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ABSTRACT. The reaction pattern of an extracellular chitin deacetylase from a Deuteromgo#&totrichum
lindemuthianumATCC 56676, was investigated by use of chitooligosaccharides [(GIcNAcGF 3—6]

and partiallyN-deacetylated chitooligosaccharides as substrates. When 0.5% of (GlaM#so)leacetylated,

the corresponding monodeacetylated products were initially detected without any processivity, suggesting
the involvement of a multiple-chain mechanism for the deacetylation reaction. The structural analysis of
these first-step products indicated that the chitin deacetylase strongly recognizes a sequend¢eaddbyy
D-glucosamine (GIcNAC) residues of the substrate (the subsites for the four GIcNAc residues are defined
as—2, —1, 0, and+1, respectively, from the nonreducing end to the reducing end), anil-deetyl

group in the GIcNAc residue positioned at subsite 0 is exclusively deacetylated. When substrates of a low
concentration (10@M) were deacetylated, the initial deacetylation rate for (GIcNAgjds comparable

to that of (GIcNAc), while deacetylation of (GIcNAg)could not be detected. Reaction rate analyses of
partially N-deacetylated chitooligosaccharides suggested that sutiisérongly recognizes thé-acetyl

group of the GIcNAc residue of the substrate, while the deacetylation rate was not affected when either
subsite—1 or+1 was occupied with a-glucosamine residue instead of GICNAc residue. Thus, the reaction
pattern of the chitin deacetylase is completely distinct from that of a Zygomyigeteor rouxii, which
produces a chitin deacetylase for accumulation of chitosan in its cell wall.

Amino sugars are widely found in a variety of organisms information on both their possible roles in vivo and the
in all kingdoms as components of both polysaccharides andstructure-function relationships of the enzymes. However,
oligosaccharides. Most of the amino sugar residues exist aghere is a large difficulty in the structural analysis of a
N-acetylated forms; however, in some cases theyMwe  mixture of partially deacetylated products, and so far only a
unsubstitutedi—4), and some of th&l-unsubstituted ones  few N-deacetylases have been characterized in terms of
are further modified by sulfation5], acylation €), or substrate recognition.
lactamization T, 8). It has been suggested that the phenom-  Chitin, a linear polymer ofN-acetylp-glucosamine
ena result in the modification of the functions of the sugar (GIcNAc)! residues, is a component of fungal cell walls or
chains such as the acquisition of resistance from stre2ses ( arthropod integumentdl-Acetyl groups of chitin in the cell
9) and the control of their metabolism,(8). Amino sugar walls of some fungi are recognized by themselves as
N-deacetylases play crucial roles for the modification, and removable parts in the sugar chains, and two types of chitin
several kinds of them have been investigated intensively deacetylases have been exclusively investigated; chitin
(10—-18). deacetylases from Zygomycetes and those from Deutero-

The activities of amino suga¥-deacetylases are known mycetes. Zygomycetes accumulate chitosan, a highly
to be controlled by various mechanisms, such as the controldeacetylated form of chitin, in the cell walls, and Davis and
of the expression of the genes in the course of developmentBartnicki-Garcia {) hypothesized that the biosynthesis of
(19), the activation or repression of the enzyme activities chitosan of a ZygomyceteMucor rouxii, is performed
by cofactors 20) or reaction productsl@), and the control through the tandem action of a chitin synthase and a chitin
of the positions of deacetylation in substrates by the specific deacetylase; the chitin deacetylase remdveetyl groups
recognition by the enzymed1, 21, 22. Analysis of sub- of a nascent chitin just synthesized by the chitin synthase.
strate recognition by the enzymes provides significant

1 Abbreviations: GlcN,p-glucosamine; GlcNAcN-acetylp-glu-
cosamine; Glcl f-(1—4)-linkedn-mer ofp-glucosamine; (GIcNAG)
T This work was supported in part by a grant of Rice Genome Project 3-(1—4)-linked n-mer of N-acetylp-glucosamine; MALDI-TOF MS,

PR-2108, MAFF, Japan. matrix-assisted laser desorption ionization time-of-flight mass spec-
* To whom correspondence should be addressed: e-mail tokuyasu@trometry. The sequences of the partially deacetylated chitooligosac-

nfri.affrc.go.jp. charides are abbreviated as such: GIcNGICNAcGICNAcGICNAG,—
*Food Resource Division, National Food Research Institute. 4)-linked tetramer of GIcN and three GIcNAc residues, in the example
§ Saga University. the left GIcN is at the nonreducing end, and the right GIcNAc is at the
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Recently, reaction patterns of the chitin deacetylase fvbm
rouxii have been estimated, and it was found that it exhibits
a multiple attack reaction mechanism from the nonreducing
end of the substrate®1, 29. The mechanism supports a
highly systematic, processive deacetylation of the nascent 0.0 ¢
chitin molecule just after synthesis by the chitin synthase. 06 30 100 lio

On the other hand, it has been known that some Deutero-
mycetes also produce chitin deacetylases. Except for a chitin
deacetylase fromAspergillus nidulanswhich works during
its autolysis @8), chitin deacetylases of Deuteromycetes have 00 s ) i &t
been exclusively found from plant pathogens, and they are 03
secreted during the penetration process into the plant cells
(13—17). The significance of these enzymes is unclear, and
both enzymological and physiological approaches have to
be carried out in order to elucidate the significance.

We have been studying an extracellular chitin deacetylase
from a DeuteromyceteColletotrichum lindemuthianum
ATCC 56676, and trying to approach the significance of the
N-deacetylation of chitin by means of characterization of the
enzyme 7). We previously found that this enzyme can fully
deacetylate chitooligosaccharides whose degrees of poly-
merizations are greater than 3, while it can deacetylate only
at the nonreducing end GIcNAc residue of chitobio%@, (
23). However, these data only on the final reaction products
are not sufficient to estimate the reaction patterns of this

enzyme. Fraction number (2 ml/tube )

In this report, we succeeded in estimation of the deacety- FiIGure 1: Time course of the chromatogram of hydrolysates of
lation patterns Qf the chitooligosaccharides with the aid of (GICNAG), by the chitin deacetylase on é’M_Sephaﬁex (3:/_25. he
three methods: exoglycosidase digestion, normal-phasereaciion products of (GlcNAgwith the chitin deacetylase for 10
column chromatography, and MALDI-TOF MS analysis. min (a), 20 min (b), 120 min (c), 240 min (d), and 720 min (e)
According to the data, we postulated that the enzyme exhibitswere run on a CM-Sephadex C-25 column. Fractions indicated by
a multiple chain mechanism. We also introduced the conceptbars (al, b1, c1, c2, d2, d3, e3, and e4) were combined. Symbols:
of subsites in the enzyme with the estimation of the substrate(®) reducing sugar.{) gradient of NaCl.
recognition by the putative subsites in the enzyme.

Reducing sugar (mg mi-1)

incubated at 40C. Samples (1 mL) were taken from the
MATERIALS AND METHODS mixture after 10, 20, 120, 240, and 720 min of incubation
time, and the deacetylation reaction was stopped by the
Materials. (GIcNAc), and GIcN, were purchased from  addition of 0.5 mL of 33% acetic acid followed by boiling
Seikagaku Kogyo Co., Tokyo, Japan. GIcNGICNACGIcNAc- for 3 min. The sample was then desalted with an electric
GIcNAc, GIcNACGICcNGICcNACGIcNAc, and partiallyN- dialyzer (Micro Acilyzer G1, Asahikasei Kogyo Co., Ltd.,
deacetylated chitooligosaccharides which were used for theKanagawa, Japan), and an equal amount of 40 mM sodium
estimation of the properties of a normal-phase column were acetate buffer (pH 5.0) was added to it. The bufferized
prepared from a hydrolysate of partially deacetylated chitin sample was run on a cation-exchange column of CM-
(24—26). GIcNACGICNACGICNACGIcN was synthesized Sephadex C-25 (26« 55 mm) equilibrated with 20 mM
through enzymatic acetylation of GlgR7). CM-Sephadex  sodium acetate buffer (pH 5.0, buffer B), with a flow rate
C-25 was obtained from Pharmacia Biotech, Uppsala, of 20 mL h1. After the column was washed with buffer B
Sweden, and the High-Performance Carbohydrate column(90 mL), partially deacetylated products were eluted with a
(HPC column, 4.6x 250 mm) was from Waters Co., linear gradient of NaCl (82 M, 270 mL) in the same buffer.
Milford, MA. All other chemicals used were of reagent grade. Eluted sample was fractionated (2 mL each), and the elution
EnzymesChitin deacetylase (EC 3.5.1.41) frdGolleto- of the deacetylation products was detected by the measure-
trichum lindemuthianunATCC 56676) was purified from  ment of reducing sugars with GIcN as the standaf).(The
a culture filtrate of the fungus and estimated as describedfractions indicated in Figure 1 were combined, and each
(17). B-N-Acetylhexosaminidasgs{GIcNAcase) fromPyc- combined sample was desalted with Micro Acilyzer S1 and
noporous cinnabarinué=O 6139 was purified and estimated then lyophilized for further structural analysis.
as described 28). -Hexosaminidase fGlcNase) from Separation of Initial Deacetylation Products of (GIcN4c)
Penicillium sp. AF9-P-128 was a kind gift from Professor (GIcNAc), and (GIcNAg). Reaction mixture (1 mL) con-
Y. Uchida of Saga University, Japan, and the enzyme activity tained 0.5% (GIcNAG) (GIcNAc)s, or (GIcNAc) as the
was estimated as describezb{-28). substrate, 20 mM (final) buffer A, and the purified chitin
Deacetylation of (GIcNAg)for the Analysis of Reaction  deacetylase [3.7 units for (GIcNAcand 0.19 unit for the
Pattern.Reaction mixture (6 mL) contained 0.5% (GIcN4c)  others]. The reaction mixture was incubated af@dor 20
20 mM sodium tetraborate/HCI buffer (pH 8.5, buffer A) min for (GIcNAc) and for 10 min for the others, and the
and the purified chitin deacetylase (4.4 units), and was reaction was stopped by the addition of 0.5 mL of 33% acetic
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Ficure 2: Chromatogram of hydrolysates of (GIcNAd)y the chitin deacetylase on CM-Sephadex C-25. Fractions indicated by a bar (t1)
were combined. Symbols:@) reducing sugar;=<) gradient of NaCl.
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Ficure 3: Chromatogram of hydrolysates of (GIcNAd)y the chitin deacetylase on CM-Sephadex C-25. Fractions indicated by a bar (p1)
were combined. Symbols:@) reducing sugar;=) gradient of NaCl.

acid followed by boiling for 3 min. The reaction products Structural Analysis of Deacetylation Products: (a) Diges-
were desalted, and monodeacetylated compounds werdion of the Product by Exoglycanas@$e lyophilized sample
separated by cation-exchange column chromatography orwas dissolved (with a final concentration of 0.4%) in 20 mM
CM-Sephadex C-25 as mentioned above. The fractionssodium phosphate buffer (pH 6.5) withGIcNAcase (1 unit
indicated in Figures 24 (t1, p1, and h1, respectively) were mL™1, final). The reaction mixture was incubated at 37
desalted with a Micro Acilyzer S1 and then lyophilized for for 20 h, and the reaction was terminated by boiling for 3
further structural analysis. min. To half of the reaction mixture was addgdslcNase
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Ficure 4: Chromatogram of hydrolysates of (GIcNAd)y the chitin deacetylase on CM-Sephadex C-25. Fractions indicated by a bar (h1)
were combined. Symbols: @) reducing sugar;=) gradient of NaCl.

solution (final concentration of the enzyme 0.44 unitThL RESULTS

The -GlcNase digestion was performed by incubation at ) ) _
37 °C for 24 h, and the reaction was terminated by boiling ~ Structural Analysis of Partially N-Deacetylated Chito-

for 15 min. The sample digested witB-GlcNAcase or oligosaccharides.D_eacetylat!on products from a chitin
B-GlcNAcaseB-GlcNase was estimated by both normal- deacetylase fror®. lindemuthianumvere separated by CM—
phase column chromatography and MALDI-TOF MS analy- Sephadex C-25 column chromatography, and fractions
sis as mentioned below. indicated in Figures 14 were estimated by HPC column
(b) Normal-Phase Column Chromatograpfine sample ~ Separation before and after exoglycosidase digestion of them,
was run on an HPC column with a flow rate of 1.0 mL mfin ~ @s well as by MALDI-TOF MS analysis (Table 1). In our
and a mobile phase of 70% acetonitrile in water. The elution Preliminary experiments, we found a unique property of the
of the sample was detected by monitoring the refractive index HPC column in the separation of partially-deacetylated
(830-RI, Japan Spectroscopic Co. Ltd., Tokyo, Japan) and/chitooligosaccharides; the retention times of partially deacety-

or the absorbance at 210 nm (875-UV, Japan Spectroscopidated chitooligosaccharides with GIcN at their reducing ends
Co. Ltd.). shift later than those of chitooligosaccharides with corre-

(c) MALDI-TOF MS AnalysisThe analysis of the oli- sponding degrees of polymerization, while those of partially
gosaccharides was performed by a Voyager Elite matrix- deacetylated chitooligosaccharides with GIcNAc at their
assisted laser desorption ionization time-of-flight mass reducing ends are the same as those of chitooligosaccharides.
spectrometer (PerSeptive Biosystems, Framingham, MA). The property was deduced from the following compounds

The acceleration voltage was 20 kV and 2,5-dihydroxyben- With the retention times on column chromatography shown
zoic acid was used as the matrix. in parentheses; (GICNAg]6.7 min); GICNGIcNAc (6.7 min);

Deacetylation of Substrates at a Low Concentratine ~ GICNACGICN (8.6 min); GlcN (8.5 min); (GIcNAC) (9.1
reaction mixture (20@L) contained 10:M substrate, the ~ Min); GICNGICNACGIcNAc (9.3 min); GIcNGICNGIcNAc
chitin deacetylase (100 microunits), and 20 mM (final) buffer (9:3 min); GICNACGICNACGICN (11.7 min); GIcNAcGlc-

A. The mixture was incubated at 3€ for 5, 10, 15, 30, ~ NGICN (12.3 min); GIcN (12.0 min); (GIcNAc) (12.7 min);

60, 90, and 120 min. The reaction was terminated by the GICNACGICNGICNACGICNAc (13.2 min); GIcNGIcNGIc
addition of 200uL of 33% acetic acid, and the velocity of NACGICNAc (13.1 min); GIcNGICNGICNGICNAc (13.4
the deacetylation reaction was estimated by the quantification™in); GICNACGICNACGICNGICN (17.1 min); GIcNAcGlc-

of GIcN residues, as describeti7]. Kinetic parameters were ~ NGICNGICcN (18.1 min); and GlciN(17.9 min). We applied
determined with 300 microunits of the chitin deacetylase after the shift in the retention times for the estimation of the
the data were fitted by linear regression. The absorption Samples shown in Table 1. According to the analysis data,
coefficients of the purified enzymes were predicted according the structures of all the reaction products could be deter-
to the following equationAzsonm= [5800(no. of tryptophan ~ Mined.

residues)t 1390(no. of tyrosine residues)]/(molecular mass  Deacetylation of Chitooligosaccharideghe chitin deacety-

of the protein). lase fromC. lindemuthianums known as an enzyme that
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Table 1: Structural Analysis of Partialld-Deacetylated Chitooligosaccharides

estimation of the product

no. of GlcN shift of the after exoglycosidase digestion
residues deducedetention time of ) 2)
by MALDI-TOF  the producton f-GIcNAcase further$-GlcNase
samplé MS analysis HPC column digestion digestion determined structure (rafio)
al, bl cl 1 - 2 mer [1] GIcN, GIcNAc GIcNAcGIcNACGICcNGIcNAc
c2,d2 2 - 3 mer [2] GIcNACGIcNGIcNGIcNA
- 4 mer [2] 3 mer [1] GIcNGICNACGICNGICNA [60/40 (c2)]
d3, e3 3 + 3 mer [3] GIcN GIcNACGIcNGIcNGIc
- GIcNGIcNGIcNGIcNAg [20/80 (d3)]
e4 4 GlcN
t1 1 + GIcN, GlcNAc GIcNAcGIcNAcGlc
- 2 mer [1] GIcNACGIcNGIcNA( (28/50/22)
- 3 mer [1] GIcNGIcNACGIcNA
pl 1 - 2 mer [1] GIcNACGIcNACGIcNACGICNGIcNA (42/58)
- 3 mer[1] 2 mer [0] GIcNACGIcNACGIcNGIcNACGIcN
hl 1 - 2 mer [1] GIcNACGIcNACGICNACGICNACGICNGICNA
- 3 mer[1] 2 mer [0] GIcNACGIcNACGICNACGICNGICNACGICNAE (28/28/43)
- 4 mer [1] 3 mer [0] GIcNACGIcNACGIcNGICcNACGICcNACGIcN

a See Figures 4. ® The degree of polymerization of the product was estimated by analysis with an HPC column. The number of GIcN residues
deduced by MALDI-TOF MS analysis is indicated in brackétShe ratio of each product was estimated according to the peak area on the
chromatographic profile on an HPC column.

can deacetylate (GIcNAgand (GIcNAc} much faster than
(GlcNAc); and (GIcNAc) (17) and that can fully deacetylate
(GlcNAc), into GlcN, (23). For the purpose of investigating
the deacetylation mode by the enzyme, the order of the
deacetylation was determined with (GIcNA@s the sub-
strate. Figure 1 shows the chromatographic profiles of the
deacetylation products of (GlcNAn CM-Sephadex C-25,
and combined fractions termed al, bl, c1, c2, d3, e3, and
e4 containing deacetylated products were analyzed (Table
1). After a 10 min reaction, a monodeacetylated product,
GIcNAcGIcNAcGIcNGIcNAc, was exclusively produced,
which indicates that four GIcNAc residues in (GIcNA&ye
rigidly recognized in the enzyme. Then we tentatively
deduced the subsites for the four GIcNAc residues-as

—1, 0, and+1, respectively, from the nonreducing end to

the reducing end, and thé-acetyl group in the GIcNAc . .

. . . . Ficure 5: Pathways for the conversion of (GIcNAGhto GIcN,
residue settle;d at subsite 0 is gxcluswely deacetyl'at'ed fromby the chitin deacetylase. Symbol)(GIcNAC residue; @) GIcN
(GIcNAc),. Figure 1 also implies that no processivity for residue.

the deacetylation can be found and that (GlcNAs}R more

preferable substrate than GICNACGICNACGICNGICNAc. The products of (GIcNAc) were also as predicted, which also

time course of the deacetylation reaction indicates that somesupports the hypothesis. No processivity was found, although

pathways for the conversion of (GIcNAdhto GIcN, exist some of the deduced dideacetylated products were produced.

(Figure 5). Thus it is strongly suggested that the chitin deacetylase
Initial Deacetylation Products of (GICNAg)(GICNAc), possesses four subsites as deduced above and exhibits a

and (GIcNAc). Figures 2-4 show the chromatographic multiple-chain mechanism for the deacetylation of the

profiles on CM-Sephadex C-25 of the initial deacetylation substrates.

products of (GIcNAg), (GIcNAc)s, and (GIcNAc), respec- Deacetylation of Substrates at a Low Concentratibne

tively. The initial products from (GIcNAg)were a mixture deacetylation rates of the substrates at A0D[about twice

of three isomers (Table 1), suggesting that no rigid recogni- the concentration df, values for (GIcNAc) and (GIcNAc)]

tion of the trimer by the enzyme exists. As for (GIcNAC)  were analyzed (Figure 6), and the initial deacetylation rates

the initial products were as predicted according to the data for (GIcNAc), and (GIcNAc} were comparable. Under these

of (GIcNAc),; two products can be produced by the recog- conditions, (GIcNAc) was not significantly deacetylated,

nition of the substrate by the four deduced subsites of indicating that no detectable deacetylation can be observed

the enzyme as underlined, respectively; GIcCNAcCGIcNAc- when less than three subsites are occupied by the substrates.

GIcNAcGIcNAcGIcNAc and GIcNAcGICcNAcCGIcNAcGIc-  We found that the positioning of a GlcN residue instead of

NAcGIcNAc. No processivity was found in the course of a GlcNAc residue at subsitel or+1 does not significantly

the deacetylation of (GIcNAg) The difference in the ratio  affect the deacetylation rate nor the kinetic parameters (Table

of the two products was of little significance (42:58, Table 2). On the other hand, the positioning of a GIcN residue at

1), which supports the hypothesis that the number of sub- subsite—2 significantly decreases the deacetylation rate, as

sites for recognition of the substrates is four. The initial well as thek../Kn, value.

~ T
\ /OOOO
e __X_ _6©O
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207 (32—34). Davies et al. 5) proposed a unified nomenclature
—é 187 for sugar-binding subsites in glycosylhydrolases; the subsites
CERLE are labeled from-n (at the nonreducing end) tbn (at the
£ 143 % reducing end), and cleavage occurs between-thand+1
& 123 sites 85). In this report we have modified this nomenclature
g 12_5 ¢ for its application to the chitin deacetylase by adding an
g 6_§ additional subsite, 0. Thd-acetyl group of the sugar residue
2 e at subsite 0 is removed by the enzyme. A small difference
% 5 can be seen in the ratio of the initial deacetylation products
7> = i S S— with (GIcNAc)s and (GIcNAc) as substrates (Table 1). There
0 20 40 60 80 100 120 is a small preference for cleavage of the thik@cetyl group
Reaction time (min) from the nonreducing end over any othHévacetyl group.

FIGURE 6: Time course of deacetylation of (GlcNAcknd One possibility for the preference is the direction of access
monodeacetylated (GlcNAgjerivatives by the chitin deacetylase.  of the substrates; whether the substrates are apt to access
The initial concentration of each substrate is 1M0. Symbols for the enzyme from their nonreducing ends or their reducing

ﬁfsglitl\el:::g ’()GglﬁﬁggéE)Nglch%‘ﬁc(l\ﬁceE’;‘g:g“ﬁgg:ﬁ ends may affect the ratio. According to the data of the initial

NACGICNACGICN: (a) (GIcNAC)s. deacetylation products of (GIcNAg)t is suggested that the
binding of the substrate at two subsites<{@,) or three [(2,
Table 2: Kinetic Parameters of the Chitin Deacetylase for —1,0) and (-1, 0, +1)] is enough for the enzyme to work
Oligomeric Substrates for catalysis. Previously we have found that the enzyme
K Keat Keal Ko cannot deacetylate GIcNAc and exclusively produces
substrate @M) () (uMisTy GIcNGIcNAc from (GIcNAc) (23), indicating that neither
(GIcNAC)s 699 531 0.760 binding at only one subsite at position 0 nor at the two
(GIcNAC), 81.6 53.1 0.651 subsites {1, 0) is enough for the catalysis, while binding
GIcNGIcNACGIcNACGIcNAc 307 22.7 0.0739 at the two subsites (G1) is enough. The deduction of the
GIcNACGIcNGIcNACGIcNAc 814 57.5 0.706

subsites suggests that the settling of the parts of substrates
at either subsite-2 or +1 is essential for the deacetylation
reaction.
DISCUSSION At a low concentration (10QuM), GIcNGIcNAcGIc-
Judging from the structures of the initial deacetylation NAcGICNAc could be relatively slowly deacetylated com-
products of (GIcNAc), we estimated the mode of action of pared to other monodeacetylated (GIcNAderivatives,
the chitin deacetylase fro@. lindemuthianunas a multiple- which have similar rates to (GIcNAg)as the substrate.
chain mechanism, contrasting with the results of the chitin According to the data, we estimated that only subsit
deacetylase fronM. rouxii, which deacetylates substrates strongly recognizes aN-acetyl group in a-glucosamine
with the mode of a multiple attack mechanism from the residue. This is the first report referring to the preference of
nonreducing endQ). The difference in the reaction modes amino sugar residues at each subsite in the enzyme. In this
between these two deacetylases can be also observed in thetudy, we elucidated two crucial properties of the chitin
deacetylation products of (GIcNAchy each enzyme; the deacetylase; the reaction mode of the multiple chain mech-
former gives six major products derived from one initial anism and the preference of the GIcNAc residue at subsite
deacetylation product, GICNAcGIcNACGIcNGIcNAc (Fig- —2, which significantly affects the distribution of the
ure 5), with some pathways toward GlgNvhile the latter deacetylated parts in the deacetylation products of chitin. It
gives only four products, all of which are processively is postulated that the position of the first attack of the enzyme
deacetylated from the nonreducing er&2)( Although the on the polysaccharide chain restricts the position of the
amino acid sequences of both enzymes have already beesecond attack (because a GIcNAc residue at the second
determined with some homologous parts between eachneighboring site in the direction of the reducing end side
other @0), the three-dimensional structures of both enzymes from the first deacetylated GIcN residue is less preferable
have not yet been elucidated, which can be clues for analy-for the further deacetylation by the enzyme), which could
sis of the difference in the reaction modes. Recently we promote the production of a deacetylation product with a
established a novel method to obtain a highly active re- well-dispersed distribution of free amino groups.

GIcNACGIcNACGIcNAcGIcN 87.0 58.7 0.675

combinant chitin deacetylase froth lindemuthianunin the From the viewpoint of the plant pathology, chitin deacety-
culture medium ofEscherichia colicells, which will ac- lases from Deuteromycetes are known to be secreted during
celerate the analysis of the structure as well as the mechanisnthe infection process. It was also reported that less chitin in
of catalysis 81). the cell walls of C. lindemuthianumduring the initial

In this report we have deduced four subsiteg, to +1, infection process could be detected by use of a lectin wheat

involved in the recognition of substrates by the chitin germ agglutinin as a cytochemical prol&&), implying that
deacetylase fron€. lindemuthianumand no evidence has chitin deacetylases may be involved in the deacetylation of
been found that more than four subsites exist in the enzymechitin during the infection. The difference in mechanism of
according to the analysis data of the deacetylation productschitin deacetylases fror@. lindemuthianunand M. rouxii

of (GIcNAc)s and (GIcNAc). The subsite concept in  may be related to the former being a plant pathogen and the
glycosylhydrolases was originally proposed for putative latter a saprobe with chitosan as major wall component. The
sugar-binding sites in the catalytic domains, and it has role of the chitin deacetylase in the fungus/plant interaction
promoted a better understanding of the reaction mechanismgemains to be elucidated.



Recognition of Substrates by Chitin Deacetylase

ACKNOWLEDGMENT

We are grateful to Professor Yasushi Uchida for gift of
p-GlcNase, Dr. Yuto Kamei and Dr. Hideki Harada in
Marine and Highland Bioscience Center, Saga University,
for help in mass-spectrometry analysis, and Mr. Hidehiko
Morita for his technical assistance. We also thank Dr. Shioka
Hamamatsu for useful discussion and Dr. David Dibben for
a critical reading of the manuscript.

REFERENCES

1. Davis, L. L., and Bartnicki-Garcia, S. (1988)ochemistry 23
1065-1073.

2. Araki, Y., Nakatani, T., Nakayama, K., and Ito, E. (1972)

Biol. Chem. 2476312-6322.

Reissig, J. L., and Glasgow, J. E. (19701)Bacteriol. 106

882-889.

Hirose, S., Ravi, L., Hazra, S. V., and Medof, M. E. (1991)

Proc. Natl. Acad. Sci. U.S.A. 88762-3766.

Thunburg, L., Backstorm, G., and Lindahl, U. (19&3rbo-

hydr. Res. 100393-410.

6. Lerouge, P., Roche, P., Faucher, C., Maillet, F., Truchet, G.,
Prome J. C., and Dearig J. (1990)Nature 344 781-784.

7. Warth, A. D., and Strominger, J. L. (197Bjochemistry 11
1389-1396.

8. Mitsuoka, C., Ohmori, K., Kimura, N., Kanamori, A., Komba,
S., Ishida, H., Kiso, M., and Kannagi, R. (199)oc. Natl.
Acad. Sci. U.S.A. 961597-1602.

9. Christodoulidou, A., Bouriotis, V., and Thireos, G. (1996)

Biol. Chem. 271314206-31425.

Wei, Z., and Swiedler S. J. (1999)Biol. Chem. 2741966~

1970.

John, M., Rohrig, H., Schmidt, J., Wieneke, U., and Schell, J.

(1993) Proc. Natl. Acad. Sci. U.S.A. 9625-629.

Araki, Y., and Ito, E. (1974Biochem. Biophys. Res. Commun.

56, 669-675.

Kauss, H., Jeblick, W., and Young, D. H. (1982ant Sci.

28, 231-236.

Siegrist, J., and Kauss, H. (1998hysiol. Mol. Plant Pathol.

36, 267-275.

Deising, H., and Siegrist, J. (1999MS Microbiol. Lett. 127

207-212.

Tsigos, I., and Bouriotis, V. (1993) Biol. Chem. 27026286~

26291.

3.
4.
5.

10.
11.
12.
13.
14.
15.
16.

Biochemistry, Vol. 39, No. 30, 200B843
17. Tokuyasu, K., Ohnishi-Kameyama, M., and Hayashi, K. (1996)
Biosci. Biotechnol. Biochem. 60598-1603.
Alfonso, C., Nuero, O. M., SantarfeyF. and Reyes, F. (1995)
Curr. Microbiol. 30, 49-54.
Christodoulidou, A., Briza, P., Ellinger, A., and Bouriotis, V.
(1999) FEBS Lett. 460275-279.
20. Pettersson, I., Kusche, M., Unger, E., Wlad, H., Nylund, L.,
Lindahl, U., and Kjella, L. (1991)J. Biol. Chem. 2663044~
8049.
Martinou, A., Bouriotis, V., Stokke, B., and Varum, K. M.
(1998) Carbohydr. Res. 31,171—78.
Tsigos, l., Zydowicz, N., Martinou, A., Domard, A., and
Bouriotis, V. (1999)Eur. J. Biochem. 261698-705.
Tokuyasu, K., Ono, H., Ohnishi-Kameyama, M., Hayashi, K.,
and Mori, Y. (1997)Carbohydr. Res. 303353—358.
24. Ohtakara, A., Matsunaga, H., and Mitsutomi, A. (198@jic.
Biol. Chem. 543191-3199.
Mitsutomi, M., Isono, M., Uchiyama, A., Nikaidou, N.,
Ikegami, T., and Watanabe, T. (199Bjosci. Biotechnol.
Biochem. 622107-2114.
Mitsutomi, M., Ueda, M., Motoo, A., Ando, A., and Watanabe,
T. (1996) inChitin EnzymologyMuzzarelli, R. A. A., Ed.)
Vol. 2, pp 273-284, Atec Edizioni, Grottammare.
Tokuyasu, K., Ono, H., Mitsutomi, M., Hayashi, K., and Mori,
Y. (2000) Carbohydr. Res. 325211-215.
28. Mitsutomi, M., Ohtakara, A., Fukamizo, T., and Goto, S.
(1990) Agric. Biol. Chem. 54871—-877.
Imoto, T., and Yagishita, K. (1978gric. Biol. Chem. 35
1154-1156.
Tokuyasu, K., Ohnishi-Kameyama, M., Hayashi, K., and Mori,
Y. (1999)J. Biosci. Bioeng. 87418-423.
Tokuyasu, K., Kaneko, S., Hayashi, K., and Mori, Y. (1999)
FEBS Lett. 45823—26.
32. Hiromi, K. (1970)Biochem. Biophys. Res. Commun, 266.
33. Thoma, J. A,, and Allen, J. D. (197&arbohydr. Res. 48
105-124.
Hrmova, M., Garrett, T. P. J., and Fincher, G. B. (1995)
Biol. Chem. 27014556-14563.
Davies, G. J., Wilson, K. S., and Henrissat, B. (1idthem.
J. 321, 557-559.
O’Connell, R. J., and Ride, J. P. (199h)ysiol. Mol. Plant
Pathol. 37 39-53.

BI0005355

18.

19.

21.

22.

23.

25.

26.

27.

29.

30.

31.

34.

35.

36.



