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An endo-1,4-β-glucanase gene from moderate thermophilic strain Bacillus licheniformis ATCC 14580 
was cloned into Escherichia coli DH5α using pTZ57R/T as cloning vector. After confirmation of clone 
through polymerase chain reaction (PCR) and restriction analysis, endoglucanase gene (1.5 kb) was 
further expressed in E. coli BL21 (DE 3) using pET-22b (+) expression vector. The molecular weight of 
endoglucanase gene was found to be 52.2 kDa as determined by sodium dodecylsulphate 
polyacrylamide gel electrophoresis (SDS-PAGE). The addition of isopropyl-β-D-thio-galactoside (IPTG) 
as an inducer in the fermentation medium, caused an increase in expression of recombinant endo-
glucanase. The activity of enzyme in optimized condition was found to be 1.5 U/ml using 
carboxymethylcellulose as substrate. The optimum pH and the temperature of enzyme were also 
determined and found to be 6.0 and 60°C, respectively.  
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INTRODUCTION 
 
Cellulose, a polymer of β-1,4-linked glucose units, is a 
major polysaccharide constituent of plant cell walls. 
Cellulases provide a key opportunity for achieving 
tremen-dous benefits of biomass utilization (Wen et al., 
2005). Endo-1,4-β-glucanases (1,4-β-D-glucano-
glucohydrolases E.C. 3.2.1.4) are wide spread group of 
cellulolytic enzymes that act on cellulose by randomly 
hydrolyzing internal β-1,4-D-glycosidic bonds resulting in 
decreased length of polymer and increased concentration 
of reducing sugar (Onsori et al., 2005). Endoglucanases 
show more affinity for amorphous zone of cellulose where 
hydrogen bonds between cellulose fibres have weak 
interactions (Dominguez et al., 1992). In comparison to 
fungal cellulases, bacterial cellulases are usually obtained 
easily. In addition, due to short generation time and ability 
to grow to very high cell density using inexpensive carbon 
and nitrogen sources, bacteria are good sources of 
secreted enzymes. Further utilization of the expression 
system  and  manipulation   of   bacteria   is   much  more 
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convenient than fungi; therefore, high-level expression of 
endogenous cellulase is more easily achieved in bacteria 
(Li et al., 2009). 

Bacillus species produce several hydrolytic enzymes 
(Mawadza et al., 1996). Recently, extensive studies on 
proteins (such as cellulase, protease, and amylase) 
secreted by Bacillus species have shown that the 
following Bacillus species produce cellulases: Bacillus 
cereus, Bacillus licheniformis, Bacillus subtilis, and Bacillus 
polymyxa (Han et al., 1995). B. licheniformis is a gram-
positive endospore forming organism that can be isolated 
from soils and plant material all over the world (Sneath et 
al., 1986). The organism was never reported to be 
pathogenic for either animals or plants and is used exten-
sively for large-scale industrial production of exoenzymes 
as it can secrete large quantities of proteins (Veith et al., 
2004). 

Endo-β-1-4 glucanase has been exploited in a vast 
range of biotechnological applications like brewing 
industry (Celestino et al., 2006), vinification (Blattel et al., 
2010), animal feed production (Walsh et al., 1995), and 
waste management (Liu et al., 2004). Bacterial β-1-4 
glucanase  belongs  to  the  glycodyl  hydrolase family 16  

http://en.wikipedia.org/wiki/IPTG


 
 
 
 
(GH16). Endo-β-1-4 glucanase has been studied and 
cloned from various organisms such as B. subtilis (Qiao 
et al., 2009), Bacillus amyloliquefaciens (Li et al., 2009), 
Opuntia vulgaris (Shyamala et al., 2011),  Trichoderma 
harzianum (Noronha and Ulhoa, 2000), Bacillus 
halodurans (Akita et al., 2005), Clostridium thermocellum 
(Schimming, 1992), Thermomonospora fusca (Jung et 
al., 1993), Oerskovia xanthineolytica (Shen et al., 1991), 
Ruminococcus flavefaciens (Flint et al., 1993), Strepto-
coccus bovis (Ekinci and Flint, 2001), Phaffia rhodozyma 
(Bang et al., 1999), Rhodothermus marinus (Spilliaert, 
1994), Pyrococcus furiosus (Gueguen et al., 1997) and  
Phanerochaete chrysosporium (Ishida et al., 2009). 

The genus Bacillus represents one of the most impor-
tant groups of bacteria not only for the production of 
commercially valuable enzymes, such as proteolytic, 
amylolytic and cellulolytic enzymes, but also for the study 
of the secretion mechanism of extracellular enzymes 
(Khan and Husaini, 2006). Molecular cloning with 
plasmids has been well documented in some Bacillus 
species. B. licheniformis is a gram-positive, spore-
forming soil bacterium that is used in the biotechnology 
industry to manufacture enzymes. B. licheniformis bears 
the generally regarded as safe (GRAS) status (Lam et al., 
1998). The availability of the genome sequence from B. 
licheniformis ATCC 14580 facilitates direct genetic mani-
pulations and thus maximum exploitation (Waldeck et al., 
2007). Escherichia coli is one of the most widely used 
host for the production of recombinant proteins as it is the 
best characterized host with many available expression 
systems (Choi and Lee, 2004).  

Due to wide scope of applications of endo-1,4-β-
glucanases, this study was mainly concerned with cloning 
of endo-1,4-β-glucanases gene, bgl C, (1.54 Kb) of B. 
licheniformis ATCC 14580 and subsequent expression in 
E. coli BL21 (DE3).  
  
 
MATERIALS AND METHODS 

 
Bacterial strain and cultural conditions 

 
B. licheniformis strain ATCC 14580 was obtained from the USDA 
ARS Culture Collection maintained at the USDA National Center for 
Agricultural Utilization Research, Peoria. The lyophilized culture 
was maintained in a medium of the following composition: tryptone 
(1%), yeast extract (0.5%), glucose (0.1%) and K2HPO4 (0.1%). 
Then, it was incubated overnight in shaking incubator (Ecocell, 
MMM Medcenter) at 37°C and maintained on agar slants. The 
glycerol stock of the culture was also maintained in eppendorf tubes 

at -80°C for long term storage. 
 
 
Isolation of genomic DNA and PCR amplification 

 
Genomic DNA from B. licheniformis ATCC 14580 was isolated by 
the protocol given by Kronstad et al. (1983). DNA was spooled out 
and resuspended in TE buffer (10 mM Tris-Cl, 1 mM EDTA) buffer. 

DNA quantification was carried out by visualization and comparison 
of sample with bands of ladder on 1% agarose gel as well as by 
spectrophotometeric  calculations.   Endoglucanase   gene  (1.5 Kb)  

Aftab et al.         2847 
 
 
 
was amplified by polymerase chain reaction (PCR) using the 
following set of forward and reverse primers: forward primer- 5' 
GCCATATGCGTTCCATCTCTGTCTTCAT 3’; reverse primer- 5' 
TTATTTAGGTTCAGTGCCC  3'  
 
In the forward primer, Nde I site was introduced at 5’ end that will 
introduce ATG codon after restriction with Nde I. The 50 μl reaction 
mixture contained 5 µ l  of 10 × PCR buffer, 5 µ l  of 2.5 mM dNTP 
mixture, 5 µ l  of 25 mM magnesium chloride, l µ l  of 10 µM of each 
primer, l µ l  of 3 units of Taq DNA polymerase and 1 µ l  of genomic 
DNA. The reaction mixture was incubated in a thermal cycler at 
94°C for 5 min and then underwent 35 amplification cycles of 30 s 
at 94°C, 30 s at 54°C and 90 s at 72°C, followed by a final incu-

bation of 20 min at 72°C. The PCR product was analyzed on 1% 
agarose gel and purified by using Spin prep gel melt kit (Novagen). 
 
 
Cloning of endo-glucanase gene in pTZ57R/T 

 
The purified B. licheniformis endo-1,4-β-glucanase gene was 
ligated into cloning vector pTZ57R/T (2886 bp) by using T4 DNA 
ligase and incubated overnight in an incubator at 22°C. The ligated 

mixture was transformed into E. coli DH5α competent cells which 
were prepared according to calcium chloride method (Cohen et al., 
1972). Transformed cells were selected on LB agar plates 
containing isopropyl-β-D-thiogalactopyranoside (IPTG), (130 ng/ml), 
X-Gal (270 μg/ml) and ampicillin, (100 μg/ml) by blue/white 
screening technique. Plates were then incubated at 37°C overnight. 
Positive clones were identified by colony PCR. 
 
 
Plasmid isolation and restriction analysis 

 
Plasmid was isolated by alkaline lysis method (Birnboim and Doly, 
1979) and cloning of B. licheniformis endoglucanase gene in 
pTZ57R/T was further confirmed by single and double restriction of 
the recombinant plasmid with Hind III and Nde I. 
 
 
Cloning of endo-glucanase  gene in pET-22b (+)  

 
The recombinant pTZ57R/T containing B. licheniformis 
endoglucanase gene was double digested with Nde I and Hind III. 
Expression vector pET-22b (+) was also digested with the same 
enzymes. The restricted fragment as well as the double digested 
pET-22b (+) vector were run on 1% agarose gel, purified and then 
ligated to the pET-22b (+) using T4 DNA ligase. The ligated product 
was then transformed into competent cells of E. coli BL 21(DE 3) 
which were prepared according to the method of Cohen et al. 
(1972). Confirmation of positive clones was performed by colony 
PCR as well as by double restriction of recombinant plasmid with 
Hind III and Nde I.  
 
 
Expression of B. licheniformis endo-glucanase gene in E. coli 
BL21 

 
Single transformed colony from LB agar plate containing 100 µ g/ml 
ampicillin was picked up and inoculated into 50 ml of LB medium 
containing ampicillin (100 mg/ml) and incubated overnight at 37°C 
in shaking incubator. 1 ml of overnight grown culture was then 
inoculated to 100 ml of the above mentioned LB medium and 
incubated at 37°C in shaking incubator until an OD of 0.4 to 0.6 at 
600 nm was obtained. Then, this culture was induced with IPTG 
and incubated for another 3 h at 37°C. After 3 h, this culture was 

centrifuged at 6000 g for 10 min. Supernatant was discarded and 
the pellet was resuspended in 5 ml of 50 mM Tris-HCl (pH 7.5 to 8). 
After  resuspension,  the  mixture   was  lysed  by   sonication   in  a  
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Figure 1. PCR amplification of endo-1,4-β-glucanase gene. Lane 1, Ladder; lane 3, endo-1,4-β-glucanase  gene 

(1.5 kb). 
 
 
 

sonication heat system (Hielsher, ultrasound technology) for 10 min 
and again centrifuged at 6000 g for 10 min. Pellet obtained was 
again resuspended in 5 ml of 50 mM Tris-HCl (pH 7.5). B. licheni-

formis  endoglucanase protein was confirmed by using 12% sodium 
dodecyl sulphate polyacrylamide gel electrophoresis (Laemmli, 
1970). 

 
 
Electrophoretic analyses 

 
DNA samples were analyzed by 0.8% agarose gel electrophoresis 
followed by staining with ethidium bromide and visualizing under 
the UV light. Protein samples were analyzed by 12% PAGE in the 
pre-zsence of 0.1% SDS followed by staining with Coomassie 
brilliant blue. 

 
 
Fermentation technique 

 
Shake flask 
 
Submerged fermentation technique was employed for production of 
endo-1,4-β-glucanase. 50 ml of fermentation medium was 
transferred to each 250 ml cotton plugged conical flasks. The 
inoculum was transferred to each flask in laminar flow hood. The 
flasks were then placed in rotary incubator shaker at 200 rpm at 
37°C. The fermented broth was used for estimation of endo-1,4-β-
glucanase.  
 
Enzyme assay 
 
The fermented broth was centrifuged at 6000 rpm for 10 min. The 

supernatant was analyzed for estimation of endo-1,4-β-glucanase 
by using dinitrosalicylic acid (DNS) method (Miller, 1959). Carbo-
xymethyl cellulose (CMC) was used as substrate for enzyme assay. 

The reducing sugar liberated was measured at 550 nm in 
spectrophotometer using glucose as standard. One unit of enzyme 
activity was defined as “the amount of enzyme that liberates one 
μmole of reducing sugar per ml per minute from appropriate sub-
strate under assay conditions”. 
 

  
Sequence comparison 
 
Sequence database similarity searches were performed using 
BLASTP (Altschul et al., 1990). Sequence alignments were done 
using ClustalW (Thompson et al., 1994) and visualized by Jalview 
(Waterhouse et al., 2009). 
 
 
Statistical analysis 
 
Treatment effects were compared by the protected least significant 
difference method after Snedecor and Cochrane (1980) using com-
puter software Costat by applying analysis of variance (ANOVA). 

  
 
RESULTS AND DISCUSSION 
 

Cloning of β-glucosidase gene in pET-22b(+) 
 

B. licheniformis strain ATCC 14580 was grown in LB 
medium and genomic DNA was isolated (Kronstad et al., 
1983). Amplification of endoglucanase gene was per-
formed by polymerase chain reaction using specific primers 
(Figure 1). After completion of PCR cycles, additional 20 
min incubation of mixture was carried out at 72°C. This 
incubation  will  add  adenine  at the ends of PCR product  
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Figure 2. SDS-PAGE analysis of recombinant endo-1, 4-β-glucanase gene. Lane 1, protein 

marker; lane 2, extract of cloned E. coli (sample); lane 3, extract of wild E. coli (control). 
 
 
 

as overhangs. A 1500 bp band of endoglucanase gene 
obtained after PCR was cut from the gel and purified by 
using Novagen kit. Purified PCR product obtained was 
ligated with cloning vector pTZ57R/T using T4 DNA 
ligase and recombinant plasmid was transformed into 
competent cells of E. coli DH5α.  

Rabbani et al. (2009) also reported the use of pTZ 57 
R/T vector for cloning procedures. Positive clones were 
identified using blue and white screening. Colony PCR 
was performed to confirm process of transformation. The 
transformed plasmid was isolated by alkaline lysis 
method (Birnboim and Doly, 1979). The pTZ57 R/T 
plasmid was double restricted with Nde I and Hind III to 
separate the ligated product from the plasmid. The 
restricted plasmid was run on the gel and appearance of 
1.5 kb band confirmed the ligation of endoglucanase 
gene with plasmid. The gene was then cloned in expres-
sion vector pET22b (+). For this purpose, double digested 
endoglucanase gene was ligated with pET 22b (+) which 
has been double restricted with Nde I and Hind III. The 
ligated product was transformed in the freshly prepared 
competent cells of E. coli BL21.   
 
  
Expression of recombinant β-glucosidase 
 
Endoglucanase activity was investigated in both 
intracellular and extracellular samples. For the presence 
of endoglucanase enzyme in intracellular samples, the 
bacterial cells were broken by using the sonicator. 
Quantitative analysis was performed using DNS method 
(Miller, 1959). Higher activity of endoglucanase enzyme 
was observed in extracellular samples and was calcul-
ated to be 1.5 U/ml, respectively.  

Reasonable amount of endoglucanase was also 
observed in intracellular samples, that is, 0.8 U/ml. To 
check expression of cloned gene in E. coli BL21, the 
samples along with marker and control (wild BL21) were 
run on SDS-PAGE.  

The band at position 52.2 kDa was observed in the 
sample of E .coli cloned with pET 22b (+) containing 
endoglucanase gene (Figure 2). No such band was 
observed in the control sample obtained from wild BL21 
strain that was cloned with pET 22b (+) indicating the 
absence of endoglucanase activity.  
 
 
Similarity search for recombinant β- endoglucanase 
 
Sequence similarity searches for amino acid sequence in 
β-glucanase of B. licheniformis were conducted using 
BLASTP tool. Results demonstrate that β-glucanase of B. 
licheniformis exhibited high similarity with β-glucanases 
of glycodyl hydrolase family 16 (GH16) of carbohydrate-
active enzyme classification (Cantarel et al., 2009; 
http://www.cazy.org/). The B. licheniformis β-glucanase 
showed 73, 72, 71, 72, 51 and 50% identity (Figure 3) 
with β-glucanase from B. subtilis (Genebank accession 
No P1O45), Geobacillus stearothermophilus (E3V048), 
Bacillus amyloliquefaciens (A7Z597), Paenibacillus 
campinasensis (D8WN01), Erwinia carotovora (Q47096), 
and Pectobacterium wasabiae (D0KFU8). 
 
 
Characterization of recombinant β-glucosidase 
 
To increase the yield of endoglucanase, the induction 
parameters   including  optical  density (OD) of the culture  
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Figure 3. Jalview representation of multiple sequence alignment of B. licheniformis β-glucanase with other glycodyl hydrolase family 16 β-
glucanase. BL, B. licheniformis ATCC 14580; BS, B. subtilis; GS, Geobacillus stearothermophilus; BA, B. amyloliquefaciens; PC, 
Paenibacillus campinasensis; EC, Erwinia carotovora; PW, Pectobacterium wasabiae. Identities in all sequences are represented as black 
shaded areas while other identities are shown as grey shaded areas. 
 

 
 

was assessed to confirm maximum number of cells in the 
culture before induction with inducer. This was achieved 
by varying optical density of cells from 0.2 to 1.0 nm. 
However, an OD600 of 0.6 nm which represent the expo-
nential phase gave maximum activity of 0.7 U/ml (Figure 
4A). Further increase in O.D caused a decrease in enzyme 
activity. This might be due to the fact that the bacterial 
cells may enter the stationary phase of growth due to lack 

of nutrients in medium. The expression of endoglucanase 
gene was further enhanced by adding different inducers 
such as lactose, maltose and IPTG to the fermentation 
medium that induces the promoter region of pET 22b(+).  

It was found that IPTG which is an analog of lactose 
gave maximum enzyme production. The concentration of 
inducer was then optimized by using IPTG in range of 
0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 mM. However 0.3 mM IPTG
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Figure 4. (A) Effect of O.D on production of endo-glucanase in shake flask. (B) Effect of IPTG 

concentration on production of endo-glucanase in shake flask. Y error bars indicates standard error of 
mean among three parallel replicates. These values are statistically significant at probability level of ≤ 0.05. 

 

 
 

gave maximum enzyme activity of 1.09 U/ml (Figure 4B). 
Afzal et al. (2010) also reported that the presence of 
IPTG in the fermentation media increase the activity of 
recombinant enzyme. The effect of pH on endo-glucanase 
production was studied by incubating at different pH (4 to 
7).  

However, maximum activity was observed at pH 6.0 
using citrate phosphate buffer (Figure 5 A). Further 
increase or decrease in pH resulted in a decrease in the 
enzyme activity. Our result is in accordance with the work 
of Bischoff et al. (2006) who also obtained maximum 
endo-glucanase production at pH 6.0. Nurachman et al. 
(2010) also found that pH 6.0 is optimum for maximum 
endo-glucanase production from Bacillus amyloli-
quefacians.  To  determine  the  effect  of  temperature on 

assay conditions, the enzyme was assayed at various 
temperature ranges (30 to 70°C). Maximum activity of 
endo-glucanase (1.5 U/ml) was obtained at 60°C (Figure 
5B). Increase in temperature might cause an increase in 
the kinetic energy of molecules which resulted in increase 
in the enzyme activity. Further increase in temperature 
caused a decline in the enzyme activity due to 
denaturation of the enzyme. Similar result was obtained 
by Dong et al. (2010) who obtained maximum endo-
glucanase activity at 60°C. Bajaj et al. (2009) and Akita et 
al. (2005) also reported that maximum endo-glucanase 
activity from Bacillus strain M-9 and Bacillus halodurans C-
125 was obtained at 60°C. These results are also in 
accordance with the work of Norita et al. (2010) who 
reported  optimal  endoglucanase  activity  of  Aspergillus  
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Figure 5. (A) Effect of different values of pH on production of endo-glucanase gene in shake flask. (B) Effect of 

different temperature values on production of endo-glucanase gene in shake flask. Y error bars indicates standard 
error of mean among three parallel replicates. These values are statistically significant at probability level of ≤ 0.05.  

 

 
 

niger at 60°C. However, our results vary from the results 
obtained by Louimie et al. (2007) who reported 45°C to 
be an optimal temperature for endo-glucanase activity. 
The effect of incubation period on endo-glucanase 
production was determined by incubating the enzyme at 
different time intervals of 10 to 40 min (Figure 6). The 
enzyme production increased with time and reached it 
maximum value after 30 min of incubation. However, the 
activity    of   enzyme  slowed   down   as   the  incubation 

proceeded. As far as the expression level of the endo-
glucanase gene is concerned, our results are much better 
than the recently conducted studies on the expression of 
endo-glucanase of various organisms (Shyamala et al., 
2011; Akita et al., 2005; Noronha and Ulhoa, 2000). 
Further, due to higher temperature tolerant ability of the 
endo-glucanase of B. licheniformis, this endo-glucanase 
could be used in various industrial processes that are 
preceded at higher temperatures. 
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Figure 6.  Effect of incubation time on production of endo-glucanase gene in shake flask. Y error bars 

indicates standard error of mean among three parallel replicates. These values are statistically signif-
icant at probability level of ≤ 0.05. 
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