSION

Modeling of the cellulasess
The aim of comparative homology modeling is to build 3D
model for a protein. In the case of whole protein of
unknown structure (target) based on one or more related
protein of known structures (templates). The necessary
conditions for getting a useful model are that the similarity
between the target sequence and the template structure is
detectable and that correct alignment between them
constructed. This approach to structure prediction is

possible because a small change in the protein sequence
results in a small change in 3D structure.
Description of the complete procedure
1. Retrieve the template from 3D-PSSM-FOLD
RECOGNITION SERVER
The 3D-PSSM server is designed to take a protein
sequence of interest to you, and attempt to predict its 3-
dimensional structure and its probable function. We have
library of known protein structures onto each of which
your sequence is “threaded” and scored for compatibility.
We use a variety of scoring components;

1D-PSSM (sequence profile built from relatively close
homologues), 3D-PSSMs (more general profiles
containing more remote homologues), matching of
secondary structure elements, and propensities of the
residues in your query sequence to occupy varying levels
of solvent accessibility.
Submitted your query
If you select “recognize a fold “from the home page menu
you are presented with a submission form. Enter your
sequence and your e-mail address.
The result of scanning your sequence against our fold
library will be returned to you by e-mail, usually within
10-20 minutes.
Downloading results
The top frame is where most of the important information
residues. At the top of the page is a link to allow you to
download these results for viewing offline.
Please Note: Your results will only reside on the server for
5 days.

2.Aligning the target sequence with the template
structure:

Once the best template has been selected the sequence of
the template and the query was aligned using clustalW in
order to insert gaps while modeling wherever necessary.
The sequence alignment option was selected and the gaps
were inserted manually with the help of clustalW output.
The output for alignment of template and query is also
selected from 3D-PSSM output link.

Output
Aligning the target sequence with the template
structure:
Once the best template has been selected the sequence of
the template and the query was aligned using clustalW in
order to insert gaps while modeling wherever necessary.
The sequence alignment option was selected and the gaps
were inserted manually with the help of clustalW output.
The output for alignment of template and query is also
selected from 3D-PSSM output link.

Loop modeling
The next steps, the amino acid, which are output of the
allowed region of ramachandran plot, are checked after the
model is obtained from the Swiss-model server. The
ramachandran plot was constructed G.N.Ramachandran
who used computer model of small polypeptides to
systematically vary phi and psi angle with the objective of
finding stable conformations. The following amino acids
were found to be output of the region in the ramachandran
plot in the model obtained ILU-297, GLU-298, Glysine
and proline have not been considered in this case even if it
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occurs in the disallowed region of ramachandran plot. For
each conformation, the structure was examined for close
contact between atoms. Atoms were treated as hard
spheres with dimension corresponding.  To their van der

Waal’s radii. Therefore, phi and psi angles, which cause
spheres to collide, correspond to sterically disallowed
conformation of the polypeptide backbone.

Visualization of template protein structure selected by 3dpssm server (1ib4) 64% and extracted from pdb
(template)

WHAT IF   Template Structure Check
Introduction
A set of WHAT IF checks will be run on the template
structure.
Methods
Modelling proteins by homology is becoming a routine
technique and many people rely on black box like WWW
based modelling servers as their only source of structural
information. The fully automatic Swiss-Model server is a
good example. The server listed above is less automatic,
and therefore more aimed at the experienced modeler.
However the model is made, one needs to get an
impression about the quality of the template and the
quality of the model. This server checks the template
structure for you, the next server is meant for the model.
The difference is that in the model server several of the
typical Xray checks (symmetry contacts; B-factors) are
switched of whereas they are switched on in this server.
If your template is a standard PDB file, you can find the
check report in the PDBREPORT database of structure
validation reports.
What if Report
Report of protein analysis by the
What if program **********
Date : 2015-03-17
This report was created by WHAT IF version 20050215-
1726

This document contains a report of findings by the WHAT
IF program during the analysis of one or more proteins. It
contains a separate section for each of the proteins that
have been analyzed. Each reported fact has an assigned
severity, one of:

* Error: severe errors encountered during the analyses.
Items marked as errors are considered severe problems
requiring immediate attention.

* Warning: Either less severe problems or uncommon
structural features. These still need special attention.

* Note: Statistical values, plots, or other verbose results of
tests and analyses that have been performed.
If alternate conformations are present, only the first is
evaluated.

Hydrogen atoms are only included if explicitly requested,
and even then they are not used by all checks.
Legend
Some notations need a little explanation:
RESIDUE: Residues in tables are normally given in 3-5
parts:
- A number. This is the internal sequence number of the
residue used by WHAT IF.
- The residue name. Normally this is a three letter amino
acid name.
- The sequence number, between brackets. This is the
residue number as it was given in the input file. It can be
followed by the insertion code.
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- The chain identifier. A single character, if no chain
identifier was given in the input file, this will be invisible.
- A model number (only for NMR structures).
Z-VALUE: To indicate the normality of a score, the score
may be expressed as a Z-value or Z-score. This is just the
number of standard deviations that the score deviates from
the expected   value.  A property of Z-values is that the
root-mean-square of a group of Z-values (the RMS Z-
value) is expected to be 1.0. Z-values above 4.0 and below
-4.0 are very uncommon. If a Z-score is used in
WHAT IF, the accompanying text will explain how the
expected value and standard deviation were obtained?
# 1 # Note: No strange inter-chain connections detected
No covalent bonds have been detected between molecules
with non-identical chain identifiers
# 2 # Note: No duplicate atom names
All atom names seem adequately unique
# 3 # Error: Missing unit cell information
No SCALE matrix is given in the PDB file.
# 4 # Note: Proposal for corrected SCALE matrix
A corrected SCALE matrix has been derived.
Proposed scale matrix

0.017825  0.000000  0.005552
0.000000  0.010373  0.000000
0.000000  0.000000  0.018130
# 38 # Note: Ramachandran plot
In this Ramachandran plot X-signs represent glycines,
squares represent prolines and small plus-signs represent
the other residues. If too many plus-signs fall outside the
contoured areas then the molecule is poorly refined (or
worse).In a color picture, the residues that are part of a
helix are shown in blue, strand residues in red. "Allowed"
regions for helical residues are drawn in blue, for strand
residues in red, and for all other residues in green. In the
TeX file, a plot has been inserted here Chain without chain
identifier
# 39 # Note: Inside/Outside residue distribution normal
The distribution of residue types over the inside and the
outside of the protein is normal inside/outside RMS Z-
score: 1.007
# 61 # Note: Summary report for users of a structure. This
is an overall summary of the quality of the structure as
compared with current reliable structures. This summary is
most useful for biologists seeking a good structure to use
for modeling calculations. The second part of the table
mostly gives an impression of how well the model
conforms to common refinement constraint values. The
first part of the table shows a number of constraint-
independent quality indicators.
Structure Z-scores, positive is better than average:
1st generation packing quality : -0.758
2nd generation packing quality : -2.802
Ramachandran plot appearance : -1.843
chi-1/chi-2rotamer normality : -0.853
Backbone conformation : -3.939
(poor)
RMS Z-scores, should be close to 1.0:
Bond lengths : 0.717
Bond angles : 1.001
Omega angle restraints : 0.947
Side chain planarity : 0.120 (tight)
Improper dihedral distribution : 0.944
Inside/Outside distribution : 1.007

The cellulase protein is modeled by spdb viewer with the
help of template 1ib4 derived from PDB and visualized in
rasmol. Finally the modeled Cellulase protein is checked
by the WHATIF SERVER and result has showed.
The protein modeling was done according to the following
tools, 3DPSS on line server, spdb and rasmol. It is found
that the light of this investigation throught out and further
analysis of gene sequencing of Cellulase.
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