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ABSTRACT
In the present study two cellulolytic bacterial strains were isolated from the gut of an estuarine fish Etroplus suratensis. The
strains were identified through basic conventional and also through 16S rRNA gene sequencing methods and they were identi‐
fied as Bacillus altitudinis and Bacillus licheniformis. The cellulase production capacity of the candidate strains were optimized
through certain nutritional parameters such as carbon sources, nitrogen sources, phosphate sources, surfactants and metal ions.
In both the tested strains, Fructose and CMC induced maximum production of cellulase among various carbon sources tested.
Among the tested nitrogen sources, ammonium hydrogen carbonate and ammonium sulphate enhanced cellulase production to
a maximum extent by Bacillus altitudinis and Bacillus licheniformis, respectively. Similarly, the cellulase production was maximum
in sodium dihydrogen ortho phosphate supplemented medium by both the strains. Tritonx100 was observed to be the best sur‐
factant for inducing cellulase production by B.altitudinis and B.licheniformis. in the tested metal ions, maximum amount of en‐
zyme production was recorded at magnesium sulphate and manganous sulphate administered media by B.altitudinis and
B.licheniformis, respectively.
Keywords : Cellulase, Bacillus altitudinis, Bacillus lilcheniformis, Etroplus suratensis.

1 INTRODUCTION
ellulose is the most abundant and renewable bi‐
opolymer on earth. The enormous potential as a
renewable source of energy was recognized only
after cellulose degrading enzymes or “cellulases” had been
identified (Bhat, 1997). Cellulase is implicated in several food
processing, textile, paper, pharmaceutical and other related
industries (Hoshino et al., 1997; Lynd et al., 2002). Several fungi
and bacteria are capable of producing multiple group of en‐
zyme named cellulases that act in a synergistic manner to hy‐
drolyse the β‐1, 4‐D glucosidic bonds within the cellulose mol‐
ecules (Akiba et al., 1995). A Cellulosic enzyme system consists
of three major components such as endoglucanases, exoglu‐
canases and β‐ glucosidases (Parry et al., 1983; Gielkenes et al.,
1999; Kang et al., 1999).
The bacterial flora of the gastro intestinal tract of
fishes in general, represents a very important and diversified
enzymatic potential (Clements, 1997). Bacteria, which has high
growth rate as compared to fungi has good potential to be
used in cellulase production. However, the application of bac‐
teria in producing cellulase is not widely used. Celluloytic
property of some bacterial genera such as Cellulomonas, Cello‐
vibrio, Pseudomonas, Sporosphytophaga spp. (Nakamura and
Kappamura, 1982); Bacillus and Micrococcus (Immanuel et al.,
2006) were documented well.
Different bacteria and fungi have been used for
cellulase production (Bahkali, 1996; Shin et al., 2000). Microor‐
ganisms of the genera Trichoderma sp. and Aspergillus sp. are
taught to be cellulase producers and crude enzymes produced
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by these microorganisms are commercially available for agri‐
cultural use (Kazuhisa Miyamoto, 1997). Cellulolytic proper‐
ties of certain bacterial species such as Pseudomonas sp, Cellu‐
lomonas sp, Cellovibrio sp and Sporophytophago sp. were also
reported (Nakamura and Kappamura, 1982). The specific cel‐
lulolytic activity shown by the bacterial species was found to
be dependent on the source of occurrence (Saxena et al., 1993).
Considering the importance and applications of
cellulases, the present study was aimed to screen the bacterial
isolates from the intestine of fish Etroplus suratensis for the cel‐
lulolytic ability. Furthermore, to determine the ability of the
isolated strains as production of cellulase in varying nutrition‐
al conditions.

2 METHODOLOGY
2.1 Isolation and identification of cellulolytic bacteria
from fish Etroplus suratensis
The fish, Etroplus suratensis was collected and the
gastro intestine of the fish was aseptically removed and ho‐
mogenised in saline water. The suspension was serially diluted
and from 10‐4 dilution, 0.1ml of sample was plated on CMC
agar plate. Then the plates were incubated at 37oC for 24‐48 h.

2.2 Screening bacteria for cellulose activity
After incubation, the morphologically dissimilar
colonies were picked up and inoculated in CMC agar plates
containing 2% CMC agar and 1% agar agar. The CMC agar
plates were incubated at 37oC for 24‐48 h. At the end of the
incubation, the agar medium was flooded with an aqueous
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solution of Congo red (0.1% w/v) for 15 min. The excess Con‐
go red solution was poured off, and the plates were further
treated by flooding with 1M NaCl for 15 min. Congo red binds
with carboxymethyl cellulose and turns into bright red. Cellu‐
lase produced by individual bacterium hydrolyzed carbox‐
ymethyl cellulose around the bacterial colony and the dye
Congo red unable to stain it. Therefore the hydrolyzed zone
appears transparent, while the unhydrolyzed regions appear
bright red. The ratio of the diameter of the clear zone to colony
diameter was measured in order to select the highest cellulase
producing bacterium. The largest ratio was assumed to con‐
tain the highest activity.

2.3 Identification of highest cellulase producing bacteria by biochemical characters
The bacteria which showed the highest cellulase
activity were identified by using the book of classification of
bacteria form Bergeys manual of determination bacteriology
(Bergey, 1984).

2.4 Identification of the isolated bacteria by sequencing
of the amplified 16S rRNA gene
The most powerful tool to identify the unknown
bacteria is to sequence the gene (DNA) coding for 16S rRNA,
which is present in the genome of the bacteria. The gene cod‐
ing for the 16S rRNA was amplified using PCR and the ampli‐
fied product has been subjected to sequencing and the se‐
quence obtained was compared with the sequence obtained
from the Nucleotide Database of National Center for Biotech‐
nology Information (NCBI).

2.5 Optimization of culture conditions for the highest
cellulase production
Based on the preliminary identification studies,
two bacterial strains namely Bacillus altitudinins and Bacillus
licheniformis were identified as the best cellulase producers.
Therefore these two strains were further subjected for optimi‐
zation studies. The strains were individually incubated in the
production medium (Carboxymethylcellulose‐agar (CMC‐
agar) medium (g ∙ L‐1): L‐glutamic acid – 0.3g, NH4NO3 ‐1.4g,
KH2PO4 – 2g, CaCl2 ‐0.3g, MgSO4 ‐ 0.3g, Proteose peptone ‐7.5,
FeSO4 – 5g, MnSO4 – 1.6g, ZnSO4 – 1.4g, CMC – 30g, Tween80 –
20ml, pH – 5.6) in a shaker at room temperature (~27ºC) for
48h.

2.6 Cellulase enzyme assay
The cellulase produced by the strains was meas‐
ured according to the method of Denison and Koehn (1977).
The production of reducing sugar (glucose) from CMC sub‐
strate through cellulolytic activity was measured at 540 nm by
the dinitrosalicylic acid method using glucose as the standard.
One cellulase unit (U) was defined as the amount of enzyme
per millilitre culture filtrate that released 1 mg glucose per
minute.

2.7 Optimization of cellulase production
2.7a Effect of carbon sources on cellulase production
To identify suitable carbon source for the cellu‐
lase production by the test organisms, the following carbon
sources were tested. The production medium containing Car‐
boxymethyl cellulose act as a carbon source, this CMC was
replaced by adding Glucose, Sucrose, Fructose, Maltose, Cellu‐
lose, Lactose, Mannitol and Sarbitol. These carbon sources
were tested individually at the concentration of 1% with dry
Copyright © 2013 SciResPub.
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substrate.

2.7b Effect of nitrogen sources on cellulase production
Cellulase production using different nitrogen
sources was also analyzed by changing the nitrogen source
(NH4NO3 and Proteose peptone) of the enzyme production
medium. The nitrogen sources used were: Sodium nitrate,
Ammonium chloride, Ammonium hydrogen carbonate, Am‐
monium sulphate, Potassium nitrate, Yeast extract, Soyameal,
Beef extract, NH4NO3, Proteose peptone and Skim milk. They
were incorporated individually into the production medium at
the concentration of 0.5%.

2.7c Effect of phosphate sources on cellulase production
The cellulase production by the selected bacteria
was also optimized by supplementing different phosphate
sources. The different phosphate sources tested for the cellu‐
lase production were Sodium dihydrogen ortho phosphate,
Tricalcium phosphate, Bismuth phosphate, Disodium hydro‐
gen ortho phosphate, K2HPO4, KH2PO4 and calcium hydrogen
phosphate. They were supplemented individually in the pro‐
duction media at the concentration of 0.5%.

2.7d Effect of surfactants on cellulase production
To identify the surfactants facilitating cellulase
production, 6 different surfactants were used for experimenta‐
tion. They were Tween20, Tween40, Tween60, Tween80, Tri‐
tonX‐100, SDS, and polyethylene glycol. The selected surfac‐
tants were tested individually at the concentration of 0.2% in
the optimized production medium.

2.7e Effect of metal ions on cellulase production
Normally, the production medium contains
Cacl2, MgSO4, FeSO4, MnSO4, and ZnSO4. In the present study
to enhance cellulase production Calcium chloride, Magnesium
sulphate, Ferrous sulphate, Manganous sulphate, Zinc sul‐
phate, Barium chloride, Copper sulphate, Mercuric chloride
and EDTA were tested as the source of metal ions. They were
incorporated individually into the production medium at the
concentration of 0.02%. The effect was determined after 48 h of
incubation.

2.8 Statistical analysis
The data obtained in the present study were sub‐
jected to Analysis of variance (ANOVA) using SPSS 14.0 ver‐
sion software. Post hoc test was employed to test the differ‐
ences among means. The significance of differences was tested
at the level P = 0.05.

3 RESULTS
3.1 Isolation and screening of cellulase producing bacteria
They were 18 suspected bacterial colonies isolat‐
ed from the gut of E. suratensis. Pure cultures of all the eight‐
een isolates were prepared and they were tested for cellulase
activity on a medium containing CMC as the substrate. As
shown in fig 1, the cellulase produced by the bacteria hydro‐
lyzed the substrate and the hydrolyzed regions were highly
visible after staining with Congo red dye. After staining, the
hydrolyzed regions appeared transparent, while the unhydro‐
lyzed regions appeared intense red. The appearance of a hy‐
drolytic zone is a clear indication that the bacteria had pro‐
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duced the cellulase. After 24‐48 h of incubation, all the eight‐
een isolates showed signs of growth on CMC agar; however
only two strains hydrolyzed the CMC very efficiently. These
particular bacteria were chosen for identification and further
for optimisation of cellulase production at different cultutre
conditions. cellulase production. The strains were identified as
Bacillus altitudinis and Bacillus licheniformis through conven‐
tional method of morphological, physiological and biochemi‐
cal characteristics along with 16S rRNA sequencing (Fig 2,3).

Fig 3 Phylogenetic tree analysis of Bacillus licheniformis strain with related sequences obtained from
RDB database
Bacillus altitudinis

Bacillus licheniformis

3.2 Optimization of culture conditions for cellulase
production
3.2a Effect of carbon sources

Control

Fig 1 Screening for cellulolytic bacteria on CMC agar
plate

Fig 2 Phylogenetic tree analysis of Bacillus altitudinis
strain with related sequences obtained from RDB database

Carbon sources such as glucose, sucrose, fruc‐
tose, maltose, cellulose, lactose, mannitol and sarbitol were
incorporated individually in the medium at the rate of 1% and
the bacteria were grown individually for 48h. The bacterium,
B.altitudinis APS MSU produced the highest amount (5.48±
0.25 U/ml) of cellulase in the medium supplemented with
fructose, whereas lowest (0.96± 0.21U/ml) amount of enzyme
production was recorded at maltose supplied medium. Invari‐
ably the capability of cellulase production by B. licheniformis
APS2 MSU was more (2.71±0.18 U/ml) at CMC supplied me‐
dium, but it was less at fructose (0.30± 0.05U/ml) supplied me‐
dium (Fig.4).

Fig 4 Cellulase production by B.altitudinis and
B.licheniformis in the media supplemented with different carbon sources
3.2b Effect of nitrogen sources

Copyright © 2013 SciResPub.

Effect of different nitrogen sources on cellulase
production after 48h of incubation by B. altitudinis showed the
highest level (27.42± 0.11 U/ml) in the medium incorporated
with Ammonium hydrogen carbonate, however it was maxi‐
mum of only 1.52±0.29 U/ml in the medium supplied with
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ammonium sulphate by B. licheniformis. At the same time, min‐
imum amount of cellulase production was recorded in skim‐
milk (2.91 ± 0.38 U/ml and 0.26 ± 0.41 U/ml) supplied media by
both the organisms B. altitudinis and B. licheniformis, respec‐
tively (Fig 5).

(Tween20, Tween40, Tween60, Tween80, TritonX‐100, SDS, and
polyethylene glycol) was tested for cellulase production by the
candidate organisms. Among the tested surfactants, the max‐
imum (7.80±0.73 U/ml and 12.86±0.60 U/ml) amount of en‐
zyme production was recorded in Triton X‐100 supplied media
by B.altitudinis and B. licheniformis, respectively. But the mini‐
mum amount of cellulase production was recorded in
Tween80 (4.36±0.67 U/ml) supplied media by B.altitudinis and
SDS (1.18±0.29 U/ml) supplied media by B. licheniformis (Fig 7).

Fig 5 Cellulase production by B.altitudinis and
B.licheniformis in the media supplemented with different nitrogen sources

Fig 7 Cellulase production by B.altitudinis and
B.licheniformis in the media supplemented with different surfactants

3.2c Effect of phosphhate sources

3.2e Effect of metal ions

Different phosphate sources such as Sodium di‐
hydrogen ortho phosphate, Tricalcium phosphate, Bismuth
phosphate, Disodium hydrogen ortho phosphate, K2HPO4,
KH2PO4, and calcium hydrogen phosphate were individually
incorporated at 0.5% concentration in the medium and the
bacteria were incubated for 48h. The cellulase production was
maximum (7.08±0.23 and 8.66±0.59 U/ml) at sodium dihydro‐
gen ortho phosphate supplied media by B.altitudinis and B.
licheniformis, respectively. At the same time, the minimum
(2.58±0.57 and 4.97±0.70 U/ml) amount of cellulase production
was observed in Disodium hydrogen ortho Phosphate
suplplied media by B.altitudinis and B. licheniformis, respective‐
ly (Fig 6).

Among the tested metal ions, maximum
(7.52±0.37 U/ml) amount of enzyme production was recorded
in magnesium sulphate supplied medium by B.altitudinis, but
it was maximum of 1.80±0.42 U/ml in manganous sulphate
administered medium by B. licheniformis. However, the mini‐
mum amount of cellulase production was observed in ferrous
sulphate (1.87±0.38 U/ml) and copper sulphate (1.17±0.19
U/ml) supplied media respectively by B.altitudinis and B. li‐
cheniformis (Fig 8).

Fig 8 Cellulase production by B.altitudinis and
B.licheniformis in the media supplemented with different surfactants

4 Discussion
Fig 6 Cellulase production by B.altitudinis and
B.licheniformis in the media supplemented with different phosphate sources
3.2d Effect of surfactants
The effect of different kinds of surfactants
Copyright © 2013 SciResPub.

The capacity to degrade cellulose is a character
distributed among a wide variety of aerobic, facultative aero‐
bic, anaerobic bacteria and fungi. In the present study, two
different cellulolytic microbes such as B.altitudinis and
B.licheniformis were isolated and identified from the gut of an
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estuarine fish E.suratensis. Many efforts were taken to generate
microorganisms with high ability to produce cellulase that can
degrade native cellulose (Aristidou and Penttila, 2000). It has
been reported that, physico‐chemical factors influence the
growth of the organisms and also the cellulase production
(Gayal and Khande Parkar, 1998).
Efforts are going on throughout the world to en‐
hance the production and purity of bacterial cellulases.
Among the various factors that influence cellulase production
during culture, the type of nutritional sources and inducers
have a profound effect on production of cellulase. The present
study was conducted to evaluate selected carbon sources, ni‐
trogen sources, phosphate sources, surfactants and metal ions
as substrates for cellulase production by B.altitudinis and
B.licheniformis. The result revealed that the bacterial isolates
utilized all the substrates supplemented with their source for
their growth and cellulase production.
The selection and optimization of suitable carbon
sources for cellulase enzyme production by B.altitudinis in‐
ferred that fructose added medium was found to produce
maximum (5.48±0.25U/ml) cellulase production and
B.licheniformis inferred that CMC added medium was found to
produce maximum (2.71±0.18U/ml) cellulase than the other
carbon sources substituted media. From the result, it was con‐
firmed that fructose and CMC being a simple sugar could be
effective for production of cellulase by the candidate organ‐
isms. These results are in agreement with those of Narasimha
et al (2006) and Niranjane et al (2007), who have found that
CMC was the best carbon source, followed by cellulose for
cellulase production. A higher production of cellulase when
CMC served as substrate may be a result of induction of the
enzyme, since cellulose is known to be a universal inducer of
cellulase synthesis. Paul and Verma (1993) had reported the
induction of endocellulase by CMC. Some investigators
showed that agro‐industrial residues such as rice bran, rice
straw, sugarcane bagasse and wheat bran could be used as
carbon sources for cellulase production. For example, B.subtilis
CBTK 106, B. subtilis BC 62 and B.pumillus exhibited their max‐
imum cellulase production when wheat bran, banana fruit
stalk and soybean were supplemented to the production me‐
dia (Heck, 2002; Poorna and Prema, 2007). In the present study
fructose was found to be the best inducer and the result sub‐
stantiates the earlier works of Bagga et al. (1989), who reported
that fructose, a best inducer of Aspergillus sp. as well as it is the
best inducer of cellulase in Clastiridium thermocellum (Nochure
et al., 1993).
The optimization of suitable nitrogen sources for
cellulase production by test organisms inferred that Ammoni‐
um hydrogen carbonate added medium was found to produce
maximum (27.42±0.11) cellulase by B.altitudinis; whereas,
B.licheniformis exhibited maximum production in Ammonium
sulphate (1.52±0.29U/ml) substituted medium than the other
tested organic and inorganic nitrogen sources. Many other
workers have found that maximum cellulase productivity was
obtained by B.pumilus BpCRI6, Pseudomonas flourescens, Monas‐
cus purpureus and Streptomyces sp. BRC2, when tryptone was
supplemented as an organic source to the production medium
(Bakare et al., 2005; Chellapandi and Himanshu, 2008; Daniel et
al., 2008). Moreover, this result was also in correlation with the
Copyright © 2013 SciResPub.
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findings of many other workers, whom found that maximum
cellulase productivity was obtained when ammonium sul‐
phate was added to the production media by B.pumilus, Rumi‐
nococcus albus, Bacillus sp. Bacillus sp.B21, Streptomyces
sp.BRC2, respectively (Wood et al., 1982; Heck, 2002; Kotchoni
et al., 2003; Poorna and Prema 2007; Chellapandi and Himanu‐
shu, 2008). Ray et al. (2007) suggested that organic nitrogen
sources were found to be more suitable for optimizing cellu‐
lase production by B.subtilis and B.circulans than the inorganic
sources.
In the present study, the effect of additional sur‐
factants on enzyme yield was tested using production medi‐
um with addition of Tween20, Tween40, Tween60, Tween80,
Triton X‐100, SDS and Polyethylene glycol. The result inferred
that, Tritonx100 supplemented medium showed maximum
(7.80±0.73 and 12.86±0.60 U/ml) cellulase production by both
the organisms, B.altitudinis and B.licheniformis. Usually surfac‐
tants alter the cell membranes of microbes to facilitate enzyme
release (Reese and Mangulre, 1969; Pardo, 1996). Also the sur‐
factants improve the cellulase stability and prevent the dena‐
turation of enzymes during hydrolysis by desorbing it from
cellulose substrate. Domingues et al. (2000) reported that addi‐
tion of Tween80 enhanced the extracellular protein concentra‐
tion and FPA of Trichoderma reesei. Similarly Bhardwaj (2012)
also reported that Tween80 and Tritonx100 enhanced the pro‐
duction of amylase enzyme. Sun and Liu (2010) reported that
surfactants increased the hydrolysis of lignocellullosic sub‐
stances.
In the present study the effect of different metal
ions on cellulase production by B. altitudinis and B.licheniformis
were investigated. The results indicated that cellulase produc‐
tion by B.altitudinis was maximum of 7.52±0.37U/ml in Magne‐
sium sulphate supplied medium, whereas B.licheniformis in‐
duced maximum enzyme production (1.82±0.42U/ml) in Man‐
ganous sulphate supplemented medium. Metal ions such as
Ca, Mg, Fe, Co and Zn were necessary for cellulase synthesis
by Trichoderma viride QM6a (Mandel and Reese, 1999). Li et al.
(2012) reported that K+ and Mn+ activated cellulase production
by Bacillus thuringiensis.

5 CONCLUSION
The present work proved the effect of various substrates on
cellulose enzyme production. The results will be further used
for large scale production of cellulase under controlled environmental conditions. Further more this work can be extended
in aspect of purification and application of cellulose enzyme
on large scale.
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