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Abstract

Endochitinases convert the chitin polymer to N-
Acetyl glucosamine (GlcNAc) and
chitooligosaccharides (COS) by random cleavage at
internal points in the chitin chain. Vibrio harveyi and
V. alginolyticus showed chitinase activity on Luria-
Bertani chitin agar (LBC) containing 2% colloidal
chitin at 26°C and 37°C and at pH 5.0, 7.0 and 9.0.
V. alginolyticus showed higher and more specific
chemotaxis than V. harveyi towards COS. When
grown individually, chitinase production was
detected by the end of 1% day of incubation in
V. alginolyticus (134 U L), whereas in V. harveyi
production was lower (84 U L) and detected later
(2" day). The fed-batch fermentation of colloidal
chitin (4L of LBC broth) performed in a 10L Biostat®
B plus bioreactor using a mixed culture of Vibrio
harveyi and Vibrio alginolyticus with daily addition of
2% colloidal chitin (w/v), constant temperature
(30°C), dissolved oxygen 20% and agitation 150 rpm,
yielded a product with 990 units of chitinase and a
specific activity of 1.250 U mg™! by the end of three
days of fermentation. The concentration of fer-
mented product reduced to 10% of the original
volume using a tangential flow concentrator within
30 min, led to a 3 fold increase in specific activity
but a 54% decrease in total chitinase activity.
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Introduction

India exported 151 465 t of frozen shrimp in
2010-11 which accounted for 44.17% (USD 1261.81
million) of the total marine export earnings in US
dollars in 2010-11 (MPEDA, 2011). Shrimp indus-
tries generate large amounts of shrimp shell waste
(Suresh & Chandrasekaran, 1998). Efficient conver-
sion of waste to by-products has direct impact on
the economy and environmental pollution. Chemi-
cal treatment of shrimp waste for production of by-
products such as chitin and chitosan generate large
volume of waste. Enzyme-based processes can be
promising alternative to either replace the chemical
processes or act as catalysts that help reduce the
quantities of chemicals consumed.

Chitin, a homopolymer of B-(1-4)-linked N-acetyl-
D-glucosamine, is the second most abundant and
renewable natural polymer (Muzzarelli, 1999) present
as a structural polysaccharide in fungal cell walls,
in the exoskeleton of arthropods, the outer shell of
crustaceans and nematodes (Dahiya et al., 2006).
Endochitinases (poly 1,4-N-acetyl-B-D-glucosaminide
glycanohydrolase; EC 3.2.1.14) are enzymes that
convert the chitin polymer to soluble compounds
namely GIcNAc (N-Acetyl glucosamine) and
chitooligosaccharides (Howard et al, 2003) by
random cleavage at internal points in the chitin
chain. Chitooligosaccharides (COS) are homo- or
heterooligomers of N-acetylglucosamine and D-
glucosamine that are produced using chitin or
chitosan as a starting material, using enzymatic
conversions, chemical methods or combinations
thereof. Production of COS is of immense interest
since these oligosaccharides are thought to have
several important bioactivities (Aam et al., 2010).
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COS produced using endochitinase showed antibac-
terial activity against those bacteria, that cause
diarrhoeal and emetic syndromes in humans (Ortiz-
Rodriguez et al., 2010). Other potential of COS
include as anti-asthma drugs (Donnelly & Barnes
2004; Kawada et al., 2007), anti-fungal agents
(Oliveira et al., 2008; Seyfarth et al., 2008) and
ingredients in wound-dressings (You et al., 2004;
Ribeiro et al., 2009). Additionally it can reduce
metastasis of tumors (Nam et al., 2007; Shen et al.,
2009), increase bone-strength in osteoporosis
(Ratanavaraporn et al., 2009), inhibit chitinases in
Plasmodium parasites and thereby prevent malaria
(Shahabuddin et al., 1993), act as immune modula-
tors (Kim et al., 2006), and have lowering effect on
serum glucose levels in diabetics (Lee et al., 2003).

Microbial chitinases find application as a clean
alternative for chitinous waste management from
shrimp processing units. Production of chitinases
from bacteria is advantageous over fungi as bacteria
grow faster and do not pose problems associated
with mycelia growth. Chitinase production by Vibrio
harveyi and Vibrio alginolyticus (Suginta et al., 2000;
Defoirdt et al, 2010) and crystal structure of
V. harveyi chitinase A has been elucidated
(Songsiriritthigul et al, 2008). V. harveyi and
V. alginolyticus are suitable species for chitinase
production from shrimp shells as they have the
ability to attach to the chitinous shrimp shell and
release chitinases as virulence factors (Aguirre-
Guzman et al., 2004). V. harveyi is a known shrimp
pathogen (Austin et al., 2003) and V. alginolyticus is
the most commonly detected Vibrio in the shrimp
culture systems (Rao & Surendran, 2010). The
present study uses a mixed culture of V. harveyi and
V. alginolyticus in a fed batch fermentation system to
produce chitinase from colloidal chitin.

Materials and Methods

V. harveyi ATCC 14126 and V. alginolyticus ATCC
17749 were used in all experiments. V. harveyi was
cultured on photobacterium agar and V. alginolyticus
on marine agar. Colloidal chitin was prepared using
chitin from shrimp shells (Sigma C7170) and
concentrated HCl (Hsu & Lockwood, 1975). The
bacteria were spotted on pre-set plates of Luria-
Bertani chitin (LBC) agar (2% colloidal chitin, 3%
NaCl, 1.5% agar; casein digest peptone 1%, yeast
extract 0.5%, pH 7.0 + 0.1) and incubated either at
26°C or 37°C for > 3 days. Chitinase production is
indicated by zones of clearance around colonies.

LBC agar plates with pH adjusted to 5.0, 7.0, 9.0 and
11.0 were used to study the influence of pH on
chitinase activity.

Preparation of chitooligosaccharides:
Chitooligosaccharides were prepared by adding
chitinase to colloidal chitin (1 unit to 4 ml ratio) and
placed on rotary platform to maintain chitin in
suspension. After incubation for 2 h at 25°C, the
suspension was centrifuged at 5000 x g and the
supernatant was filtered and used as
chitooligosaccharide solution. This was considered
as 100% COS from which 20, 40 and 80% COS
solutions were prepared by aqueous dilution (v/v).

Chemotaxis of V. harveyi and V. alginolyticus
towards chitooligosaccharides: Sterile pre-set plates
containing chemotactic medium (10 mM phosphate
buffer, 1 mM ammonium sulphate, 1 mM magne-
sium sulphate, 0.1 mM potassium EDTA) (Shaw,
1995) solidified with 1.5% low melting agarose were
used for studying chemotaxis. Five wells were cut
aseptically with an average distance of 8 mm
between the outer margins of central and peripheral
wells and sealed with a thin layer of the agarose.
In the central well (C), 200 pl of either V. harveyi or
V. alginolyticus culture was loaded. In the first well
100 pl of distilled water was loaded whereas in
wells 2, 3 and 4, 100 ul volumes of aqueous COS
solutions of 20, 40 and 80% concentrations (v/v)
were loaded respectively. The plates were incubated
at 26°C and observed daily for chemotactic move-
ment.

Chitinase assay: Chitinase activity of culture super-
natant was quantified colorimetrically by measuring
the release of reducing sugars (Monreal & Reese,
1969). Briefly, 0.5 ml of centrifuged culture super-
natant was added to 2 ml of colloidal chitin (1.25%
w/v of colloidal chitin in 200mM potassium
phosphate buffer, pH 6.0 with 2mM calcium
chloride), incubated at 25°C for 2 h; placed in boiling
water for 5 min and cooled in chilled water. One unit
of B-N-acetylglucosaminidase (New England Biolabs)
was added to the cooled substrate (2.5 ml),
incubated at 25°C for 30 min and centrifuged. One
ml of the resultant supernatant was added to 2 ml
of distilled water and 1.5 ml of colour reagent (3,5,
dinitrosalicylic acid and sodium potassium tartarate),
placed in boiling water for 5 min, cooled to ambient
temperature and A.,, was measured. The amount of
NAG liberated was determined using the standard
curve with known amounts of NAG. Chitinase from
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Streptomyces griseus (Sigma C6137) was used as the
positive control.

One unit (U) of chitinase liberates 1 mg of NAG
from chitin h'at pH 6.0 at 25°C in a two step
reaction with B-N-acetylglucosaminidase (2 h as-
say). The quantity of chitinase produced was
expressed as U L! or U mg! of protein.

Protein content: The culture supernatant was
centrifuged at 10 000 rpm for 10 min and protein
was determined as per Bradford (1976) using
Bradford reagent (Sigma-B6916) employing a stan-
dard 3.1 ml assay protocol. Absorbance at 595 nm
was measured and protein concentration was
derived from bovine serum albumin (BSA) standard
curve. Protein content was expressed as mg ml.

Culture density: Optical density at 600 nm (OD,)
was measured employing a visible spectrophotom-
eter.

Bioluminescence assay: Luminescence was mea-
sured in V. harveyi grown in LBC broth (2% colloidal
chitin, 3% NaCl, casein digest peptone 1%, yeast
extract 0.5%). One ml aliquots were transferred to
microfuge tubes and luminescence (Relative Lumi-
nosity Units, RLU) was measured as 10 sec
recording using steady-GLO parameter in a
luminometer (Modulus™, Turner Biosystems).

Bioreactor experiment using V. harveyi: Biostat® A
plus (Sartorius Stedim biotech, Germany) was used
to grow V. harveyi in 1 L of LBC broth (pH 7.5) using
2% inoculums. The bioreactor conditions main-
tained were temperature 26°C, pH 7.5, pO, 10%, air
flow 0.6 L min’!, agitation at 150 rpm. The culture
conditions were continuously monitored using
uDCU panel software. Dissolved oxygen level was
measured by using the Oxyferm FDA 225 DO probe
(Hamilton) and oxygen concentration was adjusted
at a flow rate of 2 L min!. pH was measured using
the Easyferm plus K8 200 probe (Hamilton). HCl
(0.4M) and NaOH (0.4M) were provided to maintain
pH. Antifoam B emulsion was used to knock out
foam. Samples were drawn aseptically at daily
intervals through the sample port and analysed for
chitinase activity, cell density, protein content and
bioluminescence.

Bioreactor experiment using V. alginolyticus: Bioflo®
2000 (New Brunswick Scientific, USA) was used to
grow V. alginolyticus in 1 L of LBC broth (pH 7.5)
using 2% inoculums. The bioreactor conditions
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maintained were temperature 26°C, pO, 10%, air
flow 0.6 L min, oxygen flow rate 2 L min! and
stirring at 180 rpm. Samples were drawn aseptically
at daily intervals and analysed for chitinase activity,
cell density, protein content and bioluminescence.

Fed-batch fermentation experiment: Biostat® B plus
(Sartorius Stedim biotech, Germany) was used for
the fed batch. Media used was 4 L of LBC broth (pH
7.5) containing 3% NaCl, 0.3% KH,PO, 0.03%
MgSO, and 2% (w/v) colloidal chitin. Overnight
cultures of V. harveyi and V. alginolyticus grown
separately in shake flasks, were used as inoculums
at a final level of 5% (100 ml of each culture). The
bioreactor conditions maintained were temperature
30°C, pO, 20%, air flow rate and oxygen flow rate
on auto mode and stirring at 150 rpm. The culture
conditions were continuously monitored using
uDCU panel software. Dissolved oxygen level was
measured by using the Oxyferm FDA 425 DO probe
(Hamilton) and pH was measured using the
Easyferm plus K8 425 probe (Hamilton). Colloidal
chitin was fed daily at 2% (w/v) level. Samples were
drawn aseptically daily analysing for chitinase
activity, cell density, protein content and biolumi-
nescence.

Partial purification of chitinase: Partial purification
of chitinase was performed using Tangential flow
concentrator (Sartorius Sartojet, Germany) fitted
with Sartocon slice cassette of 50 kDa pore size. The
fermented material from the Biostat® B plus bioreactor
was siphoned and centrifuged at 5000 x g for 20 min
to remove cells and chitin. The supernatant was
pumped through the tangential flow concentrator.
The temperature was maintained at <4°C during all
operations. The low molecular weight (<50 000
dalton) proteins pass into permeate whereas the
proteins with molecular weight above 50 kDa are
retained in the retentate. The concentrator was run
for 30 min or until the volume of the retentate
reached to about 10% of the starting volume. The
proteins in the retentate were precipitated by 35 —
80% saturated ammonium sulphate, centrifuged at
12000 x g, 30 min, 4°C) and dissolved in 5 ml of 20
mM potassium phosphate buffer, pH 7.0 containing
50 mM NaCl. The extracted protein was dialyzed
using regenerated cellulose tubing (MWCO: 12000-
14000) against 20 mM potassium phosphate buffer,
pH 7.0 containing 50 mM NaCl (overnight, three
changes). The partially purified chitinase was
assayed for activity and stored at -20°C.
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Results and Discussion

Chitin agar screen: V. harveyi and V. alginolyticus
showed chitinase activity on LBC agar at 26°C and
37°C by the end of three days of incubation (Fig. 1).
V. harveyi showed a relatively greater zone of
clearance (Fig. 1a) whereas V. alginolyticus swarmed
over a wider area on the chitin agar (Fig. 1b).
V. alginolyticus and V. harveyi showed chitinase
activity at pH 5.0, 7.0, 9.0 by the end of third day
of incubation. At pH 11.0, V. harveyi showed
chitinase activity by the end of the sixth day with
a smaller zone of clearance.

Chemotaxis of V. alginolyticus and V. harveyi
towards COS: V. alginolyticus (Fig. 2) and V. harveyi
showed positive chemotactic mobility towards
chitooligosaccharides. The distance migrated by
both the Vibrio species increased with the increase in
the COS concentration. The distance migrated by V.
harveyi was 7,17 and 22 mm for distilled water, 20%
COS and 40% COS, respectively. Increase in COS
concentration to 80% did not result in any further
increase in chemotactic migration. In the case of V.
alginolyticus, the distance migrated was 2, 20, 23 and
26 mm for distilled water, 20% COS, 40% COS and
80% COS, respectively. V. alginolyticus showed greater
positive and specific chemotaxis towards COS than
V. harveyi. Li & Roseman (2004) investigated the
chemotactic effect of disaccharides from chitin on
several strains of Vibrio and suggested that (GIcNAc)n
was essential for signaling the presence of chitin in
the microenvironment. Hirano et al. (2011) demon-
strated that GIcNAc-GlcN also functioned as an
effective chemo-attractant in V. alginolyticus.

Production of chitinase by V. harveyi in Biostat®
A plus bioreactor: V. harveyi was grown in a 2L
Biostat® A plus bioreactor using 1 L of LBC broth
and the results are depicted in Fig. 3. Constant
temperature (26°C), pH (7.5), dissolved oxygen
(10%) and agitation (150 rpm) were maintained in
the bioreactor. Chitinase production was detected
only at the end of two days of incubation (84 U L-
1), which increased to 175 U L by the end of 5"
day. Suginta et al. (2000) reported 221 U L of
chitinase production by V. carchariae (V. harveyi).
Maximum bioluminescence was observed at the end
of first day (>10” RLU) and thereafter rapidly
decreased to 12 931 RLU by the end of 5% day. The
bioluminescence production and chitinase produc-
tion appear to be inversely related. The extracellular
protein content increased gradually from 0.04mg ml-
1 (1% day) to 0.14 mg ml! (5" day). The specific
activity of chitinase showed a steady increase; the
values being 0, 0.7 and 1.25 U mg! of protein at the
end of 1%, 2"d and 5" day of incubation, respectively.
The results show that, under controlled conditions,
chitinase production in V. harveyi ATCC 14126
appears only after 2 days of incubation during the
stationary phase, and decreasing bioluminescence is
an indicator for chitinase production.

Production of chitinase by V. alginolyticus in
Bioflo® 2000 bioreactor: V. alginolyticus was grown
in a 2L New Brunswick Bioflo® 2000 bioreactor
using 1 L of LBC broth at pH 7.5, 26°C, 10% DO
and 180 rpm agitation. The results are depicted in
Fig. 4. V. alginolyticus produced chitinase by the end
of 1%t day of incubation (134 U L), which increased
to 175 U L-1 by the end of 5% day of incubation.

Fig. 1. Chitinase activity on Luria-Bertani chitin (LBC) agar;

a) Vibrio harveyi b) Vibrio alginolyticus
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Fig. 2. Chemotaxis of Vibrio alginolyticus towards
chitooligosaccahides (COS)

Centre well C : 200 ul Vibrio alginolyticus culture;
well 1: 100 ul distilled water; well 2 : 100 pl of
20% COS solution; well 3 : 100 pl of 40% COS
solution; well 4 : 100 ul of 80% COS solution.
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Fig. 3. Production of chitinase by Vibrio harveyi in 2L
Biostat® A plus bioreactor

The extracellular protein content increased margin-
ally from 0.06 mg ml™ (1% day) to 0.08 mg ml" (5
day). The maximum specific activity of V. alginolyticus
chitinase was obtained at the end of 1% day of
incubation. Suginta et al. (2000) reported a maxi-
mum specific activity of 0.78 U mg™? of protein for
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V. alginolyticus which was observed after 4 days in
shake flask culture. The higher specific activity of
the product in the bioreactor might be due to better
control of fermentation conditions. pH of the
bioreactor culture initially dropped from 7.5 to 7.01
(1% day) and later steadily increased to 7.59 (24 day)
and finally reached 8.16 (5™ day).
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Fig. 4. Production of chitinase by Vibrio alginolyticus in 2L
Bioflo® 2000 bioreactor

Comparison of chitinase production by V.
alginolyticus and V. harveyi Chitinase production
was detected by the end of 1% day of incubation in
V. alginolyticus (134 U L71) whereas chitinase
production was detected later (2"! day) and lower
(84 U L) in V. harveyi. Initial (1%t day) extracellular
protein production was higher in V. alginolyticus
(0.06 mg ml?) than in V. harveyi (0.04 mg ml!) but
on subsequent days the extracellular protein pro-
duction was higher in V. harveyi (0.12 mg ml'after
2 days and 0.14 mg ml'after 5 days). The specific
activity of V. alginolyticus chitinase was maximum at
the end of 1%t day (2.23 U mg! of protein) whereas
the specific activity of V. harveyi chitinase attained
a maximum value of 1.25 U mg! of protein at the
end of 5! day of incubation. The results show that
V. alginolyticus ATCC 14126 is a better candidate
species for chitinase production as it produces
chitinase rapidly and higher quantities than V.
harveyi ATCC 14126. Although the temperature
(26°C) and dissolved oxygen (10%) were similar in
both the bioreactors, differences existed in pH and
agitation. V. alginolyticus was grown at a higher
agitation (180 rpm) and under uncontrolled pH
conditions and these might have influenced chitinase
production (Donderski & Trzebiatowska, 2000).
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Fed-batch fermentation experiment: A fed batch
fermentation with mixed culture of V. harveyi and
V. alginolyticus was performed to assess their
synergistic potential for chitinase production. V.
harveyi and V. alginolyticus were grown simulta-
neously in a Biostat® B plus bioreactor and the
results are depicted in Fig. 5. Temperature (30°C),
dissolved oxygen (20%) and agitation (150 rpm)
were maintained in the bioreactor whereas pH was
uncontrolled but monitored. Colloidal chitin was
fed daily at 2% (w/v) level; the volume of colloidal
chitin was adjusted to 200 ml with sterile distilled
water before addition.
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Fig. 5. Production of chitinase by mixed culture of Vibrio
harveyi and Vibrio alginolyticus in Biostat® B Plus
bioreactor

Chitinase production was detected only at the end
of two days of incubation (25 U L), which increased
to 225 U L' by the end of 3" day and decreased
to 180 U L! by the end of 4" day (Fig. 5). Maximum
bioluminescence was observed at the end of first day
(4,218,143 RLU) and thereafter rapidly decreased to
2992 RLU by the end of 4" day. The bioluminescence
production and chitinase production showed in-
verse relationship. Cross species induction of
bioluminescence in V. harveyi by V. alginolyticus and
the quorum sensing regulated expression of biolu-
minescence and chitinase production might have
been the factors for lower production of chitinase
during the initial days of fed-batch fermentation.
Induction of intra- and inter-species bacterial com-
munication for coordinated gene expression is
mediated by extracellular molecules termed
autoinducers in a cell density dependent regulation
process called quorum sensing (Miller & Bassler,

2001). Three parallel quorum sensing systems based
on three autoinducers viz., Al-1 (N-homoserine
lactone), Al-2 (furanosyl borate diester) and CAI
(cholera auto inducer) regulate gene expression
(including bioluminescence) in V. harveyi (Nealson
& Hastings 1979; Meighen 1991; Henke & Bassler,
2004; Jung 2011). Cross species induction of
luminescence in V. harveyi by cell free culture fluid
of several bacterial species including V. alginolyticus
has been reported (Greenberg et al., 1979; Bassler et
al., 1997).

The extracellular protein content increased gradu-
ally from 0.06 mg ml™ (1% day) to 0.20 mg ml™ (5
day). The maximum specific activity of chitinase
was obtained at the end of 3" day (1.25 U mg™! of
protein) of incubation. pH of the bioreactor culture
initially showed a steady increase and finally
reached 8.47 (4™ day). The total units of chitinase
produced by the mixed culture of V. alginolyticus and
V. harveyi in the fed-batch system are given in Table
1. Maximum quantity of 990 units of chitinase with
a specific activity of 1.25 U mg™! of protein was
obtained at the end of 3" day and so in fed-batch
day 3 would be the ideal time to harvest the culture
for purification of chitinase.

Partial purification of chitinase was performed
using Tangential flow concentrator fitted with
Sartocon of 50 kDa pore size slice cassette as the
chitinase secreted by V. alginolyticus and V. harveyi
have a molecular weight above 50 kDa. The
predominant chitinase secreted by V. harveyi has a
molecular weight of 63 kDa (Suginta et al., 2000).
Mass fingerprinting data of chitin binding proteins
secreted by Vibrio alginolyticus strain 283 identified
the 90, 65 and 47 kDa proteins as chitinases
(Suginta, 2007).The molecular weights of chitinases
Cl and C3 from Vibrio alginolyticus H-8 were
estimated to be 81 kDa and 68 kDa, respectively
(Ohishi et al., 1996). The fermented material (4600
ml) from the Biostat B plus ® bioreactor was
concentrated to 10% of the starting volume (retentate)
comprising mostly of high molecular weight pro-
teins (> 50 kDa). This procedure is rapid and aids
in the concentration of the fermented culture which
enables further processing steps of enzyme purifi-
cation, easier. The specific activity of chitinase in the
retentate increased to 2.65 U mg™! of protein which
can be attributed to the filtering out of low
molecular extracellular proteins but the main
disadvantage was the higher loss in chitinase
activity which dropped from 828 units to 382 units
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Table 1. Chitinase production by mixed culture of Vibrio alginolyticus and Vibrio harveyi in the fed-batch system

Completed days of

Total volume in

Total chitinase Specific activity

incubation Bioreactor* activity (U mg™P
(ml) (units)

1 day 4000 0 0

2 day 4200 105 0.179

3 day 4400 990 1.250

4 days 4600 828 0.900

Tangential Filtration Retentate 4600 382 2.650

* 200 ml of colloidal chitin solution was fed daily

(Table 1.). The loss in chitinase activity might be due
to the denaturation of the enzyme during the
pumping of the supernatant under pressure through
the filter. Ammonium sulphate precipitation and
dialysis of the retentate, marginally increased the
specific activity (2.89 U mg™) but there was further
loss in the total chitinase activity. The fed-batch
fermentation of colloidal chitin using a mixed
culture of Vibrio harveyi and Vibrio alginolyticus and
daily addition of 2% colloidal chitin (w/v) yielded
a product with 990 units of chitinase with a specific
activity of 1.25 U mgof protein by the end of three
days of fermentation. Although the conditions of
fermentation were different, V. alginolyticus when
used singly produced relatively higher quantity of
chitinase (134 U L!) and maximum specific activity
(2.23 U mg?! of protein) by the end of 1st day of
incubation.

The results show that, for chitinase production,
single culture of V. alginolyticus is better than mixed
culture with V. harveyi. V. harveyi might down
regulate the expression of chitinase by V. alginolyticus.
The concentration of fermented product to 10% of
the original volume was achieved within 30 min by
tangential flow concentrator but the major drawback
was loss in activity.
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