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The aim of the research was isolation of efficient cellulolytic bacterial strains from soil samples and
comparative assessment of their cellulolytic potential on untreated and pre-treated cellulosic wastes
namely sugarcane bagasse, groundnut shell, corn cob, and vegetable peel so as to determine a suitable
substrate pre-treatment for cellulolytic enzyme production. The substrates were pretreated with 0.5%
NaOH (alkali treatment) and 0.5% HCI (acid treatment) and the endoglucanase enzyme production was
analyzed on untreated, alkali treated and acid treated substrates by measuring the amount of glucose
liberated in U/ ml by using the dinitrosalicylic acid assay method. A total of 22 cellulose degrading
bacterial strains isolated from 10 soil samples collected randomly from agricultural fields and municipal
wastes from different locations in Patna region were screened after primary screening using Congo red and
out of these, six of the most promising isolates labeled as PCD1, PCD2, PCD3, PCD4, PCD5 and PCD6
were selected for further investigations on the basis of their enzymatic activity. Amplified and sequenced
portion of the 16S rRNA genes of these isolates were BLASTed to determine likely genera and are
deposited in the GenBank with their Accession Numbers. PCD1 was identified as Brevibacillus brevis
(Accession No. KP851193), PCD2 as Streptomyces matensis (Accession No. KP890933), PCD3 as
Ochrobactrum intermedium (Accession No. KP851194), PCD4 as Bacillus subtilis (Accession No.
KP851195), PCD5 as Streptomyces griseorubens (Accession No. KP851196) and PCD6 as Achromobacter
xylosoxidans (Accession No. KP851197). Comparing the enzyme production by all the selected strains on
all the specified untreated and pretreated cellulosic wastes, it was concluded that the maximum amount of
enzyme production (0.2427 1U/ml) was observed on alkali treated sugarcane bagasse by the strain Bacillus
subtilis.

Introduction

glucose molecules connected by f-1,4
linkages, some hemicelluloses, a heterologous

Lignocellulosic biomass is the most abundant,
inexpensive and renewable carbohydrate
continuously added in nature by the process
of photosynthesis (~ 100 billion dry tons yr-1)
(Zhang and Lynd, 2004). It is comprised of
mainly cellulose, a homologous polymer of

polymer of 5- and 6- carbon sugars and least
of all lignin a complex aromatic polymer
(Maki et al., 2011). A major portion of it is
generally not edible and constitutes the
agricultural wastes such as leaves, stems, and
stalks from sources such as corn fibre, corn
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stover, sugarcane bagasse, rice hulls, woody
crops, and forest residues etc.; and municipal
wastes such as vegetable peel waste, sawdust,
paper pulp etc. (Maki et al., 2009) which
accumulate in the environment causing
pollution problem. Municipal solid waste is
composed of 40-50% cellulose, 9-12%
hemicelluloses, and 10-15% lignin on a dry
weight basis (Rani and Nand, 2000).

Gautam et al., (2012) reported that Asia
generates 4.4 billion tons of solid wastes
annually, and municipal solid waste
comprises 790 million tons of which about 48
million tons are generated in India.

The bioconversion of lignocellulosic wastes
into food, fuel and chemicals is now a subject
of intensive research and is considered as the
only foreseeable, feasible and sustainable
resource beneficial to mankind. The carbon
liberated by the biodegradation of cellulose
could be widely used to produce sustainable
bio-based products and bioenergy to replace
depleting fossil fuels (Kiranmayi et al., 2011).

Industrial bioconversion of lignocelluloses is
both expensive and time consuming as it
requires multiple steps including physical,
thermal and/ or chemical pretreatment of the
lignocellulosic substrates to break down
lignin, decrease crystallinity, increase pore
volume and solubilise cellulose and
hemicelluloses; saccharification to allow
enzymatic hydrolysis of target
polysaccharides into monosaccharides; and
addition of microorganisms capable of
fermentation of the  monosaccharides to
bioethanol (Maki et al., 2009).

The use of microbial enzymes for
consolidated  bioprocessing  (CBP)  of
lignocellulosic substrates has led to intensive
exploration of natural microbial biodiversity.
Several microorganisms including both
bacteria and fungi have been found to produce

a variety of cellulases for the degradation of
cellulose. Cellulases are a consortium of free
enzymes comprised of endoglucanases (p-1,4-
D-glucan-4-glucanohydrolase, EC 3.2.1.4,
carboxymethyl cellulase, EC), exoglucanases
(B-1,4-D-glucan-4-glucohydrolase, EC
3.2.1.91, cellobiohydrolase, CBH), and
cellobiases (B-D-glucoside glucohydrolase,
EC 3.2.1.21, B-1,4-D-glucosidase) are found
in many of the 57 glycosyl hydrolase families
(Siddiqui et al., 2000). Microbial cellulases
are the most economic and available sources,
because microorganisms can grow on
inexpensive media such agricultural residues
and municipal wastes.

The rate and extent of the cellulolytic
hydrolysis of lignocellulosic substrates is
influenced not only by the effectiveness of the
enzymes but also by the chemical, physical
and morphological characteristics of the

heterogeneous  lignocellulosic  substrates
(Chandra et al., 2007).
A pretreatment step is essential which

disrupts the highly ordered cellulose structure
and the lignin-carbohydrate complex, remove
lignin, and increase the surface area
accessible to enzymes, promote the
hydrolysis, and increase the rate and extent of
hydrolysis ~ of  cellulose in  various
lignocellulosic residues (Fan et al., 1982).

Focusing on the effect of pretreatment of
cellulosic substrates on cellulose degradation,
the present work was intended to compare the
cellulose hydrolysis of untreated, alkali
treated and acid treated cellulosic wastes by
cellulolytic bacterial strains. Accordingly, the
major objectives of the research were
isolation of efficient cellulolytic bacterial
strains from soil samples and comparative
assessment of their cellulolytic potential on
untreated and pre-treated cellulosic wastes
namely sugarcane bagasse, groundnut shell,
corn cob, and vegetable peel.
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Materials and Methods

Isolation of bacterial strains from soil
samples

Soil samples were collected randomly from a
depth of 3-4 inches under aseptic condition
from agricultural fields and municipal wastes
from 10 different locations in Patna region.

Soil samples were air dried for one week to
decrease the population of gram negative
bacteria, sieved and plated with fivefold
dilution on CMC agar (Peptone, 5 g; NaCl, 5
g; CMC, 3 g; Agar, 20 g; Distilled water,
1000 ml; pH 7.0) plates in duplicates by serial
dilution method described by Oskay et al.,
(2004). All the plates were incubated for 48 h
at 37 °C. The bacterial colonies obtained were
purified by repeated sub culturing and
maintained on Nutrient Agar slants at 4 °C.

Primary screening of cellulolytic bacterial
strains

The isolated microbes were grown on CMC
agar plates and incubated at 37 °C for one
week. The Petri plates were flooded with
0.1% Congo red solution for 15 minutes, and
then Congo red solution was discarded.

The plates were, then, flooded with 1 N HCI
solution and allowed to stand for 15 minutes.
The strains showing clear zone around the
colonies, where the enzyme had utilized the

cellulose, were selected for secondary
screening.
Secondary  screening of  cellulolytic

bacterial strains

Potential microbes presenting large clearing
zones in Congo red test were screened for
their cellulase producing ability using CMC
broth. A loopful of the bacterial cultures were
inoculated separately in 50 ml of sterilized

CMC broth in 150 ml Erlenmeyer flask and
incubated in shaker incubator for four days at
37 °C for enzymes production. After
incubation, the cultures were harvested by
centrifugation at 5000 rpm for 10 minutes and
the cell free culture supernatants were
analysed for enzyme activities.

Measurement of enzyme activity
Endoglucanase activity

Endoglucanase (CMCase) activity was
measured according to the [IUPAC
instructions by taking a reaction mixture in a
test tube containing 0.5 ml of 1% CMC in
0.05 M sodium citrate buffer (pH 6) with
0.5ml of enzyme supernatant (Ghose, 1987).

The reaction mixture was incubated at 50 °C
for 30 minutes and to that solution 1 ml of
DNS reagent was added and boiled for five
minutes in the boiling water bath. The amount
of reducing sugar produced was determined
by dinitrosalicylic acid (DNS) method
(Miller, 1959) by taking absorbance at 540
nm using spectrophotometer and comparing it
with the standard glucose curve.

One unit of CMC-ase activity is defined as
the amount of enzyme that released one
umole of reducing sugar measured as glucose
per minute under the assay conditions.

Exoglucanase activity

Exoglucanase activity or Filter paper activity
(FPase) in the culture filtrate was determined
according to the IUPAC instructions by
taking Whatman number one filter paper strip
(1 x 6cm or 50mg) immersed in 1 ml of
0.05M sodium citrate buffer of pH 6 and
incubating at 50 °C for one hour. The
reducing sugar released was estimated by
dinitrosalicylic acid (DNS) method as
described earlier.
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Lignocellulosic sources

The lignocellulosic substrates used for the
present work included sugarcane bagasse,
groundnut shell, corn cob, and vegetable
peels. One kg of each of these cellulosic
substrates were dipped in five litre of distilled
water to remove any soluble sugars present in
them and then dried in hot air oven at 80 'C
for 36 hours. The substrates were then
grounded and sieved through 100 micrometer
mesh size and kept at room temperature.
These untreated substrates were used as
sources of cellulose for determining the
enzyme production by the isolated cellulolytic
bacterial strains.

Pretreatment of cellulosic substrates

The cellulosic substrates were pretreated with
alkali and acid. 100 g of each of the dried and
powdered substrates was treated separately
for 24 hours with 500 ml of each of NaOH
and HCI and then repeatedly washed with
distilled water to obtain a neutral pH. Then
the substrates were dried overnight at 60 °C
and used as sources of cellulose to compare
the enzyme production by the isolated
cellulolytic bacterial strains.

Enzyme production medium

Stainer’s basal medium ((NH4),SO4 1 g;
K2HPO4 1 g; MgSO,4 0.2 g; CaCl, 0.1 g;
FeCl; 0.02 g; Distilled water, 1000 ml;
pH7.5) mixed separately with specified
cellulosic substrates (10 g/l) was used for
cellulase production.

Cellulase production

Ten ml of Stainer’s basal medium was
dispensed in 18 tubes each, autoclaved and
inoculated with the six selected bacterial
strains in triplicates. The tubes were incubated
at 37 °C for four days for -cellulase

production. The samples were centrifuged at
5000 rpm for 10 minutes. The supernatants
obtained were used for the determination of
CMCase activities by the method described
by Ghose (1987) and for the estimation of
reducing sugar released by the method
described by Miller (1959).

Molecular characterization and
phylogenetic analysis of the selected
cellulolytic bacteria

Genomic DNA extraction

DNA was extracted from 48 hour old culture
broth using DNA Isolation Kit (Qiagen)
according to the manufacturer instructions
and its quality was evaluated on 0.8% (w/v)
Agarose Gel (HiMedia) in an electrophoresis
apparatus (BioRad).

Polymerase chain reaction amplifications

Fragment of 16S rRNA gene was amplified
using PCR kit (Sino-American Biotechnology
Co., Beijing) from the above isolated DNA
according to the manufacturer instructions.
PCR reaction mixture consisted of 1 ul 80 ng
chromosomal DNA, 0.5 ul 200 uM of each
deoxynucleoside triphosphate (New England
Biolabs), 0.8 ul 80 ng Universal primer 27f
(5’-AGAGTTTGATCMTGGCTCAG-3’), 0.8
pl 80 ng Universal primer 1492r (5°-
TACGGYTACCTTGTTACGACTT-3"):
Escherichia coli 16S rRNA numbering
system (Brosius et. al., 1978), 0.5 ul 2.5 Units
Taq Polymerase enzyme, 2.5 pl 1X Standard
Taq buffer and 18.9 pl autoclaved water to
make the final volume of 25 pl.

PCR cycling parameters included an initial
denaturation at 95 °C for five minutes,
followed by 30 cycles of denaturation at 95
°C for one minute, annealing at 55 °C for one
minute and extension at 75 °C for two
minutes and a final extension for ten minutes
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at 75 °C. After completion of PCR, the
sample was loaded in a 0.8% Agarose Gel
with a 1 kb DNA marker supplied by NEB
and approximately 1.5 kb amplified 16S
rRNA gene fragment was separated by
agarose gel electrophoresis, extracted using
Qiaquick gel extraction kit (Qiagen) and
purified.

Sequencing of PCR products

Sequencing of the purified PCR products
were conducted at Microbial Type Culture

Collection  (MTCC), Chandigarh and
Genomics Services Xcelris Labs Ltd.,
Ahmedabad.

The obtained 16S rRNA sequences were
compared to sequences in the NCBI genebank
database with the Basic Alignment Search
Tool (BLAST) (Altschul et al., 1990). The
16S rRNA gene sequences of the strains are
deposited in GenBank and their accession
numbers have been obtained.

Phylogenetic analysis

Phylogenetic trees were constructed using the
Neighbor-Joining method in MEGA program
version 4.1 (Kumaret al., 2004). The 16S
rDNA gene sequences of the type strains of
the various genera used in this study were
retrieved from the GeneBank database and
used for cladistic analysis. These sequences
have been chosen as reference sequences.

Results and Discussion

Isolation and enumeration of cellulolytic
bacterial strains

From all of the soil samples collected, a total
of 22 cellulose degrading isolates (Figure 1)
were screened after primary screening using
Congo red. Out of these, six cellulase-
producing isolates labeled as PCD1, PCD2,

PCD3, PCD4, PCD5 and PCD6 were selected
after secondary screening by determining
their potentiality for cellulase production.

Endoglucanase activity of the selected isolates
ranged between 15.91 1U/ml and 17.76 1U/ml.
Maximum endoglucanase activity was shown
by PCD1 (17.76 1U/ml). It was same for the
strains PCD2, PCD3, PCD4 and PCD6 and
was found to be 16.65 IU/ml. It was least for
the strain PCD5 (15.91 1U/ml).

Exoglucanase activity of the selected isolates
ranged between 10.36 1U/ml and 11.10 1U/ml.
It was 11.10 1U/ml for the strains PCD1 and
PCD2; 10.73 1U/ml for the strains PCD3 and
PCD4; 10.55 IU/ml for the strain PCD5; and
10.36 1U/ml for the strain PCD6. The data are
shown in Figure 2.

Estimation of endoglucanase production by
the selected bacterial strains on different
untreated and pretreated cellulosic wastes

The production of cellulases using various
substrates and nutrients by fungi and bacteria
has been reported by many workers (Macris et
al., 1989; Krishna, 1999; Lakshmikant and
Mathur, 1990; Immanuel et al., 2006;
Kiranmayi et al., 2011). However, some
workers (Kotchoni et al., 2006; Odeniyi,
2009; Robson and Chambliss, 1984) have
reported that the cellulolytic bacteria
especially the Bacillus strains are capable of
hydrolyzing  amorphous  carboxymethyl
cellulose but there are not sufficient records
on Bacillus species possessing ability to
degrade the more crystalline cellulosic
substrates.

Keeping this in view, the present study was
aimed at determining the endoglucanases
secreted by the selected bacterial isolates
which acts on the amorphous portion of the
cellulosic substrate. The natural
lignocellulosic wastes are difficult to be
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hydrolysed by cellulolytic enzymes due to

presence  of recalcitrant  lignin  and
hemicelluloses (Mansfield et al., 1999;
Esteghlalian et al., 2001). Besides this,

degree of polymerization and cellulose
crystallinity (Chang and Holtzapple, 2000);
accessible surface area (Taherzadeh and
Karimi, 2008) and pore size of the substrate in
relation to the size of the enzymes (Chandra
et al., 2007) are other limiting factors in the
enzymatic  hydrolysis of lignocellulosic
biomass. Thus, the lignocellulosic wastes
were chemically treated separately with alkali
and acid for efficient enzymatic conversion;
and a comparative  assessment  of
endoglucanase activity was done.

The endoglucanase  production  using
sugarcane bagasse by PCD1 in untreated
condition was 0.0444 [U/ml, in acid treated
0.0499 IU/ml and in alkali treated 0.0444
IU/ml. The same by PCD2 was 0.0170 IU/ml
(untreated), 0.0189 IU/ml (acid treated) and
0.0189 1U/ml (alkali treated). For PCD3 the
value was 0.0163 IU/ml (untreated), 0.0244
IU/ml (acid treated), 0.0192 IU/ml (alkali
treated); for PCD4 it was 0.0481 I1U/ml
(untreated), 0.0858 I1U/ml (acid treated),
0.2427 1IU/ml (alkali treated); for PCDS5 it was
0.0407 1U/ml (untreated), 0.0437 1U/ml (acid
treated), 0.0647 1U/ml (alkali treated); for
PCD6 it was 0.0181 1U/ml (untreated), 0.0233
IU/ml (acid treated), 0.0215 IU/ml (alkali
treated). The data has been presented in
Figure 3.

The endoglucanase production using corn cob
by PCD1 in untreated condition was 0.0573
IU/ml, in acid treated 0.0651 IU/ml and in
alkali treated 0.0740 IU/ml. The same by
PCD2 was 0.0185 IU/ml (untreated), 0.0196
IU/ml (acid treated) and 0.0189 IU/ml (alkali
treated). For PCD3 the value was 0.0160
IU/ml  (untreated), 0.0250 I1U/ml (acid
treated), 0.1920 IU/ml (alkali treated); for
PCD4 it was 0.1232 IU/ml (untreated), 0.1591

IU/ml (acid treated), 0.1776 1U/ml (alkali
treated); for PCD5 it was 0.0385 IU/ml
(untreated), 0.0444 1U/ml (acid treated),
0.0795 IU/mlI (alkali treated); for PCD6 it was
0.0192 1U/ml (untreated), 0.0216 IU/ml (acid
treated), 0.0201 IU/ml (alkali treated). The
data has been presented in Figure 4.

The  endoglucanase  production  using
groundnut shell by PCD1 in untreated
condition was 0.0573 IU/ml, in acid treated
0.0851 IU/ml and in alkali treated 0.0573
IU/ml. The same by PCD2 was 0.0181 1U/ml
(untreated), 0.0185 1U/ml (acid treated) and
0.0233 IU/ml (alkali treated). For PCD3 the
value was 0.0160 IU/ml (untreated), 0.0259
IU/ml (acid treated), 0.0174 IU/ml (alkali
treated); for PCD4 it was 0.0388 IU/ml
(untreated), 0.0414 1U/ml (acid treated),
0.0507 1U/ml (alkali treated); for PCD5 it was
0.0370 1U/ml (untreated), 0.0425 1U/ml (acid
treated), 0.0425 1U/ml (alkali treated); for
PCDG6 it was 0.0174 1U/ml (untreated), 0.0244
IU/ml (acid treated), 0.0174 IU/ml (alkali
treated). The data has been presented in
Figure 5.

The  endoglucanase  production  using
vegetable peel by PCD1 in untreated
condition was 0.0518 IU/ml, in acid treated
0.0536 IU/ml and in alkali treated 0.0832
IU/ml. The same by PCD2 was 0.0174 IU/ml
(untreated), 0.0189 1U/ml (acid treated) and
0.0181 1U/ml (alkali treated).

For PCD3 the value was 0.0166 1U/ml
(untreated), 0.0215 I1U/ml (acid treated),
0.0185 1U/ml (alkali treated); for PCD4 it was
0.0451 1U/ml (untreated), 0.0466 1U/ml (acid
treated), 0.0784 IU/ml (alkali treated); for
PCDS5 it was 0.0444 1U/ml (untreated), 0.0555
IU/ml (acid treated), 0.0499 I1U/ml (alkali
treated); for PCD6 it was 0.0196 IU/ml
(untreated), 0.0207 I1U/ml (acid treated),
0.1960 IU/ml (alkali treated). The data has
been presented in Figure 6.
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It was found that in all cases, the
endoglucanase activity was more in the
pretreated cellulosic wastes as compared to
the untreated ones indicating the effectiveness
of pretreatment of substrates in achieving
acceptable enzymatic digestibility.
Pretreatment alters or removes the physical
and chemical impediments that inhibit the
accessibility of the enzyme to the substrates.
In the present study, the alkali treatment of
cellulosic wastes was found superior
compared to acid treatment for enzymatic
hydrolysis.

Alkali pretreatment method which is more
effective on agricultural residues than on
wood materials (Kumar and Wyman,2009)
causes swelling, increasing the internal
surface of cellulose and decreasing the degree
of polymerization and crystallinity, which
provokes lignin disruption (Playne, 1984).
However, acid treatment of groundnut shell
proved to be better substrate for enzyme
production by the strains PCD1, PCD3 and
PCD6. But acid treatment of substrate
generates toxic degradation products (Saritha
et al., 2012), hence, should be avoided.

The degradation of sugarcane bagasse ranged
between 0.0189 IU/ml and 0.2427 IU/ml by
the selected isolates in four days; that of corn
cob between 0.0189 IU/ml and 0.0740 1U/ml;
that of groundnut shells between 0.0174
IU/ml and 0.0.573 I1U/ml; and that of
vegetable peel between 0.0181 1U/ml and
0.1960 1U/ml.

Regarding the enzymatic efficiency of the
isolates, it was observed that PCD4 was able
to degrade all of the substrates used in the
present study considerably as compared to the
other isolates. It was the most efficient strain
in degrading sugarcane bagasse; second to
PCD3 in degrading corn cob and PCD1 in
degrading groundnut shell, respectively. In
degrading vegetable peel its position was after

PCD6 and PCD1 as shown in Table 1.
Comparing the enzyme production by all the
selected strains on all the specified untreated
and pretreated cellulosic wastes, it was
concluded that the maximum amount of
enzyme production was observed on alkali
treated sugarcane bagasse by the strain PCD4
in four days.

Identification of the selected cellulolytic
bacterial strains

The purified and amplified PCR products of
strains PCD1, PCD2 and PCD5 were
sequenced at MTCC, Chandigarh; and that of
the strains PCD3, PCD4 and PCD6 were
sequenced at Genomics Services Xcelris Labs
Ltd., Ahmedabad. The results obtained from
the sequencing of these isolates were inputted
to the nucleotide blast feature of the NCBI
database to obtain possible identities based on
homology (Table 2).

The 16S rRNA sequences of strains
determined in this study have been deposited
in the GenBank database with their Accession
Numbers. PCD1 showed 99% homology with
Brevibacillus brevis and is deposited in the
Genbank with Accession No. KP851193.
PCD2, PCD3, PCD4 and PCD5 showed
100% homology with Streptomyces matensis
(Accession No. KP890933), Ochrobactrum
intermedium (Accession No. KP851194),
Bacillus subtilis (Accession No. KP851195)
and Streptomyces griseorubens (Accession
No. KP851196), respectively. PCD6 showed
99%  homology with  Achromobacter
xylosoxidans and is deposited in the Genbank
with Accession No. KP851197.

Phylogenetic analysis

The evolutionary history was inferred using
the Neighbor-Joining method . Phylogenetic
trees of all of the selected isolates are
presented from Figure 7—12.
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Table.1 Enzymatic efficiency of isolates in degrading substrates in four days

S.N. | Substrate

1 Sugarcane
bagasse
2 Corn cob
3 Groundnut
shell
4 Vegetable
peel

PCD4
(0.2427 1U/ml)

PCD3
(0.1920 1U/ml)

PCD1
(0.0573 1U/ml)

PCD6
(0.1960 1U/ml)

Three most efficient cellulolytic isolates in ascending

order

PCD5 PCD1
(0.0647 1U/ml)  (0.0444 1U/ml)

PCD4 PCD5
(0.1776 1U/ml) | (0.0795 1U/ml)
PCD4 PCD5

(0.0507 IU/mI)  (0.0425 1U/ml)

PCD1 PCD4
(0.0832 1U/mI) | (0.0784 1U/ml)

Table.2 BLAST search results for the sequenced cellulase producing isolates

S.N. | Isolate
1 PCD1
2 PCD2
3 PCD3
4 PCD4
5 PCD5
6 PCD6

Homology (%)

99

100

100

100

100

99

Organism

Brevibacillus brevis

Streptomyces matensis

Ochrobactrum intermedium

Bacillus subtilis

Streptomyces griseorubens

Achromobacter xylosoxidans

o

Fig.1 Cellulose degradig bacterial strains screened after primary screening
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Determination of endoglucanase and
exoglucanase production

B Endoglucanase M Exoglucanase

N
o

=
wu

o

PCD1 PCD2 PCD3 PCD4 PCD5 PCD6

Cellulase production {IU/ml)
=
(o]

Strain code

Fig.2 Determination of cellulase production by the selected cellulose degrading bacterial strains

Endoglucanase production using sugarcane

< bagasse

g 0.3

8 025

o=

9 ~§. 0.2

e 2 0.15 m Untreated

S 0.1 _

Eo" 0.05 M Acid treated
g 0 m Alkali treated

PCD1 PCD2 PCD3 PCD4 PCD5 PCD6

Isolates

Fig.3 Endoglucanase production by the isolates using sugarcane bagasse as substrate

Endoglucanase production using corn cob

5 0.25

]

5 0.2

2 .

2

o= 0.15

2 .E_ B Untreated
E g 0.1

g 0.05 W Acid treated
o ' .

.E 0 m Alkalitreated
w

PCD1 PCD2 PCD3 PCD4 PCD5 PCD6

Isolates

Fig.4 Endoglucanase production by the isolates using corn cob as substrate
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Endoglucanase production using groundnut shell

E 0.1

—

2 0.08

c

2 0.06

o

3

3 004 W Untreated
s M Acid treated
g 0.02

. = Alkalitreated
© 0

o

3
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=]

c

w

Isolates

Fig.5 Endoglucanase production by the isolates using groundnut shell as substrate

Endoglucanase production using vegetable peel

E 0.25
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g 0.05

i m Alkali treated
© 0

5
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w
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Fig.6 Endoglucanase production by the isolates using vegetable peel as substrate

Brevibacilus panachumi DCY35T (EU383033)
— " Brewibaclis invocstus NCIMB 137 72T(AB112718)
Brevibaclluscentrosporus DSM 8445T(AB112719))
Brewbacilius fimnophilus DSM 8472T (AB112717)
Brevibacillus sgri NRRL NRS-1215T(D78454)
Brevibacillus brevis NBRC 15304T (AB271756)
_|:Brevibaa'lh.s brevis NBRC 100555(AP00E355)
Brevibacllus formosus NRRL NRS-823T(D784£0)
Brevibagilus brevis PCD1 (KP851193)
Brewbacillus choshinensis DSM BE52T (AB112713)

Bravibacillus parabrevis IFO 12224T (078463
Brewbacillus reuszeri NRRL NRS-1208T(D78454)

Fig.7 Phylogenetic Neighbor-Joining tree of the isolate PCD1
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Strepromyces matensis NBRC 128807 (AB18422 1)
PCD2 (KP890933)

Streptomyces marensis NRRL B-2576" (EF626596)

Strepromyces griseoflaves LMG 193447 (A1781322)
treptomyces griseorubens NBRC 12780 (AB184139)
Streptomyces erythrogriseus LMG 194067 (AJ781328)
treptomyces violaceorubidus LMG 203197 (AJ781374)
repromyves iabedae NBRC 158647 (AB184704)
Streptomyces variabilis NBRC 12825 (AB184884)

“Streptomyces althioticus NRRL B-39817 (AY999791)
{szremom_vccs viridochromogenes NBRC 31137 (AB184728)
Streptomyres paradoxus NBRC 148877 (AB184628)

— Strepronmiyces violaceorubidus LMG 203197 (AJ781374)

—Streplomyces thinghirensis DSM 419197 (FM202482)

Rhadococcus opacus (AB032565)

Fig.8 Phylogenetic Neighbor-Joining tree of the isolate PCD2

{ PCD3 (KP851184)
Ochiobactium sp. TSHS0 (AB508888.1)

Ochmbsctrum sp. cbneF fawg 57 (GQ418975.1)

——— Ochmbsctum sp. K3 (KFE41822.1)

— Ochrobactrum sp. dane Flawg 54 (GQ4 16572 1)
[—— Ochobactum infermedium strin 182 (AB240582.1)

L Ochmbacoum sp D202 (KC148415.1)

Ochrobsctrum infenmedium sirain 524 (AB2406E5.1)
Ochrobactum sp. TSHS2 (ABZ08836.1)

—— Ochmobsctum inermedium strmin W18-2 (JX333005.1)

Ochmbectum iniermedium srain BOR 400 (JN033212.1)
Fig.9 Phylogenetic Neighbor-Joining tree of the isolate PCD3

{ PCD4 (KP851135)
Baollus subiils sran KCTC 1296(FJ383738.1)

Eacllus subtils sran KCTC 13241 (FJ283748.1)

Bsallus subtiis svain KCTC 2014 [FJS83744.1)
Bsallus subtifs svan KCTC 2015 (FJS83745.1)

[———— Bsallussp. JNOS (KC121034.1)
L Becius o done N2 (1X081255.1)

[ Eedllus subkifs sran KCTC 3494 (FJSE9747.1)

L Booiius 5. MBEE411 (ABT23547.1)
Bsallus subtif's srah CU12 (JX483187.1)

Eaallus subilis strain NEHUFNSRJ. 113 (J(390817.1)

Fig.10 Phylogenetic Neighbor-Joining tree of the isolate PCD4

1984
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Streptomirces endhrogriseus LMG 19406T (AJ781328)
_|: Streptomyces labedae NBRC 15864T (AB184704)
Streptomyces variahilis NBRC 12825T (AB184884)
Streptomiices griseoincarmatis LMG 19316T (AJ781321)
Streptomisces griseorubens NBRC 12780T (AB184139) PCD5 (KP851196)
Streptomyces griseoffavus LMG 19344T (AJ781322,
Streptomyces griseonbens NBRC 12780T (AB184139)
Streptomyces matensis NRRL B-2576T (EF626596)

Streptomices althioticus NRRL B-3981T (AY998791)
{ Streptormyces matensis NERC 1 2880T (AB184221)

Fig.11 Phylogenetic Neighbor-Joining tree of the isolate PCD5

_': PCD6 (KP851197)
Achromabacier xdosoxdans srain SR50-12 (KF273358.1)

betz prorobecienum done PRTAETT12 (HMTS8550.1)

Achiomabacier sp. ennchment culiure done B-13 (HMOT71085.1)
—: Achramabacier xdosoxdens (AFS31768.1)

Achramabacter sp. FOTON(KC252810.1)
Achromabacter spanus Smin G191 (UNEZ3044 1)
Achramabscter spanus strmin GBS (JNGZ3043.1)
Achromabscter sp. SR50-3 (KFZT3252.1)
Achromabacter sp. FZ97 (KFB48355.1)
Achromobacter sp. R-46658 (HEG13446.1)

Fig.12 Phylogenetic Neighbor-Joining tree of the isolate PCD6

Based on the reported results, it may be
concluded that alkali treated sugar cane
bagasse can be a potential substrate for
production of cellulase using the bacterial
strain Bacillus subtilis. The aim of this work
is to produce cellulase from natural cellulosic
wastes and reduce the pollution.
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