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Abstract- The aim of this study was the isolation and screening of the rhizosphere fungi of Juglans regia L. for the cellulase activity. Enzy-
matic analysis of six fungal isolates viz., Aspergillus niger k32, A. niger mtc872, A. niger B42, Penicillium camembertii, Trichophyton terre-
stre and Cladosporium cladosporoides was done. The cellulase activity was assayed in carboxymethyl cellulose (CMC) solution by 1, 3-
dinitrosalicylic (DNS) method. Testing the enzyme at different temperatures by DNS method determined the temperature at which the 
enzyme cellulases from fungal isolates worked the most efficiently. Analyzing the glucose released in the CMC solutions with spectropho-
tometry determined the reaction rate. The enzyme cellulase extracted from Trichophyton terrestre worked much proficiently at wider range 

of temperatures. 
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Introduction 

Cellulose is the world’s most abundant natural biopolymer and has 
a great significance for the production of industrially valuable mate-
rials such as fuels and chemicals. Cellulose contains simple re-
peating units of glucose, but has a complex structure because of 
the long chains of glucose subunits joined together by β-1, 4 link-
ages [23]. The stabilizing factors in cellulose are weak individually, 
but collectively form strong bonds. The chains are in layers held 
jointly by Vander Waals forces and hydrogen bonds- intramolecular 
and intermolecular [12]. About thirty to forty individual cellulose 
molecules are arranged into units called protofibrils, which are 
further arranged into larger units called microfibrils. These in turn 
assemble into cellulose fibers [27]. The polymer is not entirely crys-
talline in nature even though the microfibrils are tightly packed to 
form a crystalline structure. The tightly packed and well ordered 
sites are spaced by loosely arranged ones called amorphous re-

gions [20].  

Cellulase, recognized as one of the key enzyme for degrading 
cellulose and biosynthesis of cellulase protein has been found to 
be most expensive process [18,36]. Fungi that have been modified 
through their genetic make up for the enhanced enzymatic secre-
tion have been successfully used in a number of applications in-

cluding animal feed, pharmaceutical and textile industries [5].  

Fig. 1- Diagram showing the β-1, 4-linkages in cellulose chain [34]. 
The red dotted lines are the intermolecular H-bonds. Such formed 

cellulose chains are held by intramolecular H-bonds.  

There are numerous microorganisms capable of degrading cellu-
lose, but only a restricted group is capable to produce a sufficient 
amount of cell-free cellulose, which is capable of completely hydro-
lyzing crystalline cellulose in vitro. For the degradation of cellulose, 
fungi utilize the hydrolytic enzymes viz., exocellulase, endo-
cellulase, cellobiohydrolase, endogluconase and β-glycosidase [7]. 
However, some cellulolytic fungi produce extracellular cellobiose-
oxidizing enzymes besides cellulase. From the human perspective, 
the power of fungal enzymes is janus-faced. Fungal cellulases 
provide a good example of the contrasting faces of a single enzy-
matic capability. Continuing research on Trichophyton terrestre 
identified to have a complete set of cellulase enzymes required for 
the breakdown of cellulose to glucose [29,33]. These enzymes now 
promise the potential of converting waste cellulosics into foods for 
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our burgeoning population and have been the subject of intense 

molecular biology research [11, 25].  

Material and Methods 

In the present study, Aspergillus niger k32, Penicillium camem-
bertii, Trichophyton terrestre and Cladosporium cladosporoides 
were isolated from the rhizosphere of Juglans regia L. in the North-
ern regions of India (Kashmir valley) by serial dilution method to get 
more manageable results [3]. 1g of soil was transferred to 10 ml of 
distilled water in test tubes. Dilutions were made up to 10-6 and 
fungal culturing was done by using Czapek-Dox agar medium with 
following composition (g/l); sucrose- 30, NaNO3

- 2, K2HPO4- 1, 
MgSO4– 0.5, KCl- 0.5, FeSO4– 0.01, agar agar- 15, pH of the me-
dium was adjusted to 7.3. After autoclaving at 121°C and 15 lbs 
pressure, 20 ml of sterile medium were transferred to sterile petri 
plates and allowed for solidification (Chloramphenicol 
250mg/100ml was also added to check the bacterial growth). After 
solidification of the medium, 0.1 ml of soil suspension was spread 
with the help of spreader and incubated at 28 °C for 7 days. The 
fungal cultures grown on the medium were transferred on to the 
Potato Dextrose Agar (Hi Media) medium and pH was maintained 
at 5.6 for further studies. Other fungal strains were collected from 
the additional sources like A. niger B42 was secluded from the 
wheat field of Bhopal by serial dilution method and A. niger mtc872 
was collected from the Institute of Microbial Technology (IMTECH), 

Chandigrah, India. 

Production of Cellulases from Fungal Isolates 

The isolated fungal cultures were used to know their potential for 
cellulase production and activities. A volume of 100 ml of Czapek-
Dox broth medium amended with 1% cellulose was distributed into 
separate 250 ml Erlenmeyer conical flasks. The pH of the medium 
was adjusted to 5. After autoclaving at 121°C and 15 lb. pressure, 
the fungal spore suspensions were inoculated into the conical 
flasks. The flasks were incubated at 32 °C on a rotary shaker at 
120 rpm for 7 days. After incubation, the contents of the flasks 
were passed through Whatman filter paper No.1 to separate myce-
lial mat from culture filtrate. The filtrate thus obtained was used for 
the estimation of extracellular protein content and total activity of 

cellulases.  

Folin Lowry’s Method 

Principle- Protein reacts with the Folin-Ciocalteau reagent to give 
a coloured complex which is the result of reaction between alkaline 
copper and the protein, containing tyrosine and tryptophan 

[22,14,41]. 

Materials 

1. Alkaline sodium carbonate solution (2% Na2CO3 in 0.1 N 

NaOH). 

2. Copper sulphate: sodium tartarate solution (0.5% CuSO4 in 1% 

Na, K tartarate), prepared freshly by mixing stock solutions. 

3. Alkaline solution: prepared on day of use by mixing 50ml of (1) 

and 1 ml of (2). 

4. Folin-Ciocalteau reagent: diluted the commercial reagent with 
an equal volume of water on the day of use. This is a solution 
of sodium tungstate and sodium molybdate in phosphoric and 

hydrochloric acid. 

5. Bovine serum albumin was used as a standard protein. 

Preparation of a BSA Standard Curve- 500 mg of Bovine Serum 
Albumin (BSA) was dissolved in 50 ml of distilled water (10 mg/ml). 
From this stock solution, 5 ml solution was dissolved in 50 ml dis-

tilled water (1 mg/ml) which was used as a working solution. 

Method 

5 ml of the alkaline solution was added to 1 ml of the test solution. 
After thoroughly mixing, it was allowed to stand at the room tem-
perature for 10 minutes or longer and 0.5 ml of diluted Folin-
Ciocalteau reagent was added followed by immediate mixing. After 
30 minutes, the optical density reading was noted by spectropho-
tometer against the appropriate blank at OD750nm and BSA standard 

curve Fig. 2 was made by using the experimental data Table- 1. 

Fig. 2- BSA Standard Curve 

Table 1- OD750nm of different dilutions of BSA  

Protein Estimation 

Protein content of the isolated fungi was estimated by using the 
Folin Lowry’s method and optical density Table- 2 of each strain 
was compared with the BSA standard curve to calculate the 
amount of protein (mg/ml) present Fig. 3 in the supernatant used in 

cellulase assay. 

Table 2- Protein content of six fungal strains  
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Sr. No. Standard solution
( ml) 

Distilled water 
(ml) 

BSA (mg/ml) Optical density 

1 0.0 5.0 0.0 0.0 

2 0.5 4.5 0.1 0.09 

3 1.0 4.0 0.2 0.12 

4 1.5 3.5 0.3 0.17 

5 2.0 3.0 0.4 0.21 

6 2.5 2.5 0.5 0.24 

7 3.0 2.0 0.6 0.31 

8 3.5 1.5 0.7 0.32 

9 4.0 1.0 0.8 0.39 

10 4.5 0.5 0.9 0.43 

11 5.0 0.0 1.0 0.45 

Sr. No. Fungal Strains Optical density Protein (mg/ml) 

1 A. niger k32 0.43 0.78 

2 A. niger mtc 872 0.48 0.87 

3 A. niger B24 0.52 0.94 

4 P. camembertii 0.32 0.58 

5 T. terrestre 0.09 0.16 

6 C. cladosporoides 0.11 0.22 
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Fig. 3- Protein Estimation of Six Fungal Strains 

Preparation of a Standard Curve for Glucose Estimation by 
DNS Method 

Glucose Stock- 100 mg of glucose was dissolved in 10 ml distilled 

water (10mg/ml).  

Citrate Buffer- 210g citric acid monohydrate C6H80.7H2O was 
dissolved in 750 ml distilled water. NaOH was added until pH 
equals to 4.3 and final make up was 1000ml. This is 1M citrate 
buffer having pH 4.5, when it was diluted to 0.05, pH was main-

tained at 4.8 (0.05 M Citrate buffer pH 4.8)  

Dinitrosalicylic Acid (DNS)- 30g K-Na tartarate was dissolved in 
50 ml of distilled water which was further added by 1g DNS and 20 

ml 2N NaOH and final make up was 100 ml. 

Methodology 

Dilution of Stock in Citrate Buffer 

1. 1 ml glucose stock + 0.5 ml citrate buffer (6.7mg/ml or 

3.35mg/0.5ml). 

2. 1 ml glucose stock + 1 ml citrate buffer (5.0mg/ml or 

2.5mg/0.5ml). 

3. 1 ml glucose stock + 1.5 ml citrate buffer (4.0mg/ml or 

2mg/0.5ml). 

4. 1 ml glucose stock + 2 ml citrate buffer (3.3mg/ml or 

1.65mg/0.5ml). 

5. 1 ml glucose stock + 3 ml citrate buffer (2.5mg/ml or 

1.25mg/0.5ml). 

6. 1 ml glucose stock + 4 ml citrate buffer (2.0mg/ml or 

1.0mg/0.5ml). 

7. 1 ml glucose stock + 5 ml citrate buffer (1.6mg/ml or 

0.8mg/0.5ml). 

The experimental data was collected and glucose standard curve 

Fig. 4 was used as a standard [17].  

Assay of Cellulases at Different Temperatures 

0.5 ml of CMC solution taken from each dilution was added by 0.5 
ml culture supernatant of each fungal strain. Reaction mixture was 
incubated for 30 minutes at three different temperatures i.e., 40C, 
200C and 500C. After incubation, reaction was terminated by add-
ing 3 ml DNS and reaction mixture was boiled for 5 minutes. After 
boiling, 20 ml of distilled water was added and optical density was 

taken at 540 nm against the blank.  

Reaction Mixture  

0.5 ml CMC solution  

0.5 ml supernatant 

3.0 ml DNS 

5 minute boil 

20 ml distilled water 

Blank was Prepared as Below 

0.5 ml citrate buffer 

0.5 ml distilled water 

3.0 ml DNS 

5 minute boil 

20 ml distilled water 

Blank (control) was used to set the spectrophotometer at zero ab-
sorbance. The amount of glucose liberated by six fungal strains at 

different temperatures has been depicted in the Fig. 5.  

Fig. 4- Glucose Standard Curve 

Fig. 5- Glucose Released (mg) by Cellulases of Six Fungal Strains 

at Different Temperatures 

Results and Discussion 

In this comparative study, the enzymatic activity of six fungal 
strains was analyzed. All the six strains were exploited and the 
enzyme cellulases liberated in the CMC solution were evaluated by 
DNS method [24]. The cellulase activity of fungal strains was math-
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ematically calculated by using the data of protein content (mg/ml) 
present in the supernatant of isolates which was estimated by Folin 
Lowrey’s method. The amount of protein present in the fungal 
strains was estimated in 1ml of the supernatant (mg/ml), but only 
0.5ml of the supernatant was used to show the activity (V/
mg/30minute) of protein. The activities of enzyme cellulases were 

determined by using the following formula:  

Enzyme activity = amount of glucose liberated/mg pro-

tein/30minutes [13]. 

Among the six tested fungal strains, Penicillium camembertii, 
Cladosporium cladosporoides and Trichophyton terrestre showed 
higher activities as compared to the Aspergillus niger k32, A. niger 
B42 and A. niger mtc872. The efficiency of the enzyme liberated by 
T. terrestre was highest than all and found to be 53.00, 56.37 and 
59.25mg glucose liberated/mg protein/30minutes at 40C, 200C and 
500C respectively, whereas for A. niger mtc 872, it was found to be 
7.56, 8.58 and 9.39mg glucose liberated/mg protein/30minutes at 
40C, 200C and 500C respectively. It means that the activity of en-
zyme cellulase from Trichophyton terrestre is 7.01, 6.56 and 6.30 
times more at 40C, 200C and 500C respectively than A. niger 
mtc872, which is one of the most promising fungal strain having 
great industrial importance in terms of enzyme efficiency depicted 
in Fig. 6. Maximum activity of the cellulase enzyme was seen at 
50°C which coincides with the results of the Nataraja et al. [28]. 
Obviously, the activity of the immobilized cellulase varied in a wide 
range under the effect of ascends in temperature as compared to 
the activity of the free enzyme. As temperature is increased, the 
viscosity of the CMC solution was decreased and the mobility of 
the CMC molecules increased considerably. All these events will 
help the access of the substrate to the immobilized enzyme and 
will provide a proper atmosphere for reaction between the enzyme 
and the substrate. Thus, the activity of the immobilized enzyme will 
increase to a higher value, whereas it will be lower at the lower 
temperatures. The most important finding was the activity of the 
enzyme cellulase liberated by Trichophyton terrestre, at a wide 
range of temperatures. Although it remains active at lower temper-
ature of 40C, yet shows the efficient thermal tolerance at 500C. 
There are several reports on such use of filamentous fungi in the 
production of optimal enzyme complex for degradation of host lig-
nocelluloses [6,8,31,37]. The purification and properties of cellulas-
es have been thoroughly described [4,9,15,16,19,21,26,30,38,40, 

42]. 

Fig. 6- Cellulases Activities (V/mg Protein) of Six Fungal Strains at 

different temperatures by DNS Methos 

Cellulases provide a key opportunity for achieving tremendous 
benefits of biomass utilization [39]. The potential of using microor-
ganisms as biotechnological sources of industrially relevant en-
zymes has enhanced interest in the exploration of extracellular 
enzymatic activity in several microorganisms [1-2]. As cellulose can 
be regarded as the most abundant and biologically renewable re-
source for bioconversion, its exploitation can be maximized on 
hydrolysis to glucose and other soluble sugars which can be further 
fermented into ethanol for use as liquid fuel [10]. Cellulases are the 
enzymes responsible for the cleavage of the β–1, 4–glycosidic 
linkages in cellulose. They are members of the glycoside hydrolase 
families of enzymes that hydrolyze oligosaccharides and/or poly-
saccharides [35]. The major goals for future cellulase research 
would be: (1) reduction in the cost of cellulase production and (2) 
improving the power of cellulases to make them more effective, so 

that less enzyme is needed [32].  

Conclusion 

Cellulose is the primary product of photosynthesis in terrestrial 
environments and is the most abundant renewable bioresource 
produced in the biosphere (~100 billion dry tons/year). Cellulases 
produced by microorganisms are either cell associated or in free 

form, which metabolize the insoluble cellulose. 

Among the fungal isolates that were evaluated for the cellulase 
production and activity, the cellulase of T. terrestre was very effi-
cient as determined by its high specific activity as compared to 
other isolates particularly the most promising strain A. niger mtc872 
having higher industrial applications. The activity of the enzyme 
cellulase of Trichophyton terrestre, at a wide range of tempera-
tures, exhibits higher activity at low temperature and thermal re-
sistance even at 500C. All these properties qualify this fungal spe-
cies to be used as an important source of cellulase enzyme which 
has janus-faced applications in the industries. More basic research 
is needed to make designer enzymes suited for specific applica-

tions. 
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