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ABSTRACT  
 
 Maximum cellulase partial purification was achieved with 80 % (NH4)2SO4 precipitation. The Km and 
Vmax values were calculated for CMCase, FPase & β-glucosidase. It was found that Km values (0.92±0.28, 3.70, 
0.55± 0.17 %) & (0.59±0.24, 3.86±0.39 & 0.65±0.14 %) and Vmax values (4.27± 0.73, 2.50 & 6.34±1.22 U/ ml) 
& (3.53±0.60, 2.22 & 7.42±1.04 U/ ml) for Bacillus alcalophilus S39 and B. amyloliquefaciens C23, 
respectively. It was found that the enzymes activity has a broad pH range between 4.8 and 5. The optimum 
temperature of the enzymes was observed to be around 50 °C, and 97 - 98 % of the original activity was retained 
after heat treatment at 80 °C for 15 min. The enzymes activity was stimulated by Ca++ & Co++, weak inhibition 
of cellulases with EDTA, Cu++, Acetone & Methanol, SDS & ethanol was the strongest inhibitor and the 
enzymes had no effect with Na+, Mn++, Tween 80 and Mg++. Analyses of the enzyme preparation by SDS-PAGE 
revealed two protein bands showing cellulolytic activity. The molecular weight of these bands was estimated to 
be around 66.49 and 28.47 KDa for Bacillus geneus. 
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Introduction 
 

Cellulose is commonly degraded by an enzyme called cellulase. Cellulases are relatively costly 
enzymes, and a significant reduction in cost will be important for their commercial use in biorefineries. 
Cellulase-based strategies that will make the biorefinery processing more economical include: increasing 
commercial enzyme volumetric productivity, producing enzymes using cheaper substrates, producing enzyme 
preparations with greater stability for specific processes, and producing cellulases with higher specific activity 
on solid substrates (Zhang et al. 2006).  Cellulase is an inducible enzyme complex involving synergistic action 
of endoglucanase or carboxymethycellulase (CMCase), exoglucanase and Cellobiase or β-glucosidases (Bhat 
2000 and Zaldivar et al. 2001). Cellulose biodegradation by cellulases and cellulosomes, produced by numerous 
microorganisms, represents a major carbon flow from fixed carbon sinks to atmospheric CO2 (Falkowski et al. 
2000, Melillo et al. 2002 and Berner 2003), is very important in several agricultural and waste treatment 
processes (Angenent et al. 2004, Das & Singh 2004, Haight 2005 and Schloss et al. 2005) and could be widely 
used to produce sustainable biobased products and bioenergy from less costly renewable lignocellulosic material 
to replace depleting fossil fuels and reduce environmental pollution (Demain et al. 2005, Moreira 2005 and 
Reddy & Yang. 2005). The production of cellulases by wild type cells of Bacillus pumilus (Kotchoni and 
Shonukan 2002), Cellulomonas biazotea (Rajoka 1998) and Trichoderma aureoviride (Zaldivar et al. 2001) in 
liquid media did not exceed 1.5 U/ml. Production of filter paper cellulase (FPase), endo-β-glucanase and β-
glucosidase by Cellulomonas biazotea was investigated during growth on different cellulosic substrates (Rajoka 
and Malik 1997). Bacteria such as Clostridium thermocellum, Ruminococcus albus, Streptomyces sp. and 
actinomycetes (Thermoactinomyces sp., Thermomonospora curvata and Streptomyces sp.) have also been 
reported to produce cellulose (Lamed & Bayer 1988 and Ohara 2000). However, pure cellulases from bacteria 
have not yet been commercially produced and standardized enzyme preparations are not available. Moreover, 
the production of cellulase by most of these organisms is under the control of catabolite repression.  

The present study was carried out to screen extracellular cellulytic enzymes from two bacterial strains 
(Bacillus alcalophilus S39 and Bacillus amyloliquefaciens C23) and characterization of cellulases activites. 
 

Materials and Methods 
 
Isolation and identification of cellulase producing bacteria 

 
The bacterial isolates used in this study were collected from compost and soil. Isolates were purified and 

screened for their cellulase activity using carboxymethyl cellulose (CMC) agar medium. The CMC agar plates 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V24-4CRY64R-3&_coverDate=03%2F31%2F2005&_alid=450747516&_rdoc=1&_fmt=&_orig=search&_qd=1&_cdi=5692&_sort=d&view=c&_acct=C000060233&_version=1&_urlVersion=0&_userid=3675949&md5=cb1905dab71a4368009fade18cdda277
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of isolates obtained from soil and compost were incubated at 30 and 45 ºC respectively for 72 h to allow for the 
secretion of cellulases. After incubation, the agar plates were flooded with an aqueous solution of congo red 
(1%) for 15 min., the congo red solution was then poured off and the plates were washed with 1 M NaCl for 15 
min., positive cellulytic isolates were detected based on the clear zone of hydrolysis on CMC agar plates. The 
ratio of the clear zone diameter to colony diameter was measured in order to select for the highest cellulase 
activity producer. The largest ratio was assumed to contain the highest activity. The two most efficient bacterial 
isolates of the selected cellulytic producers were distinguished as potent cellulase were picked up for further 
identification according to their cultural, morphological and biochemical characteristics based on Bergey's 
Manual of Systematic Bacteriology (Claus & Berkeley 1986) and Biolog Automated System was used.  
 
Media used 
 

Nutrient agar (Difco Manual 1984) was used for the maintenance of bacterial strains.  
Carboxymethyl cellulose medium recommended by Ray et al. (2007) was used for cellulases production. It has 
the following composition (g/l): Carboxymethylcellulose (CMC), 10; Tryptone, 2; KH2PO4, 4; Na2HPO4, 4; 
MgSO4.7H2O, 0.2; CaCl2.2H2O, 0.001; FeSO4.7H2O, 0.004; Agar, 15 and pH adjusted to 7. 
 
Inoculum preparation and fermentation process 
 

For preparation of standard inoculum, both strains were cultured in nutrient broth individually at 30 ºC 
for 24 h where an average viable count of 3.5 - 4.3 ×106 viable cells / ml culture broth was obtained. This was 
used as the inoculum for the production medium. Fermentation was carried out in 250 ml plugged Erlenmeyer 
flasks, each containing 50 ml sterile production medium and inoculated with 3% of standard inoculum 
(containing about 3.5 ×106  and  4.3 ×106  cells / ml for B. amyloliquefaciens C23 and Bacillus alcalophilus S39, 
respectively). The inoculated flasks were incubated at 30 and 45 ºC for strain S39 and strain C23, respectively on 
rotary shaker at 150 rpm for 72 h. 

 
Preparation of crude enzyme 

 
After incubation, cultures were centrifuged at 1600 g for 15 min at 4°C and supernatants were used as 

source of crude enzymes. The crude enzyme solution was utilized for determination of enzyme activities 
(Kotchoni et al. 2003). 

 
Partial purification of cellulase 

Ammonium sulphate precipitation 
 

The proteins in the crude preparation were precipitated by the addition of solid ammonium sulphate to 
(20 - 80%) saturation. The precipitate was allowed to form at 4° C for 24 h, and was collected by centrifugation 
at 4000 g in a cold centrifuge at 4° C for 30 min. 

 
   Dialysis 

 
The precipitate collected from each source was dissolved individually in small amount of sodium acetate 

buffer (0.2 M) at pH 5.5 and were dialyzed against the same buffer overnight at 4°C with two times changes of 
the buffer. 

 

 Enzyme assays procedures 

a) Carboxymethyl-cellulase(CMCase) activity 
 
 CMCase activity was assayed using a method described by Mandels and Weber (1969). The activity was 

estimated using 1 % solution of carboxymethlycellulose (CMC) in 0.05 M citrate buffer (pH 4.8) as substrate. 
The reaction mixture contained 1 ml citrate buffer, 0.5 ml of substrate solution and 0.5 ml of suitably diluted 
enzyme solution. The reaction was carried out at 50°C for 30 min. The amount of reducing sugar released in the 
hydrolysis was measured. One unit of CMCase activity was expressed as 1 μ mol of glucose liberated per ml 
enzyme per minute. 
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b) Filter-paperase (FPase) activity 
  
The activity of FPase was assayed according to the method explained by Mandels and Weber (1969). This 

method is similar to the CMCase assay method, but the substrate was Whatman No. 1 filter paper strip (1 x 6 
cm) soaked in 1 ml 0.05 M sodium citrate buffer (pH 4.8). The samples were incubated with 0.5 ml enzyme 
solution at 50°C for 1 h, the reducing sugars liberated during growth were determined. One unit of FPase 
activity was determined as 1 μ mol of glucose liberated per ml enzyme per minute. 

 
c) β-Glucosidase activity 

 
One-tenth ml of the culture supernatant was incubated with 0.5 ml of 0.05 M acetate buffer (pH 5) 

containing 2.5 mg cellobiose. After incubation at 50 ºC for 10 min the glucose released was measured by the 
glucose oxidase peroxidase method  (Zaldívar et al. 2001). 

 
Determination of reducing sugars 
 

The total amount of reducing sugars was determined using potassium ferricyanide method, as described by 
Park and Johnson (1949). 

 
Determination of total protein 

 
The protein concentration of the crude as well as that of the partial purified enzyme was determined by the 

method of  Bradford (1976) using bovine serum albumin (BSA) as standard. 
 

Characterization of the Enzymes 
 
Substrate concentration 
 
 The effect of substrate on cellulases activity was studied for the following parameters:  
  
a) Determination of Vmax and Km 

 
 For assaying CMCase, CMC was used as substrate with variable amounts (0, 2.5, 5, 7.5, 10, 12.5, 15, 
17.5 & 20 mg/ml) of 1% CMC, filter paper was used as substrate for assaying FPase with different 
concentrations (0, 12.5, 25, 37.5, 50, 62.5, 75, 87.5 & 100 mg/ml) and cellobiose was used as substrate for 
estimating β-Glucosidase with varying concentrations (0, 1, 2, 3, 4, 5, 6, 7, 8, 9 & 10 mg/ ml). The data obtained 
were plotted according to Lineweaver-Burk, Eadie-Hofstee and Hanes-Wolf plot as described by Price and 
Dwek (1986).  

  
b) Determination of specificity constant 

  
The specificity constant of the cellulase was calculated as follows:   Vmax /Km. 

 
Optimal pH for cellulases activity  

 
The enzyme was mixed with substrates at different pH levels (pH 3 to 8) for 30, 60 and 10 min for 

CMCase, FPase and β-Glucosidase, respectively to assay its optimal pH. 
 

Optimal temperature for cellulases activity  
 

The enzyme was incubated with substrates at various temperatures ranged from 20 to 80°C for 30, 60 and 
10 min for CMCase, FPase and β-Glucosidase, respectively to estimate the optimal temperature enzyme 
activity. 

 
Effect of heat stability on cellulases activity 

 
The enzyme was incubated in the standard buffer at 40, 50, 60, 70 and 80°C for 15 min and reaction 

tubes were placed in ice. Thereafter the activity was assayed. 
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Effect of chemical reagents on enzyme activity 
 

The effect of chemical reagents on reaction velocity catalyzed by cellulase enzymes complex were 
determined using some chemical compounds such as: EDTA, SDS, Tween 80 (0.1%, final concentration), metal 
ions such as: Ca++, Co++, Cu++, Mg++, Mn++ and Na+ (1 mM, final concentration) and some organic solvents (20 
%, v/v; final concentration) such as: acetone, ethanol and methanol on the cellulase activity was studied using 1 
% CMC as substrate (Korish, 2003). The substrate-chemical reagents mixture was incubated at room 
temperature for 1 h before it was used in enzyme assay.  

 
 Molecular Weight of protein enzyme 
 

Polyacrylamide gel analysis was used to determine the molecular weight of the cellulase enzyme.  The 
gel was analyzed by gel documentation Alpha Ease FC 4.0 software (Alpha Innotech Corp. San Leandro, CA). 
Then the molecular weight of individual enzyme fractions was determined by referring the molecular weight of 
the marker. 

 

Results and Discussion 

Screening and Identification of Cellulytic Producers 

Screen of bacterial isolates for cellulases activities was conducted by using the Congo red test as a 
preliminary study for selecting cellulases producers. After 72 hrs of incubation, all 48 isolates collected from 
soil and 47 isolates obtained from compost showed signs of growth on CMC agar and demonstrated positive 
results in the Congo red test. Since the sole carbon source in CMC agar was carboxymethyl cellulose, therefore 
the result of the test was a strong evident that cellulases was produced in order to degrade cellulose. Regarding 
to their cultural and morphological characteristics based on Bergey's Manual of Determinative Bacteriology 
(1984), isolates were belonged to the genus Bacillus. They were rod-shaped, aerobic, spore forming, gram-
positive, acid fastness, motile and according to Claus & Berkeley (1986). The two bacterial strains were 
identified by Biolog Automated System as Bacillus alcalophilus S39 and Bacillus amyloliquefaciens C23 
isolated from soil and compost respectively, which gave the highest ratios of clear zone diameter to colony 
diameter being 3.52 and 3.50 cm, respectively for cellulose degradation. Bacillus spp. are common in compost 
and produce the alkaliphilic properties of cellulases (Dees & Ghiorse, 2001 and McCaig et al. 2001). In 
addition, that isolated thermophilic Bacillus strains with cellulolytic activities, similarly cellulolytic properties 
of bacterial species like Pseudomonas, Cellulomonas, Bacillus, Micrococcus, Cellovibrio and 
Sporosphytophaga spp. (Mawadza et al. 2000 and Immanuel et al. 2006). 

  
Partial purification of cellulase enzyme through ammonium sulfate (NH4)2SO4 

 
Cellulases produced by Bacillus alcalophilus S39 and B. amyloliquefaciens C23 were partially purified by 

the addition of ammonium sulphate (NH4)2SO4 into the crude enzyme extract followed by dialysis. Maximum 
cellulases partial purification was achieved with 80% (NH4)2SO4 precipitation. Data are recorded the specific 
activity of CMCase being 1.20 and 1.12, with 2.13 and 2.00 fold increase after purification, FPase being 0.73 
and 0.64, with 2.61 and 2.34 fold increase after purification and β-glucosidase was 1.68 and 1.62, with 2.00 and 
1.97 fold increase after purification for Bacillus alcalophilus S39 and B. amyloliquefaciens C23, respectively 
(data not shown). Obtained results are in disagreement with those obtained by Shafique et al. (2004) found that 
the exoglucanse produced by Bacillus subtilis was partially purified by the addition of (NH4)2SO4 into the crude 
enzyme solution. Maximum exoglucanase purification was achieved with 20% (NH4)2SO4 precipitation. The 
analysis of residual enzyme protein yielded 0.094 and 0.12 mg/ml protein in supernatants and residues, 
respectively. Specific activity of exoglucanase was 230.93 and 229.95 for residue and the supernatant, with 1.51 
and 1.50 fold increases after purification, respectively. Partial purification with ammonium sulphate showed that 
the protein fraction obtained at 20 - 40% ammonium sulphate saturation was most suitable for enzymes recovery 
(Fadel, 2000). 

 
Characterization of the cellulase enzyme 
 
Substrate concentration 
 

To study the effect of substrate concentration on the velocity of the partialy purified enzyme the 
following experiment was run. The Km and Vmax values were determined by using the different equations. This 
was carried out to evaluate the relation between nonlinear regression using Michaelis-Mentent Plot equation and 
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its derivatives: Hanse-Woolf Plot, Eadie-Hofstee Plot and Lineweaver-Burk Plot. Results are presented in Table 
1. The results for the different enzymes are disused individually: a) CMCase exhibited an affinity toward 
carboxymethyle cellulose (CMC)  substrate where, Km were 0.92±0.28 & 0.59±0.24 %; and Vmax were 4.27± 
0.73 & 3.53±0.60 U/ ml for Bacillus alcalophilus S39 and B. amyloliquefaciens C23, respectively. b) FPase 
exhibited an affinity toward filter paper as substrate since, Km values were 3.70 & 3.86±0.39 %; and Vmax were 
2.50 & 2.22 U/ ml for Bacillus alcalophilus S39 and B.  amyloliquefaciens C23, respectively. c) β-glucosidase 
exhibited an affinity toward cellobiose as substrate since, the values of Km were 0.55± 0.17 & 0.65±0.14 %; and 
Vmax were 6.34±1.22 & 7.42±1.04 U/ml for Bacillus alcalophilus S39 & Bacillus amyloliquefaciens C23, 
respectively. For most enzyme catalyzed reactions, the Km and Vmax are important parameters and these depend 
on several rate constants. Similar to our observations, Waksman (1991) found that Km value of 8.7 mg/ml was 
obtained for the endoglucanase from Sclerotinia sclerotorium. Lin and Stutzenberger (1995) also produced β-
1,4 endoglucanase of Thermophilic actinomycete and found that Km value equal to 7.33 mg/ml. 

 
Table 1: Different techniques for calculating Km and Vmax values for partialy purified Bacillus alcalophilus S39 and B. amyloliquefaciens 

C23 cellulases.  

Strains Cellulase 

Lineweaver-Burk Plot Eadie-Hofstee plot Hanse-Woolf Plot 

Km 
(%) 

Vmax 
(U/ 
ml) 

specificity  
constant  
Vmax/ 
Km 

Km 
(%) 

Vmax 
(U/ 
ml) 

specificity  
constant  
Vmax / 
Km 

Km 
(%) 

Vma

x 
(U/ 
ml) 

specificity  
constant  
Vmax / Km 

Bacillus 
alcalophilus 

S39 

CMCase y = 2.4686 x + 0.1999 y = -8.9358x + 4.2245 y = 0.234x + 2.1594 
1.20 5.00 4.17 0.89 4.22 4.74 0.92 4.27 4.64 

FPase y = 14.8 x + 0.3996 y = -36.009x + 2.481 y = 0.3985x + 14.755 
3.70 2.51 0.68 3.60 2.45 0.68 3.70 2.51 0.68 

β-glucosidase y = 0.8685 x + 0.1585 y = -5.388x + 6.3435 y = 0.1323x + 0.951 
0.72 7.56 10.5 0.54 6.34 11.7 0.72 7.56 10.5 

Bacillus 
amyloliquefaciens 

C23 

CMCase y= 2.009 x+0.2423 y= -5.8635 x+3.5275 y= 0.3043 x+1.483 
0.83 4.13 4.98 0.59 3.53 5.98 0.49 3.29 6.71 

FPase y= 18.263 x+0.4299 y= -38.628 x+2.2226 y= 0.4549 x+17.252 
4.25 2.33 0.55 3.86 2.22 0.58 3.79 2.20 0.58 

β-glucosidase y= 0.9357 x+0.1182 y= -6.4767 x+7.4177 y= 0.1347 x+0.8762 
0.79 8.46 10.7 0.65 7.42 11.4 0.65 7.42 11.4 

 
Effect of pH on cellulase activity 

 
It was observed that the enzymatic activity has a broad pH range from 3 to 9. The used buffer for 

CMCase & FPase was 0.05 M citrate buffer (pH 4.8) while 0.05 M acetate buffer (pH 5) for β-glucosidase. 
Results are illustrated in Fig.1 show that the optimum pH from 4.8 to 5 achieved the highest activities for 
CMCase and FPase with 100% relative activity, while the highest β-glucosidase activity was found at pH 5 with 
100% relative activity. These data indicated that the enzyme was not an alkaline enzyme because it loosing the 
activity at pH from 7 to 9. Results are in line with those of André et al. (2005) and Onsori et al.  (2005) found 
that endoglucanase from Bacillus pumilus was shown to be active at a pH ranging from pH 5 – 8. A previous 
report Kotchoni et al. (2006) also found that the enzyme is not an alkaline one because of lost activity more than 
65% of its activity at pH 8 to 9. 

 

 
Fig.1. Effect of pH range on cellulases activity produced by B. alcalophilus S39 and B. amyloliquefaciens 

C23. 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lin%20SB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stutzenberger%20FJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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Effect of temperature on cellulases activity 
 

The enzyme reaction velocity was increased by increasing temperature from 20 to 50°C, and then 
decreased at 60°C. The optimum temperature for Bacillus alcalophilus S39 and B. amyloliquefaciens C23 was 
50°C, which dropped at 70 and 80°C. At 50°C all the three enzymes (CMCase, FPase and β-glucosidases) show 
maximum activities, but FPase was active between 40 and 50°C (Fig. 2). These data are in agreement with 
findings obtained by Kotchoni et al. (2003) who found that the cellulases from the wild type Bacillus pumilus 
and BpCRI 6 mutant 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.  
 

 
Fig.2. Effect of temperature on cellulases activity produced by B. alcalophilus S39 and B. 

amyloliquefaciens C23. 
 
Effect of heat stability on cellulases activity 
 

The thermostability of the enzyme was studied by heating the enzyme at different temperatures (30-
80°C) for 15 min. Results are illustrated by Fig. 3 clearly show that cellulase enzymes were stable at 
temperature 30°C for 15 min.  The decreasing in the thermal stability of cellulase enzymes was first recorded 
after holding the enzyme at 40°C for 15 min. On the other hand, the enzymes was destroyed by heating at 80°C 
for 15 min, as a result, (2.55, 5.49 & 1.32%) and (9.29, 18.37 & 3.32 %) of the original activity of CMCase, 
FPase and β-glucosidases by Bacillus alcalophilus S39 and B. amyloliquefaciens C23, respectively were retained 
after heat treatment at 80°C for 15 min. From previous data it can be concluded that 30°C is the suitable degree 
for enzyme storage stability. This may be due to that, no autodigestion of cellulase enzymes occurred during 
incubation period of 15 min. at 30°C. At all higher temperature, the decrease in enzymes activity may be due to 
autolysis of cellulase enzymes during incubation. Similarly, Kotchoni et al. (2003) reported that 40 % of the 
initial activity was retained after heat treatment at 80°C while the wild type for Bacillus pumilus enzyme lost its 
activity under similar conditions.  

 
Effect of chemical reagents on cellulases activity 
 

An experiment was designed to study the influence of various metal ions and some substances on 
cellulases activity which is presented as the percentage of CMCase, FPase and β-glucosidases activity compared 
to the control condition. Three chemical compounds namely, (EDTA [ethylenediaminetetraacetic acid], SDS 
[Sodium dodecyl sulphate] &Tween 80), six metal ions namely, (Ca++, Co++, Cu++, Mg++, Mn++ & Na+) and 
three organic solvents namely, Acetone, Ethanol and Methanol, were studied. Results were illustrated by Fig. 4 
show that the ions of (Ca++, Co++& Mg++), (Ca++, Co++& Tween 80) for Bacillus alcalophilus S39 & B. 
amyloliquefaciens C23, respectively enhanced the enzyme activity. However, ions of (Na+, Mn++& Tween 80) 
and (Na+, Mn++& Mg++) for Bacillus alcalophilus S39 & B. amyloliquefaciens C23, respectively have no effect 
on the enzymes activity. While, EDTA, the ions of copper (Cu++), acetone and methanol were inhibited the 
enzyme activity, and strong inhibition of cellulase was observed with SDS & ethanol. The strong inhibition was 
observed with SDS at 10 mM on endoglucanase from Bacillus circulans, also found that organic solvents 
(methanol, ethanol, acetonitrile, ethylacetate and dimethylsulfoxide) caused inhibition of the activity of cellulase 
from Chalara paradoxa at different degrees Lucas et al. (2001). Ca2+ and Mg2+ were found to increase the 
activity of the enzyme Kotchoni et al. (2006). These cations might be probably involved in the protection of the 
enzyme or strengthening of the active site thereby maintaining the conformation of the enzyme in active state, 
whilst Cu2+, Cd2+ and Ni2+ were found to inhibit the activity. Cu2+, Cd2+ and Ni2+ have been reported as heavy 
metals and generally toxic to some extent to organisms (Sunkar  et al. 2003 and Rani et al. 2004). Ajayi et al. 
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2007 show that Mg ++, Ca ++, Na + and K+ were stimulatory to activity of the enzyme while small quantities of 
HgCl2, EDTA and DNP were inhibitory suggests that the enzyme may be cation requiring. Stimulation of 
cellulases by cations as well as their inhibition by EDTA, DNP and HgCl2 has been reported by (Akiba et al. 
1995 and Ajayi et al. 2003). 

 

 
Fig.3. Effect of heat-stability on cellulases activity produced by B. alcalophilus S39 and B. 

amyloliquefaciens C23.    
 

 
Fig.4. Effect of chemical reagents on relative cellulases activity produced by B. alcalophilus S39 and B. 

amyloliquefaciens C23. 
 

Protein banding patterns 
 

 SDS PAGE analysis  
 

Protein analysis by SDS-PAGE of 2 strains (Bacillus alcalophilus S39 and B. amyloliquefaciens C23) 
illustrated in Fig. 5 and Table 2. It was found that various in total number and density protein fractions 
(polypeptides) among to 2 strains. Bacillus alcalophilus S39 and B. amyloliquefaciens C23 revealed 17 
polypeptides, 7 of protein marker (4 for Bacillus alcalophilus S39 & 3 for B. amyloliquefaciens C23) as unique 
and 5 monomorphic (66.49, 60.82, 28.47, 22.88 & 12.31 KDa). On  the other hand the cellulase purified 
appeared 3 polypeptides with molecular weight 66.49, 28.47 and 14.23 KDa. Whereas both strains revealed to 2 
polypeptides from 3 (66.49 & 28.47 KDa). In addition 2 species were differed in density (protein content) of 
them. The previous data indicated that Bacillus alcalophilus S39 and B. amyloliquefaciens C23 were identified 
by two protein marker with molecular weight 66.49 and 28.47 KDa. Fig. 6 illustrated cryptogram of protein 
patterns for B. alcalophilus S39 and B. amyloliquefaciens C23 compared with cellulase purified. It was observed 
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that various in peak of polypeptides for each of them and area (density) as well as protein content of each 
polypeptides (intensity). On the other hand two Bacillus strains (Bacillus alcalophilus S39 and B. 
amyloliquefaciens C23) included 2 polypeptides from 3 polypeptides of purified enzyme. The cellulase purified 
enzyme content 3 isozymes, while B. alcalophilus S39, B. amyloliquefaciens C23, content (2 and 2 isozymes) 
respectively, only in addition they differ in intensity. 

 

 
Fig. 5. SDS-PAGE gel electrophoresis of proteins patterns. 

Samples: 100 µg protein per well (M- Marker 1- B. alcalophilus S39 2- B. amyloliquefaciens C23   3- 
Cellulase purified). 

 
Table 2: Protein content and fractions of Bacillus strains compared with cellulase purified by SDS-PAGE. 
 Cellulase purified Bacillus alcalophilus S39 Bacillus amyloliquefaciens C23 

Polymorphism Molecular 
weight 

Protein 
content 

in 
fraction 

% 

Density 
Molecular 

weight 

Protein 
content 

in 
fraction 

% 

Density 
Molecular 

weight 

Protein 
content 

in 
fraction 

% 

Density 

 - - - - - - 75.53 1.5 + Unique 

 66.49 21.5 ++ 66.49 5.10 + 66.49 2.2 + Monomorphic 

    60.82  + 60.82  + Monomorphic 

 - - - 54.37 2.50 + - -  Unique 

 - - - - -  47.50 0.4 + Unique 

 - - - 43.12 2.1 + - - - Unique 

 - - - - - - 41.29 3.5 + Unique 

 -  - 38.94 6.3 + - - - Unique 

    31.76  +    Unique 

 28.47 42.8 ++ 28.47 5.2 + 28.47 0.6 + Monomorphic 

 - - - 22.88 4.0 + 22.88 4.0 + Monomorphic 

 14.23 35.7 ++ - - - - - - Unique 

 - - - 12.31 47.8 ++ 12.31 87.8 ++++ Monomorphic 

No. of 
polypeptides 
(TAF) 

3 9 8 
 

 
Clusters analysis 
 

Fig. 7 illustrated Protein enzyme among microorganisms and purified enzyme were estimated by 
similarity coefficient matrix based on SDS-PAGE bands scored. Pair wise values of this similarity coefficient 
ranged from 96 to 100 for Bacillus strains and cellulase purified. The dendrogram was constructed based on the 
dissimilarity matrix, using UPGMA method. Fig. 7 illustrated that two groups contained, the first major group 
contained only B. alcalophilus S39 with similarity 100 % with second group. The second major cluster 
contained B. amyloliquefaciens C23 and cellulase purified with 96.8 %. 
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Fig. 6. Gel documentation software analysis showing cryptogram cellulase protein patterns, distance and 
intensity of polypeptides for B. alcalophilus S39 & B. amyloliquefaciens C23. 

 

 

 

 

 

 

 

Fig.7. Dendrogram showing cellulase protein enzyme relationships among B. alcalophilus S39 and B. 
amyloliquefaciens C23 showing L1= Cellulase purified, L2= B. alcalophilus S39, L3= Bacillus 
amyloliquefaciens C23. 

 

Acknowledgment 
 

The authors would like to grateful appreciation is extended to all staff members of Agric. Microbiology 
Dept. and Virology Labs, Faculty of Agriculture, Ain Shams University, for their kind cooperation.  
 

References 
 
Ajayi, A., P. O. Olutiola and J. B. Fakunle, 2003. Studies on polygalacturonase associated with the deterioration 

of Tomato fruits (Lycopersicon esculentum Mill.) infected by Botryodiplodia theobromae PAT. Sci. 
Focus 5: 68-77. 

Bacillus alcalophilus S39 

Bacillus amyloliquefaciens C23 

Cellulase purified 
Di

ss
im

ila
rit

y p
er

ce
nta

ge
 %

96

96.5

97

97.5

98

98.5

99

99.5

100

100.5

      L2       L3       L1



Middle East J. Agric. Res., 4(1): 49-59, 2014 

58 

Ajayi, A. A., A. O. Adejuwon, O. K. Awojobi and P. O. Olutiola, 2007. Effect of Cations and Chemicals on the 
Activity of Partially Purified Cellulase from Tomato (Lycopersicon esculentum Mill) Fruits Deteriorated 
by Aspergillus flavus. Linn. Pakistan Journal of Nutrition 6 (2): 198-200. 

Akiba, S., Y. Kimura and H. Kumagai, 1995. Purification and characterization of protease resistant cellulase 
from Aspergillus niger. J. Ferment. Bioeng. 79 (2): 125-130. 

André, O. S. L., C.Q. Maria, M. H. P. Fungaro, D. A. Fernando, M. J. Walter, L.A. Welington, C. S. Márcio, A. 
P. Aline and L.A. João, 2005. Molecular characterization of a β-1,4-endoglucanase from an endophytic 
Bacillus pumilus strain. Applied Microbiology and Biotechnology 68: 57-65. 

Angenent, L.T., K. Karim, M. H. Al-Dahhan, B. A. Wrenn and R. Domiguez-Espinosa, 2004. Production of 
bioenergy and biochemicals from industrial and agricultural wastewater. Trends Biotechnol. 22 (9): 477–
485. 

Berner, R. A., 2003. The long-term carbon cycle, fossil fuels and atmospheric composition. Nature 426 (6964): 
323–326. 

Bhat, M. K., 2000. Cellulases and related enzymes in biotechnology. Biotech. Adv. 18 (5): 355-383. 
Bradford, M. M., 1976. A rapid and sensitive method for the quantization of microgram quantities of protein 

utilizing the principle of protein-dye binding. Anal. Chem. 31: 426- 428. 
Claus, D. and R. C. W. Berkeley, 1986. Genus Bacillus. In Bergey's Manual of Systematic Bacteriology, vol. 2, 

pp. 1105–1139. Sneath, P. H.; N. Mair; M. E. Sharpe & J. G. Holt (eds.). Williams & Wilkins Co., 
Baltimore, USA. 

Das, H. and S. K. Singh, 2004. Useful byproducts from cellulosic wastes of agriculture and food industry-a 
critical appraisal. Crit. Rev. Food Sci. Nutr. 44 (2): 77–89. 

Dees P. M. and W. C. Ghiorse, 2001. Microbial diversity in hot synthetic compost as revealed by PCR-
amplified rRNA sequences from cultivated isolates and extracted DNA. FEMS Microbiol. Ecol., 35:207–
216.  

Demain, A. L., M. Newcomb and J. H. D.  Wu, 2005. Cellulase, Clostridia, and ethanol. Microbiol. Mol. Biol. 
Rev. 69 (1): 124–154.  

DIFCO Manual, 1984. Dehydrated culture Media and reagents for Microbiology. 10th Ed. Difco Laboratories, 
Detroit, M. (ed.) U.S.A. 

Fadel, M., 2000. Production physiology of cellulases and β-glucosidase enzymes of Aspergillus niger grow 
under soild state fermentation conditions. J. of Biological Sciences 1 (5): 401 – 411.    

Falkowski, P., R. J. Scholes, E. Boyle, J. Canadell, D. Canfield, J. Elser, N. Gruber, K. Hibbard, P. Högberg, S. 
Linder, F. T. Mackenzie, B. Moore III, T. Pedersen, Y. Rosenthal, S. Seitzinger, V. Smetacek and W. 
Steffen, 2000. The global carbon cycle: a test of our knowledge of earth as a system. Science. 290 
(5490):291–296.   

Haight, M., 2005. Assessing the environmental burdens of anaerobic digestion in comparison to alternative 
options for managing the biodegradable fraction of municipal solid wastes. Water Sci. Technol. 52: 553–
559.   

Immanuel, G., R. Dhanusa, P. Prema and A. Palavesam, 2006. Effect of different growth parameters on 
endoglucanase enzyme activity by bacteria isolated from coir retting effluents of estuarine environment. 
Int. J. Environ. Sci. Tech. 3 (1): 25-34.   

Korish, M., 2003. Production, Purification, Properties and Application of the Cellulases from a Wild type Strain 
of a Yeast isolate. p. 34, P.HD. thesis Natural Sciences, Fac. of  Biology, Johannes Gutenberg 
University, Mainz.  

Kotchoni, O. S. and O. O. Shonukan, 2002. Regulatory mutations affecting the synthesis of cellulase in B. 
pumilus. World J. Microbiol. Biotechnol. 18: 487-491.   

Kotchoni, O.S., O.O. Shonukan and W.E. Gachomo, 2003. Bacillus pumilus BpCRI 6, a promising candidate for 
cellulase production under conditions of catabolite repression. African Journal of Biotechnology 2 
(6):140–146.   

Kotchoni, S. O., E. W. Gachomo, B. O. Omafuvbe and O. O. Shonukan, 2006. Purification and biochemical 
characterization of carboxymethyl Cellulase (CMCase) from a catabolite repression insensitive mutant of 
Bacillus pumilus. Int. J. Agri. Biol. 8 (2):  286- 292.   

Lamed, R. and E. A. Bayer, 1988. Cellulosomes from Clostridium thermocellum. Methods Enzymol., 160: 472-
481.   

Lin, S. B. and F. J. Stutzenberger, 1995. Purification and characterization of the major beta-1, 4-endoglucanase 
from Thermomonospora curvata. J. Appl. Bacteriol. 79 (4):447-53.   

Lucas, R., A. Robles, T. M.Garcia, G. ALvareZ De Cienfuegos and A. Galrez, 2001. Production, purification 
and properties of an endoglucanase produced by the hyphomycete chalara (syn. Thielaviopsis) paradoxa 
CH32. J. Agric. Food chem. 49 (1): 79-85.     

Mandels, M. and J. Weber, 1969. The production of celluases. In: Cellulases and their applications. Hajny, G. J. 
and E.T. Resse (eds), Amer. Chem. Soc. Adv. Ser., 95:391-414.   

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lin%20SB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stutzenberger%20FJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


Middle East J. Agric. Res., 4(1): 49-59, 2014 

59 

Mawadza, C., R. Hatti-Kaul, R. Zvauya and B. Mattiasson, 2000. Purification and characterization of cellulases 
produced by two Bacillus strains. J. Biotechnol., 83 (3):177-187. 

McCaig, A. E., S. J. Grayston, J. I. Prosser and L. A. Glover, 2001. Impact of cultivation on characterisation of 
species composition of soil bacterial communities. FEMS Microbiol. Ecol., 35: 37–48.   

Melillo, J. M., P. A. Steudler, J. D. Aber, K. Newkirk, H. Lux, F. P. Bowles, C. Catricala, A. Magill, T. Ahrens 
and S. Morrisseau, 2002. Soil warming and carbon-cycle feedbacks to the climate system. Science. 298 
(5601): 2173–2176.   

Moreira, N., 2005. Growing expectations: new technology could turn fuel into a bumper crop. Sci. News Online 
168 (14): 209–224.   

Ohara, H., S. Karita, T. Kimura, K. Sakka and K. Ohmiya, 2000. Characterization of the cellulolytic complex 
(cellulosome) from Ruminococcus albus. Biosci. Biotechnol. Biochem. 64 (2): 254-260.   

Onsori, H., M.R. Zamani, M. Motallebi and N. Zarghami, 2005. Identification of over producer strain of endo-
B-1-4- glucanase in Aspergillus species: Characterization of crude carboxy methyl cellulase. African 
Journal of Biotechnology 4(1):26-30.   

Park, J.T. and M.J. Johnson, 1949. A submicro determination of glucose. J. Biol. Chem. 181: 149-151.   
Price, N. C. and R. A. Dwek, 1986. Principles and Problems in Physical Chemistry for Biochemists, p. 1979. 

2nd Ed. Clarendon press, Oxford, UK 258.   
Rajoka, M. I. and K. A. Malik, 1997. Cellulase production by Cellulomonas biazotea cultured in media 

containing different cellulosic substrate. Bioresou. Technol., 59 (1): 21–27.   
Rajoka, M. A., S. R. A. Bashir, M. T. Hussein, S. Gauri and M. K. A. Parvez, 1998. Cloning and expression of 

β-glucosidase genes in Escherichia coli and Saccharomyces cerevisiae using shuttle vector pYES 2.0. 
Folia Microbiol. 43 (2): 129-135.   

Rani, D. S., S. Thirumale and K. Nand, 2004. Production of Cellulase by Clostridium Papyrosolvens CFR-703. 
World J. of Microbiol. And Biotechnol. 20 (6):629-632.   

Ray, A. K., A.  Bairagi, K. S. Ghosh and S. K. Sen, 2007. Optimization of fermentation conditions for cellulase 
production by Bacillus subtilis CY5 and Bacillus circulans TP3 isolated from fish gut. Acta 
Ichthyologica ET Piscatoria 37 (1): 47–53.   

Reddy, N. and Y. Yang, 2005. Biofibers from agricultural by products for industrial applications. Trends 
Biotechnol. 23 (1): 22–27.   

Schloss, P. D., A. G. Hay, D. B. Wilson, J. M. Gossett and L. P. Walker, 2005. Quantifying bacterial population 
dynamics in compost using 16S rRNA gene probes. Appl. Microbiol. Biotechnol. 66: 457–463.   

Shafique, S., M. Asgher, M.A. Sheikh and M.J. Asad, 2004. Solid state fermentation of banana stalk for 
exoglucanase production. Int. J. Agri. Biol. 6 (3): 488–491.   

Sunkar, R., D. Bartels and H. H. Krich, 2003. Overexpression of a stress-inducible aldehyde dehydrogenase 
gene from Arabidopsis thaliana in transgenic plants improves stress tolerance.  Plant J. 35 (4):  452–464.   

Waksman, G., 1991. Purification and characterization of two endo-1-4- β-D-glucanases from Sclerotinia 
sclerotium. Biochemical et Biophysica Acta, Netherlands. 1073: 49-55.  

Zaldivar, M., J. C. Velásquez, I. Contreras and L. M. Pérez, 2001. Trichoderma aureoviride T-121, a mutant 
with enhanced production of lytic enzymes: its potential use in waste cellulose degradation and/or 
biocontrol. Elect. J. of Biotechnol. 4 (3): 160-168.     

Zhang, Y. H. P., M. E. Himmel and J. R. Mielenz, 2006. Outlook for cellulase improvement: Screening and 
selection strategies. Biotechnol. Adv., 24 (5): 452–481.   

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V24-4CRY64R-3&_coverDate=03%2F31%2F2005&_alid=450747516&_rdoc=1&_fmt=&_orig=search&_qd=1&_cdi=5692&_sort=d&view=c&_acct=C000060233&_version=1&_urlVersion=0&_userid=3675949&md5=cb1905dab71a4368009fade18cdda277

		Maximum cellulase partial purification was achieved with 80 % (NH4)2SO4 precipitation. The Km and Vmax values were calculated for CMCase, FPase & β-glucosidase. It was found that Km values (0.92±0.28, 3.70, 0.55± 0.17 %) & (0.59±0.24, 3.86±0.39 & 0.65±0.14 %) and Vmax values (4.27± 0.73, 2.50 & 6.34±1.22 U/ ml) & (3.53±0.60, 2.22 & 7.42±1.04 U/ ml) for Bacillus alcalophilus S39 and B. amyloliquefaciens C23, respectively. It was found that the enzymes activity has a broad pH range between 4.8 and 5. The optimum temperature of the enzymes was observed to be around 50 °C, and 97 - 98 % of the original activity was retained after heat treatment at 80 °C for 15 min. The enzymes activity was stimulated by Ca++ & Co++, weak inhibition of cellulases with EDTA, Cu++, Acetone & Methanol, SDS & ethanol was the strongest inhibitor and the enzymes had no effect with Na+, Mn++, Tween 80 and Mg++. Analyses of the enzyme preparation by SDS-PAGE revealed two protein bands showing cellulolytic activity. The molecular weight of these bands was estimated to be around 66.49 and 28.47 KDa for Bacillus geneus.
	Isolation and identification of cellulase producing bacteria
	The bacterial isolates used in this study were collected from compost and soil. Isolates were purified and screened for their cellulase activity using carboxymethyl cellulose (CMC) agar medium. The CMC agar plates of isolates obtained from soil and compost were incubated at 30 and 45 ºC respectively for 72 h to allow for the secretion of cellulases. After incubation, the agar plates were flooded with an aqueous solution of congo red (1%) for 15 min., the congo red solution was then poured off and the plates were washed with 1 M NaCl for 15 min., positive cellulytic isolates were detected based on the clear zone of hydrolysis on CMC agar plates. The ratio of the clear zone diameter to colony diameter was measured in order to select for the highest cellulase activity producer. The largest ratio was assumed to contain the highest activity. The two most efficient bacterial isolates of the selected cellulytic producers were distinguished as potent cellulase were picked up for further identification according to their cultural, morphological and biochemical characteristics based on Bergey's Manual of Systematic Bacteriology (Claus & Berkeley 1986) and Biolog Automated System was used. 
	The proteins in the crude preparation were precipitated by the addition of solid ammonium sulphate to (20 - 80%) saturation. The precipitate was allowed to form at 4° C for 24 h, and was collected by centrifugation at 4000 g in a cold centrifuge at 4° C for 30 min.
	   Dialysis
	The precipitate collected from each source was dissolved individually in small amount of sodium acetate buffer (0.2 M) at pH 5.5 and were dialyzed against the same buffer overnight at 4°C with two times changes of the buffer.



