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ABSTRACT

The present investigation was undertaken to isolate and Screen the Cellulase
Producing Bacteria from Soil. Bacteria cultures were isolated from the soil sample
collected from Botanical garden, Karnatak University Campus, Karnataka, India.
Four different substrates like Acacia arabica pod, Bauhinia forficata pod, Cassia
surattensis pod and Peltophorum pterocarpum pods (as cellulose substrate) were
used in the submerged production medium. A Total of 57 bacterial cultures were
isolated based on Morphology and Biochemical characterization. Among all
isolated strains, the three cellulolytic bacterial strains, maximum enzyme activity
were showed in Bacillus cereus (0.440 IU/ml/min and 0.410 1U/ml/min), followed
by Bacillus subtilius (0.357 1U/ml/min) and Bacillus thuringiensis (0.334
IU/ml/min) to the Acacia arabica pod. Acacia arabica pod showed maximum
enzyme activity comparatively other pods.

I ntroduction

Enzymes are delicate protein molecules
necessary for life. Cellulose is the most
abundant biomass on the earth (Venkata et
al., 2013) Plant biomass contains cellulose
as the magor component. Cellulose
accounts for 50% of the dry weight of
plant biomass and approximately 50% of
the dry weight of secondary sources of
biomass such as agricultural wastes
(Haruta et al.,, 2003). Presently huge
amount of agricultural and industrial
cellulosic wastes have been accumulating
in environment. Cellulose has attracted
worldwide attention as a renewable
resource that can be converted into bio-
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based products and bioenergy (Xing-hua et
al., 2009). Celluloses are observed as the
most important renewable resource for
bioconversion. It has been become the
economic interest to develop an effective
method to hydrolyze the cdllulosic
biomass (Saraswati et al., 2012).

Cellulose is commonly degraded by an
enzyme called cellulase. This enzyme is
produced by several microorganisms,
commonly by bacteria and fungi
(Immanuel et al., 2006). Cellulase is an
important and essentia kind of enzyme for
carrying out the depolymerization of
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cellulose into fermentable sugar (Xing-hua
et al., 2009). Cellulases are the inducible
bioactive compounds produced by
microorganisms during their growth on
Cellulosic matters (Lee and Koo, 2001).
Cellulose degrading microorganisms can
convert cellulose into soluble sugars either
by acid and enzymatic hydrolysis. Thus,
microbial cellulose  utilization  is
responsible for one of the largest materia
flowsin the biosphere (Lynd et al., 2002).

Increasing knowledge of mode of action of
Cellulase; they were used in enzymatic
hydrolysis of cellulosic  substances
(Kubicek et al.,, 1993). Despite a
worldwide and enormous utilization of
natural cellulosic sources, there are still
abundant quantities of cellulosic sources,
cellulose containing raw materials and
waste products that are not exploited or
which could be used more efficiently
(Sonia et al., 2013). Cellulases are used in
the textile industry for cotton softening
and denim finishing, in laundry detergents
for colour care, cleaning, in the food
industry for mashing, in the pulp and
paper industries for drainage improvement
and fibre modification, and they are even
used for pharmaceutical applications. Over
al the cdlulose enzymes will be
commonly used in many industrial
applications and the demands for more
stable, highly active and specific enzymes
will aso grow rapidly (Cherry et al., 2003)
Cellulases form bacteria are aso more
effective catalysts. They may also be less
inhibited by the presence of material that
has already been hydrolyzed. The greatest
potential importance is the ease with
which bacteria can be geneticaly
engineered (Arifin et al., 2006). Bacteria
has high growth rate as compared to fungi
has good potential to be used in cellulose
production. Some bacterial species viz.,
Cellulomonas  species, Pseudomonas
species, Bacillus species and Micrococcus
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have cellulolytic property (Nakamura and
Kappamura, 1982). A large number of
microorganisms are capable of degrading
cellulose, only a few of them produces
significant quantities of cell-free bioactive
compounds capable of completely
hydrolyzing crystalline cellulose in vitro.
Numerous investigations have reported the
degradation of cellulosic materials, but
few studies have examined which
microorganisms had met the industrial
requirement (Lee and Koo, 2001). Bacteria
which have high growth rate as compared
to fungi have good potential to be used in
cellulase production (Sonia et al., 2013).
Among bacteria, Bacillus species produce
a number of extracelular enzyme
including amylases, proteinases, and
polysaccharide hydrolases (Mawadza et
al., 2000).

For understanding the mechanism of
cellulose degradation by cellulase, it is
necessary to isolate, purify and
characterize this enzyme. Therefore, the
present investigation was designed to
isolate and Screen the Cellulase Producing
Bacteriafrom Soil.

Materialsand Methods

| solation of Bacteria

Bacteria were isolated from the soil
sample collected from Botanical garden,
Karnatak University Campus, Karnataka,
India. Traditional serial dilution agar
plating method was used for the isolation
of cellulolytic bacteria. The medium used
for cellulolytic bacteria contains 1.0 %
peptone, 1.0 % carboxymethylcellulose
(CMC), 0.2 % K,HPO,, 1 % agar, 0.03 %
MgSO4.7H20, 0.25 % (NH4)QSO4 and 0.2
% gelatin a pH 7. The Plates were
incubated for 48 hours at 30°C.
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Screening of Bacteria

The incubated CMC agar plates were
flooded with 1 % Congo red and allowed
to stand for 15 min at room temperature.
IM NaCl was thoroughly used for
counterstaining the plates. Clear zones
were appeared around growing bacterial
colonies indicating cellulose hydrolysis.
The bacterial colonies having clear zone
were selected for identification and
cellulase production. Further bacterial
strains  were purified by repeated
streaking. The purified colonies were
preserved at 4°C.

Screening for cellulase enzyme
Development of Inoculum

The selected bacterial cultures were
individually maintained on CMC agar
dants a 4°C. The selected bacterial
cultures were inoculated in broth medium
containing 0.03 % MgSO,; 02 %
K2HPO4, 1 % glucose, 0.25 % (NH,4)2SO4
and 1 % peptone at pH 7 for 24 Hrs of
incubation period. After the incubation
period these bacterial cells were used as
inoculum.

Cellulase enzyme production by
Submer ged Fer mentation Process

The isolated Bacteria strains were
screened for cellulase enzyme production
in  submerged fermentation process.
Fermentation medium was prepared by
using powders of 1% Acacia arabica pod,
Bauhinia forficata pod, Cassia surattensis
pod and Peltophorum pterocarpum pod (as
cellulose substrate), 0.2 % K,HPO,, 0.03
% MgSOs;, 1 % peptone, 0.25 %
(NH,)>SO,4 and autoclaved at 121°C for
15min. After autoclave, the medium was
inoculated with 1 ml of bacterial isolates
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and incubated in a rotary shaker at 35°C
for 24 hrs of fermentation period with
agitation speed of 140 rpm. After
fermentation the broth was centrifuged at
14000 x g for 10 min a 4°C. The
supernatant obtained after centrifugation
served as crude enzyme source.

Estimation of Cellulase enzyme

Estimation of Cellulase enzyme activity
was assayed using Dinitrosaisic acid
(DNS) reagent (Miller, 1959) by
estimation of reducing sugars released
from CMC. Crude enzyme was added to
0.5ml of 1 % CMC in 0.05 M phosphate
buffer and incubated at 50°C for 30 min.
After incubation, the reaction was stopped
by the addition of 1.5ml of DNS reagent
and boiled at 100°C in water bath for 10
min. Sugars liberated were determined by
measuring absorbance a 540 nm.
Cdlulase production was estimated by
using glucose calibration curve (Shoham
et al., 1999). One unit (U) of enzyme
activity is expressed as the quantity of
enzyme, which is required to release
lumol of glucose per minute under
standard assay conditions (Muhammad et
al., 2012)

biochemical

M or phological and

char acterization

The bacteria strains which produce
cellulose enzyme were further subjected to
morphological and MR VP test, Citrate
utilization test, Starch hydrolysis test,
Gelatin hydrolysis test, Nitrate reduction
test, Catalase test, Oxidase test, Glucose
fermentation test, Lactose fermentation
test, Indole test, Urea hydrolysis test, H,S
production test.
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Molecular identification of cellulolytic
bacteria

The strain which show maximum cellulase
activity was further subjected to molecular
identification by analysing 16S r RNA
sequence.

I solation of genomic DNA

2 ml of overnight grown Nutrient broth
culture was centrifuged at 10,000 rpm at
4°C for 10 minutes. The pellet was re
suspended in 10 min 10mM Tris, 100 mM
Sodium chloride solution and centrifuged
at 10,000 rpm 4°C for 10 minutes. After
discarding the supernatant, the pellet was
re suspended in 100 pl of TsoEx buffer
containing 20ul of lysozyme (50mg/ml)
and incubated at 37°C for 20 min, in that
solution 1pl of RNase (10 mg/ml) was
added and incubated at room temperature
for 20 minutes. To this mixture 100ul of
SDS (2% in TsoEzo) was added and
incubated at 50°C for 45 min with proper
mixing. 2ul of Proteinase K (20mg/ml)
was added and incubated at 55°C for 30
min. The sample was extracted in same
volume phenol, Chloroform and 1so-amyl
acohol (25:24:1) and DNA was
precipitated with one volume of
isopropanol and 0.1 volume of 3M of
Sodium acetate. The pellet was washed
with 70% Ethanol, dried and dissolved in
100 pl of T10E; buffer and stored at -20°C
for further use. Concentration of DNA was
determined using UV-1800
spectrophotometer (Schimadzu
Corporation). The DNA was stored at -
20°C for further use (Modified method of
Sadashiv and Kaliwal, 2013)

Identification of bacteria by sequencing
of the 16srRNA

PCR amplification was performed using
Applied Biosystem verti thermal cycler.
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The primers for PCR amplification were
obtained from Sigma-Aldrich.

Universal Primer (Lane, 1991)

27 forward — 5
AGAGTTTCCTGGCTCAG 3
1492 reverse—5
ACGGCTACCTTGTTACGATT 3

The PCR was performed in 20ul reaction
mixture containing 2ul of 10X assay
buffer, 1ul dNTP mix of 2.5 mM, 0.5ul of
mgcl2, 1ul each of forward and reverse
primer (5pmol), 0.5ul of Tag polymerase,
1l of template DNA and 13.5ul of HPLC
grade water with the following
amplification for 16s rRNA initia
denaturation at 95°C for 4 min followed by
38 cycles of denaturation, annealing and
extension (94°C for 1 min, 59.9°C for 2
min and 72°C for 2 min) and find
extension at 72°C for 20 min followed by
hold for infinity at 4°C. The presence of
PCR products was determined by 2.5%
agarose gel electrophoresis and to analyse
the size of amplified PCR product DNA
markers of 100bp was used which was
provided by the Puregene. The amplified
product was sent for sequencing to
SciGenom Labs Pvt Ltd, Cochin, Kerala

Construction of phylogenetic tree

By using the sequence the bacteria were
identified and constructed phylogenetic
tree by using NCBI(http://blast.nchi
nlm.nih.gov/Blast.cgi?PROGRAM=Dblastn
&BLAST_PROGRAM S=megaBlast& PA
GE_TYPE=BlastSearch& SHOW_DEFAU
LTS=0on& LINK_LOC=Dblasthome) and
MEGA 5 Software.

Results and Discussion

A Tota of 57 bacterial cultures were
isolated based on Morphology and
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Biochemical characterization. The strains
were subjected to Cellulase enzyme
production by Submerged Fermentation
Process by providing different powders of
Acacia arabica pod, Bauhinia forficata
pod, Cassia surattensis pod and
Peltophorum  pterocarpum pods (as
cellulose substrate). Among all 57 tested
bacterial strains B7 (0.440 1U/ml/min)
showed maximum enzyme activity,
followed by B20 (0. 0.357 IU/ml/min),
B37 (0410 IU/ml/min) and B49
(0.3341U/ml/min) to the Acacia arabica
pod comparatively other pods (Table 1)

All the 57 strains (B1 to B57) were Gram
+ve and showed positive for Methyl red
test, Voges Proskauer test, Citrate
utilization test, Starch hydrolysis test,
Gelatin hydrolysis test, Nitrate reduction
test, Catalase test, Oxidase test, Glucose
fermentation test, Lactose fermentation
test and Negative to Indole test, Urea
hydrolysistest, H, S production test.

The highest cellulatic enzyme production
strains (B7, B20, B37 and B49) were
further subjected to 16S rRNA. The partial
amplification of 16S rRNA confirmed on
the agarose gel electrophoresis. (Fig.1). By
using NCBI and neighbour joining method
in MEGAS the strains were identified as
Bacillus cereus (B7, B37) (Fig. 2),
Bacillus subtilis (B20) (Fig. 3) and
Bacillus thuringiensis (B49) (Fig. 4).

Cellulose is converted into fermentable
sugars by the enzyme cellulase, and
cellulase based bio-refinery technologies
are versatile and flexible because they
utilize cheaper substrates for enzyme
synthesis (Mane et al., 2007). The ability
to degrade cellulose is a character
distributed among a wide variety of
aerobic, facultative aerobic, anaerobic
bacteria. Efforts are going on throughout
the world to enhance the production and
purity of bacterial cellulases (Sregja et al.,
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2013). Studying on cellulolytic activity
has isolated various bacteria from different
environmental sources. (Hatami et al.,
2008).

Different Substrates are used in the present
study as a carbon source to produce good
yield of cellulase enzyme. Acacia arabica
pod shows maximum enzyme activity
comparatively other pods. Similar attempts
have been done by many researchers.
Ashish Vyas et al., (2005) used groundnut
shell, Shuchi Singh et al., (2013) used
Rhinoceros Dung, Atchara Sudto et al.,
(2008) used Agricultural waste for the
production of cellulase enzyme. It has
been reported that, physico - chemical
factors influence the growth of the
organisms and aso the Cellulase agro -
residues by microorganisms depend on
many factors, chemica Composition of
the agro-residues (cellulose,
hemicellulose, lignin, nitrogen, and
minerals), presence of an activator or an
inhibitor in the agro-residues, diffusion of
the catabolite, and type of organisms for
fermentation (Chinn et al., 2006). Several
microorganisms have been discovered
fordecades which have capacity to convert
cellulose into simple sugars (Perez et al.,
2002).

Many efforts were taken to generate
microorganisms with high ability to
produce cellulase that can degrade native
cellulose (Aristidou and Penttila, 2000).
From the present study among all isolated
strains, the three cellulolytic bacterial
strains the maximum enzyme activity were
showed in Bacillus cereus (0.440 1U/ml
and 0.410 1U/ml ), followed by Bacillus
subtilius (0.357 IU/ml ), and Bacillus
thuringiensis (0.334 1U/ml ) to the Acacia
arabica pod. Similarly Afza et al., (2012)
reported 45.42 U/mg cellulase production,
Mukesh Kumar et al., (2012) reported
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cellulase activity 66 U/ml from Bacillus
cereus which showed more activity when
compared to our study and in both studies
the strain was confirmed by 16s rDNA
method. Venkata et al.,, (2013) aso
concluded the Bacillus cereus is the
promising bacteria to produce cellulase.
Bacillus cereus was found to produce the
endoglucanase type cellulase (Afza et al.,
(2012) and most of the isolated B. cereus/
B. thuringiensis strains were found to
produce extracellular enzymes (Celenk et
al., 2009).

In the present study Bacillus subtilis also
has been isolated and showed cellulase
activity. Similarly Yu-Kyoung Kim, et al.,
(2012), Ramalingam and Ramasamy, 2013
also reported the cellulase activity of 0.9
unitymL and 0.140 U/ml respectively,
which have high growth rate as compared
to fungi, good potentia to be used in
cellulose  production. However, the
application of bacteria in producing
cellulase is not widely used. (Sonia et al.,
2013).

Molecular methods being highly sensitive
and selective currently used to identify
microorganisms. Environmental
conditions may have intense impact on
morphological and physiological
characteristics, hence the accurate
identification of isolates turned out to be
more difficult (Bakri et al., 2010). The
molecular techniques are more significant
for the characterization of the new isolates,

alowing grouping the strains.
Furthermore, complex studies
(microbiological, biochemical and
molecular) are essential, when the

identification of new isolate is the purpose
of the investigation (Rahna et al., 2013).
Species-specific DNA sequences can be
used for the identification of bacterial
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species. The 16s-23s rRNA has proven
useful for identification of strains and
species (Gurtler & Stanisich, 1996). In the
present study the selected three different
cellulolytic bacteria such as Bacillus
cereus, Bacillus subtilis and Bacillus
thuringiensis have been identified based
on biochemical and 16s rRNA sequencing.
The 16s rRNA sequencing makes it
possible to identify and distinguish closely
related bacterial species. 16s rRNA
method was also used by Shuchi et al.,
(2013) Where they isolated cellulatic
bacteria Bacillus amyloliquefaciens from
Rhinoceros Dung. Rahna et al., (2013)
isolated Bacillus subtilis using cellulosic
waste as carbon source. Therefore present
molecular identification work suggest that,
the 16s rRNA sequencing is more accurate
for the species identification.

Enzyme production is closely controlled in
microorganisms and for improving its
productivity, these controls can be
improved. Cellulase yields appear to
depend on a complex relationship
involving a variety of factors like
inoculum size, pH vaue, temperature,
presence of inducers, medium additives,
aeration, growth time, and so forth
(Immanuel et al.,, 2006). In enzyme
fermentation process, the crude extracts
contain different mixtures of proteins and
undesirable products as organic acids and
other metabolites. So that purification of
the required favourable product must be
take place by different purification
methods. (Mukesh Kumar et al., 2012).
Optimization of different  physico-
chemical parameter of the production
medium is required to get the maximum
yield of the enzyme. Further studies were
in progress to get high yield production,
purification and application of cellulase.
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Table.1 Enzyme activity by different strains to different substrates

Enzyme activity (IU/ml/minute)

ﬁl' Strain No Acacia Bauhinia Cassia Peltophorum
o] , : .
arabica forficate surattensis  pterocarpum

B7

1 (Bacillus cereus) 0.440 0.213 0.187 0.190
B20

2 (Bacillus subtilis) 0.357 0.201 0.189 0.178
B37

3 (Bacillus cereus) 0.410 0.217 0.203 0.187
B49

4  (Bacillusthuringiensis) 0.334 0.219 0.203 0.193

bp

1500 —
1000 —

500 —

100 —

M- DNA Ladder 100 bp
Lane 1, 2, 3, 4 - Amplified DNA

Fig.1 Agarose gel electrophoresisto PCR amplified DNA.
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Fig.2 Phylogenetic tree of Bacillus cereus
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Fig.3 Phylogenetic tree of Bacillus subtilis
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Fig.4 Phylogenetic tree of Bacillus thuringiensis

The purified cellulase can be used for
various purposes in detergent industries,
food industries, and pharmaceutica
industries.

In conclusion the three different
cellulolytic bacteria such as Bacillus
cereus, Bacillus subtilis and Bacillus
thuringiensis have been isolated. Bacillus
cereus showed maximum cellulolytic
activity compared to other two isolated
bacteria. Acacia arabica pod shows
maximum enzyme activity comparatively
other pods. Optimization of different
physico-chemical parameter of the
production medium is required to get the
maximum vyield of the enzyme. Further
studies were in progress to get high yield
production, purification and application of
cellulase.

Acknowledgement
The authors are grateful to the Department

of Biotechnology (DBT), Ministry of
Science and Technology, Government of

67

India, New Delhi, for funding the
Interdisciplinary Program for Life Science
Project  (BT/PR/4555/INF/22/126/2010
dated 30-09-2010), Bioinformatics
Infrastructure Facility Project
(BT/BI/25/001/2006 VOL 1l dt 05-03-
2012), UGC-UPE Fellowship
(KU/Sch/UGC-UPE/2013-14/1097 Dated-
21-11-2013) and P. G Departments of
Microbiology and Biotechnology Karnatak
University, Dharwad for providing the
facilities.

References

Afzal |., Shah A. A., Makhdum Z., Hameed
A., Hasan F, 2012. Isolation and
characterization of cellulase producing
Bacillus cereus MRLB1 from soil.
Minerva  Biotecnologica  September,
24(3):101-9

Ariffin, H., N. Abdullah, K. Umi, Y. Shira
and M.A Hassan, 2006. Production and
characterization by Bacillus pumilus EB3.
Int. J. Eng. Technal., 3: 47-53.



Int.J.Curr.Microbiol.App.Sci (2014) 3(5): 59-69

Aristidou A. and M.Penttila, 2000. Metabolic
engineering applications to renewable
resource utilization, Current Opinion in
Biotechnology,11(2):87-98 198

Ashish Vyas, Deepak Vyas & Vyas K M,
2005. Production and optimization of
cellulases on pretreated groundnut shell by
Aspergillus terreus AV49. Journa of
Scientific & Industrial Research 64: 281-
286

Atchara Sudto, Yaowapa Punyathiti and
Neelawan Pongsilp. 2008. The use of
agricultural wastes as substrates For cell
growth and carboxymethyl Cellulase
(cmcase) production by Bacillus subtilis,
Escherichia coli and rhizobium sp.
KMITL Sci. Tech. J. 8(2).

Bakri Y, Masson M., Thonat P, 2010.
Isolation and identification of two new
fungal strains for xylanase production.
Appl. Biochem. Biotechnol, 162, 1626-
1634.

Celenk Molva, Mert Sudagidan, Burcu
Okuklu, 2009. Extracellular enzyme
production and enterotoxigenic gene
profiles of Bacillus cereus and Bacillus
thuringiensis strains isolated from cheese
in Turkey, Food Control 20 :829-834

Cherry J. R. and A. L. Fidants, 2003. Directed
evolution of industriadl enzymes. an
update, Current Opinion in Biotechnology,
14(4): 438-443,

Chinn MS, Nokes SE, and Strobel HJ, 2006.
Screening of thermophilic anaerobic
bacteria for solid substrate cultivation on
lignocellulosic substrates. Biotechnol Prog
22:53-59.

Gayal, S.G. and V.G. Khandeparkar, 1998.
Production of cellulase by Penicillium
funiculosum, Indian. J. Microbiol.,
38:167 - 168

Gurtler, V. & Stanisich, V. A, 1996. New
approaches to typing and identification of
bacteria using the 16s-23s rDNA spacer
region. Microbiology, 142, 3-16.

Haruta S, Kato S, Cui Z, Ishii M. and Igarashi
Y, 2003. Cellulose degrading microbial
community, In Proc. JSPS-
NRCT/DOST/LIPI/VCC Multilateral
Cooperative Research Program in the
Field of Biotechnology, pp. 287—291.

68

Hatami S, Alikhani HA, Besharati H,
Salehrastin N, Afrousheh M, Yazdani ZJ.
2008. Investigation on  Aerobic
Cdlulolytic Bacteria in Some of North
Forest and Farming Soils. American-
Eurasian J Agric & Environ Sci; 3(5):713-
716.

Immanuel G, Dhanusha R, Prema P and
Paavesam A, 2006. Effect of different
growth parameters on endoglucanase
enzyme activity by bacteria isolated from
coir retting effluents of estuarine
environment, Internationa Journal of
Environmental Science and Technology,
3(1): 25-34,

Immanuel  G.,R.Dhanusha, P. Prema,
andA.Paavesam, 2006. Effect of different
growth parameters on endoglucanase
enzyme activity by bacteria isolated from
coir retting effluents of estuarine
environment, International Journal of
Environmental Science and Technology,
3(1):25-34,

Kubicek C. P., Messner R., Guber F.,. Mach
R.L, Kubicek-Pranz E.M, 1993. The
Trichoderma cellulase regulatory puzzle:
From the interior life of a secretory
fungus.Enzyme Microb. Technol. 15:90-
95

Lane DJ, 1991. 165/23S rRNA sequencing. In
Nucleic Acid Techniques in Bacterid
Systematics, pp. 115-175. Edited by E.
Stackebrandt & M. Goodfellow. New
York: Wiley.

Lee SM and Koo Y.M, 2009, J. Microbial.
Biotechnol 1(1): 229-233

Lynd L. R., Weimer, P. J,, van Zyl, W. H. and
Pretorius, 1. S. 2002. Microbia cellulose
utilization: Fundamentals and
biotechnology, Microbiology and
Molecular Biology Reviews, 66(3), 506
577

Mane VP, Patil SS, Syed AA, Baig MM
(2007) Bioconversion of low quality
lignocellulosic  agricultural waste into
edible protein by Pleurotus sgjor-caju (Fr.)
Singer. J Zhegjiang Univ Sci B 8: 745- 751.

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



Int.J.Curr.Microbiol.App.Sci (2014) 3(5): 59-69

177-187.

Miller G. L, “Use of dinitrosaicylic acid
reagent for determination of reducing
sugar,” Analytical Chemistry, vol. 31, no.
3, pp. 426-428, 1959.

Muhammad Irfan, Asma Safdar, Quratulain
Syed, Muhammad Nadeem, 2012.
Isolation and screening of cellulolytic
bacteria from soil and optimization of
cellulase production and activity. Turk J
Biochem, 37 (3): 287-293.

Mukesh Kumar D. J, Poovai C. L, Puneeth
Kumar, Sushma Saroja Y, Manimaran A.
and Kalaichelvan P. T, 2012. Optimization
of Bacillus cereus MRK1 cellulase
production and its Biostoning activity, Der
Pharmacia L ettre, 4 (3):881-888

Nakamura K, Kappamura K. 1982. Isolation
and identification of crystaline cellulose
hydrolyzing bacterium and its enzymatic
properties. J Ferment Technol, 60 (4):
343-8.

Park and Yun-gen Miao, 2009. The most
stirring technology in future: Cellulase
enzyme and biomass utilization. African
Journa of Biotechnology, 8 (11):2418-
2422,

Perez J, Munoz-Dorado J, de la Rubia T,
Martinez J, 2002. Biodegradation and
biological treatments of cellulose,
hemicelluloses and lignin: an overview.
Int Microbiol; 5 (2): 53-63.

Rahna K. Rathnan, Divya John and
Balasaravanan T, 2013. |Isolation,
screening, identification and optimized
production of extracellular Cellulase from
Bacillus subtilis using cellulosic waste as
carbon source, Journal of Microbiology,
Biotechnology and Food Sciences. 2 (6)
2383-2386

Ramalingam Kowsadya and Ramasamy
Gurusamy, 2013. Isolation, screening and
characterization of cellulase producing
Bacillus subtilis KG10 from virgin forest
of Kovai Kutrdam, Coimbatore, India
Res. J. Biotech,8(6)

Sadashiv S. O and B. B. Kaiwal, Antibiotic
resistance of staphylococcus aureus and
coagulase-negative staphylococci (CNS)
isolated from bovine mastitis in the region
of North Karnataka, India. World Journal

69

of Pharmaceutical Research. 3(1): 571-
586

Saraswati Bai, Ravi kumar M., Mukesh kumar
D.J, Balashanmugam P, Baa kumaran
M.D., Kdaichelvan P.T, 2012. Cellulase
Production by Bacillus subtilis isolated
from Cow Dung, Archives of Applied
Science Research, 4 (1):269-279.

Shoham Y, Lamed R, Bayer EA. 1999. The
cellulosome concept as an efficient
microbia strategy for the degradation of
insoluble polysaccharides. Trends
Microbiol 7(7):275— 281.

Shuchi Singh, Vijayanand S. Moholkar and
Arun Goyal, 2013. Isolation,
Identification, and Characterization of a
Cdlulolytic Bacillus amyloliquefaciens
Strain SS35 from Rhinoceros Dung. |SRN
Microbiology, Article ID 728134, 7 pages

Sonia Sethi, Aparna Datta, B. Lal Gupta, and
Saksham Gupta, 2013. Optimization of
Cellulase Production from Bacteria
Isolated from Soil. Hindawi Publishing
Corporation, ISRN Biotechnology, Article
ID 985685)

Sregja S.J., Jeba Malar P.W., Sharmila Joseph
F.R., Steffi Tiburcius, Immanuel G. and
Palavesam A, 2013. Optimization of
cellulase production by Bacillus atitudinis
APS MSU and Bacillus licheniformis
APS2 MSU, gut isolates of fish Etroplus
suratensis, Int. J. Adv. Res. & Tech,
2(4):401-406,

Venkata Naga Rau E, Goli Divakar, T.
Rajesh, Akram Ghazi, Asra Pourgharashi.
2013. Screening and isolation of cellulase
producing Bacteria from dump yards of
vegetable wastes. World journal of
pharmacy and pharmaceutical res. 3(1):
428-435.

Xing-hua Li, Huajun Yang, Bhaskar Roy,
Dan Wang, Wan-fuYue, Li-jun
Jiang,Enoch Y.Lee SM and Koo Y.M,
2009,The Most Stirring Technology in
Future: Cellulase Enzyme and Biomass
Utilization. J.Microbiol. Biotechnol 1(1):
229-233.



