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Cellulose degrading organisms have been used for the conversion of cellulolytic materials into soluble 
sugars or solvents in several biotechnological and industrial applications. In this report, a mutant of 
Bacillus pumilus was obtained after chemical mutagenesis and screened for cellulase production. This 
mutant named BpCRI 6 was selected for its ability to produce cellulase under catabolite repression. 
Cellulase yield by BpCRI 6 was four times higher than that of the wild type under optimum growth 

conditions (pH 6.5, 25°C and Ca
2+

 1mM). In shaking flask cultures, production of cellulase by the wild 

type was completely repressed in the presence of 25 mM glucose, while BpCRI 6 strain still exhibited a 
residual cellulase production of 80 and 40% at 25 mM and 40 mM of glucose concentrations 
respectively. The mutant strain is stable and grows rapidly in liquid and solid media. Under conditions 
of catabolite repression (40 mM of glucose), the production of cellulase by this mutant is particularly 
significant when compared to Trichoderma reesei a well-known cellulase producer, which is under 
control of end-product inhibition. This is the first report of a successful catabolite repression 
insensitivity of cellulase production by a mutant of B. pumilus. 
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INTRODUCTION 

 
The potential use of cellulosic materials as renewable 
sources of carbon was recognized and accelerated after 
cellulose degrading enzymes or cellulases were identified 
(Bhat and Bhat, 1997). Up to date, the production of 
cellulase, which is one of the key enzymes for cellulose 
biodegradation has been found to be the most expensive 
step. This step takes approximately 40% of the total cost 
during ethanol production from cellulosic biomass 
(Solomon et al., 1997). The high cost of the enzyme 
production limits its industrial use in the production of 
soluble sugars. Therefore, several approaches including 
chemical mutations, UV irradiations and genetic 
engineering to obtain enhanced cellulase producing 
strains have been given a high priority in the last decade 
(Labudova and Farkas, 1983; Kotchoni and Shonukan, 
2002). The enzymatic hydrolysis of cellulosic materials is 
a slow and complex reaction. This reaction correlates  
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with the level of cellulose crystallinity (Weimer and 
Weston, 1985). Nevertheless, strains that are genetically 
improved for high level of cellulase production have been 
successfully used in a number of applications including 
animal feed, pharmaceutical and textile industries 
(Aristidou and Penttilä, 2000; Oksanen et al., 2000). 
Cellulases and hemicellulases have been evaluated for 
their ability to beneficially modify pulp and paper 
characteristics (Kibblewhite and Clark, 1996; Espana et 
al., 1998; Lin et al., 1995, Roncero et al., 2000; Suurnäkki 
et al., 2000; Torres et al., 2000) . Moreover, cellulase 
treatment of dried pulp seems to increase the relative 
bonded area of the fibrous paper network, improving 
some paper properties (Pastor et al., 2001). These are 
some practical examples promoting the usefulness of the 
enzyme.  

Although a large number of microorganisms are 
capable of degrading cellulose, only few of them produce 
significant quantities of cell-free cellulase capable of 
completely hydrolyzing crystalline cellulose in vitro. 

Cellulases for native cellulose are commercially produced 
only with strains of the fungus Trichoderma 
longibrachiatum (formerly Trichoderma reesei or T. viride) 
(Schwarz, 2001). Recently a few bacteria (Clostridium 



 
 
 

 

thermocellum, Ruminococcus albus and Streptomyces 

sp.) and actinomycetes (Thermoactinomyces sp., 
Thermomonospora curvata and Streptomyces sp.) have 

also been reported to produce cellulase (Lamed and 
Bayer, 1988; Ohara et al., 2000). However, pure 
cellulases from bacteria have not yet been commercially 
produced and standardized enzyme preparations are not 
available. Moreover, the production of cellulase in most of 
these organisms is under the control of catabolite 
repression.  

Our laboratory has been interested in the molecular 
regulation of cellulase synthesis in various 
microorganisms with the aim of isolating extracellular 
cellulase producers free from end-product inhibition. The 
use of Bacillus pumilus has been reported in industry for 
alkaline protease production (Feng et al., 2001), in 
environmental decontamination of dioxins (Hong et al., 
2001), and recently in baking industry (Nuyens et al.,  
2001). However, little is known on its ability to produce 
cellulase. In our previous study we described a chemical 
mutagenesis affecting the synthesis of cellulase in B. 
pumilus. We used a rapid screening system, to isolate 
and evaluate the ability of independent mutants that 
secrete significant amounts of cellulase (Kotchoni and 
Shonukan, 2002). In the current study we present 
evidence of a selected mutant free from catabolite 
repression. This mutant named BpCRI 6 for Catabolite 
Repression Insensitive mutant number 6, was found to 
produce cellulase in presence of high concentrations of 
glucose. We have discussed here some comparative 
characteristics of cellulase produced by BpCRI 6 strain 
with some well-known cellulase producers. 
 

 
MATERIALS AND METHODS 
 
Organism and growth conditions 
 
A glycerol stock of the wild type B. pumilus used for the source of 
cellulase synthesis in this work was provided by Omafuvbe (1998). 
Liquid cultures were made from overnight-incubated single-cells 
grown on Luria-Bertani (LB) agar plate at 37° C. In order to avoid 
studying an inherent heterogeneity of cellulase produced by the 
mutants or simply cellulase from another variant strain of B. 
pumilus, a single clone was always allowed to grow for three 
generations using a replica-plating technique before studying its 
ability to produce cellulase. All cultures and analysis were carried 
out from the third generation (G3) cells. The standard growth 
culture (SC) contained (per litre) 0.2 % (w/v) glycerol as Carbon 
source, 0.2% (w/v) carboxymethyl-cellulose (CMC) or cellobiose as 
substrates for cellulase synthesis, 10 g tryptone, 1 g K 2HPO4, 0.75 
g MgSO4, 0.75 g NaCl, in a 0.1 M KH2PO4 buffer pH 6.0. All 
chemicals for the medium and different solutions used in this work 
were from Merk’s Company (E. Merk D-6100 Darmstadt, F. R. 
Germany). 
 
 
Chemical mutagenesis and Cellulase producing mutants 

 
The chemical mutagenesis was carried out according to Kotchoni 

and Shonukan (2002). Ethyl methanesulphonate (EMS) was used 

  
  

 
 

 
as the mutagenic agent. Wild-type cells (3 ml) in the mid-logarithmic 
phase were centrifuged at 1600 g for 15 min at room temperature. 
The pellet was resuspended in 1 ml normal saline (NS) and a 
suspension of 20:1 (v/v) of NS/EMS was made. Appropriate 
dilutions were made and incubated overnight at room temperature 
to allow mutational segregation. 100 l of the culture was then 
spread on agar media and incubated overnight at 37 C. Single 
mutant clones were further grown in new plates till the third 
generation. The third generations (M3) of the mutants were replica-
plated in new plates containing CMC as sole source of carbon and 
1% (w/v) Congo red. The selection of mutants was based on the 
diameter of the clear zone surrounding the colonies in Congo red 
agar plates (Kotchoni and Shonukan, 2002). In such conditions, the 
cellulase-producing colonies use CMC (the only source of carbon) 
to grow, which was easily detected as clear zones on a red 
background.  

The wild type and the selected mutants were inoculated into 200 
ml SC in separate 500 ml Erlenmeyer flasks containing different 
concentrations of either CMC or cellobiose. For conditions of 
catabolite repression, this inoculation process was repeated with 
increasing concentrations of glucose. The cultures were incubated 
at 25°C while shaking at 250 rpm. After 2 hours of growth, 2 ml 
samples were periodically removed to examine cell growth and 
cellulase production. The effects of some compounds such as 2,4-
dinitrophenol (DNP), ethylene diamine tetraacetic acid (EDTA), and 

Ca
2+

 on enzyme production under SC conditions were also tested. 

 
Enzyme Assay 
 
After incubation, cultures were centrifuged at 1600 g for 15 min 
(25°C) and supernatants were used as source of crude enzymes. 
The crude enzymes were precipitated from the supernatant using 
561 g of (NH4)2SO4 per litre, which is equivalent to 80 % saturation. 
The precipitation was performed at room temperature (25°C) and 
later kept at 4°C for 24 h. The precipitates were obtained after 
centrifugation and then resuspended in 30 ml of 0.1 M phosphate 
buffer (pH 6.5). These were then dialyzed against three changes of 
the same buffer for 24 h at 4°C to remove traces of (NH4)2SO4. The 
cellulase activity was determined by quantifying the reducing sugars 
liberated during growth according to the Somogyi -Nelson Method 
(Somogyi, 1944). One unit of cellulase activity (IU) is defined as the 
amount of enzyme that liberates one µmol of glucose equivalent per 
minute. The mixture for the enzyme assay was made of 1:1 
enzyme:CMC (0.2%(w/v)) or enzyme:Cellobiose (0.2%(w/v)), in 0.1 
M phosphate buffer (pH 6.0) and incubated at 45°C for 1 h. The 
enzymatic reaction was stopped by adding one volume of a 
combined copper and arsenomolybdate reagents (CAR) i.e. 1 ml of 
CAR for 1 ml of enzyme-substrate solution as described by 
Somogyi (1944). 

 
Basic characterization of the enzyme activity 
 
In order to assess the optimum conditions for enzyme activity (pH, 
temperature and heat stability), we analyzed the effect of a number 
of biochemical factors on the enzymatic reactions. For the 
estimation of optimum pH, the enzyme was mixed with substrates 
at different pH levels (pH 4.0 to 9.0). These substrates were 
prepared in two buffer solutions: citrate-phosphate buffer (0.1 M 
citric acid, 0.2 M Na2HPO4, pH 4.0 to 7.0), and Tris buffer (0.1 M 
Tris-HCl, pH 7.5 to 9.0). For optimum temperature, the enzyme was 
incubated with substrates for 30 min at various temperatures 
between 30 to 90°C before assaying for the cellulase activity. For 
temperature stability, the enzyme was incubated in the standard 
buffer at different temperatures ranging from 50 to 90°C for 15 min 
and the tubes were immediately placed in ice for 5min before 
adding the substrates and assaying for the cellulase activity. 
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Figure 1. Growth and cellulase production by the wild strain of B. pumilus (a) and BpCRI 6 mutant (b). 0.2% (w/v) CMC was used to induce 

the enzyme synthesis within the strains. Cel.act: Cellulase activity. 

 
 
 

 
Table 1. Effects of some chemical compounds on cellulase production by the wild type and BpCRI 6 mutant. 

 

Chemical    Cellulase activity (IU/ml)    
 

compound Concentration  WT   BpCRI 6  
 

treatment* 
         

 CMC  Cellobiose  CMC  Cellobiose 
 

SC (control)  0.30 ± 0.04  0.15 ± 0.01 1.20 ± 0.5  0.85 ± 0.06 
 

Ca2+ 1 mM 0.39 ± 0.05  0.17 ± 0.02 1.90 ± 0.6  1.20 ± 0.10 
 

EDTA 1 mM 0.24 ± 0.00  0.00 ± 0.00 0.50 ± 0.06  0.22 ± 0.03 
 

NDP 1 mM 0.00 ± 0.00  0.00 ± 0.00 0.28 ± 0.02  0.10 ± 0.01 
 

Ca2+/EDTA 1 mM/1 mM 0.20 ± 0.00  0.00 ± 0.00 0.30 ± 0.06  0.17 ± 0.01 
 

Ca2+/NDP 1 mM/1 mM 0.00 ± 0.00  0.00 ± 0.00 0.15 ± 0.05  0.08 ± 0.002 
  

*The chemical compound treatments were carried out for 24 h to allow maximum cellulase production by the strains. 
 

 
Statistical analysis 
 
Data presented are the averages of three replicates (±SE) obtained 

from three independent experiments. Analysis of variance for all 

data was carried out using SigmaStat 2.03 computer program. 
 

 

RESULTS 

 

Cellulase production by the wild type and the mutant 

strain BpCRI 6 

 
After the chemical mutagenesis, a mutant strain BpCRI 6 

was isolated for its ability to produce significant amounts 
of cellulase on agar plates. The selection of this cellulase- 

producing strain was based on the diameter of the clear 
zone surrounding the colonies on the plate-screening 

medium. This screening step was found to give fairly 
reliable indication of exhibited cellulolytic activities. The 
BpCRI 6 clone and the wild type were further assessed in 

shaking flask cultures under conditions of catabolite 
repression. No significant differences were observed in 
the growth of both wild type and BpCRI 6 

 
 

 

strain as shown in Figure 1. However, BpCRI 6 mutant 

exhibited significantly higher production of cellulase than 
the wild type strain under SC condition. This result 
indicates that the enhancement of cellulase production in 
BpCRI 6 is not due to an increase in cell growth but is 

only due to the chemical mutagenesis affecting the 
synthesis of cellulase within the strain.  

The mutant strain BpCRI 6 secreted approximately four 
times more cellulase than the wild type when grown in SC 
conditions. As shown in Figure 1 the rate of the enzyme 
production in the medium was found to be stationary 
growth-phase dependent in the wild type and exponential 
growth-phase dependent in BpCRI 6. The optimum 
production of cellulase (0.3 U/ml) in the wild type 
appeared at 24 h of growth, while that of BpCRI 6 (1.2 
U/ml) appeared at 19 h (Figure 1). Unlike the wild strain, 
BpCRI 6 exhibited an improved cellulase production 
within a shorter growth-time, and was therefore referred 
to as an improved strain for cellulase synthesis. The 
production of cellulase was enhanced in presence of 

Ca
2+

 (1.0 mM) but reduced in presence of EDTA and 

DNP (Table 1). DNP showed a higher inhibitory effect on 
cellulase synthesis followed by EDTA. 
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Figure 2. Production of cellulase under conditions of catabolite repression. a: Enzyme production in presence of 0.2 % (w/v) CMC and  
different concentrations of glucose. b: Enzyme production in presence of 0.2 % (w/v) Cellobiose and different concentrations of glucose. 
 
 
 
 

Table 2. Enhanced cellulase production under conditions of catabolite repression in a combined WT-BpCRI 6 strain community. 
 

Growth conditions 

  Cellulase activity (IU/ml)  
 

Substrates WT 
 

BpCRI 6 
 

WT + BpCRI 6 
 

   
 

SC (control) 

CMC 0.30  0.08  1.22  0.11  2.25  0.18 
 

Cellobiose 0.18  0.09  0.81  0.09  1.66  0.11 
 

SC + 40 mM 
CMC 0.00  0.00  0.47  0.06  0.98  0.08 

 

Cellobiose 0.00  0.00  0.19  0.01  0.57  0.04 
 

glucose       
  

The cell cultures were incubated for 24 h to allow maximum cellulase production in the wild type. 
 
 

 

Cellulase production under catabolite repression 

 

Figure 2 shows the enzyme activity on 0.2% (w/v) CMC 
or cellobiose at different glucose concentrations. The 
cultures were incubated for 24 h to obtain an optimum 
production of the enzyme. At 10mM glucose 
concentration, the mutant strain BpCRI 6 exhibited 

approximately ten times higher activity on CMC than the 
wild type (Figure 2a), and approximately 6 times higher 
on cellobiose than the wild type (Figure 2b). These 
represent approximatively 80 % of the mutant’s ability to 
produce cellulase in the absence of glucose, which 
means that the mutant loses only 20 % of its cellulase 
production ability under catabolite repression (Figure 
2a,b). At 20 mM glucose concentration, no cellulase 
activity was detected in the wild type, indicating a 
complete repression of the enzyme synthesis, but BpCRI 
6 strain still produced significant amount of cellulase (0.9 

U/ml on CMC, and 0.5 U/ml on cellobiose) under the 
same condition (Figure 2a,b). The production of cellulase 
was repressed in both wild type and BpCRI 6 under 
conditions of catabolite repression. Nevertheless, the 

 
 
 

 

level of repression in BpCRI 6 was significantly lower 

compared to that of the wild type (Figure 2). Interestingly, 

a higher cellulase activity was detected under condition of 

catabolite repression (40 mM glucose) when we 

combined the wild type and BpCRI 6 strain in the same 

culture (Table 2). We were able to double the production 

rate of cellulase through such stable microbial 

combination in presence of high concentration of glucose. 
 
 
Characterization of the cellulase produced by BpCRI 

6 and wild type 
 
The optimum pH for BpCRI 6 enzymatic reaction was 

detected at pH 6.5 (Figure 3a,b). When BpCRI 6 was 

stored overnight at 4°C and at pH value between 6.0 and 

6.5, no loss of activity was observed (results not shown). 

Outside this pH values the enzyme activity dropped to 20  
%. The cellulase from BpCRI 6 displayed its optimum 

activity at 50°C, which dropped to 80 % at 70°C and 

further to 30 % at 80°C both on CMC and cellobiose 

(Figure 3 c,d). Comparatively, the wild type cellulase 
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Figure 3. Optimum conditions for cellulase activity produced by BpCRI 6 and wild type. Optimum pH for the enzyme activity on CMC (a); and 

on cellobiose (b). Optimum temperature for the enzyme activity on CMC (c), and on cellobiose (d). Heat-stability of the enzyme and residual 

activity on CMC (e), and on cellobiose (f). 
 
 

displayed similar biochemical characteristics (optimum 

pH 6.5, optimum temperature 50°C) to that of BpCRI 6 

strain (Figure 3 a,b,c,d). In optimum conditions (pH 6.5, 

 

 

Temperature 50° C), the purified enzyme from BpCRI 6 

strain showed high activity toward CMC (1.2 U/ml) and 

relatively low activity toward cellobiose (0.82 U/ml). The 



 
 
 

 

thermostability of BpCRI 6 cellulase was studied for 15 

min. Results show that 40 % of the original activity was 

retained after heat treatment at 80°C while the wild type 

enzyme lost its activity under similar conditions (Figure 3 

e,f). 
 
 
DISCUSSION 

 

There have been many efforts to generate 
microorganisms with high ability to produce cellulase that 
can degrade native cellulose (Aristidou and Penttilä, 
2000). However, no potential cellulase producers have 
been reported from the genus Bacillus to date. A mutant 
of B. pumilus obtained in this study produced promising 
amounts of cellulase and can therefore extend the 
cellulase producer families into the genus B.. This mutant 
(BpCRI 6) presents several advantages such as high 
activity in presence of substrates like CMC and cellobiose 
and enhanced production of cellulase under catabolite 
repression. How EMS triggered the catabolite repression 
insensitivity in this mutant is not yet elucidated. To our 
knowledge, this is the first report on a successful 
cellulase producer mutant using B. pumilus. This is also 
very promising since most cellulase-producing organisms 
are under the control of catabolite repression (Coughlan, 
1985; Hrmova et al., 1991). Further molecular studies on 
BpCRI 6 will be necessary to reveal the mutation.  

The most widely used organisms for cellulase 
production, namely T. reesei have shown several 
disadvantages such as catabolite repression of the 
enzyme biosynthesis due of cellobiose, and deficiency in 
-glucosidase (cellobiase) leading to accumulation of 
cellobiose (Durand et al., 1988). However, BpCRI 6 
mutant produces significant amounts of cellobiase, which 
can be further improved by controlled culture conditions 
and genetic approaches. A mixture of culture containing a 
cellulolytic and a noncellulolytic strain has been reported 
to be the best condition for degrading cellulose (Lewis et 
al., 1988). As demonstrated in Table 2, we observed an 
improvement in cellulase synthesis in a combined wild 
type-BpCRI 6 culture. We therefore suggest that a 
combined microbial community of BpCRI 6 strain and a 
well-known cellulase producer such as T. reesei could be 
a promising way to alleviate completely the catabolite 
repression and thereby achieving a higher biodegradation 
efficiency for natural cellulosic materials. In addition, 
mutant BpCRI 6 has proved to be very stable, showing 
little or no reversion, and grows rapidly in both liquid and 
solid media.  

Most research has been focused on controlled culture 
conditions leading to significant amount of the enzyme 
synthesis. Only few data are available on the signalling 
transduction mechanisms leading to upregulation of 
cellulase encoded genes. The enzyme synthesis by 

BpCRI 6 was increased under Ca
2+

 treatment and 

considerably reduced under DNP and EDTA (Table 1). 

  
  

 
 

 

We suggest from these findings that overexpression of 
the cellulase genes within this strain could be under the 

control of Ca
2+

-channel signalling pathways. EDTA is a 

known metal-complexing agent chelating inorganic 

groups such as Ca
2+

 and thereby reducing the production 

ability of the organism. DNP however, has been reported 
as an uncoupler for oxidative phosphorylation (Ali and 
Sayed, 1992) indicating that a series of 
phosphorylation/dephosphorylation steps might play a 
crucial role in signalling transduction leading to cellulase 
synthesis in the mutant. The involvement of 

Ca
2+

/calmodulin-dependent kinase in the transcription 

and secretion of endoxylanase II in T. reesei (March et 
al., 1998) supported our findings indirectly. These data 
point to the involvement of probable phosphorylation 
cascade mediating the transcription machinery of the 
cellulase gene. As little is known on how EMS triggered 
the upregulation of the enzyme synthesis, research in this 
field would make a major contribution to improve the 
production rate of cellulase particularly in this strain and 
in bacteria in general. 
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