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                  A B S T R A C T                            

Introduction  

Cellulose is the most abundant component 
of plant biomass, exclusively in plant cell 
walls (Lynd et al., 2002). Cellulose is totally 
insoluble in water (Lederberg, 1992). It is a 
linear, unbranched homopolysaccharide 
consisting of glucose subunit joined together 
via  1-4 glycosidic linkages. Individual 
cellulose molecules (polymer) vary widely 
in length and are usually arranged in bundles 
or fibrils (Walsh, 2002). Within the bundles, 
cellulose molecules can occur in crystalline 
or paracrystalline (amorphous) structures 
(Walter, 1998).           

Cellulolytic enzymes are synthesized by a 
number of microorganisms. Fungi and 
bacteria are the main natural agents of 
cellulose degradation (Lederberg, 1992). 
However, fungi are well known agents of 
decomposition of organic matter, in general, 
and of cellulosic substrate in particular 
(Lynd et al., 2002). The initial step in 
cellulose destruction is the enzymatic 
hydrolysis of polymers. The enzyme or 
enzyme-complex involved in the hydrolysis 
has been given name as cellulases. Cellulase 
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Cellulase is an enzyme has great industrial importance. Cellulase catalyzes the 
conversion of insoluble cellulose to simple, water-soluble products. Cellulases are 
produced from a wide variety of microorganisms including fungi and bacteria. The 
present study aimed to the screen phytopathogenic isolates of Alternaria 
brassicicola infecting crucifers for production of cellulase enzyme specifically exo-

-1,4-glucanse and endo- -1,4-glucanse. Different physical and biotechnological 
parameters such as incubation time, temperature, pH, substrate specificity of 
carbon and nitrogen sources, were optimized. The exo- -1,4-glucanse activity of  
A. brassicicola was found more in comparison to endo- -1,4-glucanse activity. The 
mean cellulase (exo- -1,4-glucanse) activity of all thirty two isolates of A. 
brassicicola was found maximum on 5th and 6th day of incubation, at 350C 
temperature and pH-6 in the presence different nutrient sources viz., citrus fruit 
peel, sucrose, cellulose, yeast extract and sodium nitrate. SDS-PAGE of partially 
purified cellulose revealed ~60kDa and ~52kDa of endo- -1,4-glucanse and exo- -
1,4-glucanse respectively.  
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catalyzes the conversion of insoluble 
cellulose to simple, water soluble products 
(Alexander, 1961). The basic enzymatic 
process for the depolymerization of 
cellulose requires three types of enzymes: 
Endoglucanase (EG or CX), hydrolyses 
internal -1,4 glucan chain of cellulose at 
random, primarily within amorphous regions 
and display low hydrolytic activity toward 
crystalline cellulose (Walsh, 2002; Grassin 
and Fauquembergue, 1996); Exoglucanase 
i.e., exoacting cellobiohydrolases (CBH), 
removes cellobiose from the non-reducing 
end of cello-oligosaccharide and of 
crystalline, amorphous and acid or alkali 
treated cellulose; Cellobiase or -
glucosidase (BGL), hydrolyses cellobiose to 
yield two molecules of glucose which 
completes the depolymerization of cellulose 
(Himmel et al., 1994). Cellulases have 
enormous potential in industrial applications 
(Walsh, 2002), food processing, feed 
preparation, waste-water treatment, 
detergent formulation, textile production and 
in other areas. Additional potential 
applications include the production of wine, 
beer and fruit juice, biofuel (Philippidis, 
1994).  

Amongst fungal species, Trichoderma and 
Aspergillus are well known for having 
cellulolytic potential (Lynd et al., 2002).  
Alternaria species has long been reported 
for their cellulolytic potential (Logan and 
Siehr, 1966) and some strains had 
previously been mutagenized for improved 
productivity (Macris, 1984). It has also been 
proved that some of the species of 
Alternaria induce plant invasion by 
elaborating the cellulolytic enzymes (Eshel 
et al., 2000); and genes encoding 
endoglucanases from this organism have 
been characterized (Eshel et al., 2002). The 
hydrolytic potential of an indigenous strain 
MS28 of Alternaria has been reported 
(Sohail et al., 2009) and the production and 
partial characterization of cellulases are  

described (Sohail et al., 2011). Cellulase 
enzyme production and optimization study 
were reported from different Alternaria sps 
including Alternaria helianthi, Alternaria 
triticina, Alternaria sesame (Bhaskaran and 
Kandaswamy, 1978; Dawar and Jain, 2010; 
Jahangeer et al., 2005; Jha and Gupta, 1988; 
Marimuthu et al., 1974), A. alternata 
(Macris, 1984; Anand et al., 2008; Hubballi 
et al., 2011; Gautam et al., 2012; Saleem et 
al., 2013), Alternaria brassicae (Jain and 
Dhawan, 2008; Garg et al., 1999).  

The present study was designed to isolate 
and optimize the production of cellulase 
specifically, exo- -1, 4-glucanse and endo-

-1,4-glucanse  enzymes from the 
phytopathogenic fungi, Alternaria 
brassicicola, dark leaf spot causing 
pathogen in crucifers. The respective 
enzymes were also characterized on SDS-
PAGE.  

Materials and Methods  

Collection and maintenance of Alternaria 
brassicicola isolates   

Thirty two isolates of Alternaria 
brassicicola were isolated and purified from 
Alternaria blighted leaf, stem and seed 
samples of cauliflower from seventeen 
different locations of India during 2009
2012 (Table 1). Blighted sample pieces 
(2mm) were surface sterilized with 0.1% 
Mercuric chloride (HgCl2) for one minute, 
rinsed in sterile water 3x for 10 min and 
placed on Potato Dextrose Agar (PDA) 
plates. Fungal growth was observed after 5
7 days of incubation at 25°C. A. brassicicola 
isolates growing on the leaf/stem pieces 
were confirmed microscopically (Ellis, 
2001) and transferred onto other PDA plates 
until purification by single spore technique. 
Purified isolates were preserved as PDA 
slants at 4°C. 
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Screening of Alternaria brassicicola 
isolates for cellulolytic activity  

Plate assay was carried out by inoculating 
Cellulose Congo Red Agar medium with 
mycelial agar plugs (0.5cm) from 7 days old 
Alternaria brassicicola isolates grown on 
PDA. The inoculated plates were incubated 
for 7 days at room temperature. Cellulase 
production was observed by the clear zone 
around the fungal colonies (Gupta et al., 
2012).   

Cellulase (exo- -1,4-glucanse and endo- -
1,4-glucanse) production by Alternaria 
brassicicola  

For quantitative assay of production of 
cellulase from A. brassicicola isolates basal 
liquid media (modified Mandels Medium) 
was prepared (Jahangeer et al., 2005; 
Mandel et al., 1976) consisting of peptone 
(0.1%), urea (0.03%), MnSO4.7H2O 
(0.0016%), ZnSO4.7H2O (0.0014%), 
(NH4)2SO4 (0.14%), MgSO4.7H2O (0.03%), 
FeSO4.7H2O (0.05%), CaCl2 (0.01%), 
CoCl2.6H2O (0.0029%), KH2PO4 (0.2%) 
and cellulose (1%), pH-5.5. About 10ml of 
medium was poured in 100ml Erlenmeyer 
conical flasks and autoclaved at 15 lbs 
pressure for 20 minutes.   

The flasks on cooling were inoculated 
separately with mycelial agar plugs (0.5cm) 
cut from 7 days old Alternaria brassicicola 
cultures grown on PDA plates. The flasks 
were incubated for 72 hrs at 150rpm and 
300C with diurnal periodicity of light.   

On 7th day, the flasks were harvested by 
filtering the contents through Whatman filter 
paper no.1. The filtrate was centrifuged at 
10000 rpm in 4°C for 10 minutes and the 
supernatants were used for enzyme activity 
assay as crude enzyme.  

Assay for cellulase activity by 
spectrophotometric method  

a. exo- -1,4-glucanse assay: The 
exoglucanase activity was determined by 
incubating 1ml of crude enzyme with 1ml of 
0.5% cellulose in 0.1M Citrate Phosphate 
buffer (pH-4.8) for 30 min at 500C. The 
resulted reducing sugar was estimated using 
dinitrosalicylic acid (DNS) method (Jadhav 
et al., 2013).  

b. endo- -1,4-glucanse/ CMCase assay: 
The endoglucanase activity was determined 
by Jadhav et al., 2013. 1ml of crude enzyme 
was incubated with 1ml of 1% Carboxy 
methyl cellulose (CMC) in 0.1M Sodium 
acetate buffer (pH-5) for 30 min at 500C. 
The resulted reducing sugar was estimated 
using dinitrosalicylic acid (DNS) method.  

The concentration of reducing sugar was 
estimated using dinitrosalicylic acid (DNS) 
method. 1ml of DNS reagent was added to 
the mixture and boiled for 5 min at 90°C. 
The reaction was stopped by adding 1ml of 
Rochelle s salt. The absorbance was 
measured spectrophotometrically at 540 nm. 
The amount of reducing sugars present in 
the sample was calculated using the standard 
graph, obtained using standard glucose 
solution, following the same procedure. One 
unit of cellulase activity was defined as the 
amount of enzyme which liberated 1 mol 
glucose per min.  

Effect of different parameters on cellulase 
enzyme production form A. brassicicola 
isolates  

Effect of different day of incubation  

Basal media was inoculated with agar plugs 
of Alternaria brassicicola culture and 
incubated at 300C in a rotary shaker at 150 
rpm. Culture filtrate was collected from the 
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flask at different period of incubation (after 
1, 2, 3, 4, 5, 6 and 7 days). Absorbance was 
recorded spectrophotometrically at 540nm.  

Effect of different substrate (carbon and 
nitrogen source)  

To observe the effect of carbon sources, 
cellulose from the basal media was replaced 
by similar concentrations of agricultural 
wastes (rice husk, wheat bran, saw dust and 
citrus fruit peel) and synthetic chemicals (d-
glucose, maltose, fructose, sucrose and 
cellulose). Similarly to observe the effect of 
nitrogen sources on Cellulase (exo- -1,4-
glucanse and endo- -1,4-glucanse) 
production by A. brassicicola isolates the 
peptone component of the basal media was 
replaced with other nitrogenous substances 
viz., peptone, yeast extract, KNO3, NH4Cl 
and NaNO3 etc). Flasks were incubated at 
300C in a rotary shaker at 150rpm. Culture 
filtrate was collected after 3rd day of 
incubation and absorbance was recorded 
spectrophotometrically at 540nm.  

Effect of different pH  

A set of basal media were prepared with 
varying pH (3, 4, 5, 6, 7, 8 and 9). Media 
were autoclaved and inoculated with A. 
brassicicola culture. Flasks were incubated 
at 300C in a rotary shaker at 150rpm. 
Culture filtrate was collected after 3rd day of 
incubation and absorbance was recorded 
spectrophotometrically at 540nm.   

Effect of different temperature  

A set of basal media were prepared with 
constant pH 5.0 and inoculated with A. 
brassicicola culture. Flasks were incubated 
in a rotary shaker at 150rpm at different 
temperatures (250C, 300C, 350C, 400C and 
450C). Culture filtrate was collected after 3rd 

day of incubation and absorbance was 
recorded spectrophotometrically at 540nm.  

Protein assay  

The protein content of the crude enzyme 
was determined by the Bradford assay using 
Bovine Serum Albumin (BSA) as standard.  

Statistical analysis   

The data of cellulase activity for all the 
isolates were statistically analyzed using 
PRISM software version 3.0. The data for 
plate assay was analyzed at p<0.05 by 
performing one way ANOVA and least 
significant difference was calculated by 
student s t-test while the cellulase activity at 
different parameters was analyzed by 
performing two-way ANOVA at p<0.0001.   

Partial purification of cellulase enzymes 
from A. brassicicola  

The supernatant/crude enzyme from A. 
brassicicola isolate (CaAbcT4) was partially 
purified using the following two sub-
sequential steps (Klug-Santner et al., 2006).  

Ammonium sulphate precipitation  

The supernatant was brought to 60% 
saturation by mixing ammonium sulphate 
(pH 7.0) slowly with gentle agitation and 
allowed to stand for 24hrs at 4°C in the cold 
room. After the equilibration, the precipitate 
was removed by centrifugation (10,000 rpm 
at 4°C for 20 min). The precipitate obtained 
was dissolved in 10ml of 0.5ml phosphate 
buffer (7.0).  

Desalting by dialysis  

The precipitate was desalted by dialysis 
following the standard protocol, the 10cm 
pretreated dialysis bag was taken and 
activated by rinsing in double distilled 
water. One end of the dialysis bag was 
tightly tied and the precipitate recovered was 
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taken inside the bag. The other end of the 
dialysis bag was tightly tied to prevent the 
leakage. After that, dialysis bag was 
suspended in a beaker containing phosphate 
buffer (pH 7.0).  

SDS-Polyacrylamide gel electrophoresis 
(PAGE)  

Twelve percent SDS-PAGE was performed 
on the partially purified cellulase both exo-

-1,4-glucanse and endo- -1,4-glucanse 
enzymes from A. brassicicola isolate 
(CaAbcT4) by the method described by 
Laemmli (1970) using Bio-Rad 
electrophoresis apparatus. The gel was run 
on a constant voltage of 50 V. The gel was 
stained by the coomassive brilliant blue 
stain.  

Results and Discussion  

Fungi and bacteria are the main natural 
agents of cellulose degradation (Lederberg, 
1992), however, fungi are well known 
agents of decomposition of organic matter, 
in general, and of cellulosic substrate in 
particular (Lynd et al., 2002). Cellulase 
catalyzes the conversion of insoluble 
cellulose to simple, watersoluble products 
(Alexander, 1961). The basic enzymatic 
process for the depolymerization of 
cellulose requires three types of enzymes: 
Endoglucanase, Exoglucanase and 
Cellobiase or -glucosidase (Himmel et al., 
1994). Cellulases have enormous potential 
in industrial applications (Walsh, 2002), 
food processing, feed preparation, waste-
water treatment, detergent formulation, 
textile production and in other areas. 
Additional potential applications include the 
production of wine, beer and fruit juice, 
biofuel (Philippidis, 1994). In the present 
study production of exo- -1,4-glucanse and 
endo- -1,4-glucanse were evaluated from 
thirty two isolates of A. brassicicola. 

Screening of all thirty two isolates of A. 
brassicicola on cellulose congo red agar 
media showed clear zones after 7 days of 
incubation indicating the cellulolytic ability 
of the fungi (Fig. 1). Among all the isolates, 
the A. brassicicola isolate from Orissa 
(CaAbcO2) was found to be producing 
highest cellulase in the form of largest 
clearance zone of 1.13cm while the isolate 
from Uttar Pradesh (CaAbcUP2) was 
producing minimum clearance zone of 
0.17cm (Table 1). Statistical analysis 
showed plate assay for cellulase production 
by A. brassicicola isolates were significant 
(p<0.05).  

Further all the thirty two isolates of A. 
brassicicola were evaluated for cellulase 
(exo- -1,4-glucanse and endo- -1,4-
glucanse) production in submerged 
fermentation with good amount of reducing 
sugars in the cellulose/carboxy methyl 
cellulose (CMC) reaction mixture after 
treatment with culture filtrates. The mean 
cellulase (exo- -1,4-glucanse and endo- -
1,4-glucanse) activity of all thirty two 
isolates showed significant difference 
(p<0.0001) due to the effect of different 
parameters (Fig. 2) while all the thirty two 
isolates showed similar results individually 
with no significant difference (Fig. 3). While 
studying the effect of different parameters 
(incubation time, pH and temperature) on 
the cellulase enzyme activity, the exo- -1,4-
glucanse activity of  A. brassicicola was 
found more in comparison to endo- -1,4-
glucanse activity. The mean cellulase (exo-

-1,4-glucanse) activity of all thirty two 
isolates of A. brassicicola was found 
maximum on 6th day (64.81U/ml) of 
incubation, at 350C temperature (43.13U/ml) 
and pH-6 (27.18U/ml), whereas the endo- -
1,4-glucanse activity of all thirty two 
isolates of A. brassicicola was found 
maximum on 5th day (12.50U/ml) of 
incubation, at 350C temperature (35.93U/ml) 
and pH-6 (15.55U/ml). 
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In order to study the effect of carbon sources 
on cellulase (exo- -1,4-glucanse and endo-

-1,4-glucanse) production in the fungi A. 
brassicicola isolated from crucifers, 
different carbon sources including 
agricultural wastes (rice bran, wheat bran, 
saw dust and citrus fruit feel), 
monosaccharide (d-glucose), disaccharides 
(maltose, fructose and sucrose) and 
polysaccharides (cellulose) were added to 
the basal media separately. There was no 
such significant difference in between the 
exo- -1,4-glucanse and endo- -1,4-glucanse 
activity of all the A. brassicicola isolates. 
Among agricultural wastes Citrus fruit peel 
helped in maximum mean cellulase (exo- -
1,4-glucanse and endo- -1,4-glucanse) 
activity (86.43U/ml and 86.18U/ml 
respectively) followed by rice bran 
(78.49U/ml and 78.07U/ml respectively). 
Among synthetic carbon sources sucrose 
produced maximum exo- -1,4-glucanse and 
endo- -1,4-glucanse activities viz., 
120.71U/ml and 120.33U/ml respectively 
followed by cellulose (96.83U/ml and 
96.42U/ml  respectively).   

To study the effect of nitrogen sources, 
organic nitrogen in the form of peptone and 
yeast extract were incorporated separately in 
the basal medium while inorganic nitrogen 
in the form of nitrate and ammonium forms 
were incorporated separately. Basal medium 
containing peptone served as the control. 
Among organic nitrogen sources, yeast 
extract was found to increase the mean exo-

-1,4-glucanse and endo- -1,4-glucanse 
activities viz., 59.01U/ml and 58.72U/ml) as 
compared to peptone which produced 
48.29U/ml exo- -1,4-glucanse and 
47.51U/ml endo- -1,4-glucanse 
respectively. Among inorganic nitrogen 
source sodium nitrate (106.93U/ml and 
106.78U/ml) was found to enhance mean 
exo- -1,4-glucanse and endo- -1,4-glucanse 
activities respectively.  

Similar results were reported by different 
workers on different Alternaria spp. 
including Alternaria helianthi, Alternaria 
triticina and Alternaria sesame (Bhaskaran 
and Kandaswamy, 1978; Jha and Gupta, 
1988; Marimuthu et al., 1974). Screening of 
cellulytic ability of fungi from native 
environmental source including soil, air and 
infected plant were done, in which 
Alternaria sps also found to possess 
cellulose degrading ability. Highest yield of 
enzyme was noted at 37°C while maximum 
activity in the range of pH 4 4.8 was 
observed after 7 days. Cellulase synthesis 
increased by ~10 folds in the presence of 
cellulose while it repressed in the presence 
of glucose (Jahangeer et al., 2005). 
Cellulose production also reported form A. 
alternata causing fruit rot in chilli (Anand et 
al., 2008). Hubballi et al., (2011) finds that 
the activity of cellulolytic enzymes 
increased with the increase in the age of the 
culture of A. alternata when infected to 
Noni plant. Alternaria sps and A. alternata 
were found among the cellulase producers 
by helping in biodegradation of municipal 
solid waste (Gautam et al., 2012). Similarly 
Alternaria alternata along with several other 
fungal species isolated from anise and cumin 
seeds in Upper Egypt were found to produce 
cellulases (exo- and endo- -1,4-glucanase) 
on solid media (Saleem et al., 2013).   

Macris (1984) also reported similar result in 
Alternaria alternata, Carboxy 
methylcellulase and extracellular, -
glucosidase functioned optimally at pH 5 to 
6 and 4.5 to 5 and at temperatures of 55 to 
60 and 70 to 75°C, respectively. Both 
temperature optima and thermo stability of 
P-glucosidase were among the highest ever 
reported for the same enzyme excreted from 
cellulase and -glucosidase hyper producing 
microorganisms. To understand the 
mechanism of Alternaria brassicae induced 
changes in the activities of cell wall 
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degrading enzymes viz. polygalacturonase 
(PGU), cellulase and 1-3 glucanase, was 
studied by Jain and Dhawan (2008) and 
finds that role of both PG and cellulase in 
pathogenesis. Garg et al., (1999) studied the 
cell wall degrading enzymes in Alternaria 
brassicae and finds that polygalacturonase 
and cellulase decreased in leaf blight 
resistant cultivar RC-781 and increased in 
the susceptible cultivar Varuna up to 3 days.   

Polygalacturonase (PG) and cellulase 
activities increased progressively upon 
infection with Altentaria helianthi in 
sunflower leaves of susceptible cultivar upto 
7 and 9 days respectively. In contrast, a 
decline in activities of PG and cellulase was 
discerned in leaves of resistant cultivar upto 
9 days after inoculation (DAI). The results 
suggest that PG and cellulase may play a 
role in pathogenesis and  1,3 glucanase in 
expression of resistance (Dawar and Jain, 
2010).  

The protein content for cellulase enzyme 
among the A. brassicicola isolates varies 
from 15.5 to 30µg/ml. Crude and partially 
purified cellulase enzymes from Alternaria 
brassicicola (CaAbcT4) isolate was 
electrophoresed on 12% SDS-PAGE. Two 
bands showing cellulolytic activity were 
detected having molecular weights of 
~60kDa & ~52kDa representing endo and 
exo glucanase enzymes respectively (Fig. 4). 
Similarly two bands (proteins) representing 
the isoenzymes or subunits of the cellulase 
enzyme were also reported by different 
workers in Aspergillus niger (Devi and 
Kumar, 2012).  

Use of fungi for enzyme production have 

many advantages such as, the enzymes 
produced are normally extracellular, making 
easier for downstream process. In the 
present study cellulase production was 
found from phytopathogenic Alternaria 
brassicicola isolates which were screened 
by cellulose congo red plate assay method.   

The process development is the key step in 
fermentation processes. The study related to 
process development involves optimization 
of different fermentation conditions 
(physical and nutritional) towards 
enhancement of cellulolytic enzymes 
production. Shake flask cultural conditions 
(physical and nutritional factors) for 
cellulolytic enzymes production by the 
Alternaria brassicicola isolates were 
optimized by Dinitrosalicylic acid (DNS) 
method. The exo- -1,4-glucanse activity of  
A. brassicicola was found more in 
comparison to endo- -1,4-glucanse activity.   

The mean cellulase (exo- -1,4-glucanse) 
activity of all thirty two isolates of A. 
brassicicola was found maximum on 5th and 
6th day of incubation, at 350C temperature 
and pH-6 in the presence different nutrient 
sources viz., citrus fruit peel, sucrose, 
cellulose, yeast extract and sodium nitrate. 
The partial purification of cellulolytic 
enzymes from the culture filtrate was 
performed by ammonium sulphate salt 
precipitation followed by desalting through 
dialysis. SDS-PAGE revealed two bands 
representing endo and exo glucanase 
enzyme subunits respectively. The cellulase 
enzyme isolated from Alternaria 
brassicicola infecting crucifers can also be 
utilized further for industrial purpose along 
with cellulases from other microbial sources.      
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Table.1 Qualitative plate assay for screening of enzyme production from thirty  

two A.brassicicola isolates  

Isolates Place of 
Collection 

State Mean width 
of clearance 
zone (cm) 

Isolates Place of 
Collection 

State Mean width 
of clearance 
zone (cm) 

CaAbcR1 Jaipur Rajasthan 0.23 CaAbcJr1 Ranchi Jharkhand 0.37 

CaAbcH1 Faridabad Haryana 0.33 CaAbcMH1 Pune Maharashtra 0.33 
CaAbcJK1 Kathua Jammu & 

Kashmir 
0.57 CaAbcWB3 Durgapur West 

Bengal 
0.33 

CaAbcB1 Samastipur Bihar 0.33 CaAbcP1 Moga Punjab 0.37 
CaAbcUP1 Ghaziabad Uttar Pradesh 0.37 CaAbcO2 Cuttack Orissa 1.13 
CaAbcAs1 Jorhat Assam 0.7 CaAbcR3 Jaipur Rajasthan  0.47 
CaAbcO1 Bhubaneswar Orissa 0.37 CaAbcD1 IARI field Delhi 0.57 
CaAbcR2 Kota Rajasthan 0.27 CaAbcUP3 Meerut Uttar 

Pradesh 
0.43 

CaAbcHP1 Solan Himachal 
Pradesh 

0.23 CaAbcR4 Jaipur Rajasthan  0.53 

CaAbcG1 Ahemadabad Gujarat 0.47 CaAbcR5 Samode Rajasthan 0.43 
CaAbcWB1 Nadia West Bengal 0.73 CaAbcR6 Kota Rajasthan 0.37 
CaAbcWB2 Kolkata West Bengal 0.37 CaAbcD7 Yamuna 

Bank 
Delhi 0.33 

CaAbcJK2 Jammu Jammu & 
Kashmir 

0.57 CaAbcT2 Palani Tamil Nadu 0.4 

CaAbcUP2 Bulandsahar Uttar Pradesh 0.17 CaAbcT3 Dindigul Tamil Nadu 1.1 
CaAbcUK1 Dehradun Uttarakhand 0.27 CaAbcT4 Kannavadi Tamil Nadu 1.1 
CaAbcH2 Shikohpur Haryana 0.23 CaAbcK1 Bengaluru Karnataka 0.9 
LSD 0.09       
CV (0.05%) 53.92       

 

Fig.1 Qualitative plate assay showing release of cellulase enzyme through zonation in plate 
by Alternaria brassicicola isolates.  
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Fig.2 Effect of different (a) day of incubation, (b) temperature, (c) pH, (d) supplementation 

of different carbon source and (e) nitrogen source on the mean cellulase activity 
of 32 A.brassicicola isolates.  
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Fig.3 Mean cellulase activity of 32 A.brassicicola isolates each at different (a) day of 

incubation, (b) temperature, (c) pH of the culture media supplemented with 
different (d) carbon source and (e) nitrogen source.  
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Fig.4 SDS-PAGE of Cellulase from Alternaria brassicicola (CaAbcT4) isolate on 12% gel. 
M: molecular weight protein standards (mid range, prestained, Gene Direx), lane 

1 & 2: crude cellulase, lane 3 & 4: partially purified endo (~60kDa) & exo 
glucanase (~52kDa) enzyme. 

 



Int.J.Curr.Microbiol.App.Sci (2014) 3(9) 127-139   

138

 
Acknowledgements 

This study has been carried out with 
financial support from the Indian Council 
of Agricultural Research under the project 
Outreach programme on Diagnosis and 
management of leaf spot diseases of field 
and horticultural crops. The authors are 
grateful to Director, Indian Agricultural 
Research Institute and Head, Plant 
Pathology IARI for providing necessary 
facilities for the research.  

References   

Alexander, M. (1961). Microbiology of 
cellulose. In: Introduction to Soil 
Microbiology (2nd Ed.). Johnwiley 
and Son, Inc. New York and London. 

Anand, T., Bhaskaran, R., Raguchander, T., 
Karthikeyan, G., Rajesh, M., 
Senthilraja, G. (2008). Production of 
cell wall degrading enzymes and 
toxins by Colletotrichum 
capsici and Alternaria 
alternata causing fruit rot of chillies. 
J. Plant Prot. Res., 48(4): 437 451. 

Bhaskaran, R., Kandaswamy, T.K. (1978). 
Production of a toxic metabolite 
by Alternaria helianthi in vitro and in 
vivo. Madras Agri. J., 65: 801 804. 

Dawar, V., Jain, V. (2010). Cell wall 
degrading enzymes and permeability 
changes in Sunflower (Helianthus 
annuus) infected with Alternaria 
helianthi. Int. J. Agri. Env. Biotech., 
3(3): 321 325.  

Devi, M.C., Kumar, M.S. (2012). 
Production, Optimization and Partial 
purification of Cellulase by 
Aspergillus niger fermented with 
paper and timber sawmill industrial 
wastes.  J. Microbiol. Biotech. Res., 
2(1): 120 128. 

Ellis, M.B. (2001). Dematiaceous 
hyphomycetes. CABI publishing, 
Wallingford, Oxfordshire, U.K. p. 
608. 

Eshel, D., Ben-Arie, R., Dinoor, A., Prusky, 

D. (2000). Resistance of gibberellin-
treated persimmon fruit to Alternaria 
alternata arises from the reduced 
ability of the fungus to produce endo-
1,4- -glucanase. Phytopathol., 90: 
1256 1262. 

Eshel, D., Lichter, A., Dinoor, A., Prusky, 
D. (2002). Characterization of 
Alternaria alternata glucanase genes 
expressed during infection of resistant 
and susceptible persimmon fruits. Mol. 
Plant Pathol., 3: 347 358. 

Garg, S., Dhawan, K., Chawla, H.K.L., 
Nainawatee, H.S. (1999). Alternaria 
brassicae induced changes in tile 
activity of cell wall degrading 
enzymes in leaves of Brassica juncea. 
Biol. Plants, 30(5): 387 392. 

Gautam, S.P., Bundela, P.S., Pandey, A.K., 
Jamaluddin, Awasthi, M.K., Sarsaiya, 
S. (2012). Diversity of Cellulolytic 
microbes and the biodegradation of 
municipal solid waste by a potential 
strain. Int. J. Microbiol., 1 12.  

Grassin, C., Fauquembergue, P. (1996). 
Wine; and Fruit juices. In: Industrial 
Enzymology (2nd Ed.) T. Godfrey and 
S. West (Eds.). Macmillan Press Ltd, 
London. 

Gupta, P., Samant, K., Sahu, A. (2012). 
Isolaton of cellulose degrading 
bacteria and determination of their 
cellulolytic potential. Int. J. 
Microbiol., doi:10.1155/2012/578925. 

Himmel, M.E., Baker, J.O., Overend, R.P. 
(1994). Approaches to cellulase 
purification. In: Enzymatic 
Conversion of Biomass for Fuel 
Production. ACS symposium series 
566. 

Hubballi, M., Sornakili, A., Nakkeeran, S., 
Anand, T., Raguchander, T. (2011). 
Virulence of Alternaria 
alternata Infecting Noni associated 
with production of cell wall degrading 
enzymes. J. Plant Prot. Res., 51(1): 
87 92. 

Jadhav, A.R., Girde, A.V., More, S.M., 
More, S.B., Khan, S. (2013). Cellulase 



Int.J.Curr.Microbiol.App.Sci (2014) 3(9) 127-139   

139

 
production by utilizing agricultural 
wastes. Res. J. Agri. For. Sci., 1(7): 6
9. 

Jahangeer, S., Khan, N., Jahangeer, S., 
Sohail, M., Shahzad, S., Ahmad, A., 
Khan, S.A. (2005). Screening and 
characterization of fungal cellulases 
isolated from the native environmental 
source. Pak. J. Bot., 37(3): 739 748. 

Jain, V., Dhawan, K. (2008). Major cell wall 
degrading enzymes in two contrasting 
cultivars of Brassica juncea infected 
with Alternaria Brassicae. Crucifers 
Newsletter, 27: 20 21. 

Jha, D.K., Gupta, D.P. (1988). Production of 
pectinolytic enzymes by Alternaria 
triticina. Indian Phytopathol., 41: 652. 

Klug-Santner, B.G., Schnitzhofer, W., 
Vrsanska , M., Weber, J., Agrawal, 
P.B., Nierstrasz, V.A., Guebitz, G.M. 
(2006). Purification and 
characterization of a new bioscouring 
pectate lyase from Bacillus pumilus 
BK2. J. Biotechnol., 121(3): 390 401. 

Lederberg, J. (1992). Cellulases. In: 
Encyclopaedia of Microbiology (Vol. 
1; A-C). Academic Press, Inc. 

Logan, R.M., Siehr, D.J. (1966). 
Solubilization of acid swollen 
cellulose by an enzyme system from a 
species of Alternaria. Appl. Environ. 
Microbiol., 14: 1015 1018. 

Lynd, L.R., Weimer, P.J., van Zyl, W.H., 
Pretorius, I.S. (2002). Microbial 
cellulose utilization: Fundamentals 
and biotechnology. Microbiol. Mol. 
Biol. Rev., 66: 506 577. 

Macris, B.J. (1984). Production and 
characterization of cellulose and b-
glucosidase from a mutant of 
Alternaria alternata. Appl. Environ. 
Microbiol., 47 (3): 560 565. 

Mandel, M., Andreotti, R., Roche, C. 
(1976). Measurement of saccharifying 
cellulases. Biotechnol. Bioeng. Symp., 
6: 21 23.     

Marimuthu, T., Bhaskaran, R., Shanmugam, 
N., Purushothaman, D. (1974). In 
vitro production of cell wall splitting 
enzymes by Alternaria sesami. Labd. 
J. Sci. Technol., 12B: 26 28. 

Philippidis, G.P. (1994). Cellulase 
Production technology. In: Enzymatic 
Conversion of Biomass for Fuel 
Production. Himmel M. E. et al., 
(Eds.), ACS symposium series, p. 566. 

Saleem, A., El-Said, A.H.M., Maghraby, 
T.A., Hussein, M.A. (2012). 
Pathogenicity and pectinase activity of 
some facultative mycoparasites 
isolated from Vicia faba diseased 
leaves in relation to photosynthetic 
pigments of plant. J. Plant Pathol. 
Microbiol., 3: 141. doi:10.4172/2157-
7471.1000141. 

Sohail, M., Ahmad, A., Khan, S.A. (2011). 
Production of cellulases from 
alternaria sp. Ms28 and their partial 
characterization.  Pak. J. Bot., 43(6): 
3001 3006. 

Sohail, M., Naseeb, S., Sherwani, S., Aftab, 
S., Sultana, S., Shehzad, S., Ahmad, 
A., Khan, S.A. (2009). Distribution of 
hydrolytic enzymes in native fungi: 
Aspergillus the predominant genus of 
hydrolase producers. Pak. J. Bot., 41: 
2567 2582. 

Walsh, G. (2002). Industrial enzymes: 
proteases and carbohydrases. In: 
Proteins; Biochemistry and 
Biotechnology. John Wiley and Sons. 
Ltd. 

Walter, H.R. (1998). Microcrystalline 
cellulose technology. In: 
Polysaccharide Association Structure 
in Food. Marcel Dekker Inc, Nueva 
York.  


