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Cloning and Functional Characterization of Endo-β-1,4-Glucanase 
Gene from Metagenomic Library of Vermicompost§

In the vermicomposting of paper mill sludge, the activity of 
earthworms is very dependent on dietetic polysaccharides 
including cellulose as energy sources. Most of these poly-
mers are degraded by the host microbiota and considered 
potentially important source for cellulolytic enzymes. In 
the present study, a metagenomic library was constructed 
from vermicompost (VC) prepared with paper mill sludge 
and dairy sludge (fresh sludge, FS) and functionally screened 
for cellulolytic activities. Eighteen cellulase expressing clones 
were isolated from about 89,000 fosmid clones libraries. A 
short fragment library was constructed from the most active 
positive clone (cMGL504) and one open reading frame 
(ORF) of 1,092 bp encoding an endo-β-1,4-glucanase was 
indentified which showed 88% similarity with Cellvibrio 
mixtus cellulase A gene. The endo-β-1,4-glucanase cmgl504 
gene was overexpressed in Escherichia coli. The purified re-
combinant cmgl504 cellulase displayed activities at a broad 
range of temperature (25–55°C) and pH (5.5–8.5). The en-
zyme degraded carboxymethyl cellulose (CMC) with 15.4 
U, while having low activity against avicel. No detectable 
activity was found for xylan and laminarin. The enzyme ac-
tivity was stimulated by potassium chloride. The deduced 
protein and three-dimensional structure of metagenome- 
derived cellulase cmgl504 possessed all features, including 
general architecture, signature motifs, and N-terminal signal 
peptide, followed by the catalytic domain of cellulase be-
longing to glycosyl hydrolase family 5 (GHF5). The cellu-
lases cloned in this work may play important roles in the 
degradation of celluloses in vermicomposting process and 
could be exploited for industrial application in future.

Keywords: cellulose, metagenomic, vermicompost, glycosyl 
hydrolase family 5

Introduction

There has been increasing interest in cellulolytic enzymes 
of microbial origin in recent years due to their capability of 
digesting plant cellulosic materials. Cellulosic biomass is 
one of the best sustainable sources available for biofuel pro-
duction, by virtue of its relatively low cost, abundant supply, 
and cleanliness (Lynd et al., 2008). However, the extensive 
utilization of this important resource is hindered by the 
general deficiency of low-cost technology for hydrolysis of 
cellulosic biomass into soluble sugar. A potential strategy 
to overcome this difficulty involves the using of cellulolytic 
enzymes of microorganisms that can degrade cellulose to 
glucose through the interactive hydrolysis of three classes 
of cellulase: endo-β-1,4-glucanase (EC3.2.1.4), cellobiohy-
drolase (EC3.2.1.91), and β-glucosidase (EC3.2.1.21) (Lynd 
et al., 2002). Among these three enzymes, endo-β-1,4-glu-
canase (EC 3.2.1.4) is a key enzyme involved in cleavage of 
β-1,4-glycosidic bonds within cellulose chains, releasing 
smaller fragments of random length (Watanabe and Tokuda, 
2001). Consequently, there has been a fleet growth in de-
mand for endo-β-1,4-glucanase in various industrial appli-
cations including those related to waste management, bio- 
polishing process and deinking (Kuhad et al., 2011). In addi-
tion, hydrolysis of the glycosidic bond of β-glucan by endo-
glucanase is important to decrease the viscosity of β-glucan 
solution, benefits beer brewing, improves the quality of an-
imal feed and is also proved promising for biofinishing in 
the textile industry (Kuhad et al., 2011). Specifications of 
these applications proposed the investigation to identify a 
broad range of endoglucanases with varying optimal pH 
and temperature.
  Cellulolytic microorganisms are widespread in the envi-
ronment and are mostly found in areas where plant bio-
mass tends to accumulate and deteriorate, such as vermicom-
post (VC) (Lednicka et al., 2000; Akasaka et al., 2003; Aira 
et al., 2007). Vermicomposting is widely used for the treat-
ment of industrial organic wastes, such as paper mill sludge 
that is mainly composed of polymer carbohydrates, such as 
cellulose and hemicelluloses (Elvira et al., 1998; Singh et al., 
2008). Although some species of earthworm can produce 
cellulases but in general decomposition and transformation 
of paper mill sludge during vermicomposting is attributed 
to microbiota inhabiting the earthworm gut (Aira et al., 2007; 
Aira and Dominguez, 2011). Especially, bacterial diversity 
is increased during vermicomposting (Yasir et al., 2009). 
The vast microbial diversity of vermicompost presents an 
enormous genetic and biological collection that can be used 
for the recovery of novel genes and biomolecules (Cowan, 
2000). However, only 0.1% to 1.0% of bacteria are culturable 
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using typical laboratory cultivation techniques. Therefore, 
few microbial community genes have been studied using 
culture-based approaches (Rondon et al., 2000). So far, the 
majority of natural cellulases have been isolated from cul-
tured microorganisms.
  Characterization of cellulases from uncultured bacteria 
could reveal much about the cellulolytic diversity and the 
industrial applications of the bacteria (Feng et al., 2007; Kim 
et al., 2011). The recent development of metagenomic strat-
egies has enabled the isolation of novel genes having broad 
substrates specific cellulase activities from various environ-
mental samples including soil, compost and rabbit cecum 
(Feng et al., 2007; Kim et al., 2008, 2011). In present study, 
metagenomic libraries were constructed to explore the cel-
lulolytic potential in the metagenome of the microbial con-
sortia from VC of paper mill sludge. The use of both culture- 
dependent and culture-independent approaches to analyze 
the microbial consortia in VC could provide new biotech-
nological strategies for the conversion of cellulose, hemi-
cellulose and lignocellulosic biomass into monosaccharides.

Materials and Methods

Preparation of VC samples
VC samples were prepared from paper mill sludge supple-
mented with dairy sludge (Fresh sludge, FS) to adjust the 
C:N ratio, and the fresh sludge samples were treated with 
earthworms (Eisenia fetida) in a 10:1 (w/w) ratio. The newly 
produced VC samples were collected after 15 days com-
posting as described previously (Yasir et al., 2009).

Construction and functional screening of metagenomic li-
braries
Metagenomic DNA was extracted according to Zhou et al. 
(1996). The extracted high molecular weight DNA was sep-
arated by size in a 1% low melting point (LMP) agarose gel 
containing 2% polyvinyl-pyrrolidone (PVP) at 34 V for 24 h. 
The 30–48 kb metagenomic DNA was ligated into a pEpi-
FOS-5 fosmid vector (Epicenter Biotechnologies, USA) ac-
cording to the manufacturer’s instructions. The ligation 
mixture was packaged into lambda phages using MaxPlax 
Lambda Packaging Extracts (Epicenter Biotechnologies). The 
packaged library was transduced into Escherichia coli EPI-100 
and E. coli transformants were selected on LB agar medium 
supplemented with chloramphenicol (20 μg/ml) according 
to the manufacture protocol (Epicenter Biotechnologies). 
The library clones were stored in 25% glycerol as clone pools, 
with approximately 400 clones per pool. The libraries were 
spread onto LB agar supplemented with 0.25% CMC and 
chloramphenicol (20 μg/ml). Metagenomic libraries were 
screened for cellulolytic activity by a Congo red staining 
method (Feng et al., 2007). Colonies with clear zone in the 
red background were selected for CMC hydrolysis. The ac-
tive clones were reconfirmed by isolation of fosmids and 
retransformed into E. coli EPI-100. Cellulase (CMCase) ac-
tivity of these was checked by replating them as described 
above. The fosmid DNAs from active clones were digested 
with BamHI and their digestion pattern was analysed by 

agarose gel electrophoresis.

Identification of cellulase gene
Among the cellulolytic clones identified from metagenomic 
libraries, the most active cellulase positive fosmid clone 
cMGL504 was digested with the restriction enzyme EcoRI, 
subcloned in pUC19 (Invitrogen, USA) and screened on LB 
agar plates containing 0.25% CMC and 50 μg/ml ampicillin 
with Congo red staining as described previously (Feng et al., 
2007). The smallest fragment showing cellulase activity was 
sequenced through primer walking. Possible open reading 
frames (ORFs) were identified with the ORF finder at the 
National Center for Biotechnology Information (NCBI) web-
site (http://www.ncbi.nlm.nih.gov). Basic local alignment 
search tool (BLAST) search of the DNA fragment sequences 
were made with BlastN, BlastX, and BlastP at the NCBI 
website. Module structures of the enzyme were predicted 
by the simple modular architecture research tool (SMART; 
http://smart.embl-heidelberg.de). Amino acids sequences of 
the cloned cellulase cmgl504 and closely related matches of 
glycosyl hydrolase family GH5 retrieved from the BLAST 
search were used for the phylogenetic analysis.

Overexpression and purification of the recombinant endo-
glucanase
The newly identified cellulase gene cmgl504 was amplified 
by polymerase chain reaction (PCR) with ORF specific pri-
mer pairs of cMGL504F (GATCGAATTCATGACTACAG 
CAAAAACTCTC) and cMGL504R (GATCAAGCTTCTT 
ATTGTCCTGCAACATCAC). The EcoRI and HindIII sites 
were added to the 5 ends of forward and reverse primers, 
respectively. The PCR product was purified, digested with 
EcoRI and HindIII, and cloned into expression vector pET- 
28a(+) (Novagen, USA) for expression of cmgl504 with 6xHis 
tag at the N-terminus. The recombinant plasmid was trans-
formed into E. coli BL21 (DE3) pLysS (Novagen) and positive 
clones were selected by kanamycin resistance and Congo 
red staining. For expression of recombinant protein, the cells 
containing the recombinant plasmid were first grown to an 
optical density of 0.6 at 600 nm in LB medium containing 
30 μg/ml of kanamycin at 37°C on a rotary shaker (200 rpm) 
and the expression of the cmgl504 gene was induced by 
adding 0.5 mM isopropyl-β-D-thio-galactoside (IPTG) to 
the medium. Following a further incubation of cells at 25°C 
and 100 rpm overnight, the recombinant protein was ex-
tracted from the cytoplasmic fraction of the cell lysates. 
The extracted protein was purified by affinity chromatog-
raphy through Ni-NTA columns (Qiagen, USA) according 
to the manufacture’s protocol. The level of purity of cmgl504, 
as well as the molecular mass, was determined by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE).

Homology modeling
The amino acid sequence of cmgl504 was submitted to NCBI 
PSI-BLAST (Altschul et al., 1997), a database similarity search 
tool, which searches the Brookhaven PDB database to detect 
distant evolutionary relationships by identifying the closest 
homologous structure. A template structure for a given target 
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Fig. 1. Phylogenetic tree of catalytic 
domains of cmgl504 and GHF 5 cel-
lulases was generated by the neigh-
bor-joining method. The amino acid 
sequences of family 5 glycosyl hy-
drolases were retrieved from GenBank
by homology searching against pro-
tein database with the cloned cellu-
lase of cmgl504, and submitted to 
SMART for determining the catalytic
domain of each enzyme. Bootstrap 
values are based on 1,000 replications
shown at branch point.

sequence was recognized by taking into account the sig-
nificance of the score, which indicates fitness of the target 
to the template; the E-value or the sequence identity are the 
two most common criteria. Computational studies were car-
ried out on an Intel® CoreTM2 Duo 3.33GHz equipped with 
a Linux environment running under open SUSE 11.4. Multiple 
sequence alignment was done by ClustalW (Larkin et al., 
2007). The homology modeling was performed by Modeller 
version 9.9 (Sali and Blundell, 1993). Validation of protein 
structures was determined by Procheck (Laskowski et al., 
1993), Verify 3D (Bowie et al., 1991), and Errat plots. Visu-
alization was carried out by Chimera software (Pettersen et 
al., 2004). Out of five predicted iterative models, the best 
model was selected after running validation methods.

Enzymatic assays
Cellulase activity was performed with 1% (w/v) carboxy-
methyl-cellulose in a total volume of 1.0 ml for a 30 min 
reaction time. The reaction mixture contained 20 μg of pu-
rified cmgl504 cellulase and 50 mM sodium acetate buffer 
(pH 5.5). The substrate specificity of cmgl504 cellulase was 
checked using the cellulosic substrates avicel (1%, w/v), lam-
inarin (1%, w/v) and birch wood xylan (1%, w/v). The dini-
trosalicylic acid (DNS) method was used to detect the pro-
duct formation in these reactions (Miller et al., 1960). One 
unit of enzyme activity was expressed as the amount of en-
zyme that released 1 μmol reducing sugar per min. The opti-
mum temperature for the activity of the purified cmgl504 
cellulase was determined by incubating the mixture of en-
zyme and 1% (w/v) CMC in 50 mM sodium phosphate buffer 
(pH 5.5) for 30 min at temperatures ranging from 25°C to 
70°C. For determination of optimal pH, the reaction mixture 
of the enzyme and substrate was incubated in 50 mM of 
the appropriate buffer. Sodium acetate (pH 4–5.5), sodium 
phosphate (pH 6–8), Tris-HCl (pH 8–9) and glycine-NaOH 
(pH 9–10) buffers were used to maintain the respective pH. 
The reaction mixtures in different pH buffers were incubated 
for 30 min at 50°C and the enzyme activity was measured 
by the DNS method. Effect of different metal ions on the 
enzyme activity was investigated under the standard assay 

condition. One mM of each metal ions, KCl, LiCl2, CaCl2, 
CuCl2, FeCl2, FeCl3, ZnCl2, CoCl2, MgCl2, and MnCl2 was 
applied in the reaction mixture. All enzyme assays carried 
out in triplicates and average value was calculated.

Phylogenetic analysis
Multiple alignments were preformed with ClustalX2.0 pro-
gram (Larkin et al., 2007). The phylogenetic trees were con-
structed by the distance method (neighbor-joining) using 
MEGA4 software (Tamura et al., 2007). Bootstrap values were 
calculated on the basis of 1,000 replications. The related se-
quences in the phylogenetic tree were retrieved from the 
GenBank database (http://blast.ncbi.nlm.nih.gov). The cmgl504 
gene sequence has been deposited to GenBank under ac-
cession numbers JN012243.

Results and Discussion

Construction of the metagenomic libraries and screening 
of cellulase clones
To clone metabolically active genes from the VC microbial 
community, fosmid libraries were constructed with meta-
genomic DNA isolated directly from VC samples. The li-
braries yielded about 89,000 clones, and their qualities and 
insert sizes were analyzed by restriction digestion of puri-
fied fosmid from 18 randomly chosen clones. The inserted 
DNA fragments of these selected clones showed distinct re-
striction patterns, indicating that each clone represented a 
unique sequence (data not shown). The average insert size 
for the clones was estimated to be 36 kb and the full library 
size was about 3,204 Mb. Eighteen clones expressing cellulase 
activities were identified from the VC metagenomic libraries. 
Fosmid isolated from all active clones were re-transformed 
into E. coli EPI-100, and all transformants retained the cel-
lulase activity that was encoded by the respective fosmid 
inserts. The hit obtained from these libraries indicated the 
enrichment of cellulolytic genes in the total VC bacterial 
community. This result was consistent with other metageno-
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Fig. 2. Three dimensional structure of cmgl504 was constructed by uti-
lizing MODELLER version 9.9. Visualization was carried out by Visual 
Molecular Dynamics (VMD). The catalytic domain from position 62–338 
is represented in cartoon; 1–25 single peptide is represented in VDW; 
glutamate residue 193 (proton donor) and 289 (nucleophile) is repre-
sented in licorice.

Table 1. Analysis of predicted protein structure of cmgl504 cellulase by Procheck
Regions Model 1 Model 2 Model 3 Model 4 Model 5

Residues in most favoured regions [A,B,L] 258
81.1%

252
79.2%

267
84.0%

258
81.1%

259
81.4%

Residues in additional allowed regions [a,b,l,p] 46
14.5%

45
14.2%

38
11.9%

50
15.7%

42
13.2%

Residues in generously allowed regions [~a,~b,~l,~p] 09
2.8%

12
3.8%

08
2.5%

07
2.2%

14
4.4%

Residues in disallowed regions 05
1.6%

09
2.8%

05
1.6%

03
0.9%

03
0.9%

Number of non-glycine and non-proline residues 318 318 318 318 318
Number of end-residues (excl, Gly and Pro) 02 02 02 02 02
Number of glycine residues (shown as triangles) 23 23 23 23 23
Number of proline residues 17 17 17 17 17

mic libraries constructed from rumen samples and screened 
for relevant enzymes (Feng et al., 2007; Duan et al., 2009). 
Additionally, the functional analysis of the cultured isolates 
also indicates that the prevalence of cellulolytic bacteria in VC. 
These bacteria associated with vermicomposting of paper 
mill sludge probably play a significant role during compost-
ing of the fresh sludge (Aira et al., 2007).
  The most active cellulase-positive fosmid clone cMGL504 
was initially selected for further studies. To locate the cellu-
lase genes from the positive clone and facilitate sequencing, 
we further subcloned the cMGL504 with shorter insert sizes. 
A subclone of 4.2 kb that retained the corresponding cellu-
lase activity was characterized by complete sequencing for cel-
lulase genes and their neighboring ORF. The subclone har-
bored a complete ORF encoding for endo-β-1,4-glucanase. 
The predicted products of the cellulase gene of cmgl504 con-
sisted of 363 amino acids cellulase; the molecular mass was 
41.6 kDa (Supplementary data Fig. 1S). The amino acid se-
quence of the cmgl504 cellulase showed that it contained a 
glycosyl hydrolase (GH) family 5 catalytic domain and a 
N-terminal signal peptide. The deduced amino acid sequence 
of the isolated cellulase gene was compared with the published 

sequences of other cellulases for phylogenetic analysis. The 
phylogenetic tree showed that the cellulase of cmgl504 was 
closely related to cellulase of Cellovibrio mixtus (Fig. 1). The 
large-scale metagenomic sequencing of hindgut bacteria of 
a wood feeding higher termite and cellulase clones from 
other environments also supported the view that the GH5 
families predominate in nature (Voget et al., 2006; Feng et 
al., 2007; Warnecke et al., 2007). Another clone from meta-
genomic libraries of VC belonged to the GH9 family (data 
not shown), which indicates that cellulase genes from other 
GH families also exist in VC. Hydrolysis of the polysaccha-
rides requires the combined action of enzymes expressed 
from the genes of different GH families that are organized 
in clusters formed in the genomes of the microbiota, and 
their proteins function synergistically to degrade the cellu-
losic materials (DeBoy et al., 2008). The existence of different 
GH families clones in VC is probably responsible for the 
degradation of different polysaccharides and cellulose fibers 
in the paper mill sludge engulfed by the earthworm.

Structure prediction
The amino acid sequence of cmgl504 based on a PSI-BLAST 
homology search revealed 14 hits out of which the crystal 
structure of the catalytic domain of Thermobifida fusca en-
doglucanase (2CKS) was considered as template. The 2CKS 
showed the similar occupancy pattern, 76% sequence sim-
ilarity and an E-value of 9e-18 with cmgl504. Five models of 
cmgl504 cellulase were constructed by MODELLER. Model 
3 revealed an excellent agreement between the predicted 
secondary structure and the experimentally determined three- 
dimensional (3D) structure from T. fusca endoglucanase 
(Fig. 2). The geometrical and structural consistencies of the 
modeled protein were evaluated by different approaches. The 
stereochemical quality and protein structure of the final 
models were validated by the Procheck program; Model 3 
was the best, according to the comparative values in Table 1. 
According to the Ramachandran plot, about 84% of the resi-
dues fell in the most favorable region and 11.9% in the ad-
ditional regions. Five residues (1.6% of the total) were pres-
ent in the disallowed region. The phi and psi distributions 
of Ramachandran plots are summarized in Supplementary 
data Fig. 2S. In addition, two more protein evaluation pro-
grams were utilized to check the stereochemistry of the 3D 
models. Verification of the 3D scores established the com-
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(A)

(B)

Fig. 3. Effects of pH and temperature on the recombinant cellulase activity 
of the cmgl504. (A) The activity was measured in acetate buffer (pH 
4.0–6.0), phosphate buffer (pH 6-8.0), Tris-HCl buffer (pH 8.0–9.0) and 
glycine-NaOH buffer (pH 9.0–10.0). Enzyme assays were performed at 
indicated pH at 50°C for 30 min. (B) The activity was determined in a 
temperature range from 25°C to 70°C at pH 6.0 (phosphate buffer).

Table 2. Substrate specificity of the purified cmgl504 cellulase on poly-
saccharides

Substrate Enzyme activity (U/mg of protein) Relative activity (%)b

CMC 15.4 100.0 ± 6.0
Avicel 0.003 0.019 ± 0.005
Xylan ND ND

Laminarin ND ND
a ND, Not detected
b Relative enzyme activity was the ratio of the activity of each sample to the max-
imum activity of the sample. Relative activity was calculated from the specific activ-
ity of enzyme. The results are mean values from three experiments.

patibility between amino acid sequences and the environ-
ment of the amino acid side chains in the model. In the 
verified 3D plot, the majority of amino acid residues had 
scores lower than zero, indicating they were sufficiently suited 
according to their environment with exception of only three 
amino acid residues. The Errat program was utilized to assess 
the arrangement of different types of atoms with respect to 
one another in the protein models. It is a sensitive techni-
que that is suitable for identifying incorrectly folded re-
gions in preliminary protein models. The program yielded 
an overall quality factor of about 70% for cmgl504 cellulase. 
The cmgl504 shared a general α/β barrel architecture with 
other GHF5 cellulases (Fig. 2). Eight α-helices were observed 
along with three incomplete α helices showing only a single 
turn. These α-helices forming ring surrounding eight par-
allel β-sheets. Three anti-parallel β-sheets were also ob-
served interacting with the loops. The whole structure was 
packed with loops and turns inter-connecting all the secon-
dary structural elements. The cmgl504 was found to possess 
a 25 amino acid signal peptide at N-terminal preceding the 
catalytic domain. The cleavage site of the signal peptide was 

predicted between amino acid 25 and 26 with 0.99 proba-
bility by the SignalP program. Protein homologies analysis 
confirmed the presence in cmgl504 of a family GH5 catalytic 
domain located between amino acid 62 and 338 with no 
distinct non-catalytic cellulose-binding domain (CBD). On 
the basis of sequence homologies with other members of 
GH5 family, two conserved catalytic residues, Glu193 and 
Glu289 could be predicted as the putative proton donor 
and nucleophile, respectively. The comparative SMART 
and SignalP program analysis between cmgl504 and CelA 
revealed that signal peptide is not present in the closely re-
lated CelA cellulase. Moreover, very least sequence similarity 
which was observed between the two genes at the initial 78 
nucleotides from the 5 end that are crucial for the endo-
glucanase activity of CelA indicates the structural differ-
ence between the two endoglucanases.

Characterization of enzyme activities
The cmgl504 cellulase displayed activity over a broad pH 
range with an optimum at pH 5.5–8.5 as compared to the 
closely related cellulase from C. mixtus with the optimum 
pH between7.0–8.5 (Fontes et al., 1997). The purified cmgl504 
cellulase enzyme exhibited optimal activity (100%) at pH 5.5 
(Fig. 3A). At pH 6.0–8.5, the residual enzyme activity ranged 
from 78–98% of the optimal activity. The activity still re-
mained in 52–66% over pH 9, but it was reduced to 32% at 
pH 10. As cmgl504 cellulase is a metagenome-derived from 
the vermicompost sample that was slightly acidic and was 
not obvious source for extremophiles. The enzymes isolated 
from the mesophilic environment have adapted to cope with 
limited fluctuations of the environment and loss of their 
activity at more stringent conditions, which are probably 
the reason for the severe loss of cmgl504 cellulase activity 
below pH5 (Voget et al., 2006). The predicted isoelectric 
point of cmgl504 was 7.9 calculated by using DNASTAR 
software. The activity of cmgl504 cellulase at alkaline con-
ditions was probably a consequence of its high isoelectric 
point that allowed maintenance of proper structure in the 
alkaline environment. The activity of cmgl504 cellulase was 
measured at various temperatures ranging from 25°C to 65°C. 
As shown in Fig. 3B, the enzyme exhibited maximum activity 
(100%) at 50°C. The relative enzyme activity ranged from 
68±5.2% to 81±0.5% between 25°C and 40°C. The enzyme 
activity at 45°C and 55°C was 96±2.1% and 94±8.0%, res-
pectively. However, the activity was remarkably reduced to 
47±0.4% of the optimal activity at 60°C and at 65°C the re-
sidual activity was only 5±2.5%. The compact structure of 
cmgl504 as shown in Fig. 3 supports the enzymatic activity 
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Table 3. Effect of metal ions on the cellulase activity of cmgl504
Metal iona Relative activity (%)

None 100
K+ (KCl) 119 ± 2.8
Li+ (LiCl) 94 ± 4.9

Mg2+ (MgCl2) 95 ± 2.1
Mn2+ (MnCl2) 25 ± 3
Co2+ (CoCl2) 52 ± 0.1
Ca2+ (CaCl2) 84 ± 3.2
Cu2+ (CuCl2) 49 ± 3.3
Fe2+ (FeCl2) 73 ± 3.3
Fe3+ (FeCl3) 66 ± 2.6
Zn2+ (ZnCl2) 68 ± 8.1

a 1 mM of each metal ion was added to the reaction mixture.

at high temperature due to strong amino acid interaction 
that helps to maintain the tertiary structure of the enzyme 
at high temperature (Fontes et al., 1997). The substrate spe-
cificity of the purified cmgl504 cellulase was investigated 
using different substrates. The enzyme degraded CMC with 
15.4 U, while having low activity against avicel. No detectable 
activity was found for xylan and laminarin (Table 2) as com-
pared to the closely related CelA cellulase from C. mixtus 
(Fontes et al., 1997). The relative activity for CMC was 100±6%. 
The effect of metal ions, KCl, LiCl2, CaCl2, CuCl2, FeCl2, 
FeCl3, ZnCl2, CoCl2, MgCl2, and MnCl2 on the enzyme ac-
tivity was investigated. The residual activity measured in 
the presence of each metal ion is shown in Table 3. With 
addition of 1 mM of KCl, the enzyme activity was increased 
by 119±2.8% of the non-added control. However, other ions 
such as LiCl2, MgCl2, and CaCl2 slightly reduced the enzyme 
activity by 94±4.9%, 95±2.1%, and 84±3.2%, respectively. 
In the presence of 1 mM metal ions of FeCl2, ZnCl2, FeCl3, 
CoCl2, and CuCl2 the cellulase activity was reduced to 
73±3.3%, 68±8.1%, 66±2.6%, 52%±0.1%, and 49%±3.3%, 
respectively. The residual activity of the enzyme was only 
25±3% of the original acitivity in the presence of 1 mM 
MnCl2. In the presence of low concentration of MnCl2, 
CuCl2, CoCl2, and FeCl3, the cellulase activity was reduced 
to less than 70% of the control activity, which distinguished 
this CMGL504 cellulase from most of the other metagenomic 
derived cellulases (Voget et al., 2006; Feng et al., 2007). 
Several studies have demonstrated different activation and 
inhibition pattern of the cellulases (Clarke and Adams, 1987; 
Mawadza et al., 2000; Voget et al., 2006). Mawadza et al. 
(2000) observed that different metal ions including Na+, K+, 
Mg2+, Cu2+, Ni2+, Ca2+, Zn2+, and Fe3+ at 1 mmol/L concen-
tration had little effect on the activity of cellulase whereas 
the inhibitory effect of Co2+ was significant at the same con-
centration. In addition, other metal ions, particularly Ag+, 
Mn2+, and Hg2+ showed a tendency to inhibit cellulase ac-
tivity (Clarke and Adams, 1987). Santose et al. (2012) pro-
posed from the functional and crystallographic studies of 
GH5 cellulase that Mn2+ ions increase the stability and lower 
the enzymatic efficiency of BsCel5A endoglucanase probably 
due to a consequence of the higher overall molecular rigidity, 
which prevents the conformational modification necessary 
for optimal catalysis. This observation is supported by the 
other studies that previously described the fundamental role 

of ligand-induced conformational changes in the catalytic 
activity of family 5A cellulases (Varrot et al., 2002).
  Microbial cellulases, particularly endoglucanase have shown 
their potential applications in various industries including 
textile, laundry, brewery and wine, animal feed, pulp and 
paper industries as well as in agriculture and for research 
purposes. For a variety of industrial applications, broad pH 
range and relatively high thermostability is an attractive 
and desirable characteristic of an enzyme (Fujinami and 
Fujisawa, 2010; Li et al., 2011). The purified cellulase cmgl504 
displayed activity over a broad pH range with an optimum 
at pH 5.5–8.5 as compared to the closely related cellulases 
of CelA and Cel5A isolated from C. mixtus and uncultured 
microorganism, respectively (Fontes et al., 1997; Voget et 
al., 2006). In addition, cmgl504 showed activity at alkaline 
pH and in the presence of a range of divalent cations com-
pared to the closely related Cel5A that showed different 
pattern of activity in the presence of 1 mM Fe2+, Fe3+, Cu2+, 
Zn2+, Ca2+, and Mn2+. Most of the commercial cellulases pro-
duced by Bacilli and other cellulolytic strains are optimum 
at neutral pH (Sukumaran et al., 2005). All the characteristics 
together with broad pH and temperature range support the 
further investigation of cmgl504 by mutagenesis and codon 
optimization that can probably enhance the efficiency, pH 
and temperature tolerance of cmgl504 cellulase. These will 
make this enzyme a potential candidate for the broad appli-
cation in textile, paper, bio-polishing and detergent industries.
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