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Abstract

Objectives: This study was conducted to isolate, screening and purification of cellulase from bacteria present in
sugar industry waste (molasses) and characterization by morphological and biochemical analysis.

Results: Based on experiments, three bacterial strains produced clear transparent zone into carboxymethyl cel-
lulose (CMC) agar plate were identified as cellulase producing bacteria. Different culture parameters such as pH,
temperature, incubation period, substrate concentration and carbon sources were optimized for enzyme production.
According to the morphological and biochemical tests, the isolated strains were identified as Paenibacillus sp., Bacillus
sp. and Aeromonas sp. The first strain Paenibacillus sp. showed high potentiality for maximum cellulase production
(0.9 umol mI=! min~") at pH 7.0 after 24 h of incubation at 40 °C in a medium containing 1.0% CMC. Then Paenibacil-
lus sp. was selected for enzyme purification by ammonium sulfate precipitation, DEAE-cellulose and CM-cellulose
column chromatography, respectively. In last step of purification, specific activity, recovery and purification fold were
2655 U/mg, 35.7% and 9.7, respectively. The molecular weight of the purified cellulase was found to be 67 kDa by
SDS-PAGE, had an optimal pH and temperature at 7.0 and 40 °C. According to substrate specificity, the purified cel-
lulase had high specificity on CMC substrate which indicated it to be an endo-3-1,4-glucanase.
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Introduction

Cellulose is a homopolymer of D-glucose units linked by
B-1,4 bonds [1]. It is the most abundant biomass and a
major structural component of plants and a renewable
source of energy in the biosphere [2—4]. Therefore, it has
become considerable economic interest to develop suit-
able processes for effective treatment and utilization of
cellulose containing wastes as cheap carbon sources [5].
Cellulose is mainly degraded by cellulase enzyme which
is commonly produced by bacteria and fungi [6]. The cel-
lulases can effectively hydrolyze cellulose into glucose
unit via the synergistic actions of the enzymes, known
as endo-p-1,4 glucanase, cellobiohydrolase and fB-D-
glucosidase [7].
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Cellulases have attracted much interest because of their
diverse application in textile, detergent, leather, food, feed
and paper industries [4, 8—11]. It is also used in biomass
fermentation, fiber modification and in pharmaceutical
purposes [5, 12]. Application of these enzymes in such
industries demands the identification of stable enzymes
that can active at high pH and increased temperature [9].
The growth rate of bacteria is faster than fungi and has
been widely used in cellulase production under different
culture conditions [13].

For many years, several studies on isolation and charac-
terization of cellulose degrading bacteria from industrial
wastes indicated that only a small number of bacteria can
produces large amount of bioactive compounds that are
capable of complete hydrolysis of crystalline cellulose
in vitro [2, 14]. Among different industrial wastes, sugar
industry wastes such molasses are mainly cellulosic in
nature and the microorganisms present there have the
capacity to degrade cellulose into glucose units for their
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normal growth and development [15]. Therefore, this
study was conducted to screening, optimization, purifica-
tion and characterization of cellulase from cellulase pro-
ducing bacteria present in molasses.

Main text

Materials and methods

Isolation and screening of cellulase producing bacteria
Molasses were collected from a sugar industry area
located in Katakhali region of Rajshahi city area in
Bangladesh. The collected sample (1 g) was led to serial
dilution. The diluted sample up to 10~° was taken into
Luria-Bertani (LB) medium. Then 100 pl of the solution
was transferred into 11 of carboxymethyl cellulose (CMC)
agar media plates containing 0.5 g KH,PO, 025 g
MgSO,, 0.25 g cellulose and 2 g gelatin for the enhance-
ment of the bacterial activity. The plates were then incu-
bated at 37 °C for overnight and preserved at 4 °C [16].
The enzyme activity was confirmed by different types
of methods such as congo red, iodine solution and filter
paper degradation method [17, 18]. The bacterial isolates
were inoculated in a basal salt medium containing filter
paper for their cellulytic activity test.

Identification of cellulytic bacteria by morphological

and biochemical characterization

Morphological characterization

The plates were examined for Gram staining and micro-
scopic viewing for identification of bacterial strains [19].
This technique was used to distinguish the gram positive
and gram negative bacteria.

Biochemical characterization

The bacterial isolates were identified by performing sev-
eral biochemical tests like Fermentation test, Catalase
test, Citrate utilization test, Methyl-red test, H,S produc-
tion and Voges—Proskauer test by standard methods [20].

Optimization of culture conditions on cellulase activity

To determine the effects of pH, temperature, incuba-
tion period, substrate concentration and carbon sources
on cellulase production, selected bacterial isolates were
grown in CMC broth media and tested at various param-
eters. The effects of all factors on enzyme activity were
determined by measuring the cellulase activity at differ-
ent pH values (5-11) and the temperature (20-45 °C)
and the incubation period (24-96 h) at 37 °C. The various
concentrations of CMC substrate (0.5-2%) were used to
get the maximum cellulase production. Carbon sources
have been replaced by various substances. Applied car-
bon sources were xylose, oat spelt xylan, rich bran xylan,
starch, carboxymethyl cellulose, cellobiose, wheat bran
xylan and chitin. Different types of nitrogen sources

Page 2 of 6

metal salts were used to observe the effects on growth
and enzyme production (data not shown).

Enzyme assay

Preparation of crude enzyme

The isolate that showed a maximum zone of hydrolysis
was cultured in LB broth medium and incubated at 37 °C
for overnight. Then the cultures were centrifuged and
clear supernatant was used as a source of crude enzyme
solution.

Endo-f-1,4-glucanase activity assay by DNS method
Endo-B-1,4-glucanase activity of cellulase was measured
by DNS (3,5-dinitrosalicylic acid) method through the
amount of reducing sugars liberated during hydrolysis
[21]. 1% solution of CMC was prepared in 1 N citrate
buffer (pH 5.0) and was considered as substrate. 100 pl
crude enzymes and 1 ml citrate buffer were added into
the mixture of 1 ml CMC solution. The mixture was
incubated at 45 °C for 30 min. Then DNS was added to
the solution to stop the reaction [21]. The treated samples
were boiled for 10 min, cooled in water for color stabili-
zation and the optical density was measured at 540 nm.
One unit of endo-B-1,4-glucanase activity was defined
as the amount of enzyme that could hydrolyze CMC and
release 1 pmol of glucose within 1 min of reaction [5].

Purification of cellulase

Ammonium sulfate precipitation

The prepared crude enzyme was brought to 80% satura-
tion with solid ammonium sulphate. The mixture was
kept overnight at 4 °C in a magnetic stirrer. Then the
mixture was centrifuged and the pellet was dissolved in
50 mM sodium phosphate buffer saline at pH 7.0 for fur-
ther purification. The partially purified enzyme was dia-
lyzed against the phosphate buffer.

DEAE-cellulose column chromatography

60 ml of the enzyme sample was applied to DEAE-cel-
lulose (Diethylaminoethyl cellulose) column which was
equilibrated with 10 mM Tris-Hcl buffer at pH 7.0. The
collected unbound eluted fraction was used for measur-
ing the enzyme activity at 540 nm and protein concen-
tration at 280 nm. The fraction showing high activity was
pooled and kept for SDS-PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis) analysis.

CM-cellulose column chromatography

55 ml of DEAE unbound solution was applied to CM-cel-
lulose column which was equilibrated with 10 mM Tris-
HCI buffer at pH 7.0. Proteins were eluted by gradually
increasing of NaCl gradient from 0.0 to 0.3 M with the
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same buffer. After the enzyme activity assay, the eluted
fraction was stored for SDS-PAGE analysis.

Protein estimation and molecular weight determination
Protein concentrations in the crude sample were esti-
mated by using Lowry method with bovine serum albu-
min (BSA) as a standard [22] and SDS-PAGE was used
for molecular weight determination [23]. The standard
proteins markers were loaded next to the purified pro-
tein, followed by the crude and dialyzed sample.

Determination of substrate specificity

The various polysaccharides like carboxymethyl cellulose,
xylose, oat spelt xylan, rich bran xylan, cellulose, lactose
and wheat bran xylan was used to determine the sub-
strate specificity of the purified cellulase from strain C,
[16].

Results

Isolation, screening and identification of cellulase
producing bacteria

The biochemical characterizations of the isolated strains
(C;, C, and C;) are presented in Additional file 3: Sup-
plementary Table 1. A microscopic examination revealed
that the isolated strain C; and C, was rod shaped and
found to be gram positive where as Cj strain was short
rod in shape and found to be gram negative. Based on
both biochemical and morphological characteristics, the
isolated strains were identified to be Paenibacillus sp.
(C,), Bacillus sp. (C,) and Aeromonas sp. (Cs;), respec-
tively, where C; and C, was gram positive and C; was
gram negative bacteria. In filter paper degradation assay,
all strains were found to completely degrade the filter
paper with incubation period of 7 days (Additional file 1:
Supplementary Fig. 1), indicates that the isolated strains
were cellulytic bacteria.

Optimization of culture conditions and enzyme activity
The optimization of culture conditions on cellulase pro-
duction are presented in Fig. 1. At neutral pH, the C,
strain showed highest enzyme activity (0.90 pmol ml™*
min~!) at 40 °C. The C, isolate produced maximum
amount of cellulase and showed highest enzyme activ-
ity (0.98 and 0.97 pmol ml™! min~') on 24 h incubation
period at 1% CMC concentration, respectively. Among
different carbon sources, CMC was found to be the most
suitable one for the organism growth as well as better
cellulase production. Peptone as a nitrogen sources and
CaCl, as a metal salt showed the profound effect on cel-
lulase production (data not shown).
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Purification of cellulase

Details for the cellulase purification are presented in
Table 1. The crude enzyme extract contained 300 mg pro-
tein showed 81,788 U/l in terms of total activity. In the
final stage of purification with CMC column chroma-
tography, the specific activity, yield and purification fold
were 2655 U/mg, 35.7% and 9.7, respectively.

Molecular weight determination
The molecular weight of the enzyme was found to be
67 kDa comparing with the marker proteins (Fig. 2).

Substrate specificity

The purified cellulase from strain C; showed the high-
est activity against CMC and low activity to wheat
bran xylan, lactose, rice xylan, xylose and oat spelt
xylan (Additional file 2: Supplementary Fig. 2). Accord-
ing to substrate specificity, the purified cellulase had
high specificity on CMC which indicated it to be an
endo-p-1,4-glucanase.

Discussion

The cellulytic activities of the isolated bacterial strains
depend on the sources and amount of biowaste in natural
environments [24]. In present study, the isolated strains
were characterized by morphological and biochemical
analysis [19] and then screened for their cellulase activ-
ity by Congo red iodine solution and DNS test [21, 25].
The isolated strains were identified as Paenibacillus sp.,
Bacillus sp. and Aeromonas sp., respectively. The strains
were inoculated in fermentation medium and cellulase
production was assayed [19, 26]. Enzyme production by
the selected strains was tested with different culture con-
ditions [27, 28].

In present study, Paenibacillus sp. had maximum cel-
lulase activity at pH 7.0 and 40 °C temperature on 24 h
incubation period at 1% CMC substrate concentration
(Fig. 1 and Additional file 2: Supplementary Fig. 2). In a
previous study, the purified cellulase from Paenibacillus
sp. E2 and E4 in paper mill sludges showed high enzy-
matic activity on CMC substrate and filter paper degra-
dation [29].

To characterize the purified enzyme specificity, we
initially use qualitative tests like CMC test and filter
paper degradation test. CMC agar allows us to identify
isolates with cellulase activity on soluble cellulose such
as CMC thus representing mainly endoglucanase and
beta- glucosidase activities. Secondly, we then screened
isolates displaying cellulase activity on CMC for activ-
ity on crystalline insoluble cellulose such as filter paper
(Additional file 1: Supplementary Fig. 1). In other tests,
the purified enzyme showed high activity to CMC and
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Fig. 1 Optimization of cultural parameters and enzyme activity: a effect of pH, b effect of temperature, c effect of incubation period, d effect of

Table 1 Purification of cellulase from crude sample of Paenibacillus sp.

Purification steps Volume (ml) Total Total activity (U) Specific Yield (%) Purification
protein (mg) activity (U/mg) fold

Crude extract 1500 300 81,788 273 100 1

80% ammonium sulfate saturation 60 160 75121 469 91.8 1.7

DEAE-cellulose column chromatography 55 40 64,525 1613 789 59

CM-cellulose column chromatography 25 17 29,210 1718 357 9.7
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Fig. 2 Molecular weight determinations by SDS-PAGE method. Lane
1, marker protein: Phosphorylase B (97 kDa), Bovine serum albumin
(67 kDa), Ovalbumin (45 kDa), Carbonic anhydrase (29 kDa), Trypsin
inhibitor (20 kDa) and Lysozyme (14.6 kDa). Lane 2, crude enzyme.
Lane 3, DEAE-cellulose unbound fraction and Lane 4, CM-cellulose
bound (purified protein). The migration position of cellulase is
indicated as 67 kDa

lower activity on xylose, rice xylan and wheat bran
xylan (Additional file 2: Supplementary Fig. 2). The
high activity on CMC suggests that the CM Case puri-
fied from Paenibacillus sp. might be an endoglucanase
on the basis of definition by Coughlan and Mayer [30].
Thus, in present study, substrate specificity indicates
that the purified enzyme might be an endo-p-1,4-
glucanase. Researchers have also characterized a novel
endoglucanase (Cel9P) based on CMC substrate speci-
ficity from a newly isolated Paenibacillus sp. BME-14
[31] and a novel thermophilic, cellulose-degrading
bacterium Paenibacillus sp. strain B39 from poultry
manure compost [32].

Considering highest cellulase activity, Paenibacillus sp.
strain was selected for enzyme purification, molecular
weight determination and enzyme characterization [33].
In the last stage of enzyme purification, the specific activ-
ity, yield and purification fold were 2655 U/mg, 35.7% and
9.7, respectively (Table 1). The molecular weight of the
purified protein was 67 kDa (Fig. 2) and the enzyme was
characterized at pH 7.0 and 40 °C temperature against
different substrates. Among different substrates, CMC
was found as a prominent source for maximum endo-
glucanase production and at optimized conditions the
purified enzyme was stable and didn’t lose the activity.
In present study, all the cellulase positive isolated strain
may be an integral part of our future work to develop an
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efficient cellulase producing systems which can be used
for industrial purposes.

Conclusion

Results of this study indicate that cellulase producing
bacterial strains can be grown at different optimized
conditions. The isolated strain Paenibacillus sp. showed
maximum cellulase activity at pH 7.0 and 40 °C tempera-
ture on 24 h incubation period at 1% CMC substrate con-
centration. According to substrate specificity, the purified
cellulase showed high specificity on CMC which indi-
cated it to be an endo-B-1,4-glucanase. The purified cel-
lulase might be useful for several industrial applications.

Limitation

There are two limitations of present study. First, the
molasses sample has been collected only from a single
sugar industry area and secondly the molecular charac-
terization of the purified cellulose was not performed
because of limited lab facilities.

Additional files

Additional file 1. Supplementary Figure 1: Filter paper degradation by
C (control), G, (Paenibacillus sp.), C, (Bacillus sp.) and C5 (Aeromonas sp.)
strains respectively.

Additional file 2. Supplementary Figure 2: Characterization of cellulase
from Paenibacillus sp.: Effect of pH (A), Effect of temperature (B) and Effect
of different substrate (C) on enzyme activity.

Additional file 3. Supplementary Table 1: Physiological and biochemical
characteristics of the isolated bacterial strains.
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