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Abstract:- Present scenarios of the world’s biotechnological
industries are, enhancement in enzyme productivity
and development of new techniques for increasing their
shelf life. Immobilization methodologies provide a base
to fulfil all the requirements. Several natural and
synthetic supports have been assessed for their efficiency
for enzyme immobilization. In the present study several
adsorption matrices have been used to study whole cell
immobilization.  Brevibacillus ~ formosus BISR-1  and
Paenibacillus sp. BISR-047, both the strains shows
higher chitinase activity (425 1U/ml; 580 I1U/ml,
respectively) at 2 % entrapment material concentration in all
approaches; whereas cells immobilized using agar
beads performed better in entrapment outcomes as
compared to agarose and alginate beads. In case of
reusability, Agar-agar beads retained more than 95 %
residual activity even up to 5% cycle and more than 60 % up to
10t cycle of re-use.
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1.INTRODUCTION

Chitin and chitinase have received a growing interest over
the last decades due to their versatile biotechnological
applications and  were  produced from  many
microorganisms [1, 2]. Biotechnological methodologies
based on whole cells immobilization have been developed
rapidly over the last decades. Immobilized whole cells
have been widely used at large scale in the production of
pharmaceutical important compounds (antibiotics and
drugs), and industrially important chemicals (chitosan,
actone, butanol etc.). Generally, immobilization of cells
could be carried out by either entrapment of the
microorganisms in porous polymers or microcapsules or
binding to an organic or inorganic support matrix [3].
Adsorption in addition to its simplicity has the possible
advantages of reducing or eliminating the mass
transfer problems associated with polymer entrapped cells,
more particularly those using viable, metabolically active
microorganisms. For a long time, basic studies of the
physiological behaviour of immobilized viable cells have
remained in the shadow of the applications. Natural
immobilized cell structures are being increasingly
investigated at the cellular level owing to their
importance for human health and various areas of
industrial and environmental relevance  [4].
The chitinase purified from Paenibacillus sp. BISR-47
and Brevibacillus formosus BISR-1, characterized in our
laboratory and their novel properties have been reported

previously [5,6,7]. Both the previously reported
microorganism have been found hyper-chitinase
producing strains and shows strong insecticidal and
fungicidal activities. In present study, efforts have been
made to find out sustainability and production capability
of both the microorganisms under immobilized and free
state conditions.

2. MATERIALS AND METHODS

2.1 Enzyme immobilization through entrapment

Whole cell immobilization for extracellular chitinase
production was determined in 250 ml Erlenmeyer flasks
containing 50 ml nutrient broth (pH 7.0) for 48 h and the
flasks were incubated at 37 °C and 45 °C (as per culture
requirement), respectively at 180 rpm in an orbital shaker.
After completion of incubation period, culture broth was
harvested and the cell OD was adjusted to 0.5 (at 600 nm)
and was used for preparing beads of three different types
of entrapment material.

2.2 Whole cell entrapment through agar-agar and
agarose

For cell entrapment a definite quantity of agar was added
in distilled water and sterilized. After sterilization 10 ml
of above cell suspension was mixed with molten agar to
get a homogeneous suspension with a final concentration
of agar 2 % and 4 %, respectively. 15 ml of this mixture
was poured in a sterile 90 mm sterile Petri dish and
allowed to solidify at room temperature. The solidified
agar block was then cut into equal sizes with a cork borer
of 6 mm diameter. The beads thus obtained were washed
first with sterile distilled water and then with 50 mM
sodium acetate buffer (pH 5.0) and stored at 4 °C in screw
cap glass bottles [8].Ten beads were used to inoculate 50
ml CC medium after washing again with sterile distilled
water. Enzyme production was performed at respective
temperatures (37 °C and 45 °C) by culturing the entrapped
cells in 250 ml flask containing 50 ml CC medium (pH
7.0) at 180 rpm for 15 d and the chitinase activity in
media was monitored at every 24 h. Agarose was taken
instead of agar for whole cell entrapment through agarose
and further for inoculation same procedure was adopted as
above.
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2.3 Whole cell entrapment through alginate

For cell entrapment a definite quantity of sodium alginate
was dissolved in distilled water and a homogeneous
suspension was prepared with a final concentration of
sodium alginate 2 % and 4 % as above. This suspension
was taken in a sterile syringe and allowed to pour drop by
drop in pre-cooled 2% CaCl, solution used as a cross
linking material under mild stirring conditions. The
prepared beads (~2 mm diameter) were incubated up to 2
h in CaCl, solution for maturation. The beads thus
obtained were washed first with sterile distilled water and
then with 50 mM sodium acetate buffer (pH 5.0) and
stored at 4 °C in screw cap glass bottles [8]. Further for
inoculation same procedure was followed as above.
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The agar beads produced higher chitinase production than
agarose and alginate beads. Therefore, only 2 % agar
beads were used to study reusability of immobilized
whole cells by varying number of cycles.

3. RESULTS

3.1 Whole cell entrapment through agar-agar

Obtained chitinase activity by agar-agar (2% and 4%)
immobilized cells of isolate BISR-1 and BISR-047 has
been shown in Fig. 1. The enzyme activity by isolates
BISR-1 and BISR-047 was detected within first 24 h of
incubation which increased gradually, reached its
maximum value of 425 1U/ml (9 d) and 580 1U/ml (12 d)
and then decreased in both the isolates, respectively.
Entrapment through 2 % agar-agar showed higher
activities as compared to 4 % in both the isolates.

3
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Fig.1: Cells immobilized on agar gel for chitinase production by B. formosus BISR-1 and Paenibacillus sp. BISR-047. Each point represents the mean
of three independent experiments and error bar indicate SD.

3.2 Immobilization of whole cells in agarose

Chitinase activity obtained with agarose (2% and 4%)
immobilized cells of isolate BISR-1 and BISR-047 has
been shown in Fig. 2. The enzyme activity by isolates
BISR-1 and BISR-047 was detected within first 24 h of

incubation and then increased gradually, reached its
maximum value of 399 1U/ml (9 d) and 256 1U/ml (6 d)
and then decreased in both the isolates, respectively.
Entrapment through 2 % agarose showed higher activities
as compared to 4 % in both the isolates.
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Fig. 2:

Cells immobilized on agarose gel for chitinase production by B. formosus BISR-1 and Paenibacillus sp. BISR-047. Each point represents the

mean of three independent experiments and error bar indicate SD.

3.3 Immobilization of whole cells in alginate

Chitinase activity obtained by alginate (2% and 4%)
immobilized cells of isolate BISR-1 and BISR-047 has
been shown in Fig. 3. The enzyme activity by isolates
BISR-1 and BISR-047 was detected within first 24 h of
incubation and then increased gradually, reached its
maximum value of 342 1U/ml (6 d) and 394 1U/ml (9 d)
and then decreased in both the isolates, respectively. In
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this case also, the entrapment through 2 % alginate
showed higher activity as compared to 4 % in both the
isolates.

Overall, both the strains showed higher chitinase activity
at 2 % entrapment material concentration in all the three
approaches, whereas cells immobilized using agar beads
performed better in entrapment experiments as compared
to agarose and alginate beads

Fig. 3:

Incubation period (d)

Cells immobilized on alginate gel for chitinase production by B. formosus BISR-1 and Paenibacillus sp. BISR-047. Each point represents the

mean of three independent experiments and error bar indicate SD.
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(Fig. 1, 2 and 3). Therefore, agar-agar material (2 %) was
chosen for further experiments to evaluate re-usability
potential of the immobilized cells of isolates BISR-1 and
BISR-047.

In order to evaluate the re-usability of immobilized whole
cells, the chitinase production was studied at optimal
conditions for 10 cycle of 2 d each using 2 % agar-agar
beads. After each cycle, the beads were washed

120
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Residual activity (%)

40

thoroughly with sterile distilled water under aseptic
conditions and re-used to inoculate the next batch. After
each cycle, enzyme activity was measured, residual
activity was calculated and the data have been presented
in Fig. 4. Data clearly indicates that agar-agar beads
retained more than 95 % residual activity even up to 5%
cycle and more than 60 % up to 10" cycle of re-use.
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1 2 3 4
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6

Fig. 4: Re-usability of immobilized cells with 2% agar gel for chitinase production by B. formosus BISR-1 and Paenibacillus sp. BISR-047.
Each point represents the mean of three independent experiments and error bar indicate SD.

4. DISCUSSION
Immobilized cells have many important advantages in
terms of industrial application since they retain their
original biological functions with increased stability and
cell productivity, and they can be reused for repeated or
continuous processes without cell wash-out and with easy
separation of the cells from the reaction system. Several
methods of immobilization are previously reported [9]. A
comparative analysis with previously studied different
methods of whole cell immobilization by various
microbes has been presented in table (Table 1). We
adopted commonest methods used in immobilization of
whole cells in the form of gel entrapment using two
different concentrations (2 % and 4 %) of agar, agarose
and alginate. These substrates are commonly used in
many of the previous studies probably because of their
mild effects on the cells. The entrapped cells were used
for chitinase production and the enzyme activity was
monitored regularly in isolates BISR-1 and BISR-047
(Fig. 1, 2 and 3). The data presented here clearly indicates
that entrapment of cells with agar shows comparatively
higher response than agarose or alginate by analyzing
enzyme activity. Further, the entrapment of cells with 2 %
agar showed higher response than 4 % in case of both the
isolates. It showed an activity of 425 IU/ml at 9 d (Fig. 1)

when entrapped in agar beads, and was comparatively
higher (378 1U/ml) with free cells of isolate BISR-1 (Fig.
5), whereas an activity of 580 IU/ml at 12 d (Fig. 1) was
observed with agar entrapped beads, and was
comparatively higher (352 1U/ml) with free cells of isolate
BISR-047 (Fig. 5). The enzyme activity obtained after
immobilization was higher than free cells of both the
isolates and could be due to the better attachment of cells
with the support material. Similarly, El-sharif et al., [10]
have previously reported that cells of B. lichenifomis
produce higher chitinase activity (1.25 U/ml) by cells
entrapped with 2 % agar, as compared to the free cells.
Bacillus cells were immobilized by entrapment into
different gel materials such as calcium alginate, k-
carrageenan, polyacrylamid, cellulose and agarose and
then used as biocatalysts for fermentative production of
various enzymes [11]. The supports used for cell
adsorption are wide and varied, which includes ceramics
polyurethane foam [12] and luffa sponge [13] The re-
usability of the 2 % agar entrapped cells of both the
isolates (B. formosus BISR-1 and Paenibacillus sp. BISR-
047) was also investigates in the present study up to 10
cycles (Fig. 4). In both the isolates, agar beads were found
to retained more than 95% ( up to 5 cycle) and more than
60 % (up to 10 cycles) residual activity. A 86.5% residual
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activity after 5 cycle of re-use has been reported
previously with cells of Bacillus sp. R2 immobilized by
agar gel [1, 14]. Our result of re-usability of immobilized
cell was in accordance with previous findings [15,16].
Contrary to this, a 85% residual activity after one cycle of
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re-use has been reported by cells of Gongronella sp. JG
immobilized with alginate [17]. Similarly, a 75 % loss in
enzyme activity after 5" of cycle of reuse has been
reported by cells of B. amyloliquefaciens immobilized
with alginate [18].
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Fig. 5. Time course of extracellular chitinase production from isolates B. formosus BISR-1 and Paenibacillus sp. BISR-047 on colloidal chitin
medium. Each point represents the mean of three independent experiments and error bar indicate SD.
Table1:  Types of immobilization matrix used to immobilize various microorganisms and their applications in previous
studies.

Microorganisms Immobilization matrix Applications References

Asprgillus awamori Polyurethane foam Glucoamylase production Reticulate [19]

Aspergillus niger Polyurethane Sponge Olive mill waste water treatment [20]
cubes

Rhodobacter sphaeroides Agar Hydrogen production from tofu waste water [21]

Pseudomonas putida Alginate Biodegradation of phenolic industrial waste water [22]

Chlorella vulgaris, Alginate Removal of ammonium and phosphorous ions from [23]

Azospirillum brasilense synthetic waste water

Paecilomyces sp., Gravel solid support Removal of colour and detoxification of pulp and paper [24]

Microbrevisluteum mill effluent

Rhizopus oryzae Reticulated Biodiesel production [25]
Polyurethane foam

Trichoderma Viride Alginate, Agar Biosorption of Cr VI [26]

Klebsiella oxytoca Alginate and cellulose Treatment of cyanide waste water [27]
triacetate

Bacillus subtilis Chitosan Biosorption of copper Il [28]

Brevibacillus formosusBISR-1 Agar, alginate  and Hyper-chitinase activity Present study
agarose

Paenibacillus sp.BISR-047

Agar, aginate, agarose

Hyper-chitinase activity

Present study
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CONCLUSION
In the present study a comparative analysis of both the
strains (BISR-1 and BISR-047) have been studied to find
out their shelf life and production capabilities in Free
State and immobilized state. Results of this study shows
that immobilized cells are more stable and shows higher
chitinase activity than free state. The advantages of
Immobilizing of whole cell rather than a purified enzyme
are numerous: the expense of separation, isolation and
purification of the enzyme is obviated; a wide scope of
reactions is possible including multistep reactions utilizing
several enzymes; maintain ace of the enzyme in its native
state enhances its stability; and the presence of cofactors
and continued biosynthesis within the cell contribute to
the longevity of enzyme activity.
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