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ABSTRACT 
The study aimed at the production, partial purification, characterization and assessing the applications of 
cellulase isolated from bacterial cultures from rhizosphere soil. Two bacterial cultures were isolated, screened 
for cellulase production and identified as Pseudomonas fluorescens and Escherichia coli. Cellulase production 
was carried out through optimized growth on CMC broth. Cellulase enzyme was characterized with cellulase 
assays, optimization of temperature, pH and effect of activators and inhibitors on cellulase activity. 
Application of cellulase was assessed by saccharification of banana agro waste. Among these bacterial 
cultures, Pseudomonas fluorescens was noticed to show maximum cellulase activity in comparison to 
Escherichia coli and it also produced high titers of cellulase assays. Kinetic studies of purified cellulase 
showed pH of 7 and temperature of 55

0
c optimum for enzyme activity followed by maximum activation and 

inhibition through CaCI2 and EDTA respectively. Optimum pH and temperature of saccharification of banana 
agro waste was also found to be pH 7 and 55

0
C for both bacterial isolates. The exploitation of bacteria in the 

search for improved enzymes production will ultimately lead to a greener technology. 
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1. INTRODUCTION 
Life is an intricate meshwork involving a perfect coordination of a vast majority of chemical reactions. These 
reactions would be either anabolic or catabolic in nature and results in primary and secondary metabolites. In 
the living cells these reactions proceed at extremely high rates due to the presence of biological catalysts 
called enzymes. Cellulose is a long, linear chain of glucose molecules that provides rigidity to plant cell walls. 
The glucose units are connected in a beta configuration, which makes them difficult to, degrade. Cellulase 
(EC 3.2.1.4) refers to a group of enzymes produced chiefly by fungi, bacteria, and protozoans that catalyze 
cellulolysis and degrade cellulose into smaller sugar components like glucose units. Cellulase enzyme has 
several commercial app;ications as in pulp and paper, textile, laundry, biofuel production, food and feed 
industry, brewing, and agriculture. The immense potential of this enzyme in the industrial field, attracts the 
investigators to explore the means for the large  scale production of this enzyme from microorganisms. 
Cellulase producing organisms  can be aerobic, anaerobic, mesophilic or thermophilic. The genera of 
Clostridium, Cellulomonas, Thermomonospora, Trichoderma, and Aspergillus  are the most extensive ly 
studied cellulase producers [7,6,3,4]. The current study investigates the potential of two soil bacteria viz. 
Pseudomonas fluorescens, Escherichia coli for cellulase production.  

 

2. MATERIALS AND METHODS  
2.1 Isolation and identification of organisms        
Cellulose producing bacterial strains were isolated from soil sample collected from Thrissur, Kerala,India. 
About 1g of sample was serial diluted up to 10

-5 
and inoculated to nutrient broth for bacterial growth. Then 

they were streaked on the surface of Kings B media with rifampicin and Eosin Methylene Blue agar for 24 
hours at 37

0
c to isolate Pseudomonas fluorescens and Escherichia coli respectively. Identification of 

organisms are done with IMViC test. 
2.2 Screening for cellulase activity 
Isolates were inoculated as bacterial suspension into Carboxy Methyl Cellulose (CMC) broth and incubated at 
30

0
c for 2 days in shaker incubator. After incubation DNS (Dinitro salicylic acid) Assay was performed to 

determine the enzyme activity.  

http://www.wisegeek.com/what-is-glucose.htm
http://en.wikipedia.org/wiki/Enzyme_Commission_number
http://enzyme.expasy.org/EC/3.2.1.4
http://en.wikipedia.org/wiki/Enzymes
http://en.wikipedia.org/wiki/Fungi
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Protozoan
http://en.wikipedia.org/wiki/Catalyze
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2.3 Cellulase assays 
2.3.1. Filter Paper Assay (FPA): Whatsman filter paper strips with 50mg weight was suspended in 1ml of 
0.05M sodium citrate buffer (pH 4.8) with 0.5ml of enzyme and kept at 50

0
C in a water bath for 60 minutes. 

After incubation, liberated reducing sugar was estimated by addition of DNS reagent. Colour developed after 
cooling was read at 540 nm. 
2.3.2. Endoglucanase assay: Activity of endoglucanase was quantif ied by Carboxy methyl cellulase 
method.1ml of 1% CMC in 0.2M acetate buffer (pH 5) was pre incubated at 50

0
C for 20 minutes. 0.5ml of 

enzyme solution was added to the mixture and incubated at 50
0
C for 1hour.The reducing sugar liberated was 

estimated using DNS method at 540 nm. 
2.4.Enzyme kinetics; factors affecting enzyme activity  
2.4.1.Effect of Temperature on Enzyme activity:  Optimum temperature for enzyme activity was determined 
by incubating enzyme reaction mixtures at different temperatures (4, 25, 32, 37, 55, 73 and 100

0 
C). 0.5ml of 

the enzyme and 1ml of 1% CMC dissolved in phosphate buffer (pH 6) used as test. All the tubes were 
incubated for 15 minutes at different temperatures. The cellulase activity was determined by DNS assay. 
2.4.2. Effect of pH on Enzyme Activity:  1ml CMC was prepared in different buffers with different pH and 
0.5ml enzyme was used as test. Blanks respective for each pH without enzyme solutions was simultaneously 
run. DNS assay was performed.   
2.4.3 Effect of Activators and Inhibitors on Enzyme Activity: Effect of various metal ions like Ca

2+
,Mn

2+
and 

Mg
2+

 as activators and Hg
2+

and K
2+ 

 as inhibitors and chelator like EDTA on enzyme activity was determined 
by using 0.5ml of enzyme extract, 1ml of 1% CMC and 0.5ml of 20 mM concentration of various metal ions 
and chelator. DNS assay was performed.  
2.5 Saccharification of banana agrowaste by cellulase 
A suspension of banana agro waste (10g/l) was prepared in 50mM acetate buffer (pH 5). 10 ml of each 
substrate suspension was taken in 100 ml conical flasks and 5ml cellulase enzyme solution was added to it.  
Saccharification was performed in a water bath shaker at 27

0
C for 24 hours. The resultant supernatant 

following centrifugation at 2500 g for15 minutes was assayed for total reducing sugars using DNS method.  
The percentage saccharification was calculated as: 
Saccharification (%) = glucose (mg/ml) X 100 
                                    Substrate (mg/ml) 
To determine optimum temperature of saccharification, the reaction mixture was incubated at different 
temperatures ranging from 20-60

0
C. The optimum pH was determined by adjusting pH of reaction mixture 

within the range of 3.5-7.5.  

 

3. RESULTS AND DISCUSSION 
The isolated bacterial cultures were identified as P.fluorescens and E. coli based on their cultural and 
biochemical features and the results were presented in table1. DNS assay revealed more cellulase activity for  
P.fluorescens (fig.1) which also produced high titers of FP assay and CMCase than the E.coli strain. The 
results are depicted in table 2.  
The effect of  temperature on the relative activity of purified CMCase showed that the enzyme exhibited 
maximum activity at 55°C (fig.2). When the temperature increased above 55°C, the activity of the enzyme 
was gradually reduced. Oyekola [4] reported  50°C as optimum temperature for CMCase activity in 
Cryptococcus sp. The effect of various pH values on the CMCase activity is depicted in Fig. 3. The enzyme 
showed maximum activity at pH 7. Saha et al. [6]  reported optimum pH for CMCase from A.niger in the 
range 4.0–6.0. Results on the effect of activators and inhibitors on enzyme activity (fig.4&5) showed 
maximum enzyme activity in CaCl2 and minimum activity in EDTA. Bakare et al. [1]  reported inhibitory 
effect of EDTA on cellulase from P.fluorescens. 
Results showing the effect of pH and temperature on the saccharification of banana agrowaste were depicted 
in figs.6& 7. The optimum pH and temperature was found to be 7 and 55

0
C respectively. Maximum 

saccharification (50%) was obtained by cellulases synthesized by P.fluorescens at pH 7 and at 55
0 

C. The 
optimum pH and temperature for the saccharification was same as that for the synthesis of cellulolytic enzyme 
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by the bacteria. Optimum temperature of 55˚ C for enzyme activity coincides with the characteristic of 
thermophilic bacteria.  
 

4. CONCLUSIONS 
Of the two bacterial strains analysed for cellulase activity, P. fluorescens exhibited more cellulase activity 
than E.coli. Optimum temperature and pH for the enzyme activity was found to be 55˚ C and 7 respectively. 
CaCl2 and EDTA were proved to be the best activator and inhibitor respectively for the cellulase activity. The 
study also revealed the potential of P.fluorescens for the bioconversion of agricultural wastes to chemical 
feedstock by its cellulolytic enzyme activity which can be utilized for the production a greener technology. 
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Table 1. Isolation and identification of the organisms 
 
 
 
 
 
 
 
 
 
 
 
 

                                                         Table 2.  Cellulase assays 
 
 
 
 
         
 
 
 
 
 

Tests Results 
Sample 1 Sample 2 

Indole production - + 

Methyl red - + 
Citrate utilization + - 

SI.NO. Isolates FPase 
(FPU) 

CMCase 
(U/ml/hr) 

1.  P.fluorescens 63.79 75.5 

2.  E.coli 52.8 52.2 
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                                       Fig.1. Screening of isolates for cellulase activity 
 

                               
                                       Fig.2 Effect of temperature on enzyme activity  

              

                              
                                               Fig.3. Effect of pH on enzyme Activity  
 

                                  
                                                 Fig.4.  Effect of Activators on Enzyme Activity 
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                                                     Fig.5 Effect of Inhibitors on Enzyme Activity  
 

                                     
                          Fig.6.  Effect of pH on Saccharification of banana agrowaste by cellulase:  

                       

                                      
                                             Fig.7.    Effect of temperature on saccharification  
 


