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Isolation of a cellulase producing Bacillus cereus from cow dung
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The objective of the study was to isolate a
thermostable alkaline cellulase producing bacterial strain from
diverse natural sources such as goat excreta, cow dung, tropical
soil, and organic matter. Opened hot cellulose agar plates were
agar media and incubated for 2 days at 37

o

bacteria. The bacteria isolated were screened for cellulolytic
activity using serial dilution and pour-plate method after which
they were characterised. The bacterial isolate with the highest

biochemical and cultural analysis, the strain from cow dung
Bacillus sp. Pure culture of this bacterial

using automated sequencer and sequence similarity search was
Bacillus cereus
Bacillus cereus
showed zero order kinetics for 20 minutes. The optimum pH
for the crude cellulase from Bacillus cereus was 9.0 at 45o
and the temperature optimum was 45o
constant for the cellulase from this isolate to soluble cellulose
-1
L and Vmax was 3.32 µmol mL-1 min-1 at pH 9.0
o
and at 45
than an hour at 45o
good candidate for industrial applications.
Bacillus cereus
media, cow dung, thermostable.
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The enzyme cellulase deconstructs plant structural
secreted by a great diversity of microorganisms during
et al.,
2015). Thermostable alkaline cellulases is used in paper
industry to increase the brightness, in food industry to
improve the digestibility of animal feed and to clarify the
juices (Kuhad et al., 2011) and in textile industry for wet
processing (Shah 2013).
renewable resource for bioconversion, and is naturally
present in the environment in various decomposable
sources. This organic matter is decomposed by fungi,
bacteria and actinomycetes, which are also naturally
available in the environment (Immanuel et al
of decomposing cellulose by the secretion of cellulase
enzyme. Previously, different genera of bacteria have
been reported for cellulase production. These cellulase
producing bacteria include Bacillus, Clostridium,
Cellulomonas,
Rummminococcus,
Alteromonas,
Acetivibrio
et al
cellulases extend to wine, beer and fruit juice production.
Due to increased concern about the greenhouse effect,
depleting oil reserves and rising global oil prices,
as well as the focus on utilising renewable fuels such

)
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as bioethanol, cellulase enzymes have become quite
important to keep the environment active and interactive
(Mohanappriya & Kapilan, 2018). When these cellulase
producers are isolated from naturally occurring sources
under suitable conditions, they could be utilised in
industries that use cellulase. Therefore, the study was
aimed at isolating a thermostable alkaline cellulase
producer from various natural sources (goat excreta, cow
dung, tropical soil and organic matter) and to determine
the kinetic properties and stability of the enzyme.

cow dung, tropical soil and organic matter under required
conditions from different areas of the Northern region of
Sri Lanka. Isolates were further screened on the basis
of carboxymethyl cellulase produced in liquid medium.

The isolates, selected on the basis of plate staining
method were grown in 50 mL of fermentation medium
at pH 7.0 containing the following components (g/L):
HPO4 (1.0), KH2PO4 (1.0), MgSO4 7H2O
2
(0.2), NH4NO3
(0.02),
3
2
2
and yeast extract (5.0). To the fermentation medium,
20 % (v/v) inoculum was added and incubated at
40 o
taken after 42 h and centrifuged. The supernatant was
used as the crude cellulase source. Screening was done
by performing the cellulase enzyme activity assay to
the supernatant collected from the liquid media of each
selected bacterium from the culture that was allowed to
ferment for 24 h (Vipul et al., 2012).
the isolate
Morphological and biochemical properties of the isolates

fermentation, the bacterial strain that grew on cow dung
was selected as the best cellulase producing strain.

England) unless otherwise stated. The activation medium
contained (gL-1): cellulose 20.0 and nutrient broth 28.0.
Single colonies of the selected bacteria were obtained by
o

for 24 h. The bacterial cells grown on the slants were
activated in the activation medium (2 loops/10 mL), and
incubated in a shaker water bath at 40 o
for 48 h.

The strains from the stock cultures were streaked on
o

orbital shaker at 100 rpm (Singh et al., 1998). In shaker
ratio was maintained as 1:4. Organisms from multiple
conditions and kept in the incubator at 37

et al
morphology of the selected isolate was observed by
simple staining, Gram staining, endospore staining,
and urease test done as per the standard protocol
strain was subjected to a series of cultural, biochemical
and morphological analyses such as colony size, shape
and colour, single cell shape, spore formation, catalase
test, oxidase test, triple sugar iron agar test and lactase
fermentation test in order to identify the genus and
species of the strain (Singh et al
was determined by adding a few drops of 3 % (v/v) H2O2
used to test nitrate reducing property of the selected
activity determination. Triple sugar iron (TSI) slants
containing three sugars, namely, glucose, lactose, and
sucrose, were used for acid and H2
production after carbohydrate fermentation was detected
by the visible change in colour from red to yellow. The
temperature tolerance test was performed by growing the
strain in nutrient broth and incubating at the temperatures
ranging 20 – 50 o

o

Pure culture of the selected bacterial strain was grown
plates in order to get pure strains.

June 2019

Journal of the National Science Foundation of Sri Lanka 47(2)

Kinetic propeties of cellulase from Bucillas cereus

Effect of pH on the stability of cellulase
Effect of pH on the stability of the enzyme at different
pH values was also studied by incubating the enzyme at
different pH values ranging from 8.0 to 11.0 at 45 o
and the residual activity was determined using 50 gL-1
cellulase under optimised conditions (at 45 o
).
http://www.
ncbi.nlm.nih.gov/blast/). The unknown organism was

average was used for analysis.

et al., 2002).

glucose produced was measured by dinitrosalicylic

Activity of cellulase with time
-1
o

water bath. Similarly, a boiling tube containing crude
cellulase solution (20 mL) was also pre-incubated.
Pre-incubated soluble cellulase (20 mL) and cellulose
incubated for 4 h at 45

o

reducing sugar in 1 min at pH 5.0 and 50 o
(1g/100 mL) cellulose. The values of enzymatic activity

cellulose production after 24 h of fermentation, the best
cellulose producer was selected. The following formula
was used:

the sample was withdrawn from the reaction mixture and
glucose production was monitored.
Effect of temperature
The effect of temperature on crude cellulase activity was
determined by incubating the enzyme for an optimised
amount of time with 0.25 mL of soluble cellulose
(50 gL-1) at pH 9.0 at different temperatures.
Effect of pH on cellulase activity

x (1 /

(
x OD of test x (1/
) x (1000/ 180)]

)

mean and standard deviation values were used to plot
the graphical representations. The entire set of kinetic
experiments were also done in triplicate and the values
were from 3 representative experiments. Statistical

The effect of pH on cellulase activity was measured by
preparing 50 gL-1 soluble cellulose in buffers at different

and pH 10 to 11: phosphate buffer) and incubating at
optimised temperature (45 o

comparison test.

Effect of substrate concentration
Different concentrations of the cellulose solution were
prepared (8 to 10 gL-1) in 0.01 M Tris buffer at optimum
pH and were allowed to react with the diluted enzyme at
optimum conditions (45 o
enzyme activity was measured.
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from goat excreta, cow dung, tropical soil and organic
matter by using selective carboxy methyl cellulose
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sources: cow dung, goat excreta, organic matter and tropical soil

isolates, 17 cellulose hydrolysing microorganisms were

Morphological, microscopic and
characterisation of the selected strain

biochemical

isolates showed clear zones around colonies after staining
However, the plate-screening method is not quantitative
because of the poor correlation between enzyme activity
and the colony to clear zone ratio.

biochemical and cultural
characteristics

24 hours at all the tested temperatures when the pH was

Margin
Opacity
Diameter after 40 h (in mm)

Bacillus brevis (Singh et al., 1998). Qualitative assay

Surface
Grams staining

Moist, shiny
+

Spore formation
Motility
Growth in air

+
+
+

Triple sugar iron agar test
Lactose fermentation
NO3 reduction test
Urease test
Growth at 50 o

+
+
+

on the amount of cellulase production after 24 hours

Entire
Opaque
1.5–2.0

15 bacterial samples isolated from cow dung, 7 strains
best cellulase producing strain was selected for further
studies (Figure 1).

means

be Bacillus since it showed positive results to Gram
staining, spore formation, motility, catalase test and

June 2019
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PTK1 had the highest homology (100 %) with Bacillus
cereus

Activity of cellulase with time

(Figure 2). Therefore, the incubation time for the kinetic
experiments.
Effect of pH on the activity of cellulase enzyme from
-1
Bacillus cereus at 45 o
)

1.6
1.4
1/V (µmol-1 ml min)

1.2
1
0.8
0.6
0.4
0.2
0

Production of glucose from cellulose (50 gL ) by the crude
cellulase enzyme from Bacillus cereus at pH 9.0 at 45 o

-0.04

-0.02

0

0.02

-1

0.04
0.06
1/[s] g-1L

0.08

0.1

0.12

strain Bacillus cereus isolated from cowdung at pH 9.0 and
45 o

Effect of temperature

different temperatures ranging from 20 – 55 o
pH 9.0. The activity of cellulase increased up to 45 o
and further increase in temperature lowered the enzyme
activity (Figure 3). Therefore, this moderately higher
temperature (45 o
commercial applications.
o

Effect of pH
Effect of temperature on the activity of crude cellulase
enzyme from Bacillus cereus at pH 9.0 with cellulose
(50 gL-1)
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When the pH was increased from 5.0 to 11.0, the activity
of cellulase increased up to pH 9.0 and further increase
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enzyme from the Bacillus isolate showed activity
between pH 5.0 to 11.0. However, this enzyme showed
75 % of its original activity at pH values between 7.0 and
10.0. Since the highest cellulase activity was obtained at
pH 9.0, this pH value was selected for further studies.

The authors express their sincere gratitude to the
University of Jaffna for funding.

Effect of substrate concentration
When the substrate concentration was increased from 10
to 80 gL-1 at pH 9.0, the activity of cellulase increased
up to 50 gL-1 and reached the maximum velocity at
that level (Figure 5). Michaelis constant for the crude
-1
L and Vmax was
3.322 µmolmL-1min-1 at pH 9.0 and at 45 o
Therefore, 50 gL-1 substrate was used for the assay for
further studies of enzyme activity.
Effect of pH on the stability of cellulase
When the crude enzyme solution at pH 8.0 –11.0 was
pre-incubated at 45 o

respectively at 45

o

enzyme retained 40.5, 24 and 0 % of the cellulase at 30,
cellulase was 18.5, 27.3 and 7.5 minutes at pH 8.0, 9.0
and 10.0, respectively at 45 o
more stable at pH 9.0. It is also important to note that the
enzyme showed optimum activity at pH 9.0.

was selected as the best thermostable alkaline
cellulase producer among the isolated strains, as it gave
the highest cellulase activity in alkaline pH and at high
temperatures and this activity was obtained in a short

Bacillus cereus
.
B. cereus showed zero order
kinetics for 20 minutes and the pH optimum for the
cellulase activity was 9.0 at 45 o
optimum was 45 o
-1
L
-1
-1
o
and Vmax was 3.32 µmolmL min at pH 9.0 and at 45
This cellulase enzyme was stable for more than an hour
at 45 o

June 2019
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