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Isolation of a chitinase producing bacterium, culture conditions for enzyme production
and - properties of the enzymes. Ucnma, Y., M. Mirsvrom:, and A. Osnrakara
(Department of Agricultural Chemistry, Faculty of Agriculture, Saga University,
Saga 840) Hakkokogaku 57 : 131-140. 1979.

Chitinase producing bacteria were isolated on chitin agar plates from seashore
muds of the Ariake Sea in the Kyusyu district of Japan. One strain, no. 12, having
potent chitinase activity, was identified as belonging to the genus Vibrio on the
basis of taxonomic characteristics. This strain (Vibrio sp. no. 12) produced an
inducible chitinase system and the maximum production of chitinase was found at
30°C for 48hr culture in a medium containing 0.2% colloidal chitin, 0.2% glucose,
0.5% yeast extract and 0.5% peptone. The chitinase system consisted of chitinase
and chitobiases, which could be separated from each other by column chromatography
on DEAE-Sephadex A-25. It seemed that chitinase decomposed colloidal chitin to
chitin-oligosaccharides, then to N, N-diacetylchitobiose, which was further hydrolysed
to N-acetylglucosamine by chitobiase.
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Fig. 1. Electron micrograph of the chitinase
producing bacterium, strain no. 12.
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Table 1. Microbial characteristics of a chitinase producing
bacterium, strain no. 12.

Morphological characteristics
Form
Size
Motility
Flagellum
Gram strain
Spore
Cultural characteristics
Chitin agar colonies

Chitin agar slant
Yeast-peptone slant

. Physiological characteristics
Catalase
Oxidase
Gas from glucose at 37°C
Nitrate reduction
Methyl red test
Bromo cresol purple milk
Gelatin hydrolysis
Hydrogen sulfide production
Ammonia production
Acetylmethylcarbinol production
Indol prodﬁgtion
Starch hydrolyzation
O-F test
Acid production from °

. carbohydrates

Oxygen demand

Optimum temperature

Optimum pH

Sodium chloride tolerance

2, 4-diamino-6, 7-diisopropyl
pteridine (0/129, Vibrio static

Short rods, rounded ends
1.0x1.4um

Motile

Monotrichous

Negative
Non-sporulating

Circular, smooth, ilmbilicate,
undulate, glistening,
semi-translucent, white, moist

Filiform, white, glistening

Spreading, pale yellow,
glistening '

Positive

Positive

Negative

Positive

Positive

Acid, peptonization
Positive

Positive

Positive

Negative

Positive

Positive

Fermentation

Glucose, galactose, fructose,
lactose, N-acetylglucosamine,
arabinose, sucrose and
mannitol

No gas from all carbohydrates
Facultative anaerobic »
30°C. .

7.0

7.0 (W/v)%

Sensitive

agent)

AT Aeromonas sp. BT B EHEL N, 2,
4-diamino-6, 7-diisopropyl pteridine € %3 5% &
BHein S Vibrio sp. BT BT B HH L1 oz,
Aeromonas sp. & Vibrio sp. O#EEIL, VWThd

5_14) :

Vibrio sp. no. 1203858 & B¥F4-E

REOHLERND+F F—FEERE L THONTY
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Fig. 2. Time course of cell growth and the
production of chitinase and chitobiase.
The strain was cultured at 30°C in me-
dium containing 0.2% colloidal chitin,
0.2% glucose, 0.5% yeast extract and
1.0% peptone. The reaction mixture for
chitinase assay contained 1ml of 0.5%
colloidal chitin, 1ml of 0.1M phosphate
buffer, pH 7.6 and 1ml of enzyme solution
and was incubated at 37°C for 20min.
Chitinase activity was determined by
measuring the amount of N-acetylgluco-
samine (NN-AGA) formed after incuba-
tion at 37°C and pH 4.0 for 1hr by the
addition of 0.2ml of B-glucosidase (Bio-
diastase 5mg/ml, Amanoseiyaku Co., Ltd.)
to 0.5ml of the supernatant of the chiti-
nase digest. Chitobiase activity was de-
termined by measuring the hydrolysis
of N, N-diacetylchitobiose in a reaction
mixture containing 0.3ml of 3mM chito-
biose in 0.05M phosphate buffer, pH 7.6
and 0.3ml of enzyme solution at 37°C for
20min.
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Fig. 3. Effect of colloidal chitin concentra-
tions on chitinase production by Vibrio
sp. no. 12.

The medium was composed of 0.2% glu-
cose, 0.5% yeast extract, 1.0% peptone,
0.5% NaCl and varying concentrations
of colloidal chitin (O—Q 0.05%,
@—@0.1%, A—/N0.2%, A—A0.3%).
The reaction mixture contained 1ml of
0.3% colloidal chitin, 2ml of 0.05M phos-
phate buffer, pH 7.6 and 1ml of enzyme
solution. Chitinase activity was deter-
mined by measuring the amount of N-
acetylglucosamine produced after incuba-
tion at 37°C for 30 min.
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Fig. 4. Effect of glucose concentrations on

chitinase production by Vibrio sp. no.
12. ,
The medium was composed of 0.2%
colloidal chitin, 0.5% yeast extract, 1%
peptone, 0.5% NaCl and varying concen-
trations of glucose (O+~-(00.05%, @—@
0.1%, A—N0.2%, A—A0.3%, O—O
0.4%). ' :

Table 2. The effect of yeast extract concen-
trations chitinase production by Vibrio
sp. no. 12.
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Fig. 5. Effect of peptone concentrations on
chitinase production by Vibrio sp. no. 12.
The medium was composed of 0.2%
colloidal chitin, 0.2% glucose, 0.5%
yeast extract, 0.5% NaCl and varying
concentrations of peptone (O—00%,
0—@0.2%, A—AN0.5%, A—AO0.7%,
O--1.0%).

Table 3. Effect of chitin and chitin deriv-
atives on chitinase production by Vibrio

Yeast extract Chitinase activity

(%) N-AGA (ug/ml)
0.01 0
0.05 0
0.1 0
0.2 112
0.3 95
0.4 104
0.5 120
1.0 128

sp. no. 12.
Compound Chitinase activity
(0.2%) N-AGA (pg/ml)
Chitin  (Flake) 0
Chitin (Fine powder 1)* 1.8
Chitin (Fine powder 2)* 2.2
Chitin (Fine powder 3)* 7.5
Colloidal chitin 49.2
Glycol chitin 0
- Carboxylmethyl chitin 1.8
Colloidal chitosan 1.7
Glycol chitosan 0

The medium was composed of 0.2% colloidal
chitin, 0.2% glucose, 0.5% peptone, 0.5%
NaCl and varying concentrations of yeast
extract.

. The composition of media was the same as in

Fig. 3. *The size of the particles of chitin
was small in order of increasing number as
fine powders 1,2 and 3. The powder chitin
was kindly supplied by Dr. M. Takeda,
Shimonoseki University of Fisheries.
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Fig. 6. Column chromatography of the chitinase system on

DEAE-Sephadex A-25.

The enzyme (147mg of protein) was applied to a column
(2.6x45cm) of DEAE-Sephadex A-25 equilibrated with
0.02M phosphate buffer, pH 7.2. Elution was performed
with the same buffer and a linear gradient from 0 to
0.35M NaCl in the same buffer at a flow rate of 60ml/
hr. C. A. indicates the chitinase activity .determined by
measuring the amount of reducing sugar.
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Table 4. Activities of the fraction separated by DEAE-Sephadex A-25
column chromatography.

Fraction Volume Protein Chitinase - Chitobiase

(mD)  (mg) T. A.  S. A.  Yield T. A.  S.A.  Yield
(mU) (mU/mg (mU) (mU/mg

Protein) (%) protein) (%)
Original 80 147 31,800 216 100 19, 900 135 100
CB-1 230 12 0 0 0 6, 760 563 34
CB-2 100 1 140 140 0.4 4,930 4,930 25
C 380 40 2,670 67 8 990 25 5

T. A.; Total activity, S. A.; Specific activity.
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Eig. 7. Rechromatography of chitinase fraction C of Fig. 6
on DEAE-Sephadex A-25.
Chitinase fraction C of Fig. 6 was concentrated by ultra-
filtration with an Amicon membrane UM-10 and was
chromatographed using the same procedure as in Fig. 6.
Chitinase activity in the presence of chitobiase was deter-
mined by measuring the amount of N-acetylglucosamine
formed after incubation at 37°C for 1hr by the addition
of 0.5ml of chitobiase (CB-1, 25mU) to 1.5ml of the
supernatant of the chitinase digest.

CIRRL, BUBERICENI L. BTREBERAE Wi, THEEROSE % DEAE-Sephadex A-25 % 5 A
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Table 5. Decomposition of various substrates by chitinase,
chitobiase and chitinase plus chitobiase.
N-Acetylglucosamine formed (ug)

Substrate Chitinase Chitobiase Chitinase + Chitobiase

Chitobiose 0 262 143

Chitotriose 38 105 74

Chitotetraose 11 79 138

Colloidal chitin 0 0 92

For the decomposition of chitin-oligosaccharides, the reaction mixture
containing 0.5ml (500¢g) of a substrate in 0.05M phosphate buffer,
pH 7.6 and 0. 5ml of enzyme solution was incubated at 37°C for 30min.
For the decomposition of chitin, the reaction mixture containing 0.5ml
(1,500ug) of colloidal chitin, 1ml of 0.05M phosphate buffer, pH 7.6
and 0.5ml of enzyme solution was incubated at 37°C for 30min. CB-1
containing 20mU of chitobiase activity was used as chitobiase and
fraction no.113 in Fig. 7, as chitinase. For the combined action of the
two enzymes, one-half the amount of each of the enzymes was used.
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