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An endoglucanase was purified from halophilic alkaline Bacillus licheniformis isolated from soils of 
Lake Van in Turkey. The optimal pH and temperature of the endoglucanase produced by B. 

licheniformis C108 were 10.0 and 30°C, respectively. The enzyme was highly stable up to 100°C at pH 
10.0 and the enzyme retained its complete activity for 6 h in 7 to10% of NaCl. The activity of the enzyme 
was significantly inhibited by sodium dodecyl sulfate (SDS), Triton X-100, zinc chloride (ZnCl2), 
phenylmethanesulfonylfluoride (PMSF) and Urea. The partially purified enzyme revealed that, products 
of carboxymethylcellulosic hydrolysis were glucose, cellobiose and other longer cellooligosaccharides. 
Thermostability, alkalinity, halostability and high hydrolytic capability make this enzyme a potential 
candidate for environmental bioremedetion and bioethanol production processes from cellulosic 
biomasses as well as waste treatment processes. 
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INTRODUCTION 
 
Cellulose is the most available sources of alkaline on 
earth and it is produced continuously as a result of agri-
cultural, industrial and forestry product. Its abundance 
and renewability, makes it a great candidate for energy 
sources and feedstock (Fan et al., 1982). The increasing 
concern about fossil fuel shortage makes researchers 
work on to search new possible substances that can be 
use for the production of bio-ethanol from cellulosic mate-
rials. Cellulosic material is available in nature as stalks, 
stems, husks as well as waste paper produced 
industrially (Immanuel et al., 2007). This unbranched bio-
polymer is usually found in company with hemicellulose, 
lignin and some other polysaccharides. Therefore, bio-
conversion of this type of materials needs different novel 
enzyme to produce soluble sugar (Alam et al., 2004).   

The cellulase enzyme complex consists of different 
enzymes acting synergistically on cellulose for complete 
degradation   (Bhat   and   Bhat,  1997).  Endoglucanases  
 
 
 
*Corresponding author. E-mail: ashabil@ksu.edu.tr.  Tel: +90-
344-2191299. Fax: +90-344-2191042. 

(1,4-(-D-glucan-4-glucanohydrolase; EC 3.2.1.4) attack 
cellulose chains in a random manner. The potential appli-
cations of cellulases are in food, textile, detergent and the 
pulp and paper industry (Ikeda et al., 2006; Cavaco-
Paulo, 1998; Tolan and Foody, 1999). Another excep-
tional use area of the cellulases are the bioconversion of 
cellulosic material for bioethanol production while 
enormous amount of agricultural and industrial cellulosic 
wastes have been produced annually (Cherry and 
Fidantsef, 2003; Kim et al., 2003). Therefore, this enzyme 
plays a key role for achieving huge benefits for effective 
resource utilization (Wen et al., 2005). Surely, microbial 
cellulases are economic, important and environmentally 
safe (Percival-Zhang et al., 2006). A good deal of fungi 
and bacteria were isolated, identified as a cellulose 
utilizing organism and were investigated (Juhasz et al., 
2005; Jorgensen and Olsson, 2006; Bischoff et al., 2007; 
Kang et al., 2007; Kaur et al., 2007; Lee et al., 2008; 
Comlekcioglu et al., 2008). Alkaliphilic bacteria can grow 
in alkaline condition and produce different enzymes that 
are active and suitable for harsh condition compared to 
their counterparts. Among the bacteria, the genus 
Bacillus is an attractive industrial organism due to  growth  
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rate, extracellular secretion and biosafety capacity 
(Schallmey et al., 2004).  

Although, the alkaline cellulases have been studied 
widely, limited reports are available about halotolerant 
alkaline cellulases. In this study, alkaliphilic halotolerant 
microorganism, Bacillus licheniformis C108, from soil in 
Turkey, producing endoglucanase was isolated and some 
enzymic characterization of alkaline endoglucanase was 
determined from it. 
 
 
MATERIALS AND METHODS 
 
Isolation and selection of microorganism  

 
B. licheniformis C108 was isolated from soils of Lake Van, situated 
in Eastern Anatolia in Turkey. Selection of gram positive and 
sporulating bacteria, Bacillus sp., was carried out by pasteurizing 
the samples at 80°C for 10 min (Ozcan et al., 2010). Bacterial 
isolates were screened for carboxymethylcellulase (CMCase) pro-
duction on CMC-agar plates (Singh et al., 2001). CMCase positive 
isolates were selected by flooding the agar plates with Congo red 
solution (0.1%). CMCase positive strains were stored at +4°C on 
agar slope until enzyme production processes.  
 
 
Random amplified polymorphic DNA (RAPD) sequencing and 
computer analysis 
 
Identification of the microorganism was accomplished by studying 
16S rDNA sequence analysis beside its morphological and bio-
chemical properties such as colony morphology, gram staining, 
spore possession, motility and catalase production and acid 
production from glucose, xylose and manitol. The 16 s rDNA gene 
was amplified from the isolated Bacillus sp. genomic DNA by using 
polymerase chain reaction amplification (PCR) method and PCR 

products were recovered from agarose gels using Nucleospin

 

Extract Kit (Macherey-Nagel GmbH & Co.). The PCR product was 
sequenced on both strands by a commercial company (Refgen, 
Ankara, Turkey) using automatic sequencer. The analyses of the 
nucleotide sequence were performed by Clone Manager 5 and 
homology search was carried out by BLAST (http://blast.ncbi.nlm. 
nih.gov/Blast.cgi). The sequence of the isolate C108 has been 
registered in the GenBank under accesion number EU878306. The 
sequences belonging to the same or closely related species 
available through NCIB gene bank were aligned.  
 
 
Enzyme production 

 
B. licheniformis C108 was cultured in a medium that contained 
carboxymethylcellulose (10 g/l), pepton (5 g/l), yeast extract (5g/l), 
KH2PO4 (1 g/l) and NaCl (10%, w/v). The initial pH of the medium 
was adjusted to 10.0 after autoclaving with 10% Na2CO3 (Singh et 
al., 2001). Cultures were grown up until the beginning of stationary 
phase at 37°C with shaking at 200 rpm. After removing the cells by 
centrifugation (Hettich Universal 30 RF) (11200 g, 20 min) at 4°C, 
the supernatant was used for further work. 

 
 
Partial purification of endoglucanase 
 
Supernatant was subjected to previously chilled ethanol (96%) at 
4°C with continuous stirring and the mixture was left at -30°C over-
night. The enzyme was recovered by resuspending the precipitate 
in 100 mM sodium phosphate buffer at pH 7.6 after centrifugation at  

 
 
 
 
11200 g for 20 min at 4°C.  
 
 
Enzyme assay 
 

Carboxymethylcellulase (CMCase) activity was assayed by adding 
equal amount of enzyme solution to CMC substrate solution (1%, 
w/v) in 100 mM Glycine-NaOH buffer, pH 10.0 and incubation at 
30°C for 30 min. The reaction was stopped by the addition of 3,5-
dinithrosalicylic acid reagent and finally, absorbance was measured 
in a Cecil 5500 spectrophotometer (A550) (Bernfeld, 1955). One unit 
of enzyme activity was defined as the amount of enzyme liberating 

1 µmol of reducing sugars per minute under the standard assay 
conditions.  
 
 
Effect of pH, temperature and NaCl concentration on enzyme 
activity and stability 
 

The effects of pH and temperature on enzyme activity were 
assayed at different temperatures that ranged from 4 to 100°C and 
at pH values from 6.0 to 12.5 for 30 min. The following buffers were 
used in the reactions: 100 mM Na-Phosphate buffer (pH 6.0 to 8.0), 
100 mM Glycine-NaOH buffer (pH 8.5 to 10.5) and 100 mM Borax-
NaOH buffer (pH 11.0 to 12.5). To determine the temperature 
stability, the enzyme was pre-incubated at various temperatures 
between 20 and 100°C for 15 min at optimum pH and the remaining 
activity was determined under standard enzyme assay condition. 
For the determination of pH stability, the enzyme was pre-incubated 
at pH that ranged from 6.0 to 11.0 at 30°C for 60 min and 24 h. The 
effect of NaCl concentration on enzyme activity and stability was 
also tested. It was determined under standard enzyme assay 
condition by including NaCl into the substrate. The stability of the 
enzyme against NaCl was assayed by pre-incubating the enzyme in 
100 mM Glycine-NaOH buffer pH 10.0 including different NaCl 
concentration at optimum temperature (30°C) for 60 min and then, 
the remaining activity at standard assay condition was measured. 
The activity of the enzyme stored at +4°C was used as the control 
groups. The experiments were repeated three times and mean 
values were taken. 
 
 
Effect of additives on enzyme activity 
 

The effect of metal ions and chemicals, including chelaters and 
inhibitors on CMCase activity, was tested by preincubating the 
enzyme in the presence of substances of 5, 8 mM or 1% concen-
tration at 30°C (Egas et al., 1998; Lo et al., 2001). All metals are 
used in chloride form. The activity in the absence of the additives 
was taken as 100%. 
 
 
Chromatography of the end products of CMC hydrolysis 
 

CMC (1%) was digested with partially purified CMCase C108 at 
30°C for 60 min incubation. The end products were analysed by 
silica gel 60 (GF254) (Merck) thin-layer chromatography. After deve-
loping the products with a solvent system of chloroform-acetic acid- 
distilled water (6:7:1 v/v/v), the spots were visualized by spraying of 
the solution of Aniline (1%, v/v), Diphenilamine (1%, w/v) and 
Orthophosphoric acid (10%, v/v) in acetone and baking in an oven 
at 160°C for 30 min (Singh et al., 2004). 
 
 

RESULTS 
 

Isolation and identification of microorganism 
 

A   total   of   226   bacterial   isolates  were  screened  for  
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Figure 1. Effect of pH on the activity of B. licheniformis C108 endoglucanase. The buffers used 
were Na-Phosphate buffer (pH 6.0 to 8.0), Glycine-NaOH buffer (pH 8.5 to 10.5), and Borax-
NaOH buffer (pH 11.0 to 12.0). 

 
 
 

CMCase production on CMC-agar plates (Singh et al., 
2001). Among the isolated strains, a total of 33 CMCase 
positive strains were selected by exposing the agar 
plates to Congo red solution (0.1%). The strains were 
aerobic, gram positive, rod, motile and spore forming. 
The highest CMCase producer of the isolate C108 was 
chosen for further investigation and the growth observed 
was between pH 7.0 and 12.0 in the presence of NaCl 
(10%), and up to 45°C. Enzyme synthesis occurred 
between 25 and 45°C and optimum pH 9.0. The optimum 
temperature for enzyme production and growth was 37°C 
and the NaCl concentration was 3 and 5%. Growth was 
not observed in the presence of 15 and 20% NaCl, which 
indicates that, the strain B. licheniformis C108 could 
possibly be presumed as moderately halophilic according 
to Ventosa et al. (1998).  

The nucleotide sequence for the 16s rDNA gene of the 
isolate C108 was also determined. The sequence had 
903 bp lengths and the guanine-cytosine (GC) content of 
the sequence was found as 54.8%. The 16S rDNA se-
quence analysis of the strain C108 revealed that, the 
organism shared 97% of its identity with different B. 
licheniformis 16S rDNA sequences available in Genbank 
databases (Accession number: EU878306). 
 
 
Effect of pH, temperature and NaCl concentration on 
enzyme activity and stability  
 
Although the optimum temperature was observed at 
30°C, the enzyme had a wide range activity from 20 to 

80°C with an average of 85%. Between the temperatures 

+4 to 90°C, the highest mean enzyme activity was 80%. 
The lowest activity rate (53%) was obtained at 100°C, 
which is highly an acceptable value for most industrial 
application. The enzyme also showed a significant 
relative activity over 90% between pH 6.5 and 10.5 with 
an optimum of 10, but more than 95% activity was ob-
tained in between pH 8.5 and 10.0. Although the highest 
activity was at pH 10.0, there was a sharp decrease at 
pH 10.5 and so on (Figure 1). 

For thermal stability estimation, the CMCase was 
preincubated at temperatures between 20 and 100°C for 
15 min at optimum pH and the remaining activity was 
determined (Figure 2). The enzyme was highly active 
from 20 to 70°C for 15 min with a remaining activity over 
75%. The enzyme preserved 100% of the original activity 
at 20°C and gradual loss of activity was obtained. Despite 
the gradual reduction in activity, the enzyme preserved 
63% of the original activity at 100°C. The pH stability of 
enzyme was determined by pre-incubation at 30°C for 60 
min and 24 h. It seemed that, the highest stability of the 
enzyme was at pH 7.0 by preserving original activity 
around 70% for 60 min (Figure 3). Loss of activity was 
obtained gradually with an increased pH values. At pH 
11.0, only the 30% of original activity remained. At the 
end of the 24 h, the remaining activity was steadily re-
duced from pH 6.0 (65%) through pH 10.0 (20%).  

Endoglucanase activity was increased in the presence 
of NaCl from 3.5 to 15% and the maximal activity was 
obtained in the presence of 10% NaCl (106.4%) (Figure 
4a).  To  test  the  effect  of  salt  concentration  for  endo- 
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Figure 2. Effect of temperature on the activity of B. licheniformis C108 endoglucanase. The reaction 

mixture contained 0.5 ml substrate (CMC (1%) in Glycine-NaOH buffer, pH 10.0) and 0.5 ml of enzyme 
for optimum temperature (o). The mixture was incubated for 30 min at 4 to 100°C under standard 
enzyme assay condition. For thermal stability (■) of B. licheniformis C108 endoglucanase, the enzyme 
was pre-incubated at temperatures for 15 min at optimum pH (10.0) and the remaining activity was 
determined under standard enzyme assay condition. 
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Figure 3. Effect of pH on the stability of B. licheniformis C108 endoglucanase. For 
determination of pH stability of CMCase, the enzyme was pre-incubated in buffers at 

30°C for 60 min (•) and 24 h (■). The buffers used were sodium-phosphate buffer (pH 
6.0 to 8.0), Glycine-NaOH buffer (pH 9.0 to 10.0), and Borax-NaOH buffer (pH 11.0). 
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Figure 4. Effect of NaCl on activity of B. licheniformis C108 endoglucanase (a) and salt concentration on 

the stability of B. licheniformis C108 endoglucanase (b). Enzyme was pre-incubated for 60 min in different 
NaCl concentration and the remaining activity was determined under standard enzyme condition. 

 
 
 

glucanase stability, different NaCl concentrations were 
used (Figure 4 b). Cellulase stability was tested by pre-
incubating the enzyme at 30°C, pH 10.0 for 60 min at 
determined salt concentration. The enzyme retained its 
activity over 80% in 3 and 5% NaCl concentration. The 
enzyme was not affected by 7% NaCl whereas little 
activatory effect was obtained with 10% NaCl. The 
enzyme retained its activity around 9% with 15% of NaCl 
which was higher than that of 3 and 5% NaCl. 

Effect of additives on enzyme activity 
 
The enzyme was incubated at 30°C for 15 and 60 min at 
different concentration of the metal ions and various 
chemicals prior to standard enzyme assay condition. The 
activities measured were expressed as remaining activity 
as shown in Table 1. The activity of the enzyme was re-
duced to 62% by EDTA (5 mM) within 15 min. Enzymatic 
activity was highly reduced (23%) when incubation lasted  
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Table 1. Effect of additives on the activity of CMCase produced by B. licheniformis C108. 
 

Effector Concentration 
Relative enzyme activity (%) 

15 min 60 min 

EDTA 5 mM 53.42 22.89 

SDS 1% 20.53 11.58 

Triton X-100 1% 28.95 13.95 

CaCl2 5 mM 42.11 56.58 

ZnCl2 5 mM 20.53 20.26 

KCl 5 mM 17.63 32.11 

Na2SO3 5 mM 47.37 39.47 

PMSF 5 mM 12.89 7.89 

2-Merk 1% 76.32 0.00 

Urea 8 M 19.74 3.95 
 
 
 

 
 
Figure 5. Thin layer chromatography of the end product of 

endoglucanase from B. licheniformis C108. CMC; untreated 
sample for negative control; G1, glucose; G2, maltose; C108, 
enzyme subsrate mixture. 

 
 
 

for 60 min. The enzyme was highly affected by SDS (1%) 

and Triton X-100, ZnCl2, PMSF, β- mercaptoethanol and 
urea. On the other hand, an increasing retained activity 
by time was obtained with CaCl2 and KCl. 
 
 
Analysis of the end product 
 

After 60 min incubation of enzyme and substrate mixture 
at 30°C, glucose was formed from CMC to some extent. 
But majority of the hydrolyzed products were cellobiose 
and the longer oligosaccharides (Figure 5). 

DISCUSSION 
 
Several bacterial strains were isolated that produced 
alkaline cellulases. One of these strains Bacillus sp. 1139 
was reported by Horikoshi (1999) as, producing a cellu-
lase with an optimum activity at pH 9.0. The enzyme was 
stable between the pH ranges of 6.0 and 11.0 at 4°C 
overnight (Horikoshi, 1999). B. licheniformis C108 
showed a good growth between pH 7.0 and 12.0 in the 
presence of various NaCl concentration that ranged from 
3 to 15%. Therefore, B. licheniformis C108 strain could 
be described as moderately halophilic.  

B. licheniformis C108 endoglucanase enzyme was 
optimally active at pH 10.0 which is similar to that of 
Bacillus sp. KSMN 252 (Endo et al., 2001), Bacillus sp. 
SM-635 (pH 10.0) (Ito et al., 1989) and Bacillus sp. HSH-
810 (Kim et al., 2005). Mainly, the reported alkaline 
cellulases from Bacillus sp. present an optimum activity 
from 40 to 70°C (Kim et al., 2005; Hakamada et al., 1997; 
Ito, 1997; Christakopoulos et al., 1999; Mawadza et al., 
2000). Within 30 min, the optimum temperature of the 
C108 was 30°C, which is one of the lowest temperatures 
reported to date, and it is lower than the cellulases from 
fungi (Murashima et al., 2002; Saha, 2004). The highest 
mean activity of B. licheniformis C108 endoglucanase 
enzyme was observed as 90% both between 20 and 
60°C and pH 6.5 to 10.5. Endo et al. (2001) have also 
indicated that, over 80% of endoglucanase enzyme 
activity was observed between pH 8.0 and 11.0. The 
temperature study projected that, the C108 enzyme was 

highly stable even at 100°C with 62% of the remaining 
activity presenting better stability than that of Hakamada 
et al. (1997, 2002), Singh et al. (2001) and Endo et al. 
(2001) findings. The remaining activity was almost 100% 
with 7 to 15% NaCl. Therefore, C108 endoglucanase 
might be called halophilic because the halophilic enzy-
mes are usually inactive when the NaCl or KCl concen-
tration is less than 2 M (Madern et al., 2000). Another α-
amylase from a halophilic archeon has also displayed a 
salt demand for  its  stability  and  activity  from  2  to  4 M  



 
 
 
 
NaCl with an optimal at 3 M NaCl (Pomares et al., 2003). 
This halophilic stability and adaptation of C108 enzyme 
suggested that, more acidic surface and less hydrophobic 
core is probable (Wejse et al., 2003). C108 endoglu-
canase could be a good choice for some biotechnological 
application requiring high halostability and activity. 

The enzyme activity was inhibited completely by β-
mercaptoethanol and urea within 60 min and strongly 
inhibited by SDS, Triton X-100, ZnCl2 and PMSF. EDTA 
and CaCl2, results pointed out that the enzyme is a 
metallo enzyme and needs some metal ions for its 
activity (Table 1) (Kim et al., 2001). As a result, C108 is 
highly alkaline, thermostable and halostable endoglu-
canase with 30°C optimum temperature. Therefore, the 
enzyme has the potentials to be used in ethanol 
production processes from cellulosic biomass or waste 
treatment (Karam and Nicell, 1997).  
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