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Among more than a hundred colonies of fungi isolated from
soil samples, DY-52 has been screened as an extracellular
chitin deacetylase (CDA) producer. The isolate was further
identified as Mortierella sp., based on the morphological
properties and the nucleotide sequence of its 18S rRNA
gene. The fungus exhibited maximal growth in yeast peptone
glucose (YPD) liquid medium containing 2% of glucose at
pH 5.0 and 28°C with 150 rpm. The CDA activity of DY-52
was maximal (20 U/mg) on the 3rd day of culture in the
same medium. The CDA was inducible by addition of
glucose and chitin. The enzyme contained two isoforms of
molecular mass 50 kDa and 59 kDa. This enzyme showed a
maximal activity at pH 5.5 and 60°C. In addition, it had a
pH stability range of 4.5-8.0 and a temperature stability
range of 4—-40°C. The enzyme was enhanced in the presence
of Co’" and Ca”*. Among various substrates tested, WSCT-50
(water-soluble chitin, degree of deacetylation 50%), glycol
chitin, and crab chitosan (DD 71-88%) were deacetylated.
Moreover, the CDA can handle N-acetylglucosamine
oligomers (GlcNAc),_-.

Keywords: Chitin deacetylase, water-soluble chitin, Mortierella
sp. DY-352, N-acetylchitooligomers

Next to cellulose, chitin is one of the most abundant, easily
obtained, and renewable natural polymers in the world. It
1s commonly found in the exoskeletons or cuticles of many
invertebrates [10] and in the cell walls of most fungi and
some algae [19]. In several Zygomycetes species, it exists
in its deacetylated form as chitosan.

Chitosan is a biopolymer with unique properties favorable
for a broad variety of industrial applications [21]. Presently,
chitosan 1s produced by the thermochemical alkaline
deacetylation of chitin. However, the process is environmentally
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unsafe and not easily controlled, leading to a broad and
heterogeneous range of products [6]. To develop an alternative,
controlled, nondegradative, and well-defined process for
chitosan production, studies of fungal chitin deacetylase
have been initiated [1, 2, 5, 7, 13, 18].

Recently, chitin deacetylase (CDA; E.C. 3.5.1.41), the
enzyme that catalyzes the conversion of chitin to chitosan
by the deacetylation of N-acetylglucosamine residues,
has attracted increasing interest, owing to its possible
applicability for preparation of specific novel chitosan
oligomers and polymers from chitin oligomers or pretreated
chitin [14]. It was first identified and partially purified
from extracts of the fungus Mucor rouxii [2]. Since then,
the presence of this enzyme activity has been reported in
several other fungi [1,5,7,13, 18] and in some insect
species [3] and bacteria strain [22].

To apply CDA for enzymatic conversion of chitin to
chitosan industrially, intensive screening of strong CDA
producers is still necessary because only limited information
is available [28]. In the present study, we screened a new
extracellular CDA-producing fungus, which was further
identified as Mortierella sp. In addition, the properties of
the newly screened CDA were investigated, including
cultivation conditions for CDA production.

MATERIALS AND METHODS

Isolation of Fungi from Soils

Dried soil samples of 1 g were diluted in 50 ml of distilled water,
and pre-incubated at 30°C on a rotary shaker operating at 180 rpm
for 12 h. Fungi were isolated by a dilution plate technique with
peptone rose bengal agar medium. The medium composition was
1 g KH,PO,, 0.5 g MgSO,7H,0, 5 g peptone, 10 g glucose, 0.03 g
rose bengal, 0.05 g streptomycin, and 20 g agar, per liter.

Culture Conditions for Chitin Deacetylase Production
Fungal strains for CDA production were incubated for 5 to 7 days
on PDA (potato dextrose agar) slants at 25°C. The spore suspension
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(10° spores/ml) was allowed to germinate in a 100-ml Erlenmeyer
flask containing 50 ml of YPD culture medium (20 g glucose, 3 g
yeast extract, 10 g peptone, per liter). The pH was adjusted to 4.5 by
HCI. Cultivation of the fungi was carried out at 28°C with shaking
at 150 rpm for 5 days.

Intra- and Extracellular Chitin Deacetylase from Fungi

After cultivation of each of the fungi in YPD liquid medium for 5
days, mycelium and culture supernatant were separated by filtration
through a suction funnel with Whatman No. 2 filter paper. The
culture supernatant was assayed for extracellular CDA enzyme. The
mycelium was washed with cold distilled water and then homogenized
by grinding with liquid nitrogen in a mortar. The homogenate was
then diluted in Tris-HCI buffer (50 mM, pH 7.2) with the ratio of
1:7 (w/v). The resulting supernatants obtained from centrifugation at
10,000 rpm for 30 min were assayed for intracellular CDA enzyme.

Identification of Fungus DY-52

Identification of the fungus was carried out on the basis of
morphological characteristics and the nucleotide sequence of the
18S rRNA. To determine the 18S rRNA sequence, the genomic
DNA was isolated by the G-spin Genomic DNA Extraction Kit
(Intron Inc., Suwon, Korea). Universal primers (ITS1-F:5'-CTTG-
GITCATTTAGAGGAAGI-3', and ITS4-R:5-TCCTCCGCTTATTG-
ATATGC-3") were synthesized and used for the PCR reactions. The
polymerase chain reaction (PCR) was performed to amplify the
partial 18S rRNA fragment of the fungus using a GeneAmp
Thermal Cycler (Model 2400; Perkin-Elmer, Norwalk, CT, U.S.A)).
The amplified PCR product was purified from the agarose gels
using a gel elution kit (Bioneer Inc., Daejeon, Korea) and cloned
into a pGEM-T vector (Promega Co., Madison, W1, U.S.A.). The
nucleotide sequence of the 18S rRNA gene of DY-52 was determined
using an Applied Biosystem (ABI373) DNA automated sequencer
(PE Applied Biosystem, Foster City, CA, U.S.A.) and then aligned
with reference sequences obtained from the GenBank databases
(NCBI, Bethesda, MO, U.S.A.). The fungus, DY-52, was identified
as a Mortierella sp. The DNA manipulations for the cloning,

transformation, plasmid isolation, and ligation were done according
to the method described by White e al. [29].

Enzyme Assays

Chitin deacetylase (CDA) activity was estimated using a substrate,
WSCT-50. Enzyme activity assay was performed under standard
conditions at 50°C in a test tube containing 2.5 mg of WSCT-50
dissolved in 0.5 ml of 50 mM sodium glutamate buffer (pH 4.5) and
0.1 ml of crude enzyme. After incubation for 1 h, the reaction was
terminated by heating at 100°C for 15 min. The acetic acid released
in the enzymatic deacetylation was analyzed by a gas-liquid
chromatography (GLC) method [27]. One unit of chitin deacetylase
activity was defined as the amount of enzyme that released 1 pmol
acetic acid per min under the standard conditions described above.
WSCT-50 as the substrate was prepared according to the method of
Sannan ef al. [20]. The degree of deacetylation was measured by a
colloidal titration method {24].

Effect of pH, Temperature, Acetate, and Metal Ions on Enzymatic
Deacetylation

To determine the optimum temperature, enzyme reaction was
controlled at various temperatures (20-70°C) for 1h. For the

temperature stability, enzyme was pre-incubated at various
temperatures (20-70°C) for 1 h without substrate. To determine the
optimum pH, the enzyme reaction was carried out in 50 mM
sodium glutamate buffer (pH 3.5-5.5), 50 mM phosphate buffer
(pH 5.0-8.5), 50 mM Tris-HCI buffer (pH 7.0-9.5), and 50 mM
Na,CO, buffer (pH 9.0-11.5) for 1h. For the pH stability, the
enzyme was pre-incubated in the various pH buffers at 4°C
overnight. Various concentrations of acetate and metal ions were
added to the enzyme reaction mixture to study their effect on the
enzyme activity.

Deacetylation of N-Acetylchitooligosaccharides (GlcNAc), ;, and
Other Chitinous Substrates

In order to test the substrate specificity of this enzyme, N-
acetylchitooligomers [(GIcNAc), ;] and other chitinous substrates
were incubated with the enzyme under standard enzyme assay
conditions. WSCT-50 was used as the reference substrate.

Detection of Chitin Deacetylase Activity After SDS-PAGE

Polyacrylamide gel electrophoresis under denaturing condition was
performed as described by Laemmli [15] in 12.5% polyacrylamide
gels containing 0.1% (w/v) glycol chitin. After SDS-PAGE, gels
were incubated at 37°C for 2h with gentle shaking in 50 mM
sodium glutamate buffer (pH 4.5) containing 1% purified Triton X-
100 and 1% skim milk for nature of CDA enzymes. Then, the gels
were incubated overnight at 37°C with gentle shaking in 50 mM
sodium glutamate buffer (pH 4.5) containing 1% purified Triton X-
100. After incubation, gels were transferred in a fresh solution of
0.01% Calcofluor white M2R in 0.5 M Tris-HCI (pH 8.6) bufier for
7min. The gels were washed by distilled water for at least 2 h.
Proteins exhibiting enzyme activity were visualized under UV light

as a light band [26].

Other Methods

To determine the cell growth of the fungus, the separated mycelium
was dried at 80°C for 24 h and the dry weight was evaluated.
Reducing sugar was measured by Schales’ method [9]. The protein
concentration was determined by the Bradford method [4], using
bovine serum albumin as the standard.

RESULTS

Screening and Identification of the CDA-producing
Fungus DY-52

Among the more than 100 isolates screened, strain DY-52
was isolated for an extracellular CDA producer. It showed
a very high specific enzyme activity of 3.75 U/mg, which
was almost 10-fold higher than that of M. rouxii (0.39 U/
mg), which is an intracellular CDA producer (Table 1).
Total CDA activity (30.8 U) from a 50 ml culture of DY-
52 was 6 times higher than that of M. rouxii (5.2 U).

To identify the isolate DY-52, the growth shape of the
fungal colony, spore shape, and 18S rRNA nucleotide
sequence were analyzed. It grew very slowly, akin to the
way of clouds spreading. It produced a small number of
spores per ml and then most existed as spawns. The spores



STUDY ON CHITIN DEACETYLASE 761

Table 1. Comparison of CDA activity between DY-52 and Mucor rouxii.

, Extracellular Intracellular
Strain U/ml U/mg Total activity (U) U/ml U/mg Total activity (U)
DY-52 0.60 3.75 30.0 0.09 0.04 0.78
M. rouxii (ATCC 24905) 0.02 0.07 1.0 0.40 0.39 4.2

After cultivation of Mortierella sp. DY-52 and Mucor rouxii in 50 ml of YPD broth medium for 5 days and 3 days, respectively, extra- and intracellular
enzymes were prepared and the activities were measured as described in Materials and Methods.

resembled a circle of 21.6 pum diameter. In a comparison
of the partial nucleotide sequence of the 18S rRNA with
that of Mortierella sp., 606 out of 628 nucleotides were
identical, indicating 96% similarity. Based on these results,
DY-52 was identified to be a Mortierella sp. (Fig. 1).

Optimization of Culture Condition for CDA Production
To determine the effect of carbon source for CDA production,
various carbon sources (2% each) were examined in the
liquid medium. The highest CDA activity was observed at
3 days of cultivation, where glucose was added. Powder
chitin and swollen chitin also induced the extracellular
CDA but in a lesser extent than glucose. Little CDA activity
was detected in MeOH addition (Fig. 2A). The mixtures of
glucose plus maltose and glucose plus swollen chitin (1%
each) also induced CDA, but the addition of glucose plus
swollen chitin delayed the maximum induction of CDA to
the 5th day (Fig. 2B). Therefore, only glucose was added
as a carbon source for production of CDA in subsequent
experiments. It was found that CDA production was
maximal at initial pH 4.5-5.0 and decreased dramatically
below pH 4.0 (Fig. 3). About 60% of the maximum CDA
production can be achieved at pH 6.0. The optimum
temperature was 25-28°C, and less than 60% of the
maximum activity was observed at 20°C and 30°C (Fig. 3B).
In addition, the optimum agitation speed for CDA production
was found to be 150 rpm (Fig. 3C).

Mortierellc nyging C

Sporotbrix schenckii

r{ Mortieredg garesii
L_ Verticillium sp

zygomycete sp

b= Mortierella ol pIngG
_{ DY-52
Mortierello sp

Fig. 1. Photographs of colony (A) and sporangia (100x) by

microscopy (B), and a phylogenic tree of the 18S rRNA gene (C)
of Mortierella sp. DY-52.

Profile of CDA Production at the Optimum Condition

Fig. 4A shows the cell growth and CDA enzyme activity
during fermentation for Mortierella sp. DY-52 in YPD
medium with 2.0% concentration of glucose at a temperature
of 28°C, with shaking at a speed of 150 rpm. Mortierella
sp. DY-52 grew linearly up to the 4th day followed by a
stationary phase for more than 3 days. CDA was secreted
dramatically for the first 2 days, and then maintained a
constant level (0.6 U/ml and 20 U/mg on the 3rd day), and
subsequently declined sharply from the sixth day. The pH
of the culture fluid, residual sugar concentration, and protein
concentration were also measured (Fig. 4B). The pH
maintained almost constant acidic level between 4 and 6,
except reaching pH 7 at the second day. The level of
residual sugar decreased constantly from 110 mM to 20 mM
at day 7. The extracellular protein contents maintained at a
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Fig. 2. Effect of carbon sources on CDA production of
Mortierella sp. DY-52.

A. Carbon sources (- O- None; - @ Sucrose; - M- Glucose; -[1- Fructose;
- - Chitin powder; - & - Swollen chitin; - - Glycerol; - @- MeOH) at 2%
was added to the YPD growth medium for Mortierella sp. DY-52. B.
Mixtures of 1% glucose and 1% other carbon sources (-4 - Fructose; - Il -
Maltose; --. - Sucrose; -[J- Swollen chitin) were added.
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Fig. 3. Effects of initial pH (A), temperature (B), and agitation
speed (C) on CDA production by Mortierella sp. DY-52.

low level for the first 4 days but increased strongly on the
fifth day.

Enzyme Activity Characterization

To investigate the enzymatic deacetylation of water-soluble
chitin (WSCT-50, degree of deacetylation 50%), 1-5 mg
of WSCT-50 was dissolved in 1 ml of 50 mM sodium
glutamate buffer (pH 4.5) and incubated with 0.2 ml of
crude enzyme at 50°C for various times. The acetic acid
released was proportional to the substrate amount (Fig. 5A)
and the enzyme amount (Fig. 5B). The enzymatic conversion
was very fast during the first 30 min and then slowed down
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Fig. 4. Time course of CDA production during the culture of
Mortierella sp. DY-52 at the optimum culture condition for 7
days.

A. CDA activity (- & -) and dry cell weight (-O-). B. Protein content (- A -),
pH (- W -), and remaining sugar concentration (- O-).

with 5mg WSCT-50 as substrate and 0.2ml (1.2 U)
enzyme, showing biphasic kinetics (Figs. SA and 5B).

Optimum pH and Temperature

As shown in Fig. 6A, the optimum pH of the enzyme was
estimated to be 5.5 using WSCT-50 as the substrate. At pH
4.5, the enzyme lost about 60% of the maximum activity.
The enzyme was stable between pH 5 and 7.5 (Fig. 6B).
Meanwhile, the optimum temperature was found to be
60°C with the same substrate (Fig. 7A). The enzyme was
stable below 40°C, but the stability clearly disappeared at
above 60°C (Fig. 7B).

Substrate Specificity

Under standard enzyme assay conditions, various chitinous
substrates were tested as the substrate of the CDA. As
shown in Table 2, the enzyme worked on WSCT-50, glycol
chitin, and crab chitosan (DD 71-88%) for deacetylation
with a wide range of affinities (7-100%). Among them,
WSCT-50 was the most accessible substrate for the enzyme.
Other chitins with different DD values and particle sizes
were little deacetylated by the crude enzyme.

Results of deacetylation of (GIcNAc), ; by DY-52 CDA
is shown in Table 3. It was revealed that the enzyme could
not only deacetylate (GlcNAc),_; but also (GlcNAc),_;.
The highest enzyme activity was achieved when chitin
heptamer was used as a substrate. The longer the length of
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Fig. 5. Effects of the amount of substrate (A) and enzyme (B)
on releasing of acetic acid by the CDA.

A. For enzyme assay, different amounts of substrates (-CO- 1 mg/ml; -@-
3 mg/ml; -[J- 5 mg/ml) were incubated with 0.2 ml of crude enzyme
(0.6 U/ml) in a total volume of 1.2 ml for 2 h. B. Different amount of crude
enzyme preparation (-O- 0.03 units; - @- 0.06 units; -(1- 0.12 units) were
incubated with 5 mg of WSCT-50 for 3 h in a total volume of 1.2 ml

N-acetylchitooligosaccharide was, the higher was the rate
of deacetylation.

Effect of Metal Ions on CDA Activity

As shown in Table 4, the enzyme activity was affected
in the presence of various metal ions. Hg2+, 7Zn~", EDTA,
Ag', Cu*', Fe'", Mg™', Mn™", Pb™", and Sn™" were inhibitory
at concentrations of 1 and 10 mM, whereas Ca™"' (10 mM),
and Co”" (0.01-10 mM) could act as activators. Specifucally,
the activation by Co™" was dramatic even at the very low
concentration of 0.01 mM (Table 5). The effect of acetic
acid, a product of the enzyme action, was also investigated.
The activity was not inhibited in the presence of 0—1 mM
acetic acid, sodium acetate, and magnesium acetate. The
inhibition occurred from 2 mM of acetate and the enzyme
activity could be inhibited to the level of 50-90% at
10 mM (data not shown).

Detection of Chitin Deacetylase Activity After SDS-PAGE
By both protein and activity stainings on SDS-PAGE by
the method of Trudel and Asselin [26], it was revealed that
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Fig. 6. Effects of pH on the activity (A) and stabihty (B) of
CDA from Mortierella sp. DY-52.

The buffers used are -< - 50 mM sodium glutamate buffer (pH 3.0-5.3); -
@®- 50 mM phosphate buffer (pH 5.0-8.5); -O- 50 mM Tris-HCI bufter
(pH 7.0~9.5); and - A - 50 mM Na,CO, buffer (pH 9-11.5).

the crude enzyme preparation contained two i1soforms of
molecular mass 50 kDa and 59 kDa, respectively (Fig. 8).

Di1SCUSSION

Chitin deacetylase (CDA) is an enzyme that has been separated
mostly either from fungal mycelium or from culture medrum.
However, extracellular CDA has more potential and is more
meaningful to apply for bioconversion of chitin to chitosan in
industry, since the enzyme preparation is much easier to obtain.

In this work, an extracellular CDA-producing fungus,
DY-52, was screened from environmental soil samples and
further identified as a Mortierella sp. by the morphological
characteristics and the 18S rRNA gene. To our knowledge,
this is the first report on CDA from Mortierella species.
Furthermore, the CDA enzyme activity was detected by
activity staining after SDS-PAGE (Fig. 8). The two white
bands on activity staining (Fig. 8C) corresponding to two
dark bands on SDS-PAGE (Fig. 8B) suggested the presence
of two isoforms for the enzyme. The isoforms may represent
the products of different cda genes or the posttranslational
modification products of one gene. Purification of the



764  Kim et al.

A 120

100 p
80 P
60 p
40 F

2

Relative activity (%)

60

40

20

0 F 2 F ] ] i I3

© 10 20 30 40 50 60 70 80 90 100
Temperature (TC)

Fig. 7. Effect of temperature on the activity (A) and stability (B)
of the CDA.

isozymes i1s under way for further study at the molecular
level of the CDA.

The CDA was inducible by addition of glucose and
chitin, even though it was also secreted into the YPD
medium without glucose or chitin (Fig. 2A), which may be

Table 2. Substrate specificity of the CDA with various
chitinous substrates.

Substrate Relative activity (%)

WSCT-50 (Crab, DD 50%)* 100
Swollen chitin (DD 8%) 0
Colloidal chitin (DD 8%)

Glycol chitin (DD 8%)

CM chitin (DD 8%)

Regenerated chitin (DD 1%)
Crystal B-chitin (DD 8%, 45 um)
Crab chitin (DD 8%, 45 um)
Crab chitin (DD 8%, 150 um)
Crab chitin (DD 8%, 250 um)
Crab chitosan (DD 71%, 150 um)
Crab chitosan (DD 80%, 150 um)
Crab chitosan (DD 88%, 150 um)
Crab chitosan (DD 99%, 150 um)

*Each substrate (5 mg) was pre-incubated briefly in 0.5 ml of 50 mM
sodium glutamate buffer (pH 4.5) at 50°C, and then 0.1 ml of crude enzyme
preparation (0.7 U/ml) was added and incubated at 50°C for 1 h.

(U]
<&

.p.
O -] O O OO o o O L

<

Table 3. Deacetylation of N-acetylchitooligosaccharides.

Substrate Acetic acid Relative

Substrate concentration released activity
(mg) (nmol/min) (%)
(GlcNAc), 5.5 65 24
(GIcNAc), 5.5 66 35
(GIlcNAc), 5.5 70 37
(GlcNACc), 5.5 79 42
(GIcNAc), 5.5 146 77
(GIcNAc), 5.5 189 100
WSCT-50 2.5 141 75

*Each substrate (5.5 mg) or WSCT-50 (2.5 mg) was incubated with crude
enzyme preparations (70 mU) in a total volume of 0.6 ml of 50 mM
sodium glutamate buffer at pH 4.5 for 20 min at 50°C.

explained as that the other components like yeast extract in
the cultivation medium functioned as carbon sources for
this fungus. In addition, glucose in the cultivation medium
was much easier to be used by this fungus compared with
insoluble chitin powder and swollen chitin. The highest
CDA activity was produced at pH 5.0 (Fig. 3A), a
temperature of 28°C (Fig. 3B), and a speed of 150 rpm
(Fig. 3C). The CDA production dropped sharply to 50% of
the maximum at 30°C, suggesting that the controlling of
temperature is important for the production of CDA. The
optimum temperature was 30°C for 4. coerulea [28],
Scopulariopsis brevicaulis |5], and Alcaligenes sp. [22].
As shown in Fig. 4, the CDA level was maximal (20 U/
mg) after 3 days of culture at the optimum condition. This
rapid production of CDA by DY-52 has advantages for
industrial application by recycling of the fermenters, bulky
production, and cost-lowering.

Table 4. Effect of metal ions on the CDA from Mortierella sp.

DY-52.
Relative activity (%)
Metal ions
1 mM 10 mM
Control 100 100
Ag’ 72 37
Ca™ 93 126
Co™" 146 160
Cu* 86 42
Fe** 54 35
Hg* 0 0
Mg*" 57 56
Mn*" 16 44
Ni** 111 49
Pb** 12 17
Sn*" 34 14
Zn*" 22 0
EDTA 55 0

*Reaction mixture contained 5 mg of WSCT-50, 70 mU crude enzyme
preparations, and 1 or 10 mM metal ion in 0.7 ml of 35 mM sodium
glutamate buffer (pH 4.5).



’Sl'gble 5. Effect of Co™ on the CDA from Mortierella sp. DY-

Concentration (mM) Relative activity (%)

0 100
0.01 140
0.1 133
1.0 146
10.0 161

*Reaction mixture contained 5 mg of WSCT-50, 70 mU crude enzyme

preparations, and 0-10 mM Co™" jon in 0.7 ml of 35 mM sodium glutamate
buffer (pH 4.5).

For the crude CDA, optimal pH and temperature were
found to be 5.5 (Fig. 6A) and 60°C (Fig. 7A), respectively.
Most CDAs have an optimum temperature of 50°C [7,
12, 16]. The CDA from C. lindemuthianum showed the
optimum activity of 60°C [25].

The optimum pH of the extracellular CDA of DY-52
was acidic pH 5.5, a novel pH property that is different from
that of other extracellular CDAs. According to the results
reported so far, the optimum pH of extracellular CDAs
were neutral [1] or in the alkaline range from pH 11 to 12
and they were not inhibited by acetate [1, 25], whereas the
optimum pH of intracellular CDAs were in the acidic
range from pH 4.0 to 5.8 and they were inhibited by acetate
[7, 12]. However, the optimum pH of the extracellular CDA
from Mortierella sp. DY-52 was acidic and inhibited by acetate
at 10 mM. This may suggest a different mechanism between
DY-52 CDA and other extracellular or intracellular CDAs.

97kDa  w=p
66 kDa =

45kDa  —p -

0kDa —» -

14.4 kDa =——>» .

A B C

Fig. 8. Visualization of chitin deacetylase activity on a 12.5%
SDS-PAGE gel.

A. Protein markers; B. Crude enzyme; C. Activity staining.
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The CDA activity was strongly inhibited by metal ions Hg™,
Zn', and EDTA, but activated by Ca”" and Co™" at 10 mM.
It has been previously reported that the CDA activity from C.
lindemuthanum ATCC 56676 was slightly promoted by Co™'
at 1 mM, but strongly inhibited by it at 10 mM [25]. Howevet,
Mortierella sp. DY-52 CDA activity was increased greatly
by Co™" in a range of 0.01— 10 mM (Table 5). This property
has not been reported for other CDA enzymes (8, 12, 25].

As shown in Fig. 5, the process of enzymatic deacetylation
was biphasic, rapid at the early stage, and slow at the later
stage. The second phase seemed to start when about half of
the acetyl groups were liberated. [t resulted in part from the
assumption that the concentration of the substrate chitin might
be lower than saturated for the enzyme after 30 min of reaction.

It was found that only partially deacetylated chitin/chitosan
could be well handled by CDA {18, 23]. Most of the other
chitinous substrates without deacetylation cannot be worked on
by CDA even though their particle size is very small [28]. It has
been thought that the enzymatic deacetylation is profoundly
affected by the physical properties such as crystallinity, degree
of deacetylation, particle size, and origin of the substrate.

CDA from Mortierella sp. DY-52 appears to exhibit a
very narrow specificity, acting on WSCT-50 with full
affinity, and glycol chitin and crab chitosans (DD 71, 80,
and 88%) with less affinity, similarly to the enzymes from
C. lindemuthianum, M. rouxii, and A. coerulea (Table 2).
However, DY-52 CDA was effective on (GlcNAc), . It is
similar to previous reports that CDA from C. lindemuthianum,
A. nidulans, and Saccharomyces cerevisiae required at least
two N-acetyl-D-glucosamine residues {1, 16,25, 27], but
different to the CDA from M. rouxii that required at least
three N-acetyl-pD-glucosamine residues for catalysis of the
deacetylation process [12]. Similar with the CDA from M.
rouxii and A. coerulea, DY-52 CDA acted with the higher
rate toward the longer N-acetylchitooligosaccharide as
substrate, as shown in Table 3. Accordingly, a heptamer was
the most susceptible and a dimer the least susceptible. All
these studies seem to suggest a similar mode of deacetylation
action for CDAs from C. lindemuthianum, A. nidulans,
Saccharomyces cerevisiae, and Mortierella sp. DY-52.

However, a recent research indicated that a chitin
oligosaccharide deacetylase (COD) from  Vibrio
parahaemolvticus was only effective in catalyzing the
deacetylation of GIcNAc-GIcNAc to GleNAc-GleN, but
not effective for chitooligosaccharide with a DP higher
than 3 [11]. Even though the COD from V. parahaemolyticus
and CDA from Mortierella sp. DY-52 come from the same
family, they exhibited significantly different forms of
deacetylation mechanism.

It has been reported that most CDAs were extracted
from fungi in addition to chitinase or chitosanase [9, 18,
28]. In this work, a clear zone was found in chitin solid
medium that is especially used for chitinase screening,
which suggested that chitinase was present in the crude
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enzyme preparation (data not shown). Even though we
have little idea about the biological role of the CDA from
Mortierella sp. DY-52, it would be different from that of C.
lindemuthianum that may deacetylate chitin oligomers that
arise from the fungus cell wall subsequent to the activity of
plant chitinase and thereby diminish their elicitor activity [27].
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