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ABSTRACT
Background: Cellulases are hydrolytic enzymes which hydrolyze β-1,4-glycosidic linkage in cellulose and these are present in 
many microorganisms including bacteria, fungi and protozoa. The three types of cellulases involved in complete hydrolysis of 
cellulose are endoglucanase, exoglucanase and β-glucosidase. Various structural and functional domains are present in cel-
lulases and among all these domains, cellulose binding and catalytic domains are found to be important for the hydrolysis of cel-
lulose. Cellulases have showed promising applications in different industrial sectors like paper and pulp, textile, laundry, bioetha-
nol production, brewing, detergent and waste management. A major focus has been given in the recent past by researchers to 
understand the functional domains and catalytic mechanism of this enzyme to make their effective use for industrial applications. 
Material and Methods: The protein sequences of cellulases belonging to different Bacillus sp. were retrieved using Uniprot 
and then physicochemical properties were analyzed using ProtParam and Protscale. Multiple sequence alignment of retrieved 
sequences was performed using Clustal W and phylogenetic tree was constructed using Mega 6.0 software. SOPMA and GOR 
IV tools were used for the prediction of secondary structure. The tertiary structure of enzyme was computed using Raptor X.
Results: The molecular weight of cellulases were found to range between 49,263-94,682 Da with hydropathicity ranges between 
-0.292 to -0.580. The acidic amino acid glutamate was found at the active site and methionone was found at the N-terminal of 
enzyme. The results have shown that the sequence is highly diversed at N-terminus and C-terminus region between different 
types of cellulases with conserved sequences in the middle. The phylogenetic tree has showed high similarity amongst retrieved 
sequences. From the tertiary structure, a great degree of variability in α-helix, extended strand in β ladder, hydrogen bonded 
turn, bend and coil was observed between different types of cellulases.
Conclusion: This study provides insights about the physicochemical properties, hydrohobicity, structure and function of cellu-
lases, which would help to exploit this enzyme at industrial level.
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INTRODUCTION

Cellulases are hydrolytic enzymes which can readily hydro-
lyze both crystalline and paracrystalline structures of cellu-
lose, the largest component of plant residues enters terrestrial 
ecosystems. Cellulose is present in various lignocellulosic 
wastes generated from agricultural and industrial processes 
like sawdust, citrus peel waste, paper mill sludge, industrial 
waste, paper pulp and municipal solid waste (Maki et al., 
2009). The synergistic action of three types of cellulases i.e. 
endoglucanases (EC 3.2.1.4), exoglucanases (EC 3.2.1.74) 
and β-glucosidase (EC 3.2.1.21) have been involved for the 
complete hydrolysis of cellulose (Lugani et al., 2015). Cellu-
lases are industrially important enzymes and are involved in 
the conversion of lignocellulosic residues for the production 

of single cell protein, ethanol, bleaching of pulp, fruit juice 
extraction and for the treatment of waste papers (Shankar 
and Isaiarasu, 2011). Cellulases are produced by all the mi-
croorganisms but mainly by bacteria, actinomycetes and fun-
gi. Among all the microorganisms, members of bacteria have 
gained intense importance for commercial production of cel-
lulases due to their high growth, wide genetic variability, 
adaptability and high amendability to genetic manipulations 
(Patagundi et al., 2014; Lynd et al., 2002). The structure of 
cellulase composed of carbohydrate binding domain (CBD) 
at C-terminal which is joined by a short poly- linker region to 
the N-terminal of catalytic domain. There is presence of two 
acidic amino acids at the active site of enzyme which catalyze 
the reaction by acid-base catalysis either through inversion 
or retention of the configuration of anomeric carbon (Maki 
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et al., 2009). The current focus of most of the researchers has 
been towards the large scale production of this industrially 
important enzyme to meet the industrial needs by utilizing 
various novel bacterial strains. However, a great degree of 
variability have been observed between different bacterial 
strains like molecular weight, stability, amino acid composi-
tion, family and domain to which they belong, secondary and 
tertiary structure. Bioinformatics is an interdisciplinary field 
which is currently used for structural and functional analysis 
of proteins using various computations tools and databases 
(Prashant et al., 2010). The information which has been re-
trieved from available tools and databases about the protein 
might be useful for the selection of highly efficient bacterial 
strain for industrial production of enzyme. Moreover, this in-
formation may also be helpful for developing new microbial 
strains with enhanced enzyme production ability by adapting 
recombinant DNA technology. Keeping in view the above 
facts about industrial importance of cellulases and use of 
bioinformatics as an emerging field of molecular biology, 
the present study was aimed to utilize in silico tools for the 
characterization of cellulase enzymes from different Bacillus 
species for their physicochemical characteristics, ancestral 
relationship and structure determination at various levels.

MATERIAL AND METHODS

Sequence retrieval and alignment 
The cellulase protein sequences from different species of 
Bacillus were retrieved from Uniprot (Universal Protein 
Resource). The retrieved sequences from Bacillus sp. were 
Bacillus subtilis, Accession number: P10475; Bacillus 
akibai,Accession number: P06564; Bacillus thuringiensis, 
Accession number: M1QQC9; Bacillus pumilus, Accession 
number: B2ZHC9; Paenibacillus polymyxa, Accession num-
ber: E3EEC5; Paenibacillus macerans, Accession number: 
A0A090Y895. Clustal Omega (version 1.2.4) algorithm 
was used for the alignment of retrieved protein sequences 
through multiple sequence alignment.

Physicochemical characterization 
ProtParam tool was used to compute different physicochemi-
cal properties of retrieving sequences of cellulases like ami-
no acid composition, aliphatic index (AI), pI, instability in-
dex (II),  number of positive and negative charged residues, 
grand average of hydropathicity (GRAVY) and extinction 
coefficient (Kumar et al., 2012). The isoelectric point (pI) is 
determined based on the pK value of protein during protein 
migration under denaturation conditions (Bjellqvust et al., 
1993). The concentration of purified protein in the sample is 
evaluated from the value of extinction coefficient (Umang et 
al., 2012). The stability of protein is calculated from its insta-
bility index (II) and the proteins are predicted as stable when 

their instability index is smaller than 40; however when the 
value of instability index is greater than 40, the protein is re-
garded as unstable (Guruprasad et al., 1990). The volume oc-
cupied by aliphatic amino acids side chain (alanine, valine, 
leucine and isoleucine) relative to total volume occupied is 
called aliphatic index and it determines the thermostability 
of a globular protein (Walker, 2005).The hydrophilicity or 
hydrophobicity of protein is determined by grand average of 
hydropathicity (GRAVY), which is the ratio of sum of hy-
dropathy values of all the amino acids to total number of res-
idues in the sequence (Umang et al., 2012). The hydropathy 
plots based on Kyte and Doolittle scale for all the retrieved 
sequences of cellulases were predicted using Protscale tool 
(Kumar et al., 2012; http://www.expasy.org/tools/). 

Phylogenetic analysis 
The ancestral relationship between retrieved protein se-
quences of cellulase for different species of Bacillus was 
estimated by constructing the phylogenetic tree using Mega 
6.0 software (Gouripur et al., 2016). Neighbor joining (NJ) 
algorithm was used for distance tree building and bootstrap 
value was set at 1000. The bootstrap value denotes to genera-
tion of new data sets with replacements.

Secondary structure prediction 
Self optimized prediction method with alignment (SOPMA) 
and GOR IV tools were used for the analysis of secondary 
structure and results obtained from these tools were also 
compared to determine α- helix, β- sheet, turns and loops 
(Geourjon and Deleage, 1994; http://npsa-pbil.ibcp.fr/cgi-). 

Tertiary structure prediction 
The tertiary structure of proteins were constructed by using 
RaptorX structure prediction server, which provides high 
quality structural model by using the template of primary 
protein sequence (http://raptorx.uchicago.edu/StructurePre-
diction/predict/).

RESULTS 

Sequence retrieval and alignment 
The protein sequences of cellulase enzymes belonging to dif-
ferent strains of Bacillus sp. were retrieved from Uniprot and 
these sequences were then characterized using Uniprot tool 
(Table 1). It has been analyzed from data that the molecular 
weight of enzyme lies between 54,681 to 94,682 Da and they 
belong to endoglucanase, β-glucosidase and exoglucanase, 
respectively. Different types of cellulases shows different 
catalytic mechanism due to variation in multienzyme com-
plex formation.

Thereafter, clustal omega software was used for multiple 
sequence alignment of these proteins (Fig.1). The cellulase 
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sequences from species of Bacillus were found to be high-
ly diverged at the N-terminal and C-terminal, respectively. 
However, conserved amino acid sequences with good simi-
larity were found in the middle. The positions with absolute 
conservation are indicated with asterlink (*), whereas dots 
(.) represent the position of relative conservation. 

Physicochemical characterization 
The results of physicochemical properties like pI, number 
of positive and negative amino acids, extinction coefficient, 
instability index, aliphatic index, grand average of hydro-
pathicity and total number of atoms for cellulase from dif-
ferent different species of Bacillu sare shown in Table 2. The 
isolectric point (pI) is the pH value at which mobility of pro-
tein becomes zero with more compact and stable conforma-
tion. The pI value of cellulase from Bacillus subtilis is more 
than 7, which means it contains more number of negatively 
charged amino acids. Whereas, for all the other species of 
Bacillus, the pI was found to be less than 7 and their cellu-
lases were acidic in nature containing more number of posi-
tive charge residues. Expasy’s Prot Param can compute the 
extinction coefficient for a range of 276, 278, 279, 280 and 
282, however 280 nm is more preferred because proteins ab-
sorb this wavelength more strongly with minimum interfer-
ence from other substances. Cellulases from all the selected 
Bacillus sp. were found to be stable with instability index 
less than 40. The GRAVY value is negative for all the cel-
lulase sequences and this has showed better possibilities of 
aqueous interactions. The total number of atoms in different 
cellulases ranging from 7717 to 13113.The comparison of 
amino acid composition (%) in different cellulase sequences 
was also carried out (Table 3) and different amino acids were 
found to be dominant in different sequences. Protscale tool 
was used for the construction of Kyte and Doolittle hydropa-
thy plots (Fig.2) and transmembrane region of cellulase from 
different Bacillus sp. was found to be rich in hydrophobic 
amino acids as many points lie above the zero baseline. The 
minimum and maximum hydrophobic position and score for 
each cellulase sequence was also predicted (Table 4) with 
minimum and maximum score of -3.100 and3.489, respec-
tively.

Phylogenetic analysis 
Mega 6.0 software, which provides a subset of substitu-
tion model and neighbor joining algorithm for distance tree 
building, was used for the construction of phylogenetic tree 
(Fig. 3). Cellulases from Bacillus subtilis P10475, Bacillus 
pumilus B2ZHC9, Paenibacillus polymyxa E3EEC5, Paeni-
bacillus macerans A0A090Y895 were found to be closely 
related compared to Bacillus akibai P06564 and Bacillus 
thuringiensis M1QQC9, which were diverged from many 
species of Bacillus.

Secondary structure prediction 
The secondary structure of different cellulase sequences was 
estimated using GOR IV and SOPMA tools, the percentage 
of α-helix, extended strand and random coils incellulase from 
different Bacillus sp. are shown in Table 5. The presence 
of amino acid in the helix, strand or coil is depicted from 
the secondary structure (Ojeiru et al., 2010) and secondary 
structure of cellulase was depicted by SOPMA (Pradeep et 
al., 2012). From the results, it has been observed that alpha 
helix was dominant in Bacillus pumilus B2ZHC9 (46.52%), 
whereas extended strand and random coil was observed to be 
dominant in Bacillus subtilis P10475 (26.45%) and Paeniba-
cillus polymyxa E3EEC5 (44.91%), respectively. 

Tertiary structure prediction 
The tertiary structures of different cellulase sequences were 
analyzed using RaptorX structure prediction server, which 
results in modelling of a protein in a step wise manner like 
template threading, alignment quality assessment and mul-
tiple template threading. Different sequences of cellulases 
showed variability in α-helix, extended strand in β ladder, 
hydrogen bonded turn, bend and coil (Fig. 4).  A high degree 
of variation was found in the geometric shape and interaction 
between side chains of amino acids, which lead to differ-
ences in their functions.

DISCUSSION

The present study showed the industrial importance of cel-
lulases in different sectors such as textile, laundry, bioetha-
nol production, brewing, detergent, waste management, 
paper and pulp. There are different types of cellulases with 
different catalytic subunits which are involved in complete 
hydrolysis of cellulose. In silico studies are very promising 
tools in the current era for the characterization of industrially 
important enzymes for various properties for their selection 
for appropriate industrial application. The different types of 
cellulases from Bacillus sp. were studied for comparing their 
physicochemical characteristics, ancestral relationship and 
structure prediction at different levels. Various computation-
al tools were used for the characterization of cellulases from 
different Bacillus sp. A great degree of diversity has been 
observed in molecular weight, family, domain, number of 
amino acids, positive and negative charged residues, second-
ary and tertiary structure between the different forms of cel-
lulases. The phylogenetic analysis also showed the ancestral 
divergence of difference types of cellulases. This study will 
be helpful for the selection of industrially important bacte-
rial strain with desirable characteristics for particular indus-
trial processes. Moreover, this information can also be useful 
for designing new microbial strains by applying proteomics, 
system biology and microarray based strategies. Further, wet 
lab studies with reduced labour are required to design novel 
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cellulase producing bacterial strains by using in silico data 
output.

CONCLUSIONS

The present study concludes that cellulases are industrially 
important enzymes due to their ability to utilize agricultural 
wastes for the production of industrially important products. 
In recent years, various researchers have adapted genetic en-
gineering approach to develop novel microbial strains with 
enhanced enzyme producing ability. However, such pro-
cesses are very tedious and time consuming, which is the 
major obstacle for adapting such processes for commercial 
enzyme production. Such limitations can be overcome by 
initial screening through in silico studies to understand the 
structure, function and physicochemical properties of the en-
zyme. These computational studies would be promising tool 
to design enzymes with desirable characteristics for exploit-
ing them at industrial level.
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Table 1: Characterization of retrieved sequences of cellulases for different Bacillus sp. using Uniprot tool.

S. 
No.

Organism Accession 
number

Protein Number 
of amino 

acids

Molecular 
weight
(in Da)

Molecular 
function

Family Domain
 

1. Bacillus subtilis P10475 Endoglucanase 499 55,287 CA
CB

GH5 CBM3

2. Bacillus akibai P06564 Endoglucanase 800 88,602 CA
CB

GH5 CBM17
CBM28

3. Bacillus thuring-
iensis

M1QQC9 β-glucosidase 469 54,681 BGA GH1 GHC

4. Bacillus pumilus B2ZHC9 β-glucosidase 488 56,352 HA GH1 GHC
5. Paenibacillus 

polymyxa
E3EEC5 Exoglucanase 717 77,018 CA

HA
GH6 CBM6

6. Paenibacillus 
macerans

A0A090Y895 Exoglucanase 889 94,682 CB
HA

GH6 CBM3

where, GH- Glycoside Hydrolase, CBM- Carbohydrate Binding Module, GHC- Glycoside Hydrolase Catalytic, CA- 
Cellulase activity, CB- Cellulose binding, BGA- β-galactosidase activity, HA- Hydrolase activity 

Table 2: Cellulases parameters computed using Expasy’s Prot Param tool.

S. 
No. Organism Accession 

number pI + R -R EC (M-1 
cm-1) II Stability AI GRAVY Formula TNA

1. Bacillus 
subtilis P10475 8.55 59 55 106925 26.16 Stable 73.91 -0.580 C2459H3815N673O760S10 7717

2. Bacillus 
akibai P06564 4.3 59 133 147250 34.10 Stable 80.21 -0.456 C3938H6000N1040O1263S15 12256

3.
Bacillus 
thuringien-
sis

M1QQC9 5.74 57 69 127785 30.86 Stable 73.37 -0.574 C2510H3729N639O715S12 7605

4. Bacillus 
pumilus B2ZHC9 4.99 56 78 91930 36.44 Stable 76.39 -0.506 C2543H3856N650O761S20 7830

5.
Paeni-
bacillus 
polymyxa

E3EEC5 5.51 65 76 117480 23.73 Stable 70.95 -0.420 C3422H5276N920O1079S14 10711

6.
Paenibacil-
lus macer-
ans

A0A090Y895 4.67 64 98 156330 23.15 Stable 73.35 -0.292 C4199H6431N1113O1354S16 13113

where pI: Isoelectric point, +R: number of positive charged residues (Arg+ Lys), -R: number of negative charged 
residues (Asp+ Glu), EC: Extinction coefficient at 280 nm, II: Instability index, AI: Aliphatic index, GRAVY: Grand 
average of hydropathicity, TNA: Total number of atoms

Table 3: Amino acid composition (%) of cellulases computed using Expasy’s ProtParam tool.

S. No. Amino acid P10475 P06564 M1QQC9 B2ZHC9 E3EEC5 A0A090Y895

1. Ala (A) 7.0 8.4 5.5 7.4 10.0 11.9

2. Arg (R) 2.8 3.1 3.6 3.9 2.5 2.5

3. Asn (N) 7.6 8.4 5.1 4.3 6.8 6.3

4. Asp (D) 7.2 7.4 6.2 7.8 7.5 7.1

5. Cys (C) 0.6 0.0 0.6 1.0 0.6 0.4

6. Gln (Q) 4.2 2.2 2.3 3.9 2.6 2.8
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7. Glu (E) 3.8 9.2 8.5 8.2 3.1 3.9

8. Gly (G) 9.0 7.2 8.1 6.4 8.6 8.2

9. His (H) 1.4 1.6 3.2 2.0 1.4 1.0

10. Ile (I) 6.4 5.9 6.2 6.6 4.6 4.0

11. Leu (L) 7.0 6.9 6.6 7.8 6.6 5.5

12. Lys (K) 9.0 4.2 8.5 7.6 6.6 4.7

13. Met (M) 1.4 1.9 1.9 3.1 1.4 1.3

14. Phe (F) 3.0 3.4 4.9 4.7 3.3 2.8

15. Pro (P) 3.4 6.1 4.1 3.7 6.7 6.1

16. Ser (S) 7.4 5.5 3.4 4.7 7.1 8.0

17. Thr (T) 6.8 5.2 4.7 4.3 8.8 8.3

18. Trp (W) 2.8 2.5 3.0 1.6 2.0 1.9

19. Tyr (Y) 4.0 3.1 7.2 6.6 3.8 4.7

20. Val (V) 5.0 7.6 6.2 4.5 6.0 8.3

Table 4: Hydrophobic score and position of cellulases using Protscale tool.

S. No. Organism Accession number Position Score

Min Max Min Max

1. Bacillus subtilis P10475 143 13 -3.044 2.811

2. Bacillus akibai P06564 794,795 1718 -3.044 3.489

3. Bacillus thuringiensis M1QQC9 57 169 -3.100 1.878

4. Bacillus pumilus B2ZHC9 68 320 -2.889 1.922

5. Paenibacillus polymyxa E3EEC5 366 21 -2.800 2.044

6. Paenibacillus macerans A0A090Y895 857 16,17 -2.400 1.889

Table 5: Prediction of secondary structure of xylose reductases using Expasy’s  GOR IV and SOPMA tool.

S. No. Organism Accession 

number

GOR IV analysis SOPMA Prediction

α-helix 
(Hh) (%)

Extended 
strand (Ee) 
(%)

Random 
coils (%)

α-helix 
(Hh) (%)

Extended 
strand 
(Ee) (%)

Random 
coils (%)

1. Bacillus subtilis P10475 18.24 28.66 53.11 22.85 26.45 36.47

2. Bacillus akibai P06564 28.38 17.25 54.37 27.88 23.75 38.25

3. Bacillus thuringiensis M1QQC9 29.64 23.88 46.48 35.18 22.39 30.06

4. Bacillus pumilus B2ZHC9 39.34 18.24 42.42 46.52 15.16 28.28

5. Paenibacillus polymyxa E3EEC5 19.80 20.36 59.83 22.32 22.04 44.91

6. Paenibacillus polymyxa A0A090Y895 19.69 23.51 56.81 25.08 21.82 41.96
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Figure 1: Multiple Sequence Alignment result of translated Cellulases Contig showing differences in 5’ and 3’ UTR.
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Figure 2: Kyte and Doolittle Plots for cellulases from different microorganisms (A: Bacillus subtilisP10475; B: Bacillus ak-
ibaiP06564; C: Bacillus thuringiensis M1QQC9; D: Bacillus pumilusB2ZHC9; E: Paenibacillus polymyxaE3EEC5; F: Paenibacil-
lus maceransA0A090Y895).

Figure 3: Phylogenetic tree constructed by Mega 6.0 software (Molecular Evolutionary Genetics Analyses) with Neighbor Join-
ing method showing evolutionary relationship among xylose reductase sequences from different origin. Bootstrap values are 
depicted at the nodes with Bar value of 0.2.


