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Abstract—An extracellular chitinase, produced by Aeromonas sp. DYU-Too7, was purified in the following proce-
dures: ammonium sulfate precipitation, ultrafiltration, chromatographic separation of DEAE-sepharose CL-6B and se-
phacryl S-100HR. The resulting chitinase has a molecular mass of 36 kDa, an optimal reaction pH of 5.0, and an optimal
reaction temperature of 70 °C. It retains almost 100% activity in the pH range of 5.0-8.0. This chitinase has a high ther-
mal tolerance and retained 90% of its activity at 50 °C and 75% at 60 °C. Enzyme activity was inhibited by Ba*", Hg”,
Mg™ and Ag' cations, but was not substantially inhibited by the K" cation nor the chelating agent EDTA. The K,, and
V,.v» using colloidal chitin as a substrate, are 6.3 g/L. and 18.69 pmol/min/mg-protein, respectively. The 36 kDa chitinase
of Aeromonas sp. DYU-Too7 is an exo-type enzyme, because chitobiose was the main hydrolysate in hydrolysis of

colloidal chitin.
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INTRODUCTION

Chitin, a poly-/+1,4-N-acetyl-D-glucosamine (GlcNAc), is the
second most abundant polymer in nature, next to cellulose. It is a
major component of insect exoskeletons, crustacean shells, as well
as the cell walls of most fungi and some algae [1,2]. Chitin and its
derivatives, chitosan, in monomer or oligomer forms, have poten-
tial applications in many functional physiological processes, includ-
ing antimicrobial [3], immune-enhancing [4] and anti-tumor activities
[5]. Monomer (N-acetylglucosamine) or oligomers (N-acetylchi-
tooligosaccharides), hydrolysates of chitin, can be prepared through
either chemical [6] or enzymatic [7] methods. Microbial enzymatic
hydrolysis is generally considered better than chemical hydrolysis
because of high product specificity, simplicity of preparation pro-
cedures, and low environmental contamination.

Chitinases, hydrolyzing chitin into oligomers or monomers, are
produced by a wide variety of organisms, including bacteria, fungi,
plants, invertebrates and some vertebrates [1,8,9]. Based on hydrol-
ysis pattern, chitinases are classified into two categories: endochiti-
nases and exochitinases [8]. Endochitinases randomly cleave chitin
to produce soluble, low molecular mass multimers of N-acetylglu-
cosamine (GIcNAc),. Exochitinases can be divided into two sub-
categories: 1) chitobiosidases which remove diacetylchitobioses
from the non-reducing end of chitin, and 2) #D-acetylglucosamini-
dases which remove N-acetylglucosamine residues from the non-
reducing end of chitin [8,10].

Most chitinases produced by Aeromonas sp. have molecular mass-
es greater than 50 kDa. For instance, Aeromonas caviae and Aero-
monas sp. 10S-24 produce chitinases with masses of 94 kDa and
70 kDa, respectively [11,12]. The 36 kDa chitinase produced in this
study seems to be different from the chitinases produced by other
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Aeromonas sp. This study describes the purification of an extracel-
lular chitinase of Aeromonas sp. DYU-Too7 through ammonium
sulfate precipitation, ultrafiltration, and chromatographic methods.
This study also describes other salient characteristics of the purified
chitinase, including inherent enzymatic properties (e.g., molecular
mass, optimization and stability in pH and temperature, and metal
ion inhibition) and enzymatic kinetics.

MATERIALS AND METHODS

1. Microorganism and Cultivation Conditions

The tested strain was isolated from beach sand found in Hsin-
chu, Taiwan. This strain was identified to be Aeromonas sp. DYU-
Too7 by using 16S rDNA sequencing analysis and the Biolog iden-
tification system [13]. The microbes were cultivated in the Luria-
Bertani medium until the exponential phase, at which point the mi-
crobes were transferred to a chitin broth (CB) medium in a shaker
(150 rpm) at 30 °C. The chitin broth (CB) medium contained (all
in % w/v) KH,PO, (0.03), K,HPO, (0.07), MgSO, (0.05), peptone
(0.03), yeast extract (0.03) and chitin powder (2.0). The chitin used in
this study was bought from Charming & Beauty Co., Ltd. in Tai-
wan. The chitin powder is pale yellow, is more than 99% pure, and
has its particle sizes ranging from 25 to 133 pum.
2. Production and Purification of the Chitinase

All purifying procedures were carried out at 4 °C, except where
otherwise noted. After 120 h of cultivation in the CB medium, the
broth of Aeromonas sp. DYU-Too7 was collected and centrifuged
(2,280xg) for 15 min to remove biomass and insoluble solids. The
proteins in the supernatant were precipitated by adding an ammo-
nium sulfate solution with 80% saturation [14]. The resulting pre-
cipitate was then separated with a centrifuge, re-dissolved in a 50
mM Tris-HCI buffer (pH 7.8), and then dialyzed for 48 h against
the same buffer at 4 °C four times. The dialyzed sample was then
further concentrated by passing it through an Amicon membrane
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with a molecular mass cut-off of 10 kDa. After ultrafiltration to dis-
card small molecules, the sample was poured into a DEAE-sepharose
CL-6B column (1.5%25 cm). First, the unadsorbed proteins were
washed out with a 50 mM Tris-HCl buffer (pH 7.8). Then, the ad-
sorbed proteins were eluted with the same buffer with a linear gra-
dient of 0-1.0 M NaCl at a flow rate of 0.5 mL/min. The fractions
having chitinase activity were combined together and dialyzed in the
Tris-HCl buffer, then poured into a column (1x90 cm) of Sephacryl
S-100HR, and then eluted with the same buffer at a flow rate of
0.1 mL/min. Each 3 mL fraction was collected and observed for
chitinolytic activity on a non-denatured SDS-PAGE.

3. Chitinase Assay

Chitinase activity was determined by using a colorimetric meth-
od which estimates reducing end groups in N-acetylglucosamine
(NAG) amount degraded from colloidal chitin [15,16]. The assay
was performed by mixing 0.2 mL of crude enzyme solution with
1 mL of Mcllvaine buffer (pH 5.5) containing 1.0% colloidal chitin.
The mixture was incubated at 40 °C for 30 min, and the insoluble
substance in the mixture was separated out with a centrifuge (11,428
xg for 15 min). The supernatant (0.75 mL) was mixed with an equal
volume of distilled water and 2 mL of potassium ferricyanide reagent.
The mixture was then placed in a boiling water bath for 15 min.
The amount of reducing sugars in the mixture was measured with
a spectrophotometer (Hitachi U-2000, Tokyo, Japan) at 420 nm.
One unit of the chitinase activity is defined as the amount of en-
zyme required to release 1 pmole of reducing sugars in one minute
at40°C.

Colloidal chitin was prepared by dissolving chitin powder in con-
centrated HCl solution, producing a colloidal suspension that could
be precipitated at low temperatures (5 to 10 °C). After the above
treatment, the structure of colloidal chitin loosened. Therefore, the
activity of a chitinase could be measured more accurately if colloi-
dal chitin (with looser structure) was used as a substrate [16,17].

4. Protein Measurement

The protein content in enzyme preparation was monitored by
measuring the absorbance at 280 nm during chromatographic sepa-
ration, and was also determined by the Bradford method [18] using
the Bio-Rad protein assay dye reagent with bovine serum albumin
as a standard.

5. Determination of Chitinase Activity

To determine the optimal pH for chitinase performance, the chiti-
nase was kept in buffers at various pH levels (3.0-10.0) for 30 min.
Depending on pH, the chitinase activity was assayed in either a Mc-
Ilvaine buffer (pH 3.0-8.0) or a 50 mM Tris-HCl buffer (pH 8.0-
10.0), each with 1.0% colloidal chitin. The pH stability of the chiti-
nase was determined by measuring residual chitinase activity after
1 h of incubation at 40 °C at various pH levels.

The optimal temperature for chitinase performance was deter-
mined by measuring the chitinase activity level after letting the en-
zyme react with colloidal chitin in a Mcllvaine buffer (pH 5.5) at
various temperatures (10-80 °C) for 30 min. The thermal stability
of the chitinase was evaluated by incubating the enzyme at various
temperatures for 1 h, and then assaying the residual chitinase activ-
ity level.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was carried out by using the Laemmli method [19] to esti-
mate the molecular mass of a protein. To detect chitinase activity, a

zymogram analysis was performed through electrophoresis using a
12% polyacrylamide gel containing 0.1% glycol chitin [20]. After
electrophoresis, the gel was incubated in a 0.1 M sodium acetate
buffer (pH 5.0) containing 1% Triton X-100 at 37 °C for 2 h, and
then stained by coomassie brilliant blue R-250 [21]. Alternatively,
the molecular mass of the purified chitinase was also analyzed by
ESI-Q-TOF MS (electrospray ionization quadrupole time-of-flight
mass spectrometry, Q-TOF, Waters Co., Milford City, MA, USA).
This instrument was used to scan the ratio of mass to charge in the
range 100-2,500 units (m/z), with each scan of 2 s/step and an inter-
scan duration of 0.1 s/step. In the ESI-MS analysis, the quadrupole
scan mode was used under a capillary needle at 3 kV, a source block
temperature of 80 °C, and a desolvation (solvent removal) temper-
ature of 150 °C. The mass of the desalted form of proteins used for
the MS measurements was normally within the range of 5-10 ug.
6. Kinetic Parameters

Kinetic experiments were performed with colloidal chitin (0-22.5
g/L) dissolved in Mcllvaine buffer (pH 5.5) at 40 °C. The Michae-
lis-Menten constant (K,,) and maximal velocity (V,,..) were deter-
mined by Lineweaver-Burk double reciprocal plot.
7. Product Analysis

The final products of the enzymatic hydrolysis of colloidal chitin
were analyzed with an HPLC. The assay was performed by mix-
ing 0.2 mL of pure enzyme solution and 1 mL of the Mcllvaine buf-
fer (pH 5.5) containing 1.0% colloidal chitin. First, the mixture was
incubated at 40 °C for a pre-determined time, and then the insolu-
ble substance in the mixture was separated out with a centrifuge
(11,428xg) for 15 min. The supematant (0.5 mL) was mixed with
an equal volume of dilute acetonitrile solution (46% acetonitrile
containing 0.008 N H,SO,), and centrifuged (11,428xg) for 5 min
to remove insoluble solids. The remaining supernatant was anatyzed
with an HPLC (Hitachi L-7100, Tokyo, Japan) using a LiChrospher
100-NH, column (5 pm, 4x250 mm, Merck Co., Darmstadt, Ger-
many) and a UV detector (Diode array detector, Hitachi L-4500,
Tokyo, Japan) at a wavelength of 205 nm [6]. The mobile phase
was a solution of acetonitrile/water (70/30, v/v) at a flow rate of
1 mL/min.

RESULTS AND DISCUSSION

1. Purification of a Chitinase Produced by Aeromonas sp.
DYU-Too7

When Aeromonas sp. DYU-Too7 was cultivated in the CB medi-
um, most of the chitinases secreted by the microbe were detected dur-
ing the stationary growth phase. The proteins were isolated from the
culture supematant by adding ammonium sulfate solution with 80%
saturation. The precipitate was re-dissolved, and then dialyzed. The
dialyzed sample was subjected to ultrafiltration and then chromato-
graphic separation through DEAE-sepharose CL-6B and Sephacryl
S-100HR. From the anion exchange chromatographic (DEAE-se-
pharose CL-6B) diagram, several fractions of proteins (denoted as
Peaks 1-7) showed chitinase activities and were further analyzed
with an SDS-PAGE (Fig. 1). The results indicated that Peaks 1-3
had simpler protein spectrums and had more significant amount of
the 36 kDa protein than others. The in-gel chitinase (zymogram)
assay also showed that three proteins with molecular masses of 36,
60 and 70 kDa (data not shown) possessed chitinase activity, and
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that the 36 kDa protein had highest chitinase activity among the
three. Therefore, in this study, the 36 kDa protein was the target chiti-
nase selected for further study. The proteins in Peaks 1-3 were com-
bined for further purification by gel filtration chromatography (Se-
phacryl S-100HR). One peak showing chitinase activity was clearly

Fig. 1. SDS-PAGE analysis of proteins (denoted as Peaks 1-7), pro-
duced by Aeromonas sp. DYU-Too7, from ion exchange
(DEAE-sepharose CL-6B) chromatography. Lane 0 repre-
sents the molecular mass marker, and Lane i is for Peak i
i=12,...,7).

225 kDa
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Fig. 2. Zymogram analysis of the proteins combined in Peaks 1-
3 (shown in Fig. 1) from gel (Sephacryl S-100HR) filtration.
Lane 1 represents the molecular mass marker, and Lane 2
is for the combined Peaks 1-3.
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observed (data not shown). The molecular masses and the hydro-
Iytic activity of the proteins (reacted with glycol chitin) were de-
termined from those simple bands produced with zymogram analy-
sis at 37 °C for 4 h, Fig. 2. Furthermore, the molecular mass of the
target chitinase was also confirmed by the ESI-Q-TOF MS meas-
urement which showed a peak of 36,007 Da (Fig. 3). Both results
indicated that the protein of the simple peak was a 36 kDa chiti-
nase.

The 36 kDa chitinase produced in this study seemed to be dif-
ferent from the chitinases produced by other Aeromonas sp. Most
chitinases produced by Aeromonas sp. have molecular masses greater
than 50 kDa. For instance, Aeromonas caviae and Aeromonas sp.
10S-24 produced a 94 kDa chitinase and a 70 kDa chitinase, re-
spectively [11,12]. The Aeromonas hydrophila strain SUWA-9 se-
creted an exochitinase (90 kDa) and three endochitinases (60, 70,
and 90 kDa) [22]. Aeromonas schubertii produced a 30 kDa chiti-
nase and a 38 kDa chitinase, which was confirmed by a zymogram
system and had not been isolated or purified [21]. No other 36 kDa
chitinases produced by Aeromonas sp. were reported.

2. Characterization of the 36 kDa Chitinase
2-1. Optimal pH and pH Stability
The optimal pH for 36 kDa chitinase activity was determined to
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Fig. 3. ESI-Q-TOF MS spectrogram of the protein with chitinase
activity from the gel filtration (shown in Fig. 2).
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Fig. 4. Effect of pH on the activity of the 36 kDa chitinase and its
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be 5.0 (Fig. 4). In terms of pH stability, the chitinase retained al-
most 100% activity in the range of pH 5.-8.0 for 1 h, which per-
formed better than other chitinases. The 90 kDa chitinase of Aero-
monas hydrophila strain SUWA-9 has an optimal pH at 7.0 [22].
The recombinant chitinase (100 kDa) of Aeromonas caviae had an
optimal pH of 6.5 and retained more than 60% activity in pH 5.0-
8.0 for 30 min [23]. The 62 kDa chitinase produced by Aeromonas
hydrophila H-2330 had an optimal pH of 5.0-8.0 [24]. Three re-
combinant chitinases (47, 49 and 52 kDa) of Aeromonas sp. 10S-
24 each had two optimal pHs, 4.0 and 7.0. When incubated with
ethylene glycol chitin as the substrate, these three chitinases were
stable over a wide pH range (3.0-9.0) [25]. Nawani et al. [26] re-
ported that the chitinase of Microbispora sp. V2 retained 61% ac-
tivity in pH 3.0 for 1 h.

In contrast, the 36 kDa chitinase of Aeromonas sp. DYU-Too7
in this study had an optimal pH of 5.0 and remained steadily stable
(retained almost 100% activity) in the pH 5.0-8.0 for 1 h, and is bet-
ter than the other chitinases produced by Aeromonas sp. This in-
dicates that the 36 kDa chitinase produced by Aeromonas sp. DY U-
Too7 could have high chitolytic activity in the degradation of chiti-
nous wastes near a pH neutral condition.

2-2. Optimal Temperature and Thermal Stability

The effect of temperature on the chitinase activity was assayed
between 10 and 80 °C at 10 °C intervals (Fig. 5). The optimal tem-
perature for the 36 kDa chitinase of Aeromonas sp. DYU-Too7 was
determined to be 70 °C. This temperature was higher than the opti-
mal temperatures of chitinases produced by other Aeromonas mi-
crobes. The optimal temperature for the 90 kDa chitinase of Aero-
monas hydrophila strain SUWA-9 and the 89-120 kDa chitinase of
Aeromonas sp. no. 10S-24 is 50 [22,27].

The 36 kDa chitinase of Aeromonas sp. DYU-Too7 was more
stable than other chitinases of Aeromonas sp. in a range of temper-
atures. The 36 kDa chitinase of DYU-Too7 retained 90% of its orig-
inal activity at 50 °C and 75% at 60 °C for 1 h. However, incubat-
ing the chitinase at 70 °C for 1 h resulted in a 95% loss of its orig-
inal activity. The recombinant chitinases of Aeromonas caviae and
Aeromonas sp. 10S-24 were thermally stable up to 42.5°C and
50 °C for 30 min, respectively, but activity levels for both decreased
rapidly when the temperature was raised above 50 °C [23,25]. The
58 kDa chitinase of Pseudomonas aeruginosa strain 385 had an
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Fig. 5. Effect of temperature on the activity of the 36 kDa chiti-
nase and its thermal stability.

optimal temperature of 45 °C, and retained 90% of its original activ-
ity up to 50 °C. Above 50 °C, stability fell rapidly, with no activity
detected after 1 h of incubation at 60 °C [28]. Unlike other chiti-
nases, the 36 kDa chitinase of Aeromonas sp. DYU-Too7 has the
potential to be applied in the degradation of chitinous wastes at higher
temperatures (above 60 °C). The 36 kDa chitinase has an optimal
temperature of 70 °C for activity, and thermal stability up to 60 °C.
Sutrisno et al. [25] reported a similar result for the three recombi-
nant chitinases of Aeromonas sp. 10S-24 which had an optimal tem-
perature of 60 °C, but thermal stability only up to 50 °C. This was
due to the fact that the enzyme-substrate complex was more ther-
mal resistant than the free enzyme. The formation of the enzyme-
substrate complex protects the enzyme activation site from dena-
turation by heat.
2-3. Effect of Metal Ions and EDTA

The effect of metal ions and EDTA was determined by measuring
the activity level of the 36 kDa chitinase after it was pre-incubated
in a solution each with 10 mM metal cation or EDTA at 40 °C for
1 h. Experimental results showed that the 36 kDa chitinase was in-
hibited by Ba*, Hg*", Mg>* and Ag" cations, but was not signifi-
cantly affected by K" ion nor the chelating agent EDTA (Table 1).
These results are similar to those of the chitinases produced by Mi-
crobispora sp. V2 [26], Vibrio alginolyticus H-8 [29] and Aspergil-
lus fumigatus YJ-407 [30]. Lin et al. [23] also reported that a re-
combinant chitinase (100 kDa) of Aeromonas caviae was inhibited
significantly by Hg™ cation. The sulphydryl groups in the active
site, which contributed to chitinase activity, were chelated with the
Hg** cation which inhibited chitinase activity [26,31]. The chitinase
of Microbispora sp. V2 lost 90% of its original activity after react-
ing with 1 mM Hg™* for 1 h [26]. The Hg* cation is a common in-
hibitor of most chitinases. However, the activity level of the puri-
fied 36 kDa chitinase of Aeromonas sp. DYU-Too7 was reduced
by only 45% after reacting with 10 mM Hg** cation for 1 h. The
result indicates that the 36 kDa chitinase of Aeromonas sp. DYU-
Too7 had better resistance to Hg* inhibition than other chitinases.
2-4. Kinetic Parameters

The 36 kDa chitinase of Aeromonas sp. DYU-Too7 catalyzes
reaction, using colloidal chitin as a substrate. There was a first-order
reaction at a substrate concentration less than 5 g/L, followed by a
zero-order reaction at the range of 15.0-22.5 g/L.. The values of K,,
and V,,,. for the 36 kDa chitinase of Aeromonas sp. DYU-Too7 were
6.3 g/l and 18.69 pmol/min/mg-protein, respectively (Fig. 6). When
the 90 kDa chitinase secreted by the Aeromonas hydrophila strain
SUWA-9 was used to hydrolyze p-NP-GIcNAc (p-nitrophenyl-N-

Table 1. Effect of metal ion or EDTA on the activity of the 36 kDa

chitinase
Ton (10 mM) Relative activity (%)
None 100.0
Ba™ 69.8
Hg™ 54.8
Mg* 73.2
Ag' 62.3
K 103.7
EDTA 106.3
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Fig. 6. Determination of K,, and V,,,. of 36 kDa chitinase using col-
loidal chitin as a substrate. Inset: the corresponding Lin-
eweaver-Burk double reciprocal plot. The fitted linear re-
gression gives an equation with r’=0.998.

acetyl-D-glucosamine) and p-NP-GalNAc (p-nitrophenyl-N-acetyl-
galactosamine), both K, values were the same at 0.50 mM, but V,,,,,
values were 115 and 8.0 pmol/min/mg-protein, respectively [22]. The
recombinant chitinase (100 kDa) of Aeromonas caviae with 4-MU-
(GleNAc), (4-methylumbelliferyl-#D-N,N'-diacetylchitobioside) had
aK, value of 21.55 yM and a V,,,,, value of 4.36 nmol/min/mg pro-
tein [23]. The K,, value was 0.27 mM for the SHGlcNAcase secreted
by Aeromonas sp. 10S-24 in hydrolysis of p-NP-GIcNAc¢ [32]. The
K, value was 2.9 mM for the 75 kDa chitinase secreted by Aero-
monas schubertii with colloidal chitin azure as a substrate [21]. The
36 kDa chitinase of Aeromonas sp. DYU-Too7 has lower V,,, val-
ues than other chitinases of Aeromonas sp. due to the selection of
model compounds for hydrolysis. The colloidal chitin used in this
study was a large, loose molecule and had fewer non-reducing ends
for the chitinase to hydrolyze simultaneously. Therefore, the maxi-
mum reaction rate decreased.
2-5. Hydrolysis Pattern

The hydrolysis of colloidal chitin by the 36 kDa chitinase was
incubated with a Mcllvaine buffer (pH 5.5) containing 1.0% col-
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Fig. 7. Chromatogram of hydrolysates from colloidal chitin hydro-
lyzed by the 36 kDa chitinase.
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loidal chitin at 40 °C. The insoluble substance in the mixture was
removed by centrifugation before the HPLC analysis. Fig. 7 shows
that chitobiose was the main hydrolysate and its concentration was
1.40 g/l at 4h and 2.21 g/LL at 24 h. The major hydrolytic product
being chitobiose indicated that the 36 kDa chitinase of Aeromonas
sp. DYU-Too7 is likely an exo-type enzyme. The 90 kDa chitinase
secreted by Aeromonas hydrophila strain SUWA-9 could hydro-
lyze N-acetylchitooligomers into GlcNAc, but did not hydrolyze
colloidal chitin well [22]. Among the three recombinant chitinases
(47, 49 and 52 kDa) of Aeromonas sp. 10S-24, the 52 kDa chiti-
nase exhibited the highest rate of hydrolysis, and hydrolyzed col-
loidal chitin into (GIcNAc), and small amounts of (GlcNAc), and
GlcNAc [25]. Lin ef al. [23] reported that the recombinant chiti-
nase (100 kDa) of Aeromonas caviae could hydrolyze chitin into
GlcNAc, (GleNAc),, (GIeNAc), and (GIcNAc), within 24 h at 42.5
°C, with (GlcNAc), being the major (661.6 mg/L) product. The chiti-
nases of Aeromonas sp. 10S-24 and Aeromonas caviae are endo-
type enzymes. The chitinases secreted by Bacillus cereus 6E1 [33]
and Bacillus thuringiengiensis HD-1 [34] can hydrolyze either p-
nitrophenyl-(N-acetyl-#D-glucosaminide), or 4-MU(GInAc), into
chitobiose. Similarly, the chitinase secreted by Bacillus sp. NCTU2
can also digest colloidal chitin into chitobiose [35]. In this study,
the 36 kDa chitinase of Aeromonas sp. DYU-Too7 is an exo-type
chitinase that has a potential application to production of chitobiose.

CONCLUSIONS

A major extracellular chitinase produced by Aeromonas sp. DY U-
Too7 was isolated and identified to be an exo-type enzyme, which
hydrolyzed colloidal chitin into chitobiose. The apparent molecular
mass of the chitinase was confirmed to be 36 kDa by the SDS-PAGE
and the ESI-Q-TOF MS. This chitinase is one of the few known
chitinases produced by Aeromonas sp. with a molecular mass less
than 50 kDa. The 36 kDa chitinase had an optimal pH of 5.0 and
an optimal temperature of 70 °C. The chitinase retained almost 100%
activity in the range of pH 5.0-8.0. Compared with other chitinases
produced by Aeromonas sp., the 36 kDa chitinase had a high ther-
mal tolerance and retained 90% of its activity at 50 °C and 75% at
60 °C. This result suggests that the enzyme-substrate complex pro-
tected the enzyme from denaturation by heat. The 36 kDa chitinase
activity was inhibited significantly by Hg*. Using colloidal chitin
as a substrate, the 36 kDa chitinase followed a first-order reaction
at a substrate concentration less than 5 g/L. and a zero-order reac-
tion at a concentration in the range of 15.0-22.5 g/L.. The K,, and
V,... values were 6.3 g/LL and 18.69 pmol/min/mg-protein, respec-
tively, when colloidal chitin was used as the substrate. Since the
colloidal chitin has fewer non-reducing ends for the chitinase to hy-
drolyze simultaneously, the V,,,. value obtained in this study is lower

than other V.. values for other chitinases produced by Aeromonas
sp.
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