
Key words: Extracellular cellulase, Bacteria, Marine Sponges, Bay of Bengal.

Scientific investigations have been carried out on
the saccharification of cellulose waste material
by enzymes26. Potential application of cellulose
in biotechnology has been reviewed¹³. Very few
reports are available on endogluconase production
from marine sources. Forty-one bacteria have been
isolated9 from several invertebrates, macroalgae,

sea grass, and the surrounding water that exhibited
different patterns of hydrolytic enzyme activities
measured as the hydrolysis of either native
biopolymers or fluorogenic substrates. There are
reports on endogluconase production from
shipworm (Psiloteredo healdi)¹², endogluconase
from shipworm (Teredenobeta turniral)¹ and from
marine rotifer Brachinous plicatilis6. Certain
marine Vibrio sp., Streptomyces and fungi
exhibited cellulolytic activity. Among marine
invertebrates, sponges remain the most prolifically
studied phylum in the search for novel
pharmacologically active compounds10. Some
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enzymes with interesting features have been
isolated from sponges and the microbes associated
with sponges18,22. In contrast to the literature on
natural compounds, studies on enzymes with
biotechnological potential from microbes
associated with sponges are
rare. Bacteria isolated from six marine sponges
(Spirastrella sp., Phyllospongia sp.,
Ircinia sp., Aaptos sp., Azorica sp., and Axinella
sp.) were identfied to produce amylase,
carboxymethylcellulase, and proteases24.

Therefore, the present work was aimed
at investigating cellulolytic activity of bacterial
isolates associated with marine sponges.

MATERIAL AND METHODS

The sedentary fauna were collected from
Bay of Bengal at Gopalpur, Orissa coast from a
depth of 30 meters by SCUBA drivers28. The
bacteria were isolated from sponges using
different media as described earlier27. Isolation
and identification of bacterial isolates was carried
out by following standard microbiological
methods28. All the 83 bacterial isolates were
screened for cellulose activity on cellulose test
agar plates containing nutrient agar medium
supplemented with 1% (w/v) carboxymethyl
cellulose.  A small portion of the cell paste of the
isolate was scraped and deposited onto the
carboxymethylcellulose agar plates.  After
incubation at 37ºC for 2 days, petriplates were
washed with an aqueous solution of congo red
(1% congo red in distilled water) for 10 min.
The congo red solution was then poured off, plates
were further flooded with 1 N NaCl for 5-10 min.
The bacterial growth was stopped by flooding the
CMC agar plates with 1 N HCl, which changed
the dye color to blue-violet (pH 0.1).  A clear zone
of hydrolysis around cells of marine bacteria
indicated cellulolytic activity. Bacterial isolates
showing higher zones were taken for further
characterization.
Culture of bacterial isolate

For cellulase production the bacterial
isolates were cultured in two different liquid media
at pH 7. In the first medium (Medium-1) nutrient
broth along with 0.1% CMC was prepared in 50%
aged seawater. The second medium (Medium-2)
contained 0.5% peptone, 0.5% MgSO

4
.7H

2
O,

0.1% KH
2
PO

4
 and 0.1 % CMC in 50% aged sea

water. 200ml of each liquid media was inoculated
with 1ml of bacterial culture. The cultures were
incubated (at 37°C) on a rotary shaker at 200 rpm
for 48hrs.
Preparation of enzyme

The bacterial culture was centrifuged at
12,000rpm in a cooling centrifuge (Remi R24
model) at 4°C for 30 min and the supernatant
was collected. The supernatant was aseptically,
passed through a 0.22µm (Sartorius) Millipore
filter paper. The filtered supernatant was taken
as enzyme solution for assay.
Assay method

Cellulase activity was determined by
using CMC as the substrate21. The glucose
liberated in the endoglucanase activity was
measured by dinitrosalicylic acid method23 .One
IU of enzyme activity was defined as the amount
of enzyme that liberates 1 ìmole of glucose per
minute under the experimental conditions. The
specific activity was calculated as IU/ mg protein.
For the assay, 4ml of CMC (1% CMC in a 50
mmol/1 acetate buffer pH-5.2) was pipetted out
in a test tube followed by 1ml of buffer and 2ml
of enzyme solution. The test tubes were kept on
water bath at 30°C for 2 hrs. 1ml of the reaction
mixture was pipetted out into a test tube after 30
min of incubation. Then, 1ml of DNS reagent was
added to it. The mixture was heated in a boiling
water bath for 5 min. To it 1ml of Rochelle’s salt
was added when the mixture was hot. Tubes were
cooled under tap water. The optical density was
measured at 575 nm. Amount of reducing sugar
released in the reaction mixture was calculated
using standards prepared from glucose.

The effect of time on enzyme activity was
evaluated by incubating the assay mixture at
different time intervals (30, 60, 90 and 120 min)
at 37°C. Enzyme activity was measured after each
incubation period.

To study the enzyme activity at different
pHs, the enzyme preparation was incubated with
1% CMC in 0.1M citrate buffer (pH 3.0-6.0),
0.2M phosphate buffer (pH 6.5-8.0) and 0.2M
glycine-NaOH buffer (pH 8.5-10.5). The assay was
carried out as described above.

The effect of temperature on enzyme
activity was evaluated by incubating the enzyme
preparation at different temperature (40°-80°C)
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at increment of 5°C for 30 min. All further, assays
were performed in the buffer showing optimum
activity

The enzyme solution was pre-incubated
with individual metal ions (Mg2+, Mn2+, Ca2+,
Cu2+, K+ and Cd2+) at concentrations ranging from
1-10 mmol with 2mmol increments. Separate
blanks with individual metal ions were prepared.
The residual activity was measured

Protein content of enzyme samples was
measured with the Folin phenol reagent19.

RESULTS AND DISCUSSION

A total of 83 bacteria were isolated from
eleven sponges; one gorgonian, one unidentified
antipatherian and sediment along with 25 other
isolates, which lost their viability during
cultivation28. Based on the screening studies of
83 bacterial isolates, 13 (15.66%) isolates were
found to be positive for extracellular
endoglucanase activity. The producer isolates
belonged to genera Acinetobacter, Bacillus,
Citrobacter, Micrococcus, Pseudomonas and
Vibrio.

Based on the screening results on
CMCase plates, three isolates with higher zones
of activity viz., Bacillus stearothermophilus (RRL-
11), Bacillus subtilis (RRL-12) from the sponge
Acanthella ramosa and Bacillus subtilis (RRL-
36) from Raspailia sp were selected for further
studies and characterization of cellulases.

Enzyme production was more in culture
media containing 0.1% CMC and nutrient broth
(medium-1) for B. subtilis (RRL-12) and B.
subtilis (RRL-36) while media containing 0.1%
CMC along with 0.5% MgSO

4
.7H

2
O, 0.5%

KH
2
PO

4
 and peptone (medium-2) showed more

enzyme production for B. stearothermophilus
(RRL-11). All the three isolates showed
extracellular endoglucanase activity. Extracellular
cellulase producing bacteria were reported by
many authors. Extracellular cellulase was reported
from Pseudomonas fluorescens29. An extracellular
alkalophilic cellulase was reported from a Bacillus
sp (N-1139) 11. An extracellular cellulase from a
thermophilic fungus Thermoascus aurantiacus
was reported20.

The effect of time and media on
endoglucanase activity is shown in Fig. 1.

Maximum enzyme activity was seen at 30 min
incubation for the two isolates RRL-36 and RRL-
12. But a degree of variability was observed in
case of the isolate RRL-11. A slight increase in
enzymatic activity was reported in medium-1 up
to 90 min and the activity remained constant up
to 90 min. in medium-2. A decrease in enzyme
activity was reported on further incubation.

The optimum pH for enzyme activity of
RRL-36, RRL-12 and RRL-11 in both the media
is shown in Figure 2. Maximum enzyme activity
of B. subtilis (RRL-36) was obtained at pH 8 in
medium-1 and at pH 7.5 in medium-2. The
enzyme activity of RRL-36 was greatly   reduced
beyond pH 8. The optimum value of both RRL-
12 and RRL-11was observed to be pH 7.5. Only
RRL- 12 showed a range of pH 6-8 at which the
activity was stable (medium-1). The optimum pH
is comparatively higher than that of Euphausia
suberba  isolated from Antarctic krill5,
Alcaligenes sp.2 and Streptomyces sp. isolated
from the digestive tract of Barnea birmanica
philippi3.

In our experiments B. subtilis (RRL-36)
from the sponge, Raspailia sp showed highest
enzyme activity at alkaline pH (8.0).  Similar
results were reported from Bacillus sp isolated
from Axinella sp showing optimum
endoglucanase activity at pH 825. CMCase activity
of cell suspension of Cytophaga sp, showing a
maximum activity at pH 8 was reported4.

In our results optimum CMCase activity
of most of the isolates was found at pH 7.5 and
more than 50% of the activity was retained at pH
8, which is higher than that reported16, where an
extracellular cellulase producer Streptomyces sp
showed optimum enzyme activity at pH 7 and
temperature of 40°C.

An alkaline Bacillus sp N-4 that
produced multi CMCase which was active over
broad pH range (pH 5-10) was reported15.
An extracellular alkalophilic Bacillus sp (N-
1139), which was stable over the pH 6-11 and
most active at pH 9 with stable activity at 40oC
was reported¹¹. Alkaline cellulase from
alkalophilic organisms Bacillus sp. B38-2 and
Streptomyces sp. S36-2 that showed optimum pH
and temperature of crude enzyme activity in the
range from pH 6-7 at 55°C for Streptomyces sp
and at pH 7 and 60°C for Bacillus sp. was
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reported7. This shows that cellulases of present
investigation are comparable to the cellulases
studied from different alkalophilic organisms.

The temperature and media effect on the
enzyme activity of the three isolates is shown in
Figure 3. The optimum temperature for maximum
endoglucanase activity of all isolates was found
to be 40°C. However, the two isolates RRL-11 &12
exhibited stable enzymatic activity within a range
from 50-70°C and 45-60°C respectively.

The effect of NaCl on endoglucanase
activity of RRL-36, RRL-11 and RRL-12 is shown
in Table .1.

The optimum NaCl concentration for
maximum enzyme activity was found to be 7%
and 6% for RRL-36 in medium-1 and medium-2
respectfully. The optimum NaCl concentration of

maximum enzyme activity for RRL-12 was
observed to be 5% and 3% and 2% and 4% for
RRL-11 in medium-1 and medium-2 respectfully.
Similar results which showed NaCl as an
important factor for endoglucanase synthesis by
marine organisms were reported (3, 8). An
optimum endoglucanase activity at 3% NaCl
concentration was observed by Bacillus sp25,
which is comparatively less to that of our findings.
The effect of metal ions and media on the
endoglucanase activity of RRL-36, RRL-11 and
RRL-12 is shown in Table. 2, 3 and 4.

The enzyme activity of RRL-36 in
medium-1 was activated by Mg2+, Mn2+, K+ and
Cd2+ (10mmol/l) and inhibited by Cu2+ and Ca2+

at 25mmol/l. Inhibition of enzyme activity of
Alcaligenes sp. due to Cu2+ and Mn2+ has been

Table 1. Effect of NaCl concentration on enzyme activity

% of NaCl Isolates (IU/mg protein)

RRL-36 RRL-11 RRL-12

Medium-1 Medium-2 Medium-1 Medium-2 Medium-1 Medium-2

1 0.264 0.238 0.130 0.366 0.336 0.468
2 0.264 0.252 0.171 0.432 0.351 0.522
3 0.279 0.421 0.126 0.450 0.360 0.570
4 0.291 0.431 0.102 0.459 0.378 0.357
5 0.333 0.470 0.100 0.447 0.456 0.354
6 0.334 0.503 0.092 0.372 0.414 0.297
7 0.390 0.438 0.090 0.348 0.291 0.291
8 0.375 0.471 0.089 0.249 0.207 0.276
9 0.360 0.441 0.084 0.225 0.180 0.219
10 0.318 0.344 0.063 0.225 0.177 0.213
11 0.315 0.312 0.063 0.222 0.138 0/204
12 0.285 0.229 0.055 0.207 0.138 0/204

Table 2. Effect of metal ions on the enzyme activity of RRL-36

Metal ions Percentage activity vs Concentration of Medium

Medium-1 (in mmol/l) Medium-2(in mmol/l)

1 3 5 7 10 1 3 5 7 10

Mg2+ 102 85 93 104 106 125 115 104 104 104
Mn2+ 139 158 164 183 239 167 134 112 108 108
Ca2+ 125 118 118 110 81 150 114 115 117 115
Cu2+ 270 214 172 95 85 164 208 211 276 225
K+ 72 77 85 89 120 119 118 123 128 149
Cd2+ 112 195 102 122 133 209 138 154 159 172
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Table 3. Effect of metal ions on the enzyme activity of RRL-12

Metal ions Percentage activity vs Concentration of Medium

Medium-1 (in mmol/l) Medium-2(in mmol/l)

1 3 5 7 10 1 3 5 7 10

Mg2+ 97 100 88 85 107 67 55 53 54 53
Mn2+ 119 103 81 73 75 103 74 73 63 57
Ca2+ 42 42 48 50 65 43 33 29 23 22
Cu2+ 60 65 72 80 83 53 56 60 62 79
K+ 51 51 53 56 63 26 38 46 46 46
Cd2+ 34 35 39 48 53 29 31 33 67 70
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Fig. 1. Effect of time and media on endoglucanase activity
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observed (2). Enzyme activity of RRL-36 in
medium-2 was inhibited by Ca2+, Cd2+, Mg2+ and
Mn2+ at 10mmol/l and was activated by Cu2+

and K+.
Enzyme activity of RRL-12 was activated

by Mg2+ at 10mmol/l and inhibited by Cu2+ Cd2+,
K+ Ca+2and Mn2+ in media-1 whereas activity was
inhibited by all the cations in medium-2. The

enzyme activity of RRL-11 in medium-1 and 2 was
inhibited by all the cations viz., Cu2+, Mg2+, Mn2,
Cd2+, K+ and Ca2+. No change in activity was
observed with increase or decrease in metal
concentration. Inhibition of endoglucanase
activity by Bacillus sp and Alcaligenes sp by Co2+,
Cu2+ and Mn2+at 25 mmol/l whereas it was
activated by Mg2+ and Ca2+ at higher concentration
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Fig. 3. Effect of temperature and
media on endoglucanase activity

 

0

0.05

0.1

0.15

0.2

0.25

0.3

3 4 5 6 7 8 9.5 10.5pH

IU
/m

g
 p

ro
te

in
Medium-1

Medium-2

 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

3 4 5 6 7 8 9.5 10.5pH

IU
/m

g
 p

ro
te

in

Medium-1

Medium-2

 

0

0.1

0.2

0.3

0.4

0.5

0.6

3 4 5 6 7 8 9.5 10.5pH

IU
/m

g
 p

ro
te

in

Medium-1

Medium-2

B. subtilis (RRL-36)

B. subtilis (RRL-12)

B. stearothermophilus (RRL-11)

Fig. 2.Effect of pH and media
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(25mmol/l) was reported25. Another study reported
an increase in the activity of endoglucanase of
Bacillus sp (N-1139) by addition of Na+ or K+,
complete inhibition due to Hg2+ or Cd2+ and
inhibition to a lesser extent by  Mn2+, Cu2+ and
Co2+,11.

Studies have revealed that the bacteria
closely associated with marine invertebrates play
a major role in digestion of macromolecules like
chitin17 and cellulose 12. The potential of marine
microbial enzymes for the biodegradation of
cellulosic material has not yet been realized.
Commercially available cellulases display
optimum activity at pH range 4-614. Hence there
is a need for enzymes having broad pH range
activity, and high salt tolerant activity for
application from industrial point of view.

Cellulolytic bacteria from marine
microorganisms are not explored to a large extent
and especially those from symbiotic microbes of
sedentary fauna. There is scanty information
available on cellulolytic enzymes of bacteria
associated with sponges. Endoglucanase
production from the bacterial associates of marine
sponge Axinella sp. had been reported for the first
time25.  In the present study endoglucanase activity
isolated from 4 sponges viz., A. ramosa, A.
agariciformis, Ircinia sp and Raspailia sp has
been reported. Two isolates from a gorgonian H.
flabellum and one from antipatharian also showed
endoglucanase activity, which becomes the first
report of its kind.
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