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Abstract

Cellulases refer to a class of enzymes producedripd)y fungi, bacteria and protozoans that cawlyz
cellulolysis. Cellulase enzyme is used extensielyarious industries, especially in textile, foaod in the
bioconversion of lignocellulosic wastes to alcohidie extensive use of cellulase in industries dépem
the cost of the enzyme and hence considerablerobséa being carried out to isolate better micrbbia
strains and also to develop new fermentation pssEe#ith the aim to reduce the product cost. Gedkg
from different strains of Pseudomonas species were analyzed using computational toolke T
physicochemical properties of the selected celadagere analyzed by using ExXPASy’s ProtParam tuodl a
it was found that the molecular weight (M.Wt) raadmetween 40927.4-100058.7 Da. Isoelectric Popijs (
of all the organisms were found to be acidic inunat The aliphatic index infers that all the celkgs are
stable. The negative value of GRAVY indicates ttistre will be better interaction with water. The
secondary structure prediction was done by SOPMichvshowed that random coils dominated all the
other conformations. Multiple sequence analysisaralutionary analysis of cellulases were carriatity
CLC workbench. The Phylogenetic analysis was daieguNeighbour joining method. The 3D structures
of cellualses were obtained by ESyPred 3D server.

Keywords: Cellulases, Enzymes, ProtParam, SOPMA, ESyPred 3D.

1. Introduction

Active research on cellulases and related polysa@dses began in the early 1950s, owing to their
enormous potential to convert lignocellulose, thestrabundant and renewable source of energy om,Eart
to glucose and soluble sugars (Bhat M K, 2000).

Cellulases are inducible enzymes which are symthdsby microorganisms during their growth on
cellulosic materials. They are studied extensivklg to their application in the hydrolysis of ckke, the
most abundant biopolymer and potential source ibfaible sugars, which serves as a raw materighén
production of chemicals and fuel (Adi al., 2011).

Cellulase refers to a family of enzymes which actconcert to hydrolyze cellulose. Cellulase is used
extensively in the textile and food industries, dmioversion of lignocellulosic wastes to alcoholinaad
feed industry as additive, isolation of plant pp#sts, in plant virus studies, metabolic investages and
genetic modification experiments. The extensive afseellulase in many industries depends on thé @os
the enzyme which in turn depends on the methodadyzction. Hence, research all over the world fesus
on isolating new, hyper producing microbial straémsl also to develop new fermentation processesdim
at reducing the cost of the enzyme with a viewrtogodown the overall process cost (Suretséi., 2005).

Cellulase production is the most important stefhineconomical production of ethanol, single cetit@in
and other chemicals from renewable cellulosic niaerTo date, production of cellulase has beerelyid
studied in submerged culture processes, but relgtivigh cost of enzyme production has hindered the
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industrial application of cellulose bioconversidhhas been reported that solid-state fermentatoan
attractive process to produce cellulose econonyicklk to its lower capital investment and lowerragiag
expenses. Another approach to reduce the costlofose production is the use of lignocellulosicteréls

as substrates rather than expensive pure celludmendant agricultural residues such as corn stavieeat
straw, rice straw, bagasse, etc. were used inlasfitproduction. Although these raw materials aesaper,
pretreatment is generally required to improve thikzation ratio of lignocellulosic materials (Jieend
Jichu, 2007). Microbial digestion of lignocellulosvaste and the downstream products resulting ftasn
accomplished by a concerted action of several eagyithe most prominent of which are the cellulases,
which are produced by a number of microorganisnascamprise several different classifications.

There are three major types of cellulase enzymes:

1. Cellobiohydrolase (CBH or 1,+D-glucan cellobiohydrolase, EC 3.2.1.91)

2. Endog-1, 4-glucanase (EG or Endo-1p43-glucan 4-glucanohydrolase, EC 3.2.14)
3. B-glucosidase (BG-EC 3.2.1.21) (Rajeztal., 2005).

Bioinformatics has revolutionized the field of maldar biology. The raw sequence information of ei
and nucleic acid can convert to analytical andtirdainformation with the help of soft computingots.
Prediction of protein function is important apptica of bioinformatics (Prashant & al, 2010). In the
present bioinformatics analysis characterizatiorceffulases from differenPseudomonas species were
carried out. Protein sequences were retrieved @Bl and were subjected to ProtParam to analyze
various physicochemical properties, secondary stracwas predicted by SOPMA, multiple sequence
analysis and phylogenetic analysis was carriedbyuCLC workbench, the protein 3D model and its
characteristics were predicted by ESyPred 3D soéwashokaret al., 2011). These parameters will assist
the biochemist and physiologists in extraction,ifzation, separation and industrial applicatiorfstize
enzyme.

2. Materials and methods
2.1 Sequenceretrieval

The sequences of cellulase were retrieved from N@&itional Center for Biotechnology Information).
Sequences retrieved belong to Beeudomonas species (Accession numbers: ACX31080.1, ADK13057.1
ABY99087.1, EGH91691.1, and ZP_07003414.1).

2.2 Analysis of physicochemical parameters

The different physicochemical properties of celb@a@&nzyme were computed using EXPASY’s ProtParam
tool and these properties can be deduced from teipreequence. The ProtParam includes the following
computed parameters: Molecular weight (M.Wt), tle¢ical pl, instability index (11), aliphatic inde¢Al)

and grand average of hydropathicity (GRAVY). Thenpaited isolelectric point (pl) will be useful for
developing buffer systems for purification by isastic focusing method (Sivakumatr al., 2007). The
instability index provides an estimate of the digbbdf our protein. A protein whose instabilitydex is
smaller than 40 is predicted as stable; a valugeai® predicts that the protein may be unstabley@asad

et al, 1990). The aliphatic index of a protein is defires the relative volume occupied by aliphatic side
chains (alanine, valine, isoleucine, and leucittenay be regarded as a positive factor for thedase of
thermo stability of globular proteins (Walker, 2005

2.3 Secondary structure prediction

The secondary structure was predicted by self-aopéich prediction method with alignment (SOPMA)
(Ashokanet al., 2011). SOPMA was employed for calculating the sdemy structural features of the
selected protein sequences considered in this qiNdglimaet al., 2009). This method calculates the

9



Advances in Life Science and Technology www.iiste.org
ISSN 2224-7181 (Paper) ISSN 2225-062X (Online) Ly
Vol 4, 2012 ns'e

content ofa-helix, B-sheets, turns, random coils and extended str&@PMA is a neural network based
methods; global sequence prediction may be dorikibgequence method (Prasheirdl., 2010).

2.4 CLC analysis

The CLC free workbench was used to perform multgdquence alignment with gap open cost 10.0 and
gap open extension cost 1.0. End gap cost wasomsidered. The resulting alignment was used for the
construction of evolutionary tree with neighbounjog algorithm (Ashokamet al., 2011).

2.5 ESyPred 3D server

The 3D structures of cellulases were generatedobyofogy modeling using ESyPred 3D server. ESyPred
3D models query proteins using a 3D structure tateppresent in the database using ALIGN program
(Christopheet al., 2002; Sivakumaet al., 2007).

3. Results and discussion
3.1 Prot Param

The physicochemical properties of cellulases weeglipted by using ProtParam tool. The physicochamic
properties (tablel) show that molecular weightighbst in Pseudomonas aeruginosa (100058.7 Da) and
lowest inPseudomonas putida (40927.4 Da). The instability index showed thalutate ofPseudomonas
fluorescens (45.28) is more stable than other species studsealectric point (pl) is the pH at which the
surface of protein is covered with charge but retrge of the protein is zero. The computed pl value
ACX31080.1, ADK13057.1, ABY99087.1, EGH91691.1, DP003414.1 (pI<7) indicates that these
cellulases are acidic in nature. On the basis stability index (II) ExXPASyY's protparam classifi¢ise
ACX31080.1 Pseudomonas aeruginosa), ADK13057.1 Pseudomonas fluorescens), ABY99087.1
(Pseudomonas putida) cellulases as unstable (11>40) and other celadaEGH91691.1 Rseudomonas
syringae) ZP_07003414.1Rseudomonas savastanoi) as stable (11<40). The very high aliphatic indehxall
cellulases infers that they may be stable for sewahge of temperature. The very low GRAVY index of
cellulases ADK13057.1, EGH91691.1 infers that thesllulases could result in a better interactiothwi
water. Similar trend was generated for Protein lieaBased ldentification of Cell Cycle Regulated
Proteins in Yeast (Ulrilet al., 2003; Jianwert al., 2009).

3.2 SOPMA

The secondary structure prediction (Table 2) shtives random coil predominates the other structures
whereasp-turn being the least conformational structure. den coil is dominant in the cellulases of
ACX31080.1, ADK13057.1, EGH91691.1, ZP_07003414dept ABY99087.1. In case of ABY99087.1
(Pseudomonas putida) a-helix being 40.97% and random coil 39.62% showirgrly equal proportions. In
all the cellulases analyzed, it was clearly notitteat -turns showing very less percentage of conformation
(below 10%). In all the cellulases extended stramdse ranging from 10-20%. The secondary structure
indicates whether a given amino acid lies in axhslirand or coil. (Jyotsret al., 2010; Ojeiruet al., 2010).
Similarly SOPMA was used for structure predictiodntidoredoxin protein in wheat by Prabhavathil
(2011).

3.3 Multiple sequence analysis

Cellulases from different organisms were subjettechultiple sequence analysis using CLC workbench.
Similarly phylogenetic relationships between the catalagbeotiifferent taxonomic groups were compared
using multiple sequence analysis by Asho&zal (2011).
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3.4 Phylogenetic tree

In order to find out any taxonomic variation in tlkellulase, multiple sequence alignment has been
performed. The MSA (Figure 1) followed by phylogeniee construction (Figure 2) using Neighbour
joining method showed a clear phylogenetic relatidp between the cellulase of the different taxoicom
groups. Similar method was carried out for Biocteahiand Genetic Analyses of a Catalase from the
Anaerobic BacteriunBacteroides fragilis (Edsonet al., 1995).

3.5 ESyPred 3D Analysis

The 3D structure analyses of cellulases were dgnesing ESyPred 3D tool (figure 3). Predicting the
protein 3D structure by this method is used whitiplements the four steps of the homology modeling
approach:

1. Databanks searching to identify the structuradlogy,
2. Target-template alignment,

3. Model building and optimization and

4. Model evaluation (Christophetal., 2002).

4. Conclusion

For obtaining desirable results in industrial apgion, it is essential to manipulate the charéstier
properties of enzyme which is a tedious task. Rro#mgineering techniques used to achieve this goal
require a sound knowledge about the protein bosie@tience and structure level. In this study, fuGsles
sequences were selected to acquire an understaabling their physico-chemical properties and variou
protein structure levels by using in silico techuggq. Physicochemical properties of cellulases were
analyzed by using ProtParam. Physicochemical ctearaation studies give more insight about the
properties such as M.Wt, pl, Al, GRAVY and Instégilndex that are essential and vital in providoteta
about the proteins and their properties. Secondtamcture prediction was carried out using SOPMA.
SOPMA predicted that all the cellulases containgdampercentage of random coils and the least
conformation was of-turns. Multiple sequence alignment and evolutigremalysis were done by using
CLC workbench, construction of evolutionary treeswdone by using neighbour joining algorithm.
Multiple sequence analysis and the evolutionary stgowed that the cellualses from organisms beénimg
accession number ACX31080.1 and ADK13057.1 aresbfaglated. The 3D structures of cellulases were
generated by homology modeling using ESyPred 3Besel his study will provide an insight about the
physiochemical properties and function of celluslaed thus aid in formulating their uses in indastr
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Table 1: Parameters computed using ExPASY’s PratR&wol.
S.No Organism Accession No. of M. wt pl Il Al GRAVY
name number amino (%)
acids
1 Pseudomonas | ACX31080.1 960 | 100058.7| 5.86| 44.70| 71.10| -0.165
aeruginosa
2 Pseudomonas | ADK13057.1 748 | 80150.0 | 5.33 | 45.28| 64.65| -0.395
fluorescens
3 Pseudomonas ABY99087.1 371 | 40927.4 | 5.63 |41.82| 88.03| -0.204
Putida
4 Pseudomonas | EGH91691.1 390 | 42347.8 | 6.67 | 31.92| 84.87| -0.237
syringae
5 Pseudomonas | ZP_07003414.1 390 | 423839 | 6.61 | 31.36| 84.62| -0.236
savastanoi

Table 2: Percentage of amino acids sequence fors@ogndary structure in SOPMA prediction.

S.NO | Organism name Accession a-helix | B-turns | Extended | Random
number (Hh) (Tt) (%) | strands coils (%)
(%) (Ee) (%)

Pseudomonas | ACX31080.1 21.04 5.10 20.52 53.33
Aeruginosa
Pseudomonas ADK13057.1 18.72 6.82 17.91 56.55
Fluorescens
Pseudomonas ABY99087.1 40.97 8.63 10.78 39.62
Putida
Pseudomonas | EGH91691.1 30.77 7.44 17.44 44.36
Syringae
Pseudomonas | ZP_07003414.1 | 35.13 7.18 17.44 40.26
Savastanoi
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Figure 1: Results of multiple sequence analysiagi§€LC work bench1- Pseudomonas aeruginosa, 2-

Pseudomonas fluorescens, 3- Pseudomonas putida, 4- Pseudomonas syringae, 5- Pseudomonas savastanoi).
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Figure 2: Results of phylogenetic analysis usingCCworkbench (1- Pseudomonas aeruginosa, 2-
Pseudomonas fluorescens, 3- Pseudomonas putida, 4- Pseudomonas syringae, 5- Pseudomonas savastanoi).

(iv)

Figure 3: 3D structures of cellulases using ESyRBd( i- Pseudomonas aeruginosa, ii- Pseudomonas

fluorescens, iii- Pseudomonas putida, iv- Pseudomonas syringae, v- Pseudomonas savastanoi).
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