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Abstract—The present study was focused towards the 
production of multiple enzymes like endoglucanase, 
exoglucanase, β-glucosidase , xylanase and FPase comprising 
the cellulase system from Aspergillus. The strain was induced 
for the production of cellulase system by solid state 
fermentation using Sweet Sorghum bagasse and Corn cobs as 
lignocellulosic substrates. Endoglucanase produced from 
Sweet Sorghum bagasse was further purified to homogeneity 
by chromatography on Sephadex G-50 and DEAE-Cellulose 
with a purification fold of 12. Endoglucanase was 
characterized and found to produce maximum activity at pH 6 
and 55° C. Endoglucanase was stable for 1hour at pH 6 
retaining 86% of residual activity and at 55° C retaining 77% 
activity after 3 hours. Endoglucanase was assessed for 
stability in the presence of various metal ions like Hg+, K+, 
Zn+, Ni+, Ca2+, Pb2+,Co2+, Fe2+, Mg2+, Mn2+, Fe3+, Na+ etc. 
Enzyme stability in various detergents, organic solvent and 
additives like SDS, Triton X 100, methanol, ethanol, propanol, 
acetone, glycerol, EDTA, β-mercaptoethanol, DTT, PMSF, 
PCMB etc were evaluated. Kinetic parameters suggest high 
affinity of Endoglucanase towards Sodium Carboxyl Methyl 
Cellulose (CMC) with Km of 1.11 mg/ml and Vmax of 50 U/ml. 
Endoglucanase is relatively a low molecular weight protein 
with ~ 20Kd. The purified enzyme was used for enzymatic 
hydrolysis of lignocellulosic residues like Saw dust after 
biological pre-treatment with Pleurotus ostretus (a white rot 
fungi releasing 42 g/100g of reducing sugars. The outcomes 
reveal the potential application of cellulase system for 
saccharification of lignocellulosic biomass for bioethanol 
production. 

1. INTRODUCTION 

Lignocellulose is one of the most abundant resources available 
in nature. Cellulases are capable of hydrolyzing β-1,4-
glycosidic bonds in cellulose and have been broadly divided 
into three classes: endoglucanase, cellobiohydrolase or 
exoglucanase and β-glucosidase which have been shown to act 
synergistically to hydrolyze cellulose to glucose unit. 

Xylanolytic enzyme has the capability of hydrolyze the 
xylosidic linkages in xylan, which is the major component of 
hemicelluloses [1]. Solid State Fermentation a better 
alternative over submerged fermentation for large scale 
production of fungal metabolites as it resembles the natural 
environment for fungi to grow and produce the fermented 
metabolites [2]. Enzyme complexes for the hydrolysis of 
lignocelluloses have been produced by solid state fermentation 
(SSF) employing various agricultural residues such as rice 
straw, wheat bran, corn Stover, sugarcane bagasse, pomace, 
corncobs, etc. [3]. Sweet sorghum (Sorghum bicolor L. 
Moench) is a renewable, cheap, widely available substrate. Its 
high biomass content make it a potential source for ethanol 
production. It contains soluble (glucose and sucrose) and 
insoluble carbohydrates (cellulose and hemicellulose) [4].The 
ability of a particular microorganism to grow on 
lignocellulosic substrates is related to the production of a 
broad spectrum of enzymes. Aspergillus and Trichoderma 
species are well known for efficient production of cellulases. 
Keeping in view the industrial importance of cellulases, the 
present study was undertaken to produce cellulase system and 
xylanase enzyme form sweet sorghum bagasse and corn cobs, 
further the endoglucanase produced from sweet sorghum 
bagasse under SSF which purified by chromatographic 
techniques and characterized. The purified endoglucanase was 
employed for demonstration of enzymatic saccharification of 
lignocellulosic substrates. 

2. MATERIALS AND METHODS 

2.1 Microorganisms, substrates and chemicals  

Aspergillus fumigatus strain NCIM 902 was procured from 
National Collection of Industrial Microorganism (NCIM), 
Pune. Aspergillus fumigatus was cultivated on Potato Dextrose 
Agar (PDA) and incubated at 30°C for 6-7days until complete 
sporulation. The spore suspension was used as innoculum. The 
culture was maintained on PDA slants and frequently sub 
cultured. Pleurotus ostretus MTCC 1804 strain was procured 
from Microbial Type Culture Collection (MTCC), 
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Chandigarh. Sweet Sorghum stalks were provided by 
University of Agricultural sciences (UAS), Dharwad. Corn 
Cobs were procured from Local market at Hubli. Saw dust 
was collected from wood cutting mill at Hubli. The substrates 
were thoroughly washed and dried in oven at 40°C. Substrates 
were milled to obtained fine powder and sieved with a mesh 
size of 4mm and stored in a dry air tight container until further 
use. Sodium salt CMC was purchased from sigma chemicals 
(Mumbai, India), pNPG (Sigma), Birch Wood Xylan 
(Himedia), SephadexG-50 (Sigma-Aldrich), DEAE-Cellulose 
(Himedia) and other analytical grade chemicals were 
purchased from Merck, SD Fine chemicals and Himedia.  

2.2 Screening for Cellulase and xylanase production 

Aspergillus fumigatus was screened for cellulase and xylanase 
production. It was screened on selective carboxymethyl 
cellulose (CMC) agar containing 2.0 g NaNO3, 1.0 g KH2 PO4, 
0.5 g MgSO4.7H2O, 0.5 g KCl, 10.0 g carboxymethyl cellulose 
sodium salt 10.0 g or Birch wood Xylan 5.0 g , 0.2 g peptone 
and 17.0 g agar in 1L distilled water (pH 5.5-6.0). Plates were 
spot inoculated with spore suspension of Aspergillus 
fumigatus and incubated at 30ºC. After 3 days, the plates were 
flooded with 1% Congo red solution for 15 minutes and then 
destained with 1M NaCl solution. The diameter of zone of 
decolorization around the colony was measured. Cellulolytic 
index (CI) was determined and expressed by the ratio of the 
diameter of the degradation halo and the diameter of the 
colony [5]. 

2.3 Pretreatment of Substrates 

Pretreatment decreases the crystallinity of Sweet- 

Sorghum bagasse and Corn cobs thereby removing the lignin 
and other inhibitors enabling the enzymatic hydrolysis. 50 g of 
the Sweet Sorghum bagasse and Corn cobs were treated 
separately with 1L of 4% NaOH and autoclaved at 121°C for 
30 minutes. It was then filtered, washed with distilled water 
and excess alkali present was neutralized with 1N phosphoric 
acid. Again it was filtered and the residual material was dried 
at 65°C in a hot air oven to a constant weight. To the 
cellulosic material obtained, the same volume of distilled 
water was added and heated at 121°C for 30 minutes. The 
suspension was filtered and the solid material was dried at 
65°C to constant weight in hot air oven. The pretreated 
lignocellulosic substrates were used as the sole source of 
carbon to produce cellulase system by Aspergillus fumigatus 
[6]. 

2.4 Solid State Fermentation for Production of Cellulase 
system 

The cellulase system production was carried out in 250 ml 
Erlenmeyer flasks containing 10 g of dried substrates 
(Sorghum bagasse and Corn cobs) moistened with 20 ml of 
Mandels-Weber medium containing the following (g/L): urea, 
0.3; ammonium sulfate, 1.4; KH2PO4, 0.3; CaCl2, 0.3; 
MgSO4.7H2O, 0.3; proteose peptone, 1.0 and (mg/L) 

MnSO4.7H2O, 1.6; ZnSO4.7H2O, 1.4; CoCl2, 2; Tween 80, 
0.1%; and initial pH 5.3. The medium and the substrate were 
sterilized at 121°C for 15 min at 15 lbs. The inoculum was 
prepared with 6 days old Aspergillus fumigates strain. The 
spore suspension was prepared by adding 5 ml of 1% Tween 
80 to the culture slant. A spore suspension approx. 108 
spore/ml was inoculated into the flasks and incubated at 30°C 
under static condition. The contents of the flasks were mixed 
intermittently (twice a day), and the crude enzyme was 
extracted from each flask at regular interval of time (at every 
24 h) for a period of 10 days. 

2.5 Harvesting of Cellulase System 

The enzyme was extracted by a simple contact method [7]. 
After incubation the fermented samples were left for shaking 
on a rotary shaker at 150 rpm for 1 hour with 0.05 M citrate 
buffer (pH 5) by applying substrate:buffer (S:L 1:10) 
concentration for 1 h and filtered through Whatman No. 1 
filter paper. The filtrates were centrifuged for 20 min at 
10,000 rpm and 4°C to remove spores and the supernatant of 
crude enzyme extract was used for enzyme assay. The 
supernatants were stored at 4˚C until further use 

2.6 Analytical Measurements 

2.6.1 Enzyme assays 

Multiple enzymes like Total cellulase (FPA), endoglucanase, 
and exoglucanase activities were determined using Whatman 
no. 1 filter paper, Carboxymethyl cellulose (CMC, low 
viscosity), and microcrystalline cellulose as substrates, 
respectively, according to standard conditions described by 
Ghose [8]. Reducing sugars produced were expressed as 
glucose liberated during reactions and were estimated by the 
DNS method [9]. Xylanase activity was determined using 
xylan from birch wood as substrate according to methods 
described by Bailey [10]. For all enzymes one enzyme unit 
(U) was defined as the amount of enzyme that liberates 1 μmol 
of the product (glucose for all cellulases and xylose for 
xylanase) per minute under the assay conditions (30 min 
incubation time at 50°C with 50 mM citrate buffer pH 5.0). β-
Glucosidase activity was assayed in a 100 μL reaction mixture 
containing 2mM ρ-nitophenyl-β-D-glucopyranoside (pNPG), 
50 mM citrate buffer (pH 5.0), and an appropriate dilution of 
enzyme preparation. After 10 min incubation at 50°C, the 
reaction was stopped by adding 200 μL of 1M Na2CO3, and ρ-
nitrophenol (ρNP) release was monitored at A410nm. Enzyme 
unit was defined as the amount of enzyme that releases 1 μmol 
ρ-nitrophenol per minute under the standard assay conditions. 
All analyses were done in triplicate. 

2.6.2 Determination of Protein content 

The concentration of soluble protein was determined by using 
bovine serum albumin as the standard by standard procedures 
described by Lowry [11]. 
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2.6.3 Biomass Determination 

Mycelial dry biomass was collected on a pre-weighed 
Whatmann filter paper no. 5, dried to a constant weight at 
60°C and reweighed. The difference in weight denoted the 
mycelial growth of fungus [12]. 

2.7 Purification of Endoglucanase 

All purification steps were performed at 4˚C. Crude extract of 
endoglucanse obtained from Solid state fermentation process 
using Sweet sorghum bagasse substrate from Aspergillus 
fumigates was centrifuged (10,000g) for 20 min. The cell 
debris was discarded and the cell free supernatant was 
collected and used as a source of crude enzyme for further 
purification. An initial step in protein purification, which 
attempts to precipitate the proteins in the solution, was 
ammonium sulphate precipitation with 70% saturation as 
described by [13]. Total proteins and activity of partially 
purified endoglucanse were determined before and after 
dialysis with 0.05 M phosphate buffer pH 6 for 24 hours of 
ammonium sulfate precipitation. The desalted ammonium 
sulfate fraction was lyophilized for further purification by 
chromatography. The lyophilized enzyme was redissolved in 
10 ml of phosphate buffer (pH 6.0) and loaded on to a DEAE-
cellulose chromatographic column (2.5×40 cm) that was 
equilibrated and eluted with 50 mM phosphate buffer 
containing 0.5 M NaCl, at a flow rate of 0.5ml/min. The 
endoglucanase fractions were pooled, concentrated, dialyzed 
against the same buffer once again to remove Na+ and Cl− , 
lyophilized, redissolved in 5 ml of the same buffer and loaded 
into a SephadexG-50 column (2.5×40 cm) that was 
equilibrated and eluted with 50 mM phosphate buffer (pH 
6.0). Fractions of 1ml were collected at a flow rate of 
0.5ml/min. The fractions were analyzed for protein by A280 

method and endoglucanase activities were determined. The 
resulting concentrated active endoglucanse fractions were 
pooled and used as the purified endoglucanse enzyme [14, 15]. 

2.8 Characterization of Purified Endoglucanase 

2.8.1 Effect of pH and pH stability 

Optimum pH for the purified enzyme was determined using 
0.1 M buffers of different pH values such as citrate (pH 3.0–
5.0), sodium phosphate (pH 6.0-7.0), Tris-HCl (pH 8.0–9.0), 
and glycine-NaOH (pH 10.0) and its pH stability was 
determined by incubating the enzyme in the pH range 4–7 for 
3 hours and the residual activity was calculated. 

2.8.2 Effect of temperature and temperature stability 

The optimum temperature for endoglucanase activity was 
determined by measuring the activity at various temperatures 
(25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80 and 85 °C) at 
optimum pH and its thermal stability was determined by 
incubating the enzyme at different temperature range of 50-
65°C for 3h and the residual activity was calculated. 

2.8.3 Effect of Metal ions, Additives and Solvents 

The purified endoglucanase was incubated with 10 mM of 
different salt solutions (Mn2+, Cu2+, Mg2+, Zn2+, Fe3+, Fe2+, K+, 
Na+, Hg+2, Co+2, Cd2+, Pb+2, Ca2+ and Ni+), Effect of Different 
additives (Triton X-100, sodium dodecyl sulphate, Tween 20, 
Tween 80, phenyl methyl sulphonyl fluoride (PMSF), 
dithiotheitol (DTT), p-chloromercuribenzoate (PCMB), EDTA 
and Dimethyl sulpfoxide (DMSO) at a concentration of 10 and 
50 mM were analyzed. Effect of various organic solvents 
(Glycerol, ethanol, acetone, methanol, petroleum ether, 1-
propanol, benzene, toluene, n-hexane, decanol, and ethyl 
acetate) at 50% (v/v) for 1 h were determined and the residual 
activity of the purified endoglucanase with such chemical 
additives was determined and compared with the control 
(without inhibitors as 100%). 

2.8.4 Determination of Substrate specificity 

The purified endoglucanase was evaluated for substrate 
specificity toward 1% CMC, microcrystalline cellulose, Filter 
paper, Soluble starch, birchwood xylan and xylan oat splet. 
The relative activity was calculated. 

2.8.5 Determination of Enzyme Kinetics 

For the determination of endoglucanase kinetic parameters, 
solutions containing 2.5-25mg/ml of CMC was prepared and 
the reaction was carried out at 55 ◦ C, pH 6 for 30 minutes. 
Enzyme saturation was observed by Michaelis Menten model 
and Kinetic Parameters Km and Vmax were estimated using 
linear transformations of Lineweaver Burk plots. 

2.8.6 Molecular Mass Estimation 

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis 
(SDS-PAGE) was performed on 5% stacking gel and a 15% 
separating gel, according to the method described by Laemmli 
[16] to determine the molecular weight of Endoglucanase. 
Separated Protein bands were visualized by staining with 
Coomassie Brilliant Blue R-250. The approximate molecular 
weight of the purified endoglucanase was determined from the 
medium range protein molecular weight markers. 

2.9 Enzymatic saccharification of Saw dust 

The enzymatic saccharification of saw dust was carried out. 
Alkali pretreated and combination of alkali pretreatment and 
biological pretreatment with Pleurotus ostretus strain for 8 
days and untreated Saw dust were used as substrates for 
saccharification by purified endoglucanase from Aspergillus 
fumigates. The enzymatic hydrolysis was performed in 150-ml 
screw cap Erlenmeyer flasks containing 2.5% different 
substrates, as mentioned earlier, in 50 mM sodium phosphate 
buffer (pH 6) containing 0.1% Tween 80. Controls were kept 
for each reaction in which the active enzyme was replaced 
with heat-inactivated enzyme. The reaction system was 
fortified with 10 mg % of sodium azide to prevent microbial 



28

con
bat
hou
ina
thr
the
red

3. 

3.1
fer

Asp
hal
Co
dis
xyl
pro
sor
fer

Fi

Ma
inc
pro
pro
pro
pro

Ma
FP
fou
U/g
U/g
Bo
pro
hug
end

ntamination. T
th. The sample
urs and incu
activate the en
rough the musl
e clear supern
ducing sugars b

RESULTS A

1 Production
rmentation  

pergillus fumig
lo when subje

ongo red plate
stinct zones in
lanase produc
oduced better 
rghum (Fig. 1
rmentation. 

ig. 1: Productio
and Protein by

baga

aximum enzym
cubation which
otein producti
oduction capa
oduction has be
ofiling illustrat

aximum End
Pase and xylana
und to be 26 U
gds respective
gds, 4.8 U/gd

oth the substra
oduction multi 
ge potential fo
doglucanase co

The reaction w
es were withdra
ubated in boi
nzyme; the reac
lin cloth and c
natant. This s
by DNS metho

AND DISCUS

n of cellula

igatus showed 
ected to screen
e assay with 
n xylan supple
ction. Compar
Cellulase syst

1) than Corn 

on Profile of cell
y Aspergillus fu
asse under solid

me production 
h is evidence
ion profile al
ability of th
een also report
tes the producti

doglucanase, 
ase enzyme act
U/gds, 8 U/gds
ely and from 
ds, 2.4 U/gds 
ates proved to 

enzyme system
or xylanase pro
omponent of th

International 
Vol

was carried out 
awn every 6 h 
iling water b
ction mixture 
entrifuged at 1
supernatant w

od [17]. 

SSIONS 

se system b

a significant 
ning for cellulo
CI of 8.2 an

emented plates
ratively Asper
tem and xylan
cobs (Fig. 2

lulase system, x
umigates from S
d state fermenta

was found betw
d in both the
so depicts th
he strain. M
ted in P. betuli
ion of primary

Exoglucanase,
tivity from swe
s, 6 U/gds, 3.9
corn cobs wer
and 1105 U/
be potential fe
m. Even thoug

oduction the fo
he multi enzym

Journal of Bio
lume 1, Numb

at 50°C in wa
for a period of

bath (100°C) 
was then filte

10,000g to coll
was analyzed 

by Solid st

CMC hydroly
olytic activity 

nd also produc
s indicating go
rgillus fumiga
nase from Sw
2) by solid st

xylanase, Bioma
Sweet sorghum 
ation. 

ween 5-6th day
e substrates. T
he multi enzy
Multiple enzy
inus [18]. Grow
 metabolites. 

, β-glucosida
eet sorghum w
9 U/gds and 12
re 24 U/gds, 
/gds respective
feedstocks for 
gh the strain ha
cus was to pur

me system. 

 

otechnology an
er 1; July- Dec

ater 
f 72 

to 
red 
lect 
for 

tate 

ysis 
on 

ced 
ood 
ates 

weet 
tate 

 

ass 

y of 
The 
yme 
yme 
wth 

ase, 
were 
250 
9.2 
ely. 
the 

ad a 
rify 

Fig. 2: 
and P

3.2 Pur

The pur
(12 U/m
70 % sa

F

Fig. 4

Zabin K

nd Biomedical 
cember, 2015 

Production Pro
Protein by Aspe

so

rification strat

rification of en
ml) to be initia
aturation (38 U

Fig. 3: Exchange
endoglucan

4: The Elution P
chromatogra

K. Bagewadi an

Sciences 

ofile of cellulase
ergillus fumigat
olid state fermen

tegy of Endog

ndoglucanase i
ally precipitate

U/ml) followed 

e chromatograp
nase on DEAE-C

Profile of endog
aphy using Seph

nd Harichandra

e system, xylana
tes from Corn c
ntation. 

lucanase 

involved the cr
ed by Ammoni

by dialysis.  

phy Elution Pro
Cellulose matrix

glucanase by Ge
hadexG-50 matr

a Z. Ninnekar 
 

 

ase, Biomass 
cobs under  

rude enzyme 
ium sulphate 

 

ofile of 
x. 

 
el filtration 
rix. 



Pro
En
 
 
Th
exc
elu
act
fra
chr
elu
ma

(N
Fr
DE
Ce
Se
50

 
Th
1) 
spe
rec
yie
end

3.3

3.3

En
ret

It s
res
oth
be 
55

oduction, Purif
nzymatic Hydro

he partially pu
change chrom
ution profile (F
tivity depictin
actions were 
romatography 
ution profile (F
ass proteins. 

Table 1: Purific
sorghum baga

Steps 
 
 

Crude 

T
Pr

(m
1

NH4)2 SO4 
ractionation 
EAE-
ellulose 

5

ephadexG-
0 

1

he summary of
which shows 

ecific activity 
covery of endo
eld of 27.7%
dophytic Fusar

3 Characteriza

3.1 Effect of pH

ndoglucanase e
taining 86% rel

Fig. 5: Effe

showed 57%, 7
spectively after
her endoglucan

optimum at 5
°C between 3.0

fication and Ch
olysis of Ligno

urified endoglu
atography with
Fig. 3) indicat
ng the absen

further su
employing 

Fig. 4) indicate

cation summary
sse produced by

solid state fe

otal 
otein 
mg) 
180 

Total 
activity

(U) 
1800 

 
56 

 
760 

5.6 322 

1.2 144 

f the purificati
the attainmen
of 120 U/mg 

oglucanase. A 
% was achie
rium oxysporu

ation of purifi

H and pH stab

exhibited maxi
lative activity a

ect of pH on En
Aspergillus

71%, 68% of r
r 3 hours (Fig.
nases from T. v
55°C at pH 5 
0 to 7.5 pH [20

haracterization 
ocellulosic Was

International 
Vol

ucanase was 
h DEAE-cellu
tes one pool o

nce of isozym
ubjected to 
SephadexG-5

es a good pool 

y of endoglucan
y Aspergillus fu

fermentation 

y 
Specific 
activity 
(U/mg) 

10 
 

13.571 
57.5 

120 

on strategy is 
nt of 12 purific

after chromato
purification fo

eved for end
m [19]. 

ied Endogluca

bility 

imum activity 
after 3 hours. 

ndoglucanase ac
s fumigates 

relative activity
. 6). The result
viride HG 623 w

and stable for
0]. 

of Endoglucan
ste 

Journal of Bio
lume 1, Numb

subjected to 
ulose matrix. T
of endoglucan
mes. The act

gel filtrat
50 matrix. T

of low molecu

nase from sweet
fumigates under

Yield 
% 

 
100 

Fold
 
 

1
 

42.22 
 

1.36
17.88 5.75

8 12

presented (Ta
cation folds w
ography with 
old of 15.9 wit
docellulase fr

anase 

at pH 6 (Fig.

ctivity from  

y at pH 4, 5 an
ts were similar
which reported
r 1 h from 35

nase from Asp

 

otechnology an
er 1; July- Dec

ion 
The 
nase 
tive 
tion 
The 
ular 

t 
r  

d 

6 
5 

able 
with 
8% 
th a 
rom 

 5) 

 

nd 7 
r to 
d to 
5 to 

Fig. 6

3.3.2. E

Temper
to be o
fumigat

Fig. 7

77% of 
55° C fo
recorde
These f
[21] fou
after 6 
incubati

ergillus fumiga

nd Biomedical 
cember, 2015 

6: Effect of pH s
A

Effect of Temp

rature has an in
optimum for e
te (Fig. 7). 

7: Effect of temp
A

f the activity w
for 3 hours. 68%
d at 50° C, 6
findings indica
und that cellula

h and 20–2
ion of 5 h. 

atus and 

Sciences 

stability on End
Aspergillus fum

perature and t

nfluence on the
endoglucanase 

perature on End
Aspergillus fum

was retained aft
%, 71% and 66
60° C and 65
ate the thermo
ase activity wa
24 % activity 

doglucanase act
migates 

temperature s

e enzyme. 55° 
activity from

doglucanase ac
migates 

ter incubating t
6% of residual 
° C respective
ostable nature 
as dropped by 5

was lost at 

 29 

 

tivity from 

tability 

C was found 
m Aspergillus 

 

ctivity from 

the enzyme at 
activity was 

ely (Fig. 8). 
of enzyme. 

50% at 60°C 
55°C after 



30

Fig
Asp

 

3.3

 So

 

 Ef
stu
ion

Fig
Asp

 

 Co
Th
in 
in 
mo
Mn
Cu
inh

 

g. 8. Effect of tem
pergillus fumiga

3.3. Effect of M

olvents 

ffect of variou
udied (Fig. 9). 
ns for 1 hour at

g. 9. Effect of
pergillus fumiga

oCl2 and MgS
hese metal ions
Fusarium oxys
the presence 

oderately lost 
nCl2.Enzyme w
uCl2, FeSO4, F
hibited endoglu

mperature stabil
ates 

Metal ions, Ad

us metal ions
Enzyme was 

t pH 6 and 55°

f Metal ions 
ates 

SO4 acted as 
s were reported
sporum [19]. S
of ZnSO4 and
in the prese

was inhibited 
FeCl3, Pb, NiC
ucanase activity

International 
Vol

lity on Endogluc

dditives and or

s at 10mM co
incubated wit
C.  

on Endoglucan

activators for
d to enhance the
Significant acti
d CaCl2. Enzy
nce of MgCl
in the presenc

Cl2 and CdCl2

y. 

Journal of Bio
lume 1, Numb

canase activity fr

rganic  

oncentration w
th different me

nase activity fr

r endoglucana
e enzyme activ
ivity was retain
yme activity w
l2, KCl, MnS
ce NaCl, CuS
2. HgCl2 stron

 

otechnology an
er 1; July- Dec

 

rom 

was 
etal 

 

rom 

ase. 
vity 
ned 
was 
O4, 
O4, 

ngly 

Fig. 10
Aspergil

  

Surfacta
showed
additive

Glycero
endoglu
presenc
acetate 
52% an
from St
solvents
 

 

Fig. 11. 
Aspergil

 

3.3.4. D

 

 Endogl
(Table 
microcr
was see

Zabin K

nd Biomedical 
cember, 2015 

. Effect of A
llus fumigates 

ants enhanced 
d significant 
es and detergen

ol and n-he
ucanase activit
ce of different

were found t
nd 57% of rela
treptomyces sp
s has been repo

Effect of organ
llus fumigates 

Determination

lucanase show
2). 10%, 

rystalline cellu
en. No activit

K. Bagewadi an

Sciences 

Additives on E

the activity o
stability in t

nts (Fig. 10).  

exane was 
ty. Enzyme sho
t organic solv
o denature the
ative activity (
. in the presen
orted [22]. 

nic solvents on 

 of Substrate 

wed 100% acti
13%, 8% o

ulose, pNPG a
ty was found 

nd Harichandra

Endoglucanase a

of enzyme. En
the presence 

found to en
owed good sta
vents. Propano
e enzyme dras
(Fig. 11) Enzy
ce of various a

Endoglucanase 

specificity 

ivity in presen
of relative a
and Filter pape
for birchwood

a Z. Ninnekar 
 

 

activity from 

ndoglucanase 
of various 

nhance the 
ability in the 
ol and ethyl 
stically with 
yme stability 
additives and 

activity from 

nce of CMC 
activity for 
er substrates 
d xylan, oat 

 



Pro
En
 
 
spl
pur
bet
[18
 

  

Su

CM

M

pN

Fi

Bi

Oa

So

3.3

 

 Th
con
enz
cur
fou
Fu
wh

 

oduction, Purif
nzymatic Hydro

let xylan and s
rified endoglu
tulinus exhibit
8] which is in a

Table 2. substr

ubstrates 

MC 

Microcrystalline C

NPG 

lter paper 

irchwood xylan 

at splet xylan 

oluble starch 

3.5. Kinetic pa

he enzyme 
ncentration wi
zyme showed 
rve. From the
und to be 1.1

ungal β-glucosi
hile Vmax range

Fig. 12. Kinetic

fication and Ch
olysis of Ligno

oluble starch. 
ucanase for C
ted the highest
agreement with

rate specificity o
Aspergillus

Cellulose 

arameters of e

was analyzed
ith 2.5-25mg/m

exhibited the
e Lineweaver 
1mg/ml and 5
idase Km value
ed from 0.21 μg

cs of Endogluca
fumi

haracterization 
ocellulosic Was

International 
Vol

This indicated 
CMC. Endoglu
t substrate spe
h our findings. 

of purified endog
s fumigates 

Relative activit

100% 

10% 

13% 

8% 

0% 

0% 

0% 

endoglucanase

d for the e
ml substrate co
e Michaelis M
Burk plots Km

50U/ml respec
e ranged from 
g·min−1 to 9.63

anase enzyme fr
igates 

of Endoglucan
ste 

Journal of Bio
lume 1, Numb

the specificity
ucanse1 from 
ecificity for CM

glucanase from 

ty % 

e 

effect of CM
oncentration. T

Menten saturat
m and Vmax w
ctively (Fig. 1
0.47 to 719 μM

3 μg·min−1 [23]

rom Aspergillus

nase from Asp

 

otechnology an
er 1; July- Dec

y of 
P. 

MC 

MC 
The 
tion 

were 
12). 
M , 
]. 

 

s 

3.3.6. M

  

 Purifie
20kD in
Cellulol
was rep
 

Fig. 13.
Crude en
 

1.1. En
 

 Saw du

combin
pretreat
pretreat

 

Fig. 

The al
hydroly
sugars w
at 60 ho
released
(Fig. 1
sacchar
yield. A

ergillus fumiga

nd Biomedical 
cember, 2015 

Molecular mas

d endoglucana
ndicating to be
lytic protein m

ported from Tri

. SDS-PAGE w
nzyme d-Protein

nzymatic hyd

ust was pretrea

national pretrea
ted saw dust 
tment with Pleu

14: Enzymatic 
Endoglucan

lkali and com
yzed with pur
were released 
ours of reaction
d from alkali p
14). A comb
rification has f
A similar observ

atus and 

Sciences 

ss determinati

ase exhibited 
e a low molecu
molecular mass
ichoderma harz

 
with a-Sephadex
n ladder 

drolysis of sa

ated with alkali

atment was em
was further

urotus ostretus

saccharification
nase from Aspe

mbinational pr
rified enzyme
from combina
n and 31 g/100
retreated saw d

binational pret
found to prod
vation was rep

ion 

a molecular m
ular mass prote
s of ~50 kDa 

rzianum [24]. 

xG-50. b-DEAE

aw dust  

 and also a 

mployed wher
r subjected to
s strain for 8 da

n of saw dust by
ergillus fumigate

retreated subs
. 42 g/100g 
ational pretreat
0g of reducing 
dust at 60 hour
treatment and

duce better red
ported by [17].

 31 

mass around 
ein (Fig. 13). 
and 20 kDa 

E-cellulose c-

re the alkali 
o biological 
ays.  

 

y purified 
tes 

strates were 
of reducing 
ted saw dust 
sugars were 

rs of reaction 
d enzymatic 
ducing sugar 



Zabin K. Bagewadi and Harichandra Z. Ninnekar 
 

 

International Journal of Biotechnology and Biomedical Sciences 
Volume 1, Number 1; July- December, 2015 

32

4. ACKNOWLEDGEMENTS 

This work was supported by funding from Research & 
Development Promotion Cell (RDPC), B.V. Bhoomaraddi 
College of Engineering and Technology, Hubballi. 

REFERENCES 

[1] M. Fadel, "High-level xylanase production from sorghum flour 
by a newly isolate of Trichoderma harzianum cultivated under 
solid state fermentation", Annals of Microbiology, 51, 2001, pp 
61-78. 

[2] Ashok Pandey, "Solid state fermentation", Biochemical 
Engineering Journal. 13, 2-3, 2003, pp 81-84. 

[3] Soccol, C. R. and Vandenberghe, L. P. S., "Overview of applied 
solid-state fermentation in Brazil", Biochemical Engineering 
Journal, 13, 2003, pp 205-218. 

[4] D. Mamma, P. Christakopoulos, D. Koullas, D. Kekos, B.J. 
Macris, E. Koukios, "An alternative approach to the 
bioconversion of sweet sorghum carbohydrates to ethanol", 
Biomass and Bioenergy. 8, 2, 1995, pp 99–103. 

[5] Khokhar I., Haider M. S., Mushtaq S. & Mukhtar I, "Isolation 
and screening of highly cellulolytic filamentous fungi", Journal 
of Applied Sciences Environmental Management, 16, 2012,pp 
223-226. 

[6] S.B.Riswan Ali, R. Muthuvelayudham and T.Viruthagiri, 
"Enhanced production of cellulase from agro-industrial residues 
by optimization of medium components using central composite 
design", Asian. Journal of Food and Agro-Industry., 6,3, 2013, 
pp 113-131. 

[7] Krishna C, Chandrasekaran M, "Banana waste as substrate for 
α-amylase production by Bacillus subtilis BTK (106) solid state 
fermentation". Applied Microbiology and Biotechnology , 46, 
1996, pp 106–111. 

[8] Ghose, V.K., "Measurement of cellulase activities". Pure and 
Applied Chemistry, 59, 1987, pp 257–268. 

[9] Miller, G. L., "Use of dinitrosalicyclic acid reagent for 
determination of reducing sugar", Biotechnology and 
Bioengineering Symposium, 5, 1959, pp 193-219. 

[10] Bailey MJ, Biely P, Poutanen K, "Interlaboratory testing of 
methods for assay of xylanase activity". Journal of 
Biotechnology, 23, 1992, pp 257-270. 

[11] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ, "Protein 
measurement with the Folin phenol reagent". Journal of 
biological chemistry, 193, 1951, pp 265-275. 

[12] Rajashri D. Kamble and Anandrao R. Jadhav, "Isolation, 
identification and screening of potential cellulase-free xylanase 
producing fungi and its production", African Journal of 
Biotechnology, 11,77, 2012, pp 14175-14181. 

[13] Hafiz Muhammad Nasir Iqbal, "Optimization of physical and 
nutritional factors for synthesis of lignin degrading enzymes by 
a novel strain of Trametes versicolor", BioResources, 2011, 6(2), 
pp 1273-1287 

[14] Bakare, M. K., Adewale, I. O., Ajayi, A. O., Okoh, A. I., & 
Shonukan, O. O, " Regulatory mutations affecting the synthesis 
of cellulase in Pseudomonas fluorescens", African Journal of 
Biotechnology, 4, 8, 2005, pp 838-843. 

[15] Sibtain Ahmed, Ammara Bashir, "Production and Purification of 
cellulose degrading enzymes from a Filamentous fungus 
Trichoderma harzianum", Pakistan Journal of Botony, 41,3, 
2009,pp 1411-1419.  

[16] U. K. Laemmli, “Cleavage of structural proteins during the 
assembly of the head of bacteriophage T4,” Nature, 227, 
5259,1970, pp. 680–685. 

[17] Harshvadan Patel, Digantkumar Chapla, Jyoti Divecha and 
Amita Shah, "Improved yield of α-Larabinofuranosidase by 
newly isolated Aspergillus niger ADH-11 and synergistic effect 
of crude enzyme on saccharification of maize stover", 
Bioresource and Bioprocessing, 2:11, 2012 

[18] Vendula Valaskova and Petr Baldrian, "Degradation of cellulose 
and hemicelluloses by the brown rot fungus Piptoporus 
betulinus –production of extracellular enzymes and 
characterization of the major cellulases", Microbiology, 152, 
2006, pp 3613–3622. 

[19] Refaz Ahmad Dar, Iram Saba, Mohd. Shahnawaz, Manisha 
Kashinath Sangale, Avinash Bapurao Ade, Shabir Ahmad 
Rather, Parvaiz Hassan Qazi, "Isolation, purification and 
characterization of carboxymethyl cellulase (CMCase) from 
endophytic Fusarium oxysporum producing podophyllotoxin", 
Advances in Enzyme Research, 1, 4, 2013,pp 91-96. 

[20] Xiaomei Huang, Jiangli Ge, Jinxia Fan, "Characterization and 
optimization of xylanase and endoglucanase production by 
Trichoderma viride HG 623 using response surface methodology 
(RSM)", African journal of microbiology research, 7,36, 2013, 
pp 4521-4532. 

[21] Puneet Pathak, Nishi Kant Bhardwaj and Ajay Kumar Singh, 
"Production of Crude Cellulase and Xylanase From 
Trichoderma harzianum PPDDN10 NFCCI-2925 and Its 
Application in Photocopier Waste Paper Recycling", Applied 
Biochemistry and Biotechnology, 172, 2014,pp 3776–3797. 

[22] Mervat MA El-Gendy and Ahmed MA El-Bondkly, 
"Optimization of Solid State Fermentation and Leaching Process 
Parameters for Improvement Xylanase Production by 
Endophytic Streptomyces sp. ESRAA-301097", Journal of 
Microbial and Biochemical Technology, 6, 3, 2014. 

[23] Priscilla M. Mfombep, Zachary N. Senwo, Omoanghe S. 
Isikhuemhen, "Enzymatic activities and kinetic properties of β-
glucosidase from selected white rot fungi". Advances in 
Biological Chemistry, 3, 2013, pp 198-207. 

[24] Bruno Benoliel, Fernando Araripe Gonçalves Torres and Lidia 
Maria Pepe de Moraes, "A novel promising Trichoderma 
harzianum strain for the production of a cellulolytic complex 
using sugarcane bagasse in natura", Springer Plus, 2, 656, 2013. 
 

 


