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SUMMARY

I. Improvement for chitinase properties and cloning

of chitin deacetylase

1. DNA shuffling and domain shuffling

A total of 5500 transformants were obtained. By primary screening,
9 candidates out of 35 positive clones were screened for further study.
One clone with high chitinase activity (Chi2-389) and one clone with
thermostable chitinase activity(Chi2-33) were obtained. The alkali-resistant
chitinase was similar to the wild type chitinase. Mutant Chi2-389 showed
higher specific activity than the wild type chitinase by 16%. The optimum
temperature of the mutant Chi2-33 was 50C and was similar to that of the
wild type. However, the thermostability of the Chi2-33 was higher than
that of the wild type by 18%. The mutants Chi2-33 and Chi2-389 showed
no change in the molecular weight of the enzyme, suggesting no internal
cleavage or modification of terminal regions of the enzyme.

Domain-shuffled mutants were obtained by substituting ChBD with
CBD and XBD. Most of the enzyme existed in the internal region of the
cells. Chi40, a mutant lacking ChBD, showed only slight enzyme
activity. This phenomenon seemed to be the result of the differences
of CBD and ChBD in their affinity towards colloidal chitin. The enzyme
with CBD and ChBD in series showed higher affinity towards the
substrate than the enzymes with CBD or ChBD. XBD was less effective
than CBD.

2. Consturction of cDNA library and isolation of chitin deacetylase

clone

The molecular weight of the mRNAs obtained from Rhizopus
microsorus var. oligosporus were 0.5 ~ 25 kb. A primary cDNA library

of 870,000 was constructed by introducing cDNA synthesized from the



mRNA into ZAP Expression vector. Based on the sequence of the chitin
deacetylase gene of Rhizopus oryzae, three probes of ca. 30 bp were
prepared. When hybridization was preformed with the probes, no
positive clones could be obtained. A total of 25 positive plaques which
hybridized to the antibody were obtained using a immunoscreening Kkit.
Of the 25 positive plaques, 2 chitin deacetylase-producing plaques
were screened. The plagques with chitin deacetylase activity were introduced
into E. coli XLOLR. Chitin deacetylase activity was detected in the
periplasm and cytoplasm of the cells, but not in the culture supernatant of
the culture broth.

The cDNA in RCDA-1 with high chitin deacetylase activity had an
ORF of 1,308 bp encoding a protein consisted of 435 amino acids. The
molecular weight of the protein was expected to be 48000 Da.
Considering the molecular weight, 60 kDa, of the protein determined by
activity staining of the protein, the protein is thought to be a
glycoprotein. The similarity of the protein to other fungal chitin
deacetylases were less than 69%. The enzyme had a conserved amino

acid sequence in the middle region of the protein.

3. Introduction of the chitin deacetylase gene into Bacillus sp. and its

expression

Vector pWB705 was used for the introduction of the gene into Bacillus
sp. The vector was partially digested with EcoRI and the chitin deacetylase
cDNA was ligated with the vector that had been cut at the interior of
SacB SP. The competent cells of Bacillus subtilis WB700 and WB800 was
transformed with the Iligated DNA. The culture supernatant of the
transformant B. subtilis WB&00 (pRDARK3) showed an enzyme activities of
0.45 U/m¢ which is 6 times higher activity than that of the Rhizopus
microsorus var. oligosporus.

B. subtilis WB800 (pRDA83) was grown for 12 h and the culture
supernatant was electrophoresed. The activity staining of the gel revealed
an active band of 60 kDa. The result indicated that the chitin deacetylase
gene of Rhizopus microsorus var. oligosporus was expressed in the

transformant.
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II. System for improvement of control efficacy against plant

diseases using chitinase, chitin- and chito—oligosaccharides

1. Selection of chitin deacetylase producing strain and its enzymatic

characteristics

Rhizopus microsporus var. oligosporus (KCTC 6969) was selected as
a chitin deacetylase producing strain from 60 strains. This strain
showed best growth on 25 C, and enzyme producing ability was better
in PDB than in YPG. The enzyme production reached at peak after 5
days incubation when solution of 10° spore/ml was inoculated, and after
3 days incubation when solution of 10° spore/ml was inoculated. The
enzyme was not induced by chitin and chitosan. This strain grew
slowly on the chitin agar plates and did not produce -chitinase This
strain produced two chitin deacetylases with molecular weight of
60-kDa and 45-kDa. The enzyme activity was best in 60 C and pH
7.0.

2. Antifungal activity of chito—and chitin-oligosaccharides and chitinase

against plant pathogens and their preparation.

The antifungal activity of chito- and chitin-oligosaccharides and chitinase
was investigated with plant pathogens; Botrytis cinerea, Cladosporium
sphaerospermum, Cladosporium tenuissimum, Alternaria panax,
Colletotrichum gloeosporioides and Fusarium oxysporium. The antifungal
activity  against the  plant  pathogens  was  specifically  high in
chito-oligosaccharides as compared with chitin-oligosaccharides. The activity
was also specifically high in pentamer and hexamer of
chito-oligosaccharides. The hexamer showed higher antifungal activity

against B. cinerea, C. sphaerospermum and C. tenuissimum  with EC(50)

_11_



values of bppm than A. panax, C. gloeosporioides, F. oxysporium with
EC(50) values of 50ppm. The EC(50) values of chitinase were 20ppm
for  Cladosporium  sphaerospermum and Cladosporium  tenuissimum,
200ppm for B. cinerea and more than 2000ppm for F. oxysporium.
Degradation of crystal chitin by purified chitinase started to be detected
after 1 hour incubation, and most pentamer and hexamer were detected
after 6 hours incubation. The chitin deacetylase showed best activity in
the hexamer as a substrate, and followed by order of pentamer and
tetramer. However, the activity was very low in trimer and dimer. The
activity in the glycol chitin was a half level as compared with that in
pentamer, but the activity was very low in colloidal chitin and crystal
chitin. These results suggest that it is better to convert chitin into
chitin-oligomers with chitinase, and then to convert the chitin-oligomers

into chito-oligomers with chitin deacetylase.

3. Large-scale production of antagonistic bacteria and chitinase, and

stratigies for improvement of biocontrol of plant disease.

Previous experiments suggested that culture of chitinolytic bacteria
in chitin media may lead to produce chitinase and -chitin-oligomers as
well as the bacteria, and also chito-oligomers by addition of chitin
deacetylase. These culture solution may show better control efficacy
against plant diseases. In this study, system for large-scale production
of these culture solution was established and their control efficacy was
investigated. In control of Lysobacter enzymogenensis and
Chromobacterium sp. strain C-61 against powdery mildew of cucumber,
the control efficacy was better in culture solution of two strains than in
that of a single strain, in the culture solution than in suspension of
bacteria cells alone. The control efficacy of the culture solution more

increased by addition of chitin deacetylase. In the vinyl house

_12_



experiment, control efficacy of the culture solution against powdery
mildew was largely affected by environment of spray timing. The
undiluted and 1/10 diluted solution of the combined -culture solution
showed high control value more than 90%, which were superior to
commercial biocides. This culture solution also showed good control
efficacy against leaf mold and powdery mildew of tomato, and
root-knot nematode of cucumber. It is expected that this culture
solution may be used by many farmers because it can be simply

prepared with low cost.
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v, A &el2 chitin deacetylase: 7|8l&gngdo] olAEE =

AAGARE AA4 71l dgk ok 7= & AAATNA Habe= Ao
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2 4EA Qo mEbA, dA] o] &Ha e 7IEANY UFEES &
Ao olsfA TEIIA L i, IEZFH TS chitosanasedE
ol o

AEare] Baol oA doelt AT Bo] o|FoA 1 I

AC)

o
oo MY
o

(]

[:CI NaOH 9 | E/d_ Chitosanase 9 | E% al _D%I'

(Chitin deacetylase)

- 2 ATedME ATIe 22 JE->IEA > EEEa
ofygl 7Iel--—>7d &> ESe 1T ]ia‘—% ol-gstel 3t
th. = chitinases o] &3t 7IH S
deacetylase® o] &3to] 7|6l&glidsS 7]|E

ct.

oft
i

T,
o,

9 | g Chitinase. 9 | g%al Jj_%l' Chitin deacetylase 9 | E%a 1%;

- o] A41E 9= @ chitinase AAF *F &2 AA|H chitinase, @
chitin deacetylase AAtt5 &2 AHAE chitin deacetylase’} I &

3.

- Chromobacterium sp. strain C-612% ¥ chitinase FAAE F2Y
skl E. coliol Al A4S 4 e A"l (2 A" o] sd)o] olm] g
HE P, ¢o 7= chitin deacetylase FHAE F2Y 39 Bacillus

sp.ol A Ak = 9l Alawlo] F st
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T

ok

HMH2%d =d-2 7ls/id ¢

r

1) FAA AP 93 chitinase EF 2 54 ¥

7h) EF A7

- 9]=o A chitinase FHA= AE, 25, %], A, Hiolgl~ T
thorst AERRE Zay 9 (3, 6, 8, 17, 30, 32, 33, 51, 53,

57, 64, 67).

- I A% chitinase {HA= Serratia marcescens (14), ¥ (39)
ToRYEH F2Y HAT

- Chitinase #+A#¢] 7%, promoter, signal peptide, chitin-binding
domain (ChBD), catalytic domain 59 7% % 7|& T A3
(16, 19, 56, 63, 65, 66, 69), °ol5 FAAE AEd =9, THAA
HalZAdA AEs vtes A7 Bol s A (12, 28).

W) & d7E

- Chromobacterium sp. strain C-61Z%FE H1EHx &L AN=EE
chitinase FA2AE F=24Y3te] FHAS promoter, signal peptide,
ChBD, chitinase active site %9 T% % 7]5S E43A
(1999-2000, 3tz 7 -&g<d ).

- chitinase &A=}l cellulose-binding domain (CBD)9] &7}
site-directed mutagenesis®] <]3%+ chitinase A2 7}, chitinase
FAXS Trichoderma harzianum®| =9, 2dS S50
(1999-2001, &9 7] 7dA).

- Alit CBDE B-glucosidasedl &°]AY, Al endoglucanase2] CBD
£ T3] CBDE X3} (25)3l= & cellulase®t xylanase fAAE W

st 54 H Aol ¥gH §4AE IS F U HAFES FdsAT

(2000-2004, &8} AT B4 7) 2 ),
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o) dA7lsE e o

- DNA shuffling % (11, 15 49, 55)< N-carbamylase®}
D-hydantoinase®] fusion &4 (24) Teol &3t dAdAdY T3, &
224 T 46), 71EA8AY S7F did 54 S, Ady S3
(29) 59 W3zlE Ao} chitinase FAAANA FP3 A4 Ay=
el oz glak (£ 1.

- Domain shuffling (18, 23, 25)°A AAE &olat7] 9 WHo
chitinasedl CBDE H#7s Aldle o ChBDe] HA<=o]

xylan-binding domain (XBD)Z 2]

At

sulele] ol4 glo,

shuffling & ©] &3k Ald]

23 59 domain shuffling

Q

a o

o

subtilisin E
p53e] WA ww2lo] Wy

catechol 2,3-dioxygenase

o|\
>,

cephalosporinase family gene

aspartate aminotransferase

atrazine chlorohydrolase

A4t cellulose-binding domain (CBD) X] 3}
e B

N-carbamylase®} D-hydantoinase?] fusion &4

biphenyl dioxygenase
coaulation factor X9 N-Zw3} trypsin®] N-g

)

2

XH 65]

=g A%
A

4 DNA-binding domain®]

4 = 4

ul
b [}

i

71E AskER 450 of
)

BEA

=
[6) o O

71
Hr e s
cellulase WHo|AZ 4+ cell surface display

7p

phage display A

v}

H
© H

_26_



2) chitin deacetylase 329l 2249 2 Bacillus sp.ol =¢ 2 23d

7 B A7

- chitin deacetylases= Mucor rouxii (20, 62), Absidia coerulea (13),
Aspergillus nidulans (2), Colletotrichum lindemuthianum (58, 60)
9 Saccharomyces cerevisiae (34) EFE ET, AALHJL, M.
rouxii (21), C. lindemuthianum (59) % Saccharomyces cerevisiae
9, 36) =254 fFHA7E 293

- chitin deacetylase= WA w F 712 o9 = Aoz o4y

HE Astdstrl Sk

ulsla (10), A=W AT Colletotrichum lindemuthianum-s A4

o] 719ls gotAdAlA A Eo] Wolwg& AT flete] #H]e

Ao w AAEHAT (35).

- FUel A= ob2 Baiw A eFkth

f
o
ol

fr

Ak, & Saccharomyces cerevisiae= A3E

W) frls/dE e F ok rE
- 2 7z FFolo|A FART FRYEHAA T Ao A o] AAA EL
ob#] FyEo] A Frh

3) I AEA JHAFEAY AL

7h B A7l

- 7R B2 VESYuEe Y ¥ o WA InE
A2 S elell A el Bais vk (37, 38, 47, 43).

- sebA gl gl Wl % 71" % T Esnde] £3 dd
& el Basdy 4, 7, 22, 70).

- JIEARS o] 8% EvtES] A4S FH B AFEit 5o oA

et Aol ojai A a3 w )l

ofr
IR
rlo
2

b @71 g el H Ry

A

_27_



)

R

o

]

o

o))
%.%u

ali]

m,.o
_wo
A

T

!

7h) EF A7

3

ild

el
e

—_

0
H

nMO

0

o
N
o
i
ol

cel

1w

=03

7], EnlE

o] 22}l of] A

=

)= Cornellt]stul, W]
A=)

el w7 Sl elel A B

Fotel,

2 BauHEAn (50).

s

=1
=

a7 Advanced Genetic SciencesAl, MonsantoA}

At (4, 5, 40-42, 54).

B a7k o

- EAE olgale] Bl ul

W)

uie)

o

g
el

i

R

=
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fi%e)

N

A TE (1999-2001, & 7] & A).
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2. Alg ¥ Wy
7F @484 2 EAo] WElE chitinase wAxe] s

1) DNA shuffling

Chitinase A A2 error-prone PCR Z 9z EdwWolE A7 F
FrHolAES FolWlal, o]E=HFE DNAE 3t 224 2% DNase I
(or AFEL)E A2 F PCRY 9ste] A2 S recombinant library
E Atk o]mREH gFHelAlE Addedith

il

7}) DNA shuffling

Shuffling "k W FAARE  AGIE  Zdoln s A&E]
error-prone PCRES 33to] ¥tk Taq DNA polymerases AH&3to] &
A primergS &33le] 25 cycles 38R ¢F 5 pg9 DNAZE DNase I
o= ek 50-200 bp 2Z4ES WVFEez I F Ztolr gle] 60
cycle?] PCRZ DNA 5 #Ax3F (reassembly)dtitt. Z3d AAHES 50
vl = BlAste] Zgpolm & Abgste]l sk A7]e] PCR AM=E& Ut
ol uf ARgdh= Zelolm = AF AREE Zefolm o] ¢HE FEo] DNAC 2%
StEE AAFAT AV FoR AES g & HA F F s
Aga sz s ol& pUCI9l ZAdA I o9 JdAHE a8
2] 3} electroporation W & E. coli DH5aol & 2 A 3k3}9) o}

) o)A Ak
HAANFES 50 pg/ml ampicilline] E°{dE LB HAujA]o] =3k

T, 37C oA 24 AR wjGFE &, ¢ W SR JEASFES 9 Fa
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2 Aus $5uAE Rt

2) Domain shuffling

Chitinase @ #to] ™t A A A A= Watanabe groupol 2J& o] Fof
A gk ©o|5< Bacillus circulansolAl A, C, D Al Z#/9 chitinaseZ
SDS-PAGE®Z ¥913&}3, I ¥ chitinase A7} key enzymeol™ C-=tho
chitin-binding domain (ChBD)¢] &Ajstil &S ¥tk 53] ChiDe N-
ekl 1/33 ChiAel C-2dk 1/3¢] =& AeAdS Hola Ak + 49
7ol gk Hstee] wus F8 ChiAe]l C-¥93 ChiDe N-2do]
ChBD?l AS <A HAh o]9} Z9] binding domain® $ X chitinase?l]
g e Rez yelyx grk 3 ChBD+  celluloseW  xylanase?]
binding domain¥ @7]ADelA FAG FAow B 9tk cellulose-
binding domain (CBD)& sttt t] £¢] double CBDZ YHERS W affinity
7b Z7hg el Hawa 9tk

B AFEL HE Chromobacterium sp. strain C-6125F¥ X F71#] H
AEA G A= chitinase FHAE EElste] AVIMES AAsEATH
o] fAAE 1611 bpe F71%, 26709 ofv]w=Ate 2 ¥ signal sequenceZ
Aol 51070¢] oppmAito R PRI, o dE = EAEe] 546 kDa, pl
e 877°1Q¢. N-Edto] ChBD, C-Z¥tel] catalytic domain (37<]
chitinase active site) s°] &Ast= ZAo®E FAHAT (L), 2 AT
A= chitinase fFAAFolA N-geh 5§97 2% deletion mutantE Y&
wild type &4 HlwgogM o] F9je 7]5s uofstarzt shlth HEgh
B oa3gde =d ARE endo-B-14-glucanase, xylanase, cellulase ¥ B
—glucosidase 5 cellulose #3] &24 systemol] 3 d#Ho AF=ES AHAFHo
2 Fsieoa Ytk (25, 26, 27, 46, 52). E3] cellulose-binding domain
(CBD)ol "igk 15 T3 #39]9 exoglucanaseo| 91+ binding domain
Aoz %A =2 binding affinityS 2Z'E hybrid endonucleaseE H.iL
vh Q3 (25), FH o= Clostridium thermocellum® xylanase (XynX)e
AR Fx29 7 BYS E3le] d9-dA domain®] xylan binding domain

(XBD)¢l 7ls& = AS Basdu (62). dA A5 AAE chitind}

o

<
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cellulose—binding domain®] o] WA A Ho BH]3Eo] chitinased] ©]
£ CBD% XBDE H#7kA17131 X 3kA]A binding affinity®] W3}, 12l
Zi—fﬂ?*_’} e VA 5o Wl 58 Ay R gt

7}) ChBD% CBD Hi= XBDZ 9| %%

CBDs¢t XBDsi= &axob 7]dAbo] o] d2a8s S7MA =84 714
o] 7k E =tk CBD9 XBDE el ol 4% F4clA binding
domain®] chitinZ} celluloseE THE3A FEot= HE EUZR, Trichoderma
viride exoglucanase?] CBD9} XynXe] XBDZ ChBD ¥¢2¢ 97| d¥
g5ttt o]E 93] overapping PCRS %3] hybrid genes WESITH =,
2123 primerE designdle] 3 rounds® PCRE 33} chitinased N-%
ol $1X A AT

) 29 9 AA
}1\:| H

A7 gle 2aE ddsidt. AY DNAE T+%

wg o] Ad F9lo ligationd + U+ AFEAF97E FA

& ¥4, PCR&GH PCRAMES Algtas= dAuste] dA7|ds & sk

1‘
o
-}
Z
>
r
o)
&3]
—
2
4
A
ol
2
&
=
il
rlr
2
A
it
-}
Z,
>
=
lo,
2
o
fol

DNAZE =, pET system manualel wz} ligationdtil competent E. coli
A3at ATt kanamycin Bl Aol A A AE FEELS chitinase AR
of Eo]#el primergE ©| &3 colony PCRE 3 & Auragivt Aurw

- hl
2o Ry FgAvEE 83t expression E. colidll 333N

th WelA 'EaEe] AA

A7 A Aol FEEEHFE pET system manualol] ¢3ste] gaze

2y, AAsle] g Asr 2 chitin £38]% 9, chitin £l &2 &4, pH
2 oexo dgh g4 &4 9 ok, g4 A E plgh chitin &3

2bE, gdEde Ajtsd 58 ARSI 53 Ed Tl Ak
chitinase®} E. colilA AAr"  chitinase?] EA, E  coli®] A XU,

periplasm, AM3E%roll 1= chitinase®] %, &4 2 5A, EdTFoA ALt
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F chitinase?} Wo] & AAH chitinase FAAEo] A chitinased]

24 2 54, 7 clonee] AAF wuHe] tyBAd UF A¥FY 52

3) Chitinase?] #32], AA € &4 =4

7} Chitinase F+325 A E. coliol 41 <] chitinase A4t
w2 Lol A o] 71’ #elle 22 colloidal chiting -3 1/2 LBwiA|
ol & % 37°C, 54zt wigste]l /¥ halo zoneo A7|E oA E
w9 273 vwskgth Chitinase A4 582 LB, TB %2 1/2
LB+7|’l wjAlol Al wjF = wid Aol oA Aozl AT el
i gt chitinase &4 02 43T

1}) Chitinase &4 =4

(1) 4-MU-(GIcNAc):ol 3t chitinase &4 : Microplatee]l 0.1 M
NaHPOs,~ NaH:PO; (pH 7.0), €4 2 7]&d ¥, 37°ColA 10%, 30&
BE % 360 nm® excitation®} 440nm¢e] emission (Bio-teck
FLX-8000) oA WZ% 4-methylumbelliferone (4-Mu)2o] %8 ZA}s}H
Aotk 71AE2%RYH &4 1yl 3 1 pmole?] 4-Mus #WEste=d Za3
g49 %4E& lunite® 3SI¥T. @A FE+= protein assay kit
(Bio-Rad)& ©l&3llX A 3sFith

(2) Colloidal chitin, crystal chitin®] ©S3F chitinase &4 : 2249
eppendorf tube®l 01 M NaHPOsNaH-PO, (pH 7.0), &4& 2
colloidal chitin 3 cystal chiting Yo 37°CollA 1A%}, 2A17F HE

< 100°C oA 3% boiling 3F32, 10,000 rpmolA]l 5% GAEE 33
o A5 d 200 wl £ eppendorf tubeo] Y3 color reagent (0.05%
potassium ferricyanide in 0.05 M sodium carbonate) 260 ulE& X7}
3Fo] 13% boilingdti Tt o] €9 200 ulE microplatee] ¥ 3 420 nm
oA ZFA3ATt ol A&¥E standard® 0, 0.157, 0.313, 0.625, —1g]
i 1.25 mMe] NAGE o] &3st3ith
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th Chitinase®] 2], 84 3 54

(1) Chitinase®] #3g], Al : AZT E colis 1/2 LB + 7|18 8fA| ol A
49 w3 o] HS ammonium sulfateCZ A, FAA71 & Rotofor
cell& o] &3t AAsHT =, @3 (2 mg/ml) 19 mlel ampholyte
(40%, pH 3-10) & 1 ml H7kgk A& celld ¥aL, 3000 V, 200 mA,
12 W (o] 49, 300-500 V, 24-40 mA oW Ft}) Z7llA 523t 4
= A7|d% T, Z} fractiono] Y= @ Aol ok " chitinase FAS =
A3, sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS- PAGE)el <¢]3]A chitinase WZ=% el fraction®] sampleS

wolA %Al o,

(2) X0 ™ g4 =L oA : 4-MU(GIcNAc),, AAE &A, 01 M
NasHPO,~ NaH:PO;, (pH7.0)¢] HWFSES  eppendorf tubeo] YL
3|

)
20780°Cell Al 10% HE F ZA4S5 S-S g2 7)o whe=

(3) pHel ozt &g 2 kg ¢ 27119 pH WE uldA
4-MU(GIcNAc)s, colloidal chitin, crystal chitinell 3l &4S& =43}
Ak e AAE EAE 7 pHAA 28 s = 0F

4-MU(GIcNAc)zo that EA4S FAetk. pH 2.073.08 glycine-HCI
buffer, pH 3.076.02 citric acid-NaHPO,, pH 6.078.02 NaHPOs+-
NaHsPOs;, pH 8.0710.02 Clark-Lubs, pH 11.02 NaHPO,~NaOH
buffer’} o]-&% Ao, 7} buffere HE+ 50 mMo] 3l th

2}) SDS-PAGE %9] chitinase €7 7% @ Discontinuous SDS-PAGE+
Laemmli®] #dl 98ir 8% polyacrylamide gelolld AAHATt &4
Mo 30% (W/V) sucrose, 250 mM Tris-HCl (pH 6.8)°] 5.0% (W/V)
SDS, 0.02% (W/V) bromophenol blue®}t THoz 3%, &4
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AgS WA E7] 9159 2-mercaptoethanol F7FE A %3l boiling =
A &gkt H7lYg% %, Haran S99 W] 984 gelel
casein~EDTAE #7}ete] Fiol AgEol = SDSE Al7sta, 1 gel
2ol 4-methyl- umbelliferyl-B-D-N,N’-diacetylchitobiosideE  3+-3t
1% agarose &HE i UV lampstollA FFAA2E Uegs W=
ZAFsFS T}, Silver nitrate Aol 9JsiA el ©ald mi=Eo] B}
L Silver Stain SDS-PAGE standards, low range (Bio-Rad)S ©]|-&3}
of FAFAIL FFANLE YEH W= EAF P AV]E silver

nitrate G Aol o3 W=} vl A3+
L}, Chitin deacetylase A =}2] =24

1) Chitin deacetylase®] cDNA library® T3

7F) RNA =A
Rhizopus microsporus var. oligosporusE chitin deacetylase®] A7
Wz o A HiFE F messenger RNA isolation kit (Stratagene, USA)
S  o]&3sled  total 2 polyadenylated RNAE  E 3t
Oligotex-dT30 (Super) mRNA purification kit (Takara, Japan) = 9]
&3k polyA+ RNAE ZA|staith.

th) cDNAS] ¥4
ZAP Express™ c¢DNA Gigapack Cloning Kits (Stratagene, USA) <
o] &3] mRNAZYE cDNAE TAstal ZAP express vectorol
ligationd}®] Gigapack III Gold Packaging Extract® packaging %,
XL1-blue MRF cell?} &7 wjxjol =, 2Asto] 52 A2t
Reverse transcriptases= MMLV  reverse transcriptase®} BRL
Superscript I19] &S AF8-3F%Th Directional clonings #3Fo] 5

Doy} 3 dodo] FcoRIF Xhol adaptorE A4 st th.

t}) Expression vector -3
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cDNAE daA o=z EcoRIF Xholo® HAuwsE ZAP Expression
vector (Stratagene)ol ligationd}®] Gigapack III gold packaging kit
(Stratagene) S ©| 83} packagings}Ath. o1 7]el 500 ple] SM buffer
S H7vsta, 25 pl9 chloroforms #H71ste] A5S 34 & HAF: &

% 7%7F ¥=% DMSOE #7}ete] primary library = 3ttt
2) Chitin deacetylase cDNA clone®] 414

7h @Ael =4

Al
1

skl A= ultrafiltrationdle] 20 Wi ®33 % 10 mM Na,HPO,-
NaH:POs (pH 7.0 12 Ak T4t o] A 8E  AREdH
polyacrylamide gel 7|95 & 3t ¥ chitin deacetylase W=

= 2 antibodyE W&

o
M

Rhizopus microsporus var. oligosporus® ®j%el 500 ml&

) Hybridization
cDNA library® plaque (50,000 pfu/plate) <o IPTGES 3+

&

%

nitrocellulose membrane < # %1l chitin deacetylase’} Y& 3I}==

2

t}S, picoBlue™ immunoscreening kit (Stratagene, USA) & o] &3}

chitin deacetylase @A ol hybridize® plaqueE< &3t}

t}) Chitin deacetylase®] =& ol
A mztol] oA MutE plaqueES = g 5
A wjetdch o] mgod s 7| Ho| Hristel ma ALk
Stk

3) Chitin deacetylase cDNAZ E. colidl =¢ % 2§

7H E. colid]l =%

ZAP expression vectorte in vivo “ElollA lambda vector=
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phagmid® A3t E coli WA A DNAZF BAS &= J=H 119t
Hk.  AFH  protocol  (Stratagene, USA)el 9],  chitin

deacetylase® A4t3st plaqueES E coli XLOLR W& =959
phagmid (PBK-CMV vector) & * % Al 3}%t}.

W) E coliol Ao &g
Mz E coli®] W] periplasm 2 cytoplasml ZHE ZFT A
3t

dS F&F (pET expression vector?] protocol, Invitrogen)ste] ZHAlS
=

t}) Chitin deacetylase®] EA
Native % denaturating SDS-PAGEe®| ¢Jsle] A =% E coli7t A

Sl chitin deacetylase?] &7 A #HS A3

4) Chitin deacetylase cDNA®] 97| AA 2 7 A

7h @7144d 273
ANZZ E coliZF-E] phagmidE F3g|, AAste] 4 o3 A vk
W) @71 d R oopr i A 24
714499l homology searchi= NCBI®] BLAST program, chitin
deacetylase®] o]&% ¥tz = pl e ExPASy Proteomics tools<]
Compute pl/Mw program, Signal peptide= SignalP program, A|3%F& A
A sitex Web Cutter programoll o] 8fA &4 s} 9t}

t}. chitin deacetylase cDNAE Bacillus sp.ol =%, 2
1) Bacillus subtilis competent cell ]2}

A8 =F Bacillus subtilis WB700% WB800 T Zsjgs =<1
WolF=E TBAB aLAlufx]el] 1o wkAf 30TCelA st th= & of
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Z, o] #FE 2 ml 9 SP1 wiA|el] HFato] 37TColA 347 45% Wi
3 & o] mMgd 05 mE mE d9X 45 mle] SP2 WXl %A 37C
oA 1AIZE 30 wiFEATE o wi%kele]l 0.1 M EGTA &< 50 ulE
A7kt & 37ToAA 1085 Wl Y3le] competent cellS THE U

2) chitin deacetylase cDNA recombinant ® & %
dAWE 2= pWB7055 AF83H3 T EcoRIS 2 FEHw3sle] SacB
SP ¢t&o A HAet®l WE o chitin deacetylase cDNA7F GZAHE=Z &}
9 th. InsertSl chitin deacetylase cDNAXE &4 F 204 A& Zg=n
=2 Ag3tdt. WE ¢ insertE end-filling 3] ligation ¥ $olA] g+
+  Bacillus subtilis WB700% WB800 competent cellel & 27 3HA]3]

£

3) chitin deacetylase cDNA F 23 2 P23t &9l
Bacillus subtilis WB700 ¥ WB800 competent cellS 7}zl 8]l
0.5 mloll chitin deacetylase cDNAE ztE Zg=v|= DNAES Yo 90
o 718 AgE A7 S0 TBAB wixe] 0.25 mle]
AT §As m=Eeto] 37ToAA gttt

4) Chitin deacetylase®] &4 =4
7h 24 g4 A
Glycol chitin (1 mg/ml) 50 ul, 0.1 M NaHPOs,~NaH,PO, (pH 7.0)

Wkl 50 ulZ eppendorf tubeo] ¥ ir 37°CollA 323t} o] HEZ-
30 ul ¢ 50 mM STB 95 uls MZEF eppendorf tubeo] i,
5%(w/v) KHSOs 125 ul®} 5%(w/v) NaNO, 125 ulE Z7}she] 1583t
AAstATE. 1 % 125%(w/v) NoHeSOs 125 pls H7bshe] 53 A A
sk, 05%(w/v) 3-methyl-2-benzothiazoline hydrazone(MBTH) 125
pls A7ksted 3%3F boilingstAth Fx=olA A7 thE 0.5%(w/v)
FeCl; 125 pl& #7Fste] 650 nmol Al &8t
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W) BAa8A A8 glycol chitin® ZA#|
NaHCO3 400 mg (0.4 g)= Falcon tube (15 ml)o] ¥, "W 45
mlE ¥ & & ZEojx &astdth &8d 45 mlE 100 ml Hl oA
of Yil stirring bar® A 2WA glycol chitosan 20 mg (0.02 g)& ¥
88 & dg S 108 WA Acetic acid anhyride 200 ul&
3 Ao SRR W (stirring bar® A §)dtal, tad acetic
acid anhyride 200 ulE Y3 A2HoA FW Wk & 20 mM

KH,PO4+ NaOH buffer pH 7.0914 FA1 819t}

15
S

oy

t}) SDS-PAGE % 9] chitin deacetylase &4 A3

0.01%(w/v) glycol chitin® 0.1% SDSE ¥3%3 geloAd HA7]A9F
%, 1 gels 1% Triton X-100°] 3-f¥ pH 509 100 mM sodium
acetate bufferoll il 37°CollAl 3A17F &<t A& v & 01% 2 Efj o]
2 0.01% calcoflour white M2R(Sigma, F 6259)%Z 5% &<t A3}
. GAE gelE EFTE 1A oA #EAMAZ F lytic zoned

UV -transilluminator 2ol A #2311 o}

* SDS-PAGE-& glycol chitin®] Z#|

- Glycol chitosan 1.0 gl 10% acetic acid 20 mlE ZH7}sto] <pApt
o A 2

- Viscous solutione 22°Cell 4] overnight A X

- Methanol 90 ml& AA3] 7} --> &5 Whatman No. 4 filter
paper % ] 7}

- Filtratex= Hlo] Ao &7 150 mlE magnetic stirring3td A 3 7}

- Resulting gel 2204 30& &< A=A --> Favst 2oz A
@ > 27 fro g FEEH U AL A7

- %Z}% Waring blendere]l ¥ il methanol 90 ml& #H7l & 48 %<
# 31 speed® homogenate

- Suspensiong 4°C, 15000 rpm, 20% =<t ¥4

rjz

- QGelatinuous pellet2 methanol 90 mlg H7F & 4%

_40_



speed= homogenate
- Suspensions 4°C, 15000 rpm, 20% %<t 94
~ Pelletel 0.02% sodium azide® *¥3 g+

¢} # 31 speed® homogenate

- 1% glycol chitin® stock solution #|Z=

3. 43 4

7h, 2484 2 540 W3t chitinase F+AAY AT

1) DNA shuffling

Chromobacterium sp. strain C-61°2 2 4H-H

Ein
R

A

Z 2499 chitinase A=}

BEaslo] ok o] Apa I site® *838le] subcloningdt i, ol & A%

g4 = pBKCHIAZ wWw sy
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=
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1

lnn

143

3%

RN

46

545

34

742

LR

431

nan

1144

lidd

1257

1466

1555

1664

1742

439ctggagcrte grgcgcctgraggtc gArdrta gt ggatrdctgaragaattgaqqaqItoc Jaat qhcgadactttc got gdc get gt ggc gt gt
® F X I 5§ I T I 5 A 1
ttggaggggrctggrttgbtgbtgagragrgrggecggogbtcgrogogroggeectgragrgergbggagraatgogragacctataacggoggecgattacyg
F s 6 A & L L £ F 5 A A AF aAaTa P & C_2 & W = N B @ T ¥ N G 3 D ¥
::t.t.gt,a:g::aa:aaga::bgg:g:g::aigt,ggtgga:g:1g11:aat.:ag::ggg:g:ggat,:aat.ggggi::gtgggaggigagg::gg:t,ag:g
A L ¥ A H K T W B & K q QF A Q
4atgracccegggeggrggrgaccccggECcccgggre g grac g3 grgt e ctcCEgagee JAC g £ gac g9t ggJec gec abgttggthcctathttg
E ¢ TP? G & & D F PF PF T L% P PEVPFTPFPTW L E HIR & 3 ¥ T
:g:11t,ggag:1t,t,t.1:gg::gt.aat,t.i:aig:t.g:g:aat:t.ggt.ggat.g::gg:gg:ga:aagiag:tga::t,t,::tgia:t.i:g:t.t,t,:gg:aat.g

g w3 I ¥ - E R ¥ XL E R L O K K L TI(F L R ¥ & F & N
trctacgoogacggraaatgoggocatggtgac |:|:g:g:|:gAgaA:gg:aa:gg:ga:gg:gg:ga:g::t—ggg: ggactaccagaaatccttcggrgooa
Y &4 D XK T M W TUER&2EDHNRTLGEHREDCL m & D ¥ Q0 K 3 F & &

1t.gagt.|:ggbgga:gg:aagg::gabag:t—ggag:ga:::g:t—g:g:gg:aa:t—t—:aat—:ag:bg:g:aag:t—gaag:bgg::AAt—:::b:g:bgaaag
W E I ¥ DX &2D 3 W 3 DPILET EGHRTFHN QL PEXUILE XL & H P I LIE
tg:t—gat—t—b:g:tggg:gg:bgga::t—ggt—:gaagaabt—t.:gg:aagtb:g::g::1::ga:g:bgg::g:aaga::abggt—gg:gt::t.g:at.:gat—:
¥ LI F L G T g K W F_8 X F & &4 T I & X T i L I D
t.gt.i::t.gaaagg:iit.:t.g::ggtggg:gagaa:g::gg:gg:g::gg:g:gg::11ggg1gt,gt.t,:g1:gg:at:ga:it:gi:tgggaat.a:::gg
L ¥ L K "R L PF W% EHRS&ZTDL L A& L & &K L % F D(E I D I DIWE T P
gEggrggcggEctgrc gagradta gt ggatECCddrgaradgragadrttcaccttgregat ggrgga gt ccgragecagetggacgegetgacecyg
r - F F L P I W 3 ¥ DPF KD X OQO®H®WRTFTULTULM®MS&SZEETFTEF QLD &TILT
CQCagadcddge gec grtartdcct gacege 99c gakcggrhccggrgtcgacradgatccgECdgaccgagoc gjecaaghacgr ggcchdratggact
4 9 W X B E ¥Y(¥ L T & & I & 3% DX I BE QTTZ ETP &K ¥ & & % M D
ggatcaatgtgatgacctacgackttcaacggrggcktgggacgraaaagggoegaccaacktcoaghccaatotghtoogrgatocoggoogotoogatga
m I W ¥ M TY¥Y DFHWCLEFEODDAZEXKXTGEPTHNF ¢ I R LF EDP & & P 7
ccggagatcgoghbttactacaatgbggacgacktcgatccagacckhtggtcaaggoocggrgbgrccaagaccaagotgaacgtgggratccocgbbctatg
T - D E % ¥ ¥ R % DD I I ¢ TTUIL WX & WP K TIKTILHX VYT & I P}]F ¥
gacgcggctgggcecggcgtggoggrtggacccaagggeogatggekttgbaccaggtggroaccggcgogggraaaggoacttacgaagooggrattgagg
LR D & LW A AELP XKD LL Y QW ATD6ERK &2LEXK ETTEA&ATL I E
4rtaraaagtgrtgiddacccgrbECEgEEaageaghttgt gracccagtgagraagrageeghggacttacgacggraacgagetreggagreatgacyg
D Y K ¥ L XK TZE 3 &2 XK QF % HP W 3I XK QL ®T¥DLEHRETM®®SISZ TD
1|:I:I:t.g|::Al:l:it,::g:a::aag:tggi:titgbg:gt:AA:11:1g:tggg:ggggtgtt.:ag:t.ggt.::t.t.ggat.gg:gi:gi:g:::Aggg:t.l:l:t.
D FP & T I ETIZXLDY W FE Q 0 Q0 L GI(8 E & WM& L I G D A 0 3
t.g:t.gaaga:l:u:l:ig:giigt,g:gt,:1gg1t.g::g::g:gg::aagaagaagg:gg:gg::aaga::t.:gg::g:at,:g::g:t.gaagtzmg::gg:a
L L XTT 3 E®WERQ®D A A AL XK KX 2 &2 KT3I A& 43 P LK #

grCgredtiagagargaogeagggeatasasqge Jqttttt quttdd gl gegt qottdr qat e C QL ECEtr gt ga ganc gedadr aggqrtcetaca

L

acagracgogttcgatgooccoghcacgogottgrhooacghactgorttcaaccaatee cccagtacatgohttggogatttcoaccacaatgta
q gcg gataq gca 4 q 999 k) q a9cg

FIG 1. Muclestide sequence of the ckid4 gene and deduced amine acid sequence of the
gene product. The putative ribosome-binding site (agga%%? 1z underlined. The deduced amino
£

acid sequence is given below the nucleotide sequence

signal peptide cleavage site is

shown by an arrow (| ). The putative ChtBD is underlined below amino acid sequence. The
predicted B-strands 1n the catalytic domain are shown with () The putative inverted repeat
sequence 15 indicated by facing arrows.

o] chitinase F+AAE standard PCR¥} error-prone PCRol| 93] primer

g b3t ZESRAT (E 1, 19 2),
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¥ 1. Chromobacterium sp. strain C-61 chitinase +##+¢] error—prone

PCR¥} DNA shufflingell AF-&% primer

Primer Sequence

forward primer
(28-mer)

reverse primer
(28-mer)

ATGAGAATTCAAGCTGGAGCTCGCGCGC

TGATAAGCTTACTACATTGTGGAGGAAA

p—
=
—
===

| T
=
R

1§ 2. PCRel 9jate] 5% DNA
9] PCR &S DNase I o8 F29jsew 22 & & PCRE F
3l 1.9 kb AHES gel2 5 35aArt (18 3). EcoRl-HindllZ &%
DNAZ pUC19 AgA#H L, o] ligation THEES bzl 4 Asy A

02‘=

Z1HAEH el E coli DH5aol =JAIAT (29 4). & 5500709 dAA
SFE Ao olZ fao® 37ColA halo assay® Aol &= WHolA|
2 dxx o7 Adale] 35 positive cloned Felstgth (¥ 5).
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a9 3. Gel2%-¥ 3449 19 kb DNA =7t

19 4. Ligation 8+% 3 Alg 1A

18 5. WolA #lolH g 2R E chitinase &4 &<
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a4, U
A o] chitinaseE ZFAFs A3}, 1184 chitinase 17} (Chi2-389),
A chitinase 17} (Chi2-33)& 4& 4 Aoy, gz

(e}

3} FArskeT (2.

WolAl FrE Adsdt (& 2). °l&
TH

e

=]

2. Ho]¥ chitinase?

8, aUTE X it
Activity Heat treatment Alkaline pH

pBKCHIA e+t o+ NI
Chl-5 e+ NN S
Chl1-12 ot o T
Ch1-345 ot e TR
Ch2-33 +++++ ++++++ +++++
Ch2-115 e+ ot NE——
Ch2-236 ot A TR
Ch2-389 bt St TR
Ch2-1130 o e et
Ch2-2135 ot S F

* Heat treatment, 50C, 1 h.

Hol A Chi2-389+=

Bhstow, S7kEglen, 1 9l AsS

HolA Ch2-33&

4%
155}

)

A

N

KR ]oLo
=

5

[

°]
I

A

Jﬂ%ﬂi

se] A7 pHet Lzel e

= gnd g glodth
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oFA 3 chitinase BT} 16% HAX v A =7} =7
oAy Huh v uEhuth (&
2%7F B8-25% 50CE oAz}
FEfol Al S ofAlY Bt 18% E=A YERTE (i
o zpol 7t glol WkZeAd

H] gl ot




E 3 o g wol AR MBHE v

. .. Residual activity after 30
Specific activity

Enzymes . min preincubation at 50T
(U/mg protein) (%)
(6]
pBKCHIA 23.9 100.0
Ch2-33 22.4 117.9
Ch2-389 27.8 91.8

WolAl Ease BASE ofd Eheh fAe utow dwxe
= 3AMA FAAY halo 71k WA (19 6). WelAl Ch2-33%
Ch2-389¢] 7% AT Wahzh gl Aoz mol Wel iel YRHQ
Agroli} wHhse] WHL gl Aoy FAWY

9 6. oFAFEH WolAE A SDS-PAGE (A9 €494 (B). Lane 1
pBKCHIA, lane 2; Ch2-33, lane 3; Ch2-389, lane 4; Ch2-1130;
Ch2-2135.
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2) Domain Shuffling

ChBDe} CBD7F o2 ®ellA FAtets, CBD9F XBD= &g/l 3l <
B g2 A binding domain®] chitin® cellulose® TH3lA F3=

2, exoglucanase®] CBD$} XynXe¢] XBDE ChBD #9199 971443 X
g3kt o]5 93] overapping PCRS %3] hybrid genes WESTLH =
U] FHEE primerE designdle] 33 ¢ PCRE F33le] ©]E domain

=
S chitinase®] N-2who] $IXA1Z] transformant® LA (29 7).

9. 7. & 33 PCRE F33te] AL transformantZHE 9L Zgt=n=

=, pET-36 #H 9 CBDF ol Chi54¢] CaTDE T%3te], ChBDE CBD
2 A ki, plasmidE pCBD, ©@9d-g Chibd-12 Wit CBDe}
ChBD¢] 9<% domain< pET-36 #Ele] CBDH el Chi54¢] ChBD$t CaTD
£ FE3te Chibd-IIZ2 993stla, CBDHA XBDE X 3ksle] Chib4-II19}
Chis4-IV= BH a3t (17 8).
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Plasmid

26 90 536

pChBD ChBD Chisa
cao —

pCBD CBD ChiB4-I

pC-chiD [l cBD  [chiD [N e

pXBD XBD

px-cho [l 560 [Croo I <<

Chib4-1l1

. SP of pET36+b . SP of chiv4 . CaTD of chbd

% 8. °k¥¥ (Chi54), ChBD-Z<% (Chidd), R A xge#d (Chib4d-,
Chis4-1I, Chib4-III, and Chis4-1V)e] Z=w|Ql F+%. pCBD<} pC-ChBD+ 7t
7k pET36+be] CBD$ pCaTD H+= pChBD$} ligationstel Attt The
number refer to the position of amino acids. Abbreviations: SP, signal
peptide; ChBD, chitin-binding domain; CBD, cellulose-binding domain;
CaTD, catalytic domain.

°|% domaine] WHEH FAES AW transformantE 719 &4 ¥
AT A3, dFE9 24 AEdd AT HE2d=s B4 49
Chid82 &/do] ujg wm kel om, Chibd-T1o] oFAl3 ] Chis4 Hrd oF 2wj
= YEE T (F 4). °]& ChBD7F &4 whgo] dFHolgts AS 9fnl3
1, CBD7} ChBD .t} colloidal chitinoll tf gt ?li}iiﬂ.% O o] whedghth=
s oudeh. 3, Chisd-T7F opA o] Chidd 2o} of 3uj7F & Ao
vebsth (£ 4). o= CBD$ ChBD7F dd&ow EAFE 49, v
& As B 71de O AsEs SV A ¢y ChBD7F
XBD®= A ghd 4% Chidd-TI= °opAd 9 Chisd ®rh 97 vebgton, 54

S op® wrbt %A ursted CBD/F A4¥ 44 noks UA v
Mu} (% 4). o|2%E CBDS XBD: Zash 71dAtels] 45482 F7H
284 7149 A5EaE ¢ 4 glon, XBDE CBD ®th 1 mut
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12
ob
k)
s
Y
o
ks
+
%o,
32
o

3% 4. Chib4, Chibd-1¢} Chib4d-TT ¢ &4 &4

Protem. Enzyme activity Specific activity
concentration
(U/mb) (U/mg)

(mg/ml)
Chib4 124 0.19 0.015
Chi48 11.3 0.04 0.004
Chib4-1 10.6 0.37 0.035
Chib4-11 3.8 0.37 0.042
Chib4-111 10.9 0.12 0.011
Chib4-1vV 115 0.26 0.023

3) chitinase?] #7, AAL EA

7}) chitinasef+ A AHE A E. coli 9149 chitinase A4t =7
Chromobacterium sp. strain C-61=%F¥ & =243 chitinase FH4AE
A E. coli ¢ oFBE w9 719 Fall 582 19 90lA H= npep o)
37 CollA= E. coli ¢ 71928 el &4 B -8k, 30 Colld= vl
g ol 2o F wF7F AAke chitinases BId 7)o EAEE

e

i)
fin)
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18 9. Chromobacterium sp. strain C-61(1)¢ A9 FAHAE Xd E
coli(2)e] 718&s1538 (A, B), ¥8]ax 1Eo°] A3k chitinased
SDS-PAGE #24(C). colloidal chitine i3 LB wiAld H3F F Axc
37T, B 30CelA 54 &<t wieF

ANz E coli © A7 9 chitinase A4t 5ol -
20 AAE] et thddt oA A 2 A, AxF E coli
= LB Btk TBufA A o & dx=s e, 53], TBoA = 1047
A HE7E AS SR oY, LBollM = 89 ol % Akt (2™ 10A),
Hj kool o] chitinase &A% LB Rt TBulAOA #H o 5391,
TBO A-¢el= vl 649, LBl = #l¢ 5¢ 5 Ha &A4S el o
Fdd IPTGE H7betd S A9 7 Hix] E5Fo| Al chitinase &4 73t
Mo, 2 gdrt ARG A= kv 10B).

R

(
d
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(A) (B)

25 =
3 £
2 o
L 20 =
o o=
o 2
g 2
215 Iz
i ®
g %
— 1.0 g
o ]
© =
06 ———— O
o1 2 3 4565 6 7 8 910 o1 2 3 4565 6 7 8 910
Culture days Culture days
a¥ 10 LB TB®iAIlA  chitinase FAAE Ad E  coli 9

A

A2 (A)FF chitinase A4 (B). 37C oA ®iF,  Symbols: O, - IPTG
inlB; @ + IPTG in LB; [1, - IPTG in TB; B, + IPTG in TB.

w3 AZS E coli & TBET 1/2LB+chitint] A 9] wjddeo)A ¢ =

2 chitinase @4 & HAFAAN, Wiz Fe= TBulA A A4 ¢ =2

oo(2" 1D, mEA 549 A" AARS 98l 1/2LB+chitintl A o] A
[e)

WeFsts Aol £ A

_51_



=
s}

—— |4 —— |4
06 + —=— Chia —a— Chia

TB 1/2LB+chitin
0.4

\!

—— |4 ——|-4
| | —®—Chia —=— Chia

1/2LB+chiti

Chitinase activity (u/mf) Protein conclmg/mt)

-8 888E88
G

Culure days
9 11. TB9} LB+ chitin W Aol A chitinase FXAES A|d  E coli 9 &

W2 =9} chitinase @49 H|

W) A3 E coli2H-E] chitinasee] £, A A

ol  AgolM  Chromobacterium sp. strain C-612% HE9
chitinase= ¢ 879 ¥2 plE Z3 Ut AS Ltk weEhA o] Ao
A pl gl wet g dSs 22 slE Rotofor celle o] €38te] T4E AA &
At} Chromobacterium sp. strain C-619] o] o g HE Aoz ZF A
N2 o] Wgel oA gk AAZE A gk E=F AEZF E coliE TB
iAo A v ke o ds o] &S Aol ¢ AA= oHrh ey
ANxF E coli & 1/2 LB + 71" viA oA 49 wiFd of A4S o] &3S
Agole ¥ 12014 B wpel o] b AAEES & 4 AT ¥ 8A
o A AFA fraction (6¥ lane)oll:E ojg] wwldo] EATE HF1, FA4
fraction (11714)oll= @3] A= JAA T chitinaseo] 219 w¥l o] Q&=
Hol o a8y &Z8] fraction, 53] 18720 fraction®l+= 2% chitinase
T EATS & 5 Atk wEka] 18-20 fraction®] W AR RopA FA 3

SDS-PAGE| A #435 A3 (717 12B), chitinase?t 743o] AA A&
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o Al
(A) (B)
1 2 3 45 b 7 [¥]
97 —
66
et AL Tl T
4
35 e

¥ 12. chitinase F+4AS AU E coli ¢ wjdke]d o 2 XE chitinase <
one-step purification. (A) Rotofor cell ¢ 2z} #3&oj
chitin Bl =] 2] wjekoiol 6720; z+ 23, (B) AAld

O

fu

l= @, 0 LB+

>

t} ul

-

i)

th) GA¥ chitinase®] 574
714l 4-MU(GIcNAc)2ol ™3t chitinase &4 & 50CoNA 714 =9kth
T AAE 45 7 &4 247 % F

S A9 40 CHAE AP o, 1 o] F F7

¥, chitinse &4L& ZAMsHA

5] AstE AT 13)
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250

200

180 -

100 -

50 |

Chitinase activity (U)

0 rt - m!
10 20 30 40 50 60 70 80 90
Temperature (TC)

J2 13 2o I E FAE chitinase? 24 (O0)3 ¢+ (m)

3 4-MU(GIcNAc)29} colloidal chitinell o3t A& pH 7.0014 7}
& $sksled, crystal chitinell o3 242 pH 10094 7§38k
o AA® 225 7 pHelA 243 B¢ wmE F pH 70004
4-MU(GIcNAc)oll gk &S zAbgk A3 pH 1094 7HE w2 45
el o2 14). webA o] chitinase® 71 2o webd HZA pH 7} th2a

4L pH 10914 7HY 288 o+ Al

I

¢
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(A)

=

=
ry
-

=
=
T
—
a
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=
T
—_
[

s
=
oo

o
=
T

r=
=

Chitinase activity (U}
S

=]

Chitinase activity (U}

=

[

1 2 8§ 4 & & 7 & 9 10 11 12 12 3 4 5 B F7 & 9 10 11 12
pH PH

J% 14, pHo M E HAE chitinases] 2440t

ot A-MUI-(GleNACIZ (W), colloidal
chitin (&), crystal chitin (@) T+ 240 oFd -

1}, Chitin deacetylase 429 F24
7}) cDNA library9] +=

(1) RNA 2
Rhizopus microsporus var. oligosporus®%¥ 2% total RNA
S o2 polyA+ RNAE &3 23 0.3 ug/ul®] mRNAE ASth
(19 15). mRNAS] Z7]& 05 7 25 kb WHlol &3}

19 15. Rhizopus microsporus var. oligosporusZ5-¥ #7% mRNA
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(2) ¢cDNA librarye T3
mRNAZRE $AE cDNAZ ZAP Expression vectord] -3 3}
primary library® 3}t ©] primary library 1 ulE E.  coli

XL1-Blue MRF’e] transfectionste] IPTGS} X-GalS ¥3%Hst U=
LB plate Yol A% E plaque 9 A RE FAE A3 500 ul

o 87 x 10° pfu, blue colony H]&o] ¢F 83%=A] 870,0007§ ©]*4F<]
cloneg @931, 71 F °F 92%7} insert DNAS X3l glS o=
dZFAc}t. olE T FHE AY3ste] MI3 reverse?t M13 forward
primer® PCR3%F A3} plaque =F 05 - 25 kb AX9 insert DNA

g 2¥en Jt AoE FANJY (1Y 16).

1% 16. ¢cDNA library 2] insert DNA #4]

] primary libraryE 15 cm LB plate @ 5 x 10" plaque’t ¥ %=
5 wste], 37ColA v wiker v, plated 10 ml®] SM
s Agste st dAEE 2 chloroformA 2ol o] 3j A
phage solutiong @AojA4 DMSO HEFFLE 7%E H7tste] -70Co w

a5k

buffer&

1}) Chitin deacetylase cDNA clone®] A2

(1) Probe A% % hybridization
Rhizopus &olA 2% chitin deacetylase F4A7F 27 A=2 =
3] AsHolm R o] F WY Rhizopus oryzae®] chitin deacetylase +-

Azts Rdg 3 i (B oldgA)elA 30 bp B9 probeE AlZst
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Ak (2" 17).

1 actttcttta

61 attgcaattg
121 agcagcaagt
181 gttgatccta
241 gatgaatgta
301 aacctttggg
361 aacaagtcca
421 ggtggtcttg
481 acttgtacca
541 gaaacctggg
601 taccttgagc
661 tggccectatg
721 tctcaccaat
781 caaaaggcca
841 gatgttgatg
901 aacctcgata
961 acctacgata
1021 gtcttgactc
1081 atcaaggctg
1141 taccaagaac
1201 actttcactg
1261 cctgggacca
1321 caagttaacc
1381 attttgcgat

1441 aaaaaaaaaa

ccecttgaca
cccttttaca
cttccaaget
acaatatcac
aatggtacga
aaattgccac
ttgactggac
acatgaccag
agcccaagca
gtcttactta
aaaacaaaat
gtgctcaacg
tgatgactac
tcaagatggt
accgtgtceg
ctgatgactg
gctatgttga
acgaaattga
cctacaagaa
acaatgtcag
atgccactge
ctgttatcce
ctaacagctt
aaacattttt

aaaaaaaaaa

ctccttcttt atagacaagd TGtacattaa

agtagcttge
tgacaaacct
tattgctgat
accccctage
ttccaatggt
caaggccccce
ttactctgac

caaggatatc

ttcgctgaag ctgctaagaa

caagattact ggaggaactt

atcccccaaa ctacatctac

aactttgtct acaacaccaa

atgacaaaga cctctgaatt

aagattcctg tccgtaagge

agtgaccctg actgttggtg

aatgaagaca tttacgcttg

cgatgatgga cctaactgtt ctcacaatge
caaggccagt atgttctaca ttggtictaa

tggtgtcaag
tcttactaac
tactggtgtc
ttggattgec
ggetgetggt
aatgggttcc
caacaccacc
cgttgttgat
tttcgetect
ttcttctget
ccttgetgee

gctggtcacc atatcgetga

gatgaagttt tggctgaact

actccecttc actggegtec

actcaacttt acttgactac

tctagcaaga ctcttgatga

aacggtactt ttgctactag

atgtctcttg ctatggaata

gttgccacct gtatgaacat

tttggtageg ccgecgacga

agtgcttctg ctgetggeac

aataaggctc aaatcgectc

agtattcget getticgttg ctgetgetta
aatttacata aatcatttta ttcctaaaca

aaaaaaa

aacttctgec
gacttcaaag
caaatctttg
caaccccage
agaatggccc
ccaagccctt
tggctetgat
gtcttcttcee
tcctgaacct
tttctatgac
cgtigttaac
tcacacttgg
ttattacact
cgetiteggt
tgttictetgg
agttaaggct
cggccaaatt
cttgcccaag
cacttacccc
atccactgct
ttcagatgaa
tgeeggtatt
cttctttTAA

aaaaaaaaaa

18 17. Rhizopus oryzae? chitin deacetylase +dAF¢] +%

(2) 2% cDNA library9| titer
LB plate (A& 15 cm) 2 5 x 10! plaque A% HEE wwslr] ¢

7
cDNA library+= 1 ml9 23 x

3l library9] titers ZFAMS Ay FE

10°pfucl A th.
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(3) ProbeE ©]€3F plaque?] % : 15 cm NZY plate & 5 x 10

plaque”’} HE=EF E3dlo] plaques A3 F nitrocellulose membrane

o replicaZ A}&3}o] hybridize® plaqueE< Adstd ot Asfsstt

(4) Chitin deacetylase 2]

Rhizopus mMicrosporus var. oligosporus7} A 2Fsk chitin
deacetylase®] 54 €793t PDBelA 54 &<t #jYste] dojxl
wj ol S SDS-PAGE® 23, oF 60 kDa¥ 45 kDa®l F+ W=clA
ZHAh ol F 60 kDa®l Eav ©9wd Frvt Bgs 4§ A
ZE Ao (29 18 [ I I Wi=), 45 kDa®l &4E F=7F %S 4
- AEHA Iy 18 II M=), o] F chitin deacetylase’} 7}

Zbol A Abel A ABAEEA, 60 kDadl &4V EalE o]l 45 kDadl

Fa7F A8E AJAE & F AN 60 kDaol FEAYS & F AR
=3

o] £ chitin deacetylase:x o] w57} AAalsls= o duwid = o) ¢
oFgl wi=oA  HEHAW (27 18, 9F). wekA o5 chitin

deacetylaseE Eo]ld oz ©f @o| AiEA = g AAE FHst=
Aol Qs oA AFoA o]5 &A= chitin®]Y} chitosano] 2] 3| A
TSR] FAAT Bade] FE FolHA ol FEAE HUstes A

o] a¥r}
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Silver stain Active stain

1™ 18. Rhizopus microsporus var. oligosporus?t A3k chitin

deacetylase®] SDS-PAGE +#4

(5) Chitin deacetylase 3|9 %A

Rhizopus microsporus var. oligosporus W% %4 SDS-PAGE ¥
g A8k chitin deacetylase d4S Hole W= F 60 kDa MEE
2 mAEHA 4 3 F FHol 33 FASEY FEHS AU

(6) Chitin deacetylase @&Ao] 2#H cDNA plaque?] A

7b 1, 22 #FAS 975 "Hristzl 9% d¥] AF ¢ nitrocellulose
membrane°] ZA%E WA chitin deacetylase«] Az 3k 12 T
A w, 12 FA o] WGl 3 23 A w=E AAst7] fst
o dot blot tests ¥ A}, 13 A= 250w, 22k A= 50008 3
A5k Aol ekt
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(W) &Aell hybridize® plaque® A% @ NZY plate @ 5 x 10" plaque

7} HE2E =Edle] plaqueE A F, IPTGE 83 nitrocellulose

S 2#E3 37CoA 35A%F Hl%SFe] chitin deacetylase

7} wdEEE 8 S, picoBlue™ immunoscreening kit (Stratagene,

USA) & o] &3] 3A o] hybridized plaques< Awatdvt. 232

hybridizedte] & 25709 positive plaqueE 4RQow (2¥ 19), o=
insert DNA® & U3ttt (29 20).

19 19. Chitin deacetylase &9l hybridize® plaque®] A%

R Ty o “... e
)
i

19 20. Positive clone®] DNA 4]

f
o
2
=2

(7) Chitin deacetylaseE A4Fsli= cDNA plaquee] At
hybridization ¥ 257§2] plaque <°lA] chitin deacetylaseES A
ar

271¢] plaque RCDA-1 % 29& A2algieh.

2
=)
als
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t}H Chitin deacetylase cDNA®] #2

(1) Chitin deacetylase cDNA®] E. coliZ =%

ol|E plaqueE E. coli XLOLR W& =% ¥ AxF E coli®] v
o b periplasm % cytoplasmol % chitin deacetylase FAS =7
gt A g Ao s HEWA 231, periplasm¥} cytoplasmol A Bk

e

AE=H 2719 F2 5 9F 2919 chitin deacetylase A4S Ho

RCDA-1& 5% 243 ooz sl

(2) Chitin deacetylase cDNA2] @714 <4

RCDA-1°] =43l= cDNAE wide= d7|Mde 243 2y
1,308 bpel ORF7} =Astlew, o= 4357 ofmjito ey wds
st Aem FAHAY (2" 21). ddEHE duide] EAEe
48,000 Dacllom, A7ld #EA®  Ex=F 60 kDa®t HuE o
glycoprotein®. 2 #gkgth o] JAaAvWAELe ©tE FFolo  chitin
deacetylase @A} 69% o]ate] A S YEFAT. o] &4 oy
Aol  FZ+ Aol conservestAl  FAME = t}2  chitin

%

deacetylase T @} w]§- FAFS ofn| =4t LS YERWT

By
12
rlo
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atyg tat aat tat act got toa atg gog acg goa ctg ttia cAag gta Lot ago ghc ooh gta
Jul T N T T i K n B T A L L o] W = = W F v
gLt got gag tatb oot Aaca gat ago tgo atg tocg tos 8ac cLa gac aga oot asa tat gac
W A E T P T I K c Jul = = o) L o R P K T o
tac cta aac tto agoc tca t,t,g gt,t, gat, Ccot atc @at atc act att gt,t, gat, Aatc CcoCc cad
T L N F [ 3 L v I F I M I T I W o I P o]
act aca Lot acc agoc occ agbt ght gaa Lgb 8ac tgo LLic gas coc LLL ggo Lat aac atc
T T =1 T K] P k] v E c o [ F E P F <] T o) F
ags gas TOY CCC SAt OQr THY ot LT goC 8act ToC Sat ggt Atg aca aga agy toy gas
R E W P o E m A v s T =1 o) <] Jul T R R w E
CLC CAas goc CUT age cad Toc att gac THy acc asag goc Coc agy grt oct goc cgt aag
F o] A L K] Q k] I o w T K 4 P R W P v E K
agt ggo act got ggt ggr oLt gac Atg &acc SAaT Tac gLt gac agr gac oot gac tgt cog
=1 <] T i 23 23 L o n T o T W D =1 D P D [ w
Ly TCOD COC oo 8act COL ALC agy Coc 88 COt gac gag atc aat gga gac TTT Tac got
w =1 =1 P T [ I R P K R D E I ol 2] D F T 4
tgt cot gas oot cac goc bogd oot ctt sact tac gat gat oogs cot asc tobt tot cac aat
[ P E P R L m 23 L T T D D 2] P ol [ =1 H ol
oot tto tat gac tac ctt fag cas faac a88 atc 8ag dgoc agt atg tto tac att oot tot
4 F T D T L E Q N K I K 4 =1 sl F T I £} =1
aac gtt gttt sac togg coc tat gt got caa cogb oot gtc saag gbt oot cac cat atc oot
ol W v N w P T 23 )y Q R 2] W K W 2] H H I A
Ott cac act togog tot cac cas ttog atdg agt act ctt act sac goa gas gbt ttdg got gas
v H T w 3 H Q L " a T L T N A E v L A E
ctt tat tof act cad aad ooc atc fafg att bt act oot gbc act coc cofgbt ottt toog oot
L ¥ o T Q K i I K I v T o3 v T P R L w R
coo oot tto oot gat gttt gat dgac cofgbt gtc oot Loy Sttt goc act casa oLt too oo act
P A F e} I v I I R v R w I A T Q L 3 L T
act oLt ot Lol sac cto fgat act ogat gac tof oot oot oot toc ooo gadg act cos E=1=1
T v L w N L I T il il w A A o3 3 o3 E T R E
Oat gtt age gttt goc tac gac agbt cat oot gas atdg gogbt toc asc gob act ttt got att
o] v 3 v L T I 3 H B E M o3 3 N o3 T F A I
oo foe cos att gte ttog sttt cac gas att goc sac toc acc ata tog oga got atg gat
A o3 P I v L I H E I A N 3 T I 3 R A M o]
tor thg coc sad agc aad act goc Lac acg tac gt sat gat gttt goc acc tgt atg aac
3 L P K 3 K T A T T ¥ v N o] v A T [ M N
atc act toc oo tac caa gas toc Att goc agt tto got ttt tat got toc gog cta gog
I T 3 P T Q E 3 I B 3 F v F ¥ A 3 A L A
aty cta got cga tog atc got ago Ltt gag got act tho act gat goo act got tohb tot
M L A R 3 I i 3 F E A T F T o] A T A 3 3
got agt got Lot got got ggo act toa gat gaa oot ggg acc goc ottt goc aat asag got
A 3 A 3 L L e} T =1 il E P o3 T A L A N K A
cay ctc gat aca tog CCt ot CCog gta thg tta acc cta aca gog taa
Q L o] T 3 P L P v L L T L T A *
a9 21. Rhizopus microsporus var. oligosporus®]

cDNA 714 <E
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t}. Bacillus sp.©l chitin deacetylase A=} =9 2 w3

D #HE 5

Chitin deacetylase®] Bacillus cloning®] pWB705 WE (213 22)=
AHESERATE o] MBE EcoRIS® F-Z&4ddate] SacB SP QF&el A Atk
F wWEo] chitin deacetylase cDNA7} A= ®=2 3¢t Insertél
chitin deacetylase cDNA= &4 Z &2 RCDA-194 92 Zg=u=i
AR&SEA Y. WA Bacillus subtilis®] WB7002F WB800¢] FAH3FE
competent cellS W59 vector?tS AFE3le]  plasmid®  Bacillus
subtilis BAHAZ Z7AL& FH3IY. Bacillus subtilis competent cell
< SPI wiAlol WA} 71 s HEstel 37CoA oF 4AzF 719
OD600°] °F 0.6% A g % o] W& 05 mls 45 mle] SPIHjA] |
wol 37CelA 90®7F 71 v EGTA &< 005 ml& ¥ 5&7-&
H 719tk DNA AEE 05 ml9 competent cell®} 4o 907+ ujj<k
sttt ol wf, WB700 (pRDA83)Z} WBS00 (pRDA83)> kanamycin®]
Eoldle By Al =Eekqlar, 37ColA  15A1ZF 71 Aebd
transformant Z}7} 8ule]W & F292 Adsle] o5& HA 8]t
4 S48 AL, a1 F 7 €40 =2 transformantE A E
sfo] o] Adgo)| Al&3AY. B. subtilis WB700 (pRDAS3)3} WBS00
(pRDA83)e] A5 ds 3gste] ZagddsS =AEE A3, WBS00
(pPRDAS83)°l A 045 U/mlZ YEelg e, o] 9% Rhizopus
microsporus var. oligosporus® wjFelo]A AL 0074 U/ml Ht} <F

6ulel Z71e Aot
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Gln Ala Phe !\lalLys Gly Ser Gly Ile Leu Gln
CAA GCT TTT GCC AAG GGA TCC GGA ATT CTG CAG
HindIII Styl  BamHI  EcoRI  Pstl

e e

ndlll

T < = =
l (/
P43 ||  sacBSP

pWB705

a9 22. Expression vector pWB705 for Bacillus subtilis transformation

2) Bacillus subtilis 327354 A4kE chitin deacetylase®] 574

Bacillus subtilis WB800 (pRDAS83)E 1241t #jgste] A5 A&
o] <kl A] 7] chitin deacetylase BAlsh= WHI T W

=31
H
AAste] ArIFdEd &dMe sdsdn. 1 Ay dEdgs

) of] A
SATEFY AEFE=d U3 60 kDa Aol A wE B
(29 23). o] ARZFHE FATY F chitin deacetylase F3A7F &

AT = Aom G
1 2

a9 23. Bacillus subtilis @A 7AgF0]A AAHE chitin deacetylase2] &

A 1, wild type; 2, Bacillus subtilis WB800 (pRDAS3)
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4, A3 29

7}. DNA shuffling

Z 5500719 FEAHSFTE don, o] Y= HoAE dAHo
2 Asle] 35 positive clone & 97/ $FHolA FRE At
1184 chitinase 17§ (Chi2-389), WA chitinase 17§ (Chi2-33)& <

S F oAddew ygZE A chitinasers ok I FAFSEA TR WolA|
Chi2-389+ ©FA ¥ chitinase Bttt 16% A= WA 7 =4 JEs o
W, WolA Ch2-33& FHZ X7} B8-25& 50CE opgE 3y} nssyd
o} Ao ofd ®Hu 18% A uehwth WelAl Ch2-333
Ch2-3899] 729 Exb#el W7t gl o=z Hol Wol ahel iA
1 Aoy HuEe] WE S gle oz FHHr

ChBD W4l CBD$ XBDE ChBD #9919 171443 %23k domain
AZAE AATE dFEe] Ehv AEW] EA8EH A, ChBD7F A&H
™, CBD7} ChBD .t} colloidal chitin

o Fo] Rkgets Ao =® vEyth CBD9F ChBD7F <A

Hog FAY A, dxoz EAT A no s i s S
K3

ZEN A om, XBDE CBD Bttt 1 371 ofslttsE AS o 5+ 9t

(@
B.
~
oo

lo
2]
ox
o
=2
o
=y
12
ol
ol
32
o

L}. ¢cDNA library® 3% % chitin deacetylase & At
Rhizopus microsporus var. oligosporusZ4%€ 05 ~ 25 kb ¥
¢ mRNAE <At mRNARFH 48 cDNAE ZAP expression
vectore]l T=3dte]  oF  870,0007H%] primary libraryE @ X33O
Rhizopus oryzae®] chitin deacetylase +HAE Edz 3 FHEojA 30
bp A%E9 probeE AZEFe] hybridizeE 33} o1} positive clone
] E3&FAth Chitin deacetylase @Allol 13® cDNA plaques <
Aurst A3 EF 25709 positive plaqueE  DAtt. o] = chitin
deacetylaseE AAtslE= 2719 plaques A3t o] & plaqueE E.
coli XLOLR W& =3 A3} chitin deacetylase &AL nj %o oo

o
12
N
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= A&HA &1, periplasm¥} cytoplasmel A9k A &5 Ao

o] =& RCDA-19] EA18k= cDNAE 1,308 bpel ORF7F EA]
om, o= 4357 ofvjx=itemd dWEA S A dqHE Oy
Ao EapEke 48000 Daollow, A

o} wxg u  glycoprotein®e.® HHEY. ©E  FFol chitin
deacetylase ¥+ @3} 69% o]&te] HFAFA S e

o T3k A el BEH ofv| =it HLS Uil

. Bacillus sp.ol chitin deacetylase 42 =¢ % 23
Chitin deacetylase®] Bacillus cloning®] pWB705 ®HEE Al&3%
th o] M E EcoRIS® F-#Awate] SacB SP QF&FolA ddkd WE o
chitin deacetylase cDNA7} QA== 39t} Bacillus  subtilis®)
WB7007% WB800 competent cell HHoz2 FAHIS FPrt. 1
Z 73 Aol ¥L transformant B. subtilis WB700 (pRDAS3)}
WB800 (pRDA83)9] T H& 3FFste] aadS AR A
WB800 (pRDA83)eA 045 U/mlEZ YEloew o= Tx FATF H)
FAN A AL 0.074 U/ml Bt oF 68 F7he Aot
Bacillus subtilis WB800 (pRDA83)E 12A17F v ¢sto] G5 ds o
of W71 AN E T AY JFAAZFFAA FATFTFY AT
EA% YT 60 kDa <A 24 wWE BT o] AFREITEH ¥
[e)

= =
AlqFe] chitin deacetylase A A7F PJAA ST A dHE = A
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A 2 A Chitinase, 7189 2 7| ELYLZE o] &3 AE

B AR S ALY gy

T EATH40-42, 54). olE TFEC] A4l Chitinase= A EZWH AT HE
Heol Fo FAES 719S Flste WE dAste Aoz dyA drk
(30, 43, 51). o}&# Chitinase= <359 FUW AXE £ ste] & 3

AAelE Ao BuEATH4, 5).

Fob, vl H Hoy, Qo] ¥ 3F @] EnE Fo AH
v Ao® ®HaEQli(s0), dAl o] 7|EAbe] Z+E A=Y
AEES A3 = Aoz Ak Frlo] wo] AujE vk

=
Egto] RE WARE A o] oje NELnYe F
]_

o o

of =9 7l FXEvs B (3=, E9WE 10-1994-0000305) 7t
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tol E <ol

d 718
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BB =4 Al

[e]
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3w

A 1 o)

10-2004-0020482)

aL, 71"

o]
PR

of

il

2

=
=

’

=

)

el

)

71

o

Ed 3y

10-1997-0026538,

A 2 5uH 2] %2 (Chromobacterium  sp.)

(Trichoderma sp.)¥}

= 4
dlo] 3

el

)

7!
"

ar

el

ol
o

ol Fofof

SHICE R

S

=

oh E A TREE oA

o WA &

ato] WAl Z A7 o

S

k]
pl

St

o

Bo] 2adv. welM vAsAY BEFefol ¥

£ Hgol
3 Wgo] o AzrE oo}

2003).

=]
=

i3

ok
=

udiiseEs

+o]

S

Aol A 2 A= A2 vgew A 24

_ZTI

ol

il

)

ato] & Al M= el A 9}

S

a7 9

el

=

=

°]

3 A A E ST

=

ofp
e

ojp

W Chitinase®} 3

o] 71E

=

—

A =E 7

S

A€

IR R R A

ol

A

9

A7)

=]
1

} 31, Chitinase:= 71891

S

2 HZA|7|H, o]7]e] chitin deacetylase®

A+, Chitinase,

w
@_

el
]

o

5}

5,

A, chitin deacetylase

3]

A

F1E<¢] 31w, Chitinase?]
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3t AL, chitinase A2
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x H|A

- FE . : - AN

- 2Jldg ' - ZI E|lL}oA|
-ZldE2l 0y

< ZZA : - F =Ty

" chitin Faed

deacetylas

(ZHE3AAME B HAZHT ¢ AEAEH) AT A=)

2. Az 4 W9

1o
S~
e
g,
fol
08
J[m
2

7}. Chitin deacetylase 84+ @5

1) Chitin deacetylase AAbra=2] At

71 FATE C KCTCEHEH e 2275, KACC=EE 53, ATCC
ZEY 1#F, 283z B Ay sk 7" AE B T(R D
3k chitin deacetylase AAF]HEE A EZHo|A FZE3F dyl nf o] odof A

ZAbss e,

of

Lo WY T filter paper =3}

=
j=s)
==
o2
2
12
I~
s
N
o
=)
==
X,
o
L
X

(2) AXE FF : A7dA Loz #A4E Wds F, TAF 4 )3 glass
bead (6 g)= 50 mM Tris-HCI (pH 7.5) + 100 mM NaCl + 0.2 mM
phenylmethylsulfonyl fluorideo] Y i LS £oA 1AZF &< blendst
th. 1 ¥ glass beadE A8t 4T, 10,000 rpmel A 30& &<t

o

g&te] dojd A5 AE 50C water batholA 30% F<oF 32 3

(o
jubad
Shs

(o
jubal
Sh
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glol oJalA Hdd L& A &

o[n

&

o Ea B =
Chitin deacetylase &A A2 glycol chiting AM&3te] A7)

B

714

2) chitin deacetylase?] E4 ZA}

7b w5, wilA 2wl ek Rhizopus microsporus var. oligosporus® XX}
dgtel (10 £4/mDS PDB, YPG, 71€+7] &), 719l 5& 7|E2ke] 37}
® PDB #iAel FHE, 200 rpme] % (25°C)ell A =l
AT

Zholl wheh AN H wiFe] NS filter papers & &, TATAHS =

’

A

=

= o

=i}
=

FN

I I

i

1000 mlE& 2 L 2tzt=se
713k A (2000 ml = 1000 ml x 274

ammonium

=i
= 0]
L=

gs AA3
=)
- AL s}F% stirring (total 2F 3000 ml)
- 3000 ml< 47T, 13000 rpmol Al 10% ¥4+
(50 ml FAFEA F71H 50 ml ¥ > s
50 ml ¥ 94 > &5 wg Jo¥ 50 ml ¥t
« 17§¢] 50 50 ml¥ @i 5HAA| 250 mle]
pellet

# 671¢] tube = 250 ml x 6 = 1500 ml

* 3000 ml = 1271¢] tubeol 50 ml% 5 A A|
170 tubed] pellete]l 20 mM KH:SO,+NaOH buffer (pH 7.0) 1.25
ml A 93 %9 (12 tube x 1.25 ml = 15 ml)

: 17} membrane®] 5 ml® Y11 A-&Ao) A overnight ¥4

20 mM KH>SO;+NaOH buffer (pH 7.0)2 3H Zo} =

ol

=4

e

a g7 44

oo

ml tube :

=
-

A
A~
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o) @¥d w5 74 : Microplatee] Bio-Rad Assays 1:4H|&= 3|4 gt
Dye 200 @& Y i, StandardZ+ Bgg 0.7 mg, 0.35 mg, 0.175 mg, 0.0875
mg, 0.438 mg, 0.219 mgE 10 pw® P31, §4h+v F29 MY 20 s 2

, 59nm (Elisa Reader system)oll A @2 =& =A 3

Z}) SDS-PAGE %¢] chitin deacetylase &4 #H=
710 Vled WHoR s 0.01%(w/v) glycol chitinZt 0.1% SDS
= ¥33 geldld A7I9E T, I gelE 1% Triton X-100¢] 4% pH
509 100 mM sodium acetate bufferel ¥ i 37ColA 3AF &<k &
ek & o Bl A 0.01% calcoflour white M2R (Sigma, F 6259)2 %
AR AME gelSs THTE 1A ol A7l F lytic

zoneS UV-transilluminator’}oll /] 223} 9] o},

a1

=]
® Fal

u}) Chitin deacetylase®] ##], F#] € A

(1) Chitin deacetylase ¢ &, 4|
Rhizopus microsporus var. oligosporussS PDBolA 54 &
Adoj Wikl NS ammonium sulfate® FHHAZ  F 25 mM
NaHPOs~NaH:PO, (pH 7.0)2.2 &3etditt. &3 AHES il o3
A AAEL AAHZ A59NE HilLoad Superdex 75 columnol A 1A]%F
3 30 ml9 flow rateZ elutionAlZHt. &4 XS YE
SDS-PAGE®l <&l @49 bandE A fractionE (2 ml/fraction)
FolAl 20 mM Tris-HCl buffer (pH 80) 2 2433, HilLoad Q
Sepharose column®] A2 H At} I columne 20 mM Tris-HCI buffer
(pH 80) 20 mlZ A%, NaCl (0705 M)¢ linear gradient®
elution (30 ml/h) HAGY. &AFAHES 2= fraction (1 mD2

SDS-PAGE A &<l & 25 mM NaHPO,~NaH:PO; (pH 7.0)e] F21 5]
Atk

(2) Lo thet A U oA : N-acetylchitohexaose((GIcNAc)s), A
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AE &4, 01 M NaHPO4~NaH.PO, (pH 7.0)¢] w855 eppendorf

tube o Hil 20780°CelA 102 HE $ S FAHS A <t

719l WgES 20780°Cel 174417k

(3) pHol sk &4 2 <k"A @ 27119 pH ¥ WelA (GleNAck ©l
79) )

r\l
f
i
i
s

X,
filo
AN

2
_0|L

Q

b wA "wWdw ® E# . (ldosporium  sphaerospermum,
Cladosporium tenuissimum, Colletotrichum gloeosporioides. Alternaria
panax, Fusarium oxysporium. Botrytis cinerea 5ol ™3 AAdE 7)E
ofolAl, 27699 ZIH&aurel JESHuw] I S XAFES

W) st &4 24 g Ay 0 FA BEeS PDA, 25TolA 1097
v ket E25 FAA7IL, FEE F 2 ANH F A= 28E
E2389ct A AN 50ulet 1/2 PDB 50ulS microplated] 2
3. Chitinase, 71§l & 7|EQ 8]9S 50ul® FH7lste] 25TolA 184

i
Y
Ll
e,
=]

2) 719 &8lad ¥ 7B 24 g 2 WU
7}) chitinaseE ©| &3k 7|€l &g e ZA
(1)  chitinase®l o FE2g e £ 3 =9 : 0IM

Na:HPO;~NaH.POs (pH7.0) bufferol e gAld &4 (GU/g 714)9
1mM chitohexaoseE 45 Col 5, 10, 15, 30 % 60EE ¥ %, TLC plate
(silica gel plate 60 F254 (Merck)ell loading o]
n-propanol/water/ammonia water (70:30:1, v/v)olA  HA/RE AT o] plate
= aniline-diphenylamine reagent® #%3}11 180Co|A 3% F<t bakings}

o 7t eelngs AEHY
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(2) chitinaseol <J3F €&l FA : 0.1M NaHPOs~NaH:PO,
(pH7.0) buffere] 3Fd AAD &L GU/g 714)9F 01% (w/v) crystal
chitin& 45 Ceoll 1, 2, 6, 12, 24 % 48Xzt & %, 5%5<F boilingd}o]
HPLCol A #2439tk HPLC ¥4 NH2P050 4E column®l ] acetonitrile
© water (70:30, v/v)E 1ml/min 9 flow rate®Z ZA7H3te] 210 nmolA =H4

shaie.

W) 719 ag o2 iy 7ESeade] A A

(1) Chitin deacetylase 9 A4k #32], A 2 54

JNEEeadS A7 $18kel  Rhizopus  microsporus  var.
oligosporus®] EAAEN (10°ZA/ml)<S PDB, YPG, 718l+7]Zuj=x]d] #
%, 9 200 rpme] 2w wHkr] (25C) oA wigFsrth wl ) Zrel whEh
e g N2 filter papers I F A7lolA ZiEdE wWHA 2lsho]

224 SAAA 2RSS AT

o

2
)

l:O[A

(2) chitin deacetylaseE ©]-&3 7|E&garde] ZA

7h 719y agdo] wE  chitin  deacetylased &4 :  0.1M
Na:HPO4~NaH:PO,; (pH7.0) buffere]l aH% AADA chitin deacetylasease
(B0ng)¢t 27692 7]|E4F % glycol chitin (0.5mM)S 45 Ceo| 15, 30 %
603 & F, 1052t boilingste] 84S A48 A 0

(W) 7199 EFHo wE  chitin  deacetylase?] &4 : 0.1M
Na:HPO4~NaH:PO; (pH7.0) buffere]l aH% AAD chitin deacetylasease
(50ng)9} crystal chitin, colloidal chitin % glycol chitin (0.5mM)= 45 C

of 12, 24 H 4821 & ¥, 1025 <t boilingste] &4 & F4 kAT
3. W =9 chitinase @ 7|8 &d o Aiyg 2E ¥ BAEZH
7} FATFF 9 chitinase YA 5

Chromobacterium sp. strain C-61, Lysobacter enzymogenes C-3

Serratia plymuthica 2 Streptomyces sp. strain S-29] 7|8l&3& =32
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S chitin®f Aol HF, 28°CollA 547+ v ¥ halo zone®l =7]
o af A sttt

Chitin WA= =5 1 L9 colloidal chitin, 2 g; (NH4):SO04 3 g;
KoHPO4, 3 g5 MgSOs 7H20, 0.2 g; H3BOs, 56 mg; CuSOs 5H20, 0.4
g; ZnS0O4 7TH20, 05 mg, NaMoO4 2H20, 1.5 mg; Fe citrate, 1.0 mg;
CaCl,, 10 mg; Yeast extract, 0.2 g. pH 7.02.2 3} 119 HITAIA
t}.

1}, Colloidal chitin A 2=
Chitin (sigma,C-4666) 40 g HCl 400 mlel Y3 1AIF &<k Ao
WA <l % 5710°CAAlA SR/ 15 LE #H7bete] chiting W AIZ1
T oAFste] =5 AAAY. FxE= 5 LE H7ste] chiting 3 A

x

=4
CAENS WD FAES olusel B AAT F, 45 pHrt
=
hl

oh v Ao wE ZlRlEsiAlte] A 3 chitinase BAF 5
(NH92S0s, KH2POs, KoHPO4, MgSOs TH.0E i3 wjx & o=
i ol 1/2, 1/47 3A8ke] 02% ¢ 71€S 3 wiA 100 miS
500 mle] Zebz==e] @olvk. o] uiA|el] Nutrient broth(NB)#)#] o]l A
vl k¥ chitin sl Al 100 ulE HF s, 28°C 180 rpmollAl Wi 3}
Ak o ®igFAS wid 30 m® AFH, 208 FF 10,000 gol A PR

H O
=
g & A5 Ao 3t chitinase S A3}

2}, )2k chitinase ¥ 7]9&g] el Ak =4

N B A TFEL 28T, 180rpme Nutrient brothel A z+zF 147+ wj %3}
Ak ol Hi%Fel 100mlE 500Le] 7ZIRl+HAGEFuAE A ofZFujgrll
HEstar 28CeolA  widstdA 59 Ao w JRHEsAlTE

chitinase &4S ZA}sHA

1) 7Ie&aATe Px  : Chromobacterium sp. strain C-61&
ampicillin+polymyxin, Lysobacter enzymogenensist
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=]
h=
ol
-

%

[e)

=

Ll

i

k]
pl

7}3

=]
=

ampicillin+novobiocin
Fo] A AT AT

9

L

o ¢

Fol zAbE A,

H
o8 chitin deacetylase

©

el 9

DTN 7]

]

Al
ax

q

d

WA & 27t

NAH|A] #fell A 2]

FSA ot

2) chitinase &

}

3]
T

pul

ampicillintkanamycin, Serratia plymuthica

7
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2) £E A% @ Qo] My gRE HNELS HFHs FEC HE}L 2
of FHE oA F wdAA et FA e HeEPdAEE v
sttt

1) EvtE 3
B ojgele A F A7)
g

2) EvtE <luFol

—

7}F. chitin deacetylase A4t w52 A@ 2 g4 B4

71919 olME7]E AATo A FIEALS] wrE A=, ofAEY= &
Z+2] (NaOH)Y chitin deacetylases A &3t AAZE 5 Avh6l, 62). A
chitin deacetylase®] 442 T X<l Candida spp., Saccharomyces spp.(34)
9} A3l Mucor spp.(20, 62), Aspergillus spp.(2) Colletotrichum spp.(58,
60), Absidia sp.(13), Metargizium spp. 2 A2 Alcaligenes spp. ol A
RuE}, wgba] o] Ago|A= KCTC, ATCC, KACC SoZFE Egy
< oy #F A ASE5E ZEE oy JdEevAEZ5E chitin
deacetylase®] Aibzeo] ek dFE Ay, 1 §49 EAS ZASH

A,
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1) chitin deacetylase AAbiFa¢] At

fs

A

E 194 BiEwpel #Zo] chitin deacetylaseE A4tstE Aoz H

i,

al
Absidia coerulea (KCTC6900)¢} Alcaligenes sp. (ATCC 55938) T+
45 AAEAAR wjgo Aoz FHskA] XYt HasA e I

X

2+ Saccharomyces cerevisiae (KCTC 7911), Rhizopus microsporus
var. oligosporus (KCTC 6969), Zygosaccharomyces rouxii (KCTC
7966) ol AAstA=d, 53] Rhizopus microsporus var. oligosporus
=ooe #RERT O Be 99 4% ANSL, EF wgeddon ¥
Hl At} o] #FE o}Z chitin deacetylase BAMTFFE B IE X &gk
ol o] AL A FFE s AT
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¥ 1. chitin deacetylase QA2 Aol o]8d w|AEF} 159 T4

&

o,

o g ) Chitin deacetylase 24
Hg | ETHE T AEA 3}4120; W
T = =1

1 K%EC Saccharomyces cerevisiae + +

2 7108  |Saccharomyces cerevisiae - -

3 7238  |Saccharomyces cerevisiae - -

4 7239 |Saccharomyces cerevisiae - -

5 7523  |Saccharomyces cerevisiae - -

6 7227  |Candida shehatae var.shehatae - -

7 7644 |Candida diddensiae - -

8 7663 |Candida atlantica - -

9 7666 |Candida dendrica - -

10 17508 |Candida cleridarum - -

11 17277 |Candida azyma - -

12 17281 |Candida apicola - -

13 6900 |Absidia coerulea + - HugE
14 6903 |Aspergillus awamori var.fumeus - -

15 6987 |Aspergillus versicolor - -

16 16682 |Aspergillus flavus - -

17 6969 g[gii%éi i microsporus var.| . i

18 16775 |Rhizopus oryzae - -

19 6041 |Rhizopus sp. - -

20 7966 |Zygosaccharomyces rouxii + -

21 16773 |Muco hiemalis - -

Alcaligenes aecalis subsp.

2 | 2678 |flalie I Dl -

23 %3?? Metargizium anisopliae - -

24 40223 |Metargizium anisopliae - -

25 40230 |Metargizium anisopliae - -

26 40231 |Metargizium anisopliae - -

27 40969 |Metargizium anisopliae - -

98 %gé%g Alcaligenes sp. N - luaw w=
29 Trichoderma harzianum P1 - -

30 Chromobacterium strain C-61 - -

31 Aeromonas hydrophila - -

32 Serratia marcescens - -

33 Streptomyces spp.

34 |71t v A 71" M T 30F - -
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2) chitin deacetylase®] A4 %7

Rhizopus microsporus var. oligosporus?} A%Fgk chitin deacetylase:=
buffer®] &7 3 pHel wel thdst 545 Hof Fo wabA A&t a4
g4 4 A2=gs FHstr] 9eke] buffere] 57 2 pHoll W& nj ko] o4 ¢

S A s, 28 164 B wkel o] pH 7.0004 7HE 5353
th Fd pHolA = buffere] FRol wel Aol Zolzk AAAT
KH-PO+NaOH pH 7.0l 7Fd ¢53tlaL, Tris-HCL bufferE AH8-3}3
= AFole dExTolA =2 ol AEHIAY] witel AHEE & st o

ghA] o] %] BE g4 &4 542 KHPOs+NaOH pH 7.0014 A A = A Th,

120
100

X 80

20

ol 60 -

=

<0 40
20
0

2 3 4 5 6 7 8 9 10 M
pH

% 1. pHoll W& njko] o] chitin deacetylase Z4

of ¥ E Ed " EEe] & A5 4 3+ chitin agar plate
o o] MFo] ofF W JNEEHEALE BAEA gl =3I YPG HA

{1

O

Hthi= PDAolA 2l ASo] 1 43t9a F X BT 25 CoAe] ASo]
7 o539, e YPGSE PDA 100mldl A& gl (10°E2/ml) 1ml

S HFstaL, 25 C, £ 200rpme] F2umdkriol A wiF 5, wjFr] kel uwh

2 oAy g4 s S Ay, 7 244 B upel 2ol YPGRTUE
= PDBoA o ¢35ttt ®=3 PDBolAE 59 w9k, YPGolA+E 69 wjek
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o TAAGNS AFAAS AL HF 395 Fme] YL vhehuch

o] FEZXE chitin deacetylase®] AAS FEE HY] 93}
colloidal chitin®} chitosans % 7}3 PDB9}F YPGOlA wigslel a4 &
SAste] Beted, e 2 AolE YEh A FdTh =, o] &4 AL
2 chitin®] Y} chitosan®] 9l&iA FEEA] i S AEd JEFS W= o)

e} 2=
AE & T I

e

120

100 |
8o f
*
20
ol 60
o
<0

40 |

20 —e—PDB ]

—m—YPG
0 :
2 3 4 5 6 7 8

i 271 2H( )

¥ 2. w73 v Ao wE wjke] A o] chitin deacetylase A

U 719 28ad, 71 E28l e 2 Chitinasee] &t

) 719 &81d, 7128 2 Chitinase?] &4

_80_



IR 1" 52 | Eggardel Az 7t 2 AEe udd WHdd
7 AEFe] oy FoFES JAstE A2 HuHdr Yy BE ¥
Fol BE HAdTds YAsts Aol ofg g o], i M
z2d wg JAAE7} 27 g2 Aoz 4 v}l Chitinase® 22499
Ao AxE S Easte] dAslE Aoz HuE AT Chitinase?] 79l
w1 oA o] g Aom A vk webA o] AReAME Fo A=

AU Fg-o| ¥ (Botrytis cinerea), A& 8w (Fusarium oxysporium)3}
vl o] 24 WA (Cladosporium spp.) ol g 7|9l&e 137 7| E &2
AAEINE ZASATHLE 3, 4). 4 BT BT
E AT F v s gAY RS Rue V| ESE g 9
A o = A EJY E=3 2769 EZEHNY FTollA Feo Ut FHE
TE O 52 AdAZAEE Bol FAh
wheba] o ogdt Mo Iapdol AAle] diF VI ESHude] HiE
55 AASAHGE 2). 1 2y 699 71EANR] AS Botrytis cinerea,
Cladosporium sphaerospermum, Cladosporium tenuissimum®| 3| A=
Sppmell = EAPgolE  50% oA AAS}a, Alternaria  panax,
Colletotrichum gloeosporioides ¢+ Fusarium oxysporium %< 50 ppmol A

EZAoLE A ST
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120

100

80

60

Inhibition(%)

40

Inhibition(%)

20

5 50 500 5000 5 50

500 5000
Conc. of chito—oligomers(ug/ml)

Conc. of chitin—oligomers(ug/m1)

19 3. Botrytis cinerea®] XARrolol| digh 7|8l W | E &g ade] A&
3}
120
100
80
60
40
20

Inhibition(%)
Inhibition(%)

5 50 500 5000 5 50 500 5000
Conc. of chito—oligomers(ug/ml) Conc. of chitin—oligomers(ug/ml)

19 4. Fusarium oxysporium 2| EApdbolo] tfgh 718l 92 J|E 28 139
] A & 7}

¥ 2. WA g3 VESY e HA HoldA s=

2 A ol A T =
o5 = F A5 = (ppm)

39 4% 59 6
Colletotrichum gloeosporioides 5000 500 50 50
Alternaria panax 5000 500 50 50
Fusarium oxysporium - 5000 500 50
Botrytis cinerea 500 50
Cladosporium sphaerospermum 500 50
Cladosporium tenuissimum 500 50
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1}) Chitinase®] it &4

AA¥  Chitinase®l %%xol W& Botrytis cinerea, Cladosporium
sphaerospermum, Cladosporium tenuissimum 2 Fusarium oxysporium <]
XA wol AAEIE ZASIAY. 2 AF} Cladosporium sphaerospermum
% Cladosporium tenuissimum + 20ppme] FEoAM X 50% o]4e wo}
AAgHE YW oy, Botrytis cinerea®l 7d$ol= 200ppmel A 50% o] A+
o] o} AAEHE Yell L, Fusarium oxysporium ¢ 739+ 2000ppm
A 40% BEwre] AlE vEriT (L9 5A).

w3k Chitinase®] Sol#el &do] mE xxpdol AAEIE AN K
7] 91t 200ppme] FY FolA Heol# &de] thE 5% 9] Chitinaseol
3+ Botrytis cinerea® EAPEol A gHES  FAEE AI(2™  5B),

Chitinase®] 5ol% &/ WolfAga= vl dts AS & 5 AU

(A) (B)
120 180
—+—Be ~ 160 O Chitinase activity
100 p—=—0Cs - — &R ]
—_ o o = 140 | Inhibition of
..a_a, B0 Fo 'E 120 germination
5 // / 2 100
= 60 @
3 o 20
E 40 = 60
20 s
/ o 20
0 - ‘/_// . . o] 1
2 20 200 2000 Chis4 T2183 T2184 T218D T218E
Conc. of chitinase{ug/mi) Chitinases of wild type and mutants

a9 5. AEH Yo Exolo] sk chitinase®] A &3} A; chitinased]
FXo] wWE Bce=Botrytis cinerea, Cs=Cladosporium sphaerospermum,
Ct=Cladosporium tenuissimum, Fo= Fusarium oxysporium® <A 33}

B;chitinase®] &/l W& Botrytis cinerea ©| A &3}
2) 719 o2 iy 7¥geayd 9 JE&ande] FA4

A4 L4# A chitin deacetylase® 71883 e olAE7]|E & A AT
_]

of gk ofAE 7= & AAATA K= Aem A 3l

X

)=
o,
in}
o
ox
X
)
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th meEbd dAe B AFELS 718l NaOHE AHzlsle] 7|EAte g nhs
il of7]e]l chitosanases A eldte] 7|E&eauds wEa sta vk 1Y
U NaOH9| A= 21F9] A wAEe ofyet Al A oksli= 414 E 0]

&5

il

FEar vk weba o] AFelM = 719l chitinaseE #2ldto] 7]
aFo g WEI 7)o chitin deacetylaseE A @lsle] J|E&gi1dog #
et = Al=E ZAEA UL

7}) chitinaseE ©|&3to] 7|l o2 HE 7|d &1 ZA

(1) chitinase®ll °|g+ 719e] &3 5

b 7192 1w 59 HPLC +4 @ &alit=s A= 9 A48 9ls
of HPLColAM <eixl ZI-&eagdel it 245 dAsksi. 1 da a9
6ol Hi= vk} Zo] 139 retention timee] 2.775%, 2@°] 9
o] 13167+, 49°] 18458+, 59°] 258254, 6 ojAtt w
kA o5& 7]F & @A chitinased °% 7I®I] Ef 4HES] dE XAMS
A Th.

oft
o,
w
D
8o
J
a1
Mo

% 6 7181&E 1w Ee HPLCEA

(W) chitinaseol] ¢]3F 7]€l¢] Ea|AHE @ AA A chitinased] 3 AAA 7€
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o FaAES WA weh A A3, 34 K wubsl o] 143}
o] FHE Hal AEol AFHAAW, 56 0] BE A7|E 647 nEG

569 TellatEoe]l HAE 7] Alzfeko] 2443k

¥ 3. #kgA 7o Wt chitinased)] 9ste] EalE 7€l age] H &

Wk Al 3l 2= (%)
s (GleNAc | (GleNAc | (GleNAc | (GleNAc | (GleNAc | >(GIcNA
GlcNAc

(A1 7H) )2 )3 )4 ) )6 Cs

1 2.5 4.5 2.7 15 2.8 1.1 79.9

34 18.2 125 3.8 6.2 29 53.0

49 27.3 195 6.2 12.7 3.3 22.1

12 6.7 42.6 23.5 12.2 6.3 4.6 4.1

24 105 53.2 34.5 1.8 ND ND ND

48 19.7 52.8 275 ND ND ND ND
* HFSESE = (01% (w/v) crystal chitin, B ¥ chitinase 5U/g 714,

0.1M buffer (pH 7.0)
% 45 ColA ZF WS A7 FoF HE 5859 boilingdtal HPLC #4]

}) chitin deacetylaseE ©|&3te] 7|8l &gudor HEY J|ELgude =

Al

(1) chitin deacetylase ¢ A4k AA = =4

(7}) chitin deacetylase ¢ A2k =7A

Rhizopus microsporus var. oligosporus (KCTC 6969)= 25Co|A 7}

4 Fe AFS v weEbd el 100miol  E2E e (10°F 2k /ml)
ImlE AHFstar, 9 200rpme] F2uykr] (25C) ol A wjgstHA wjg7]
ol g gl TAGAES ST 2 A3 a9 7oA K upet

o] PDBHMIA 7} 7} 538193, 1 S o2 YPG, 7€+7| EuA] o9l

L
ot 3 PDBAIA = Wl 54, YPGAlA = Wi 644 7HE w2 24 &

e Ueha 2 olF s, JI"+rlZuA A = vl 7L A 7]
A% S7hsleE Aol 3, o] &4 % chitind chitosanol 9dA F=



s A ek

-~ 120

R

100 |

>

> 80 =

c 60 f

[

> 40 |

E —e—PDB

o 20 —=—YPG

o .
0 chitin

2 3 4 5 6 7 8
Culture days

Iy 7. wiA e} w77l wE chitin deacetylase A4

(4}) chitin deacetylase o #32 2 A=A
Rhizopus microsporus var. oligosporusS PDBo|A 54 F<F wje
of dojxl gl HE SDS-PAGEF 23, 19 SABelA B npeh 2
chitin deacetylase® ©¢F 60-kDa¥} 45-kDa®] F+ WE=olA HEHT. o &
%, 60-kDa9] chitin deacetylaset= Hiload Superdex 75 columng % 3}3}
o &do] A& fraction SDS-PAGE®l <A =t (17 8C). 13
AAE &he Rold EA3F Hiload Q Sepharose FF columne % 331%

o} &4 o] d+= fractione SDS-PAGEeC] 9|4 1= ATH L 8D).

]_

o]

Oy
ol

I~
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(A) (B) (C) (D)
O 1 2 3 I-1
97

66
Chid —

18 8. Rhizopus microsporus var. oligosporus’t  AAF3E  chitin
deacetylase®] AA|. A; Wil Nl silver staining, B; wWl¥o] 2] active

staining, C; Wil 124 A A, D; 224 A A

(3) AA¥E chitin deacetylase®] &4
7142l Hexa-N-acetylchitohexaose((GIcNAc)6) o ®fdk  chitin
deacetylase®] 24 60CA 7p& Sapla, 2 ofF ZAs (2d
9A). AAH EAE 7 LR AEE F 5 1 FA4E
9B), 90 CollA= 1A zkellel &4 Al dAstda, 80 CollAe 2413 o]
T 40% olste] E4de Ro Fem, 50, 60, 70CANME G ol
Z

AAT, AEHoE FHo] gasty 92 & & Atk
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120 120

100 100
20 20
g0 g0

40 40

Relative activity (%
Relative activity (%

20 20

20 30 40 BO  BO  TO 80 ] 1 2 3 4
Temperature () Time (h)

a¥ 9, 2xo wE AAF chitin deacetylased] &4 (A)F <A A (B)

Hexa-N-acetylchitohexaose((GIcNAc)6) & 7|22 S 45, T4
pH 7.0l 7} =352 1 o)|F FZ3] #HA3ATE A /f-:]@% a4E
Zb pHel A 2A17F &< & § A=, pH 70914 7HE S5EtR A

pH8 119 M-l A& 70% ©]/d9 &4S FAAH (29 10).

120

1’\5100

2

S 80

S 60

(6]

=2 40

o

[¢b]

2 20
0

2 3 4 5 6 7 8 9 10 11

29 10. pHol W& A A9 chitin deacetylase®] 43 <4 A
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(2) 719 Egud oy 7 Egeade =4
Sl

7h I %E] Feoll wE chitin deacetylase®] €4 : 3% 494 H&= ufe}
2ol (GleNAc)ol wigh &do] 7Hd st 1 v3ox (GleNAcs,
(GleNAc), o=, 293 39l gt &4 w9 wgkth 33, Glycol
chitinell th3t &%= (GleNAc)sol Hlgte] 1/2017%49] FF& FA8AH
¥ 4. 71928 e & chitin deacetylase?] 24
12 &4 (%)
15+ 30+ 60+
(GIcNACc), 0 0 0
(GIcNAc);3 0 1.2 4.7
(GlcNAc)4 72.3 88.5 94.3
(GlcNAc)s 87.6 93.7 96.7
(GIcNAc)s 100.0 100.0 100.0
Glycol chitin 54.2 62.3 77.3
* HFSESE = ZF 7]Z(05mM), AHA" chitin deacetylasease (50ng),

0.1M buffer (pH 7.0)

w45 Col A ZF Wk AIZE BoF mE B 10852 boilingstl &4 =4

N\

(W4) 71819l FFHo| wE chitin deacetylase?] &4 : ¥ 504 HE= ufo}
Zo] glycol chitin®]l 4|3} Colloidal chitin®]v} Crystal chitinoll 3l A
< - ek

weba "o gy JESHITS eV fl8iA = chitin
o 7|19d& J|EASR whE Ty, o] J|EAS JEST
Bt 2 AFoA]xH chitinaseE o] &3lo] 7191 7)€l

gYager wE, 7' adel chitin deacetylaseE ©]-&35t] 7|ES
gaugor wtes Wyo] dejdd Ao AZEEHAH.
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¥ 5. 71919 FFol wE chitin deacetylases A

. gl 24 (%)
127 7F 24X 3k 4841 3+
Crystal chitin 2.7 4.3 15.6
Colloidal chitin 12.3 32.3 57.8
Glycol chitin 100.0 100.0 100.0
* HFZSlE = ZF 7]#H(05mg), AAE chitin deacetylasease (50ng),

0.IM buffer (pH 7.0)

¥ 45 Col Al ZF WbSAIZF B HE & 10%-52 boilingst &4 =4

(th 71”3} 71Eseade wafue v
R R A B 5110 < A % AAEHs7] 98kl HPLCA

e A
A3 7199 A$-, 199 retention timeo] 2.775%, 29o] 9.775%, 3%
o] 13167+, 4%o] 18458%, 53] 25825, 69°] 36275+, 7IEAL
o) A= 19e] 2.758%, 29l 9967%, 3Tl 12825+, 4730
16.500+%, 69°] 21.625+, 69 ©] 28867+ ] At}

OXL

1= 21{:;3-;3} 12 2g
ACH
6t
4%t
] " 5g 6t
IElgelnY HI2=r1nl=;
o9 11 7193 7| E2g e HPLC 4

ot AEATf, chitinase ¥ 71E&# a1 o A 259 AE W W
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}A+F, chitinase, 71 ESIHES =
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ol

]
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ToR

g 71w )
48 AgoRA 4
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o

o))
‘E_v

N
iy

<

}a2, o] 7] chitin deacetylase”d

3|

%

oj

R

+

el

A

P
L

} AT, chitinase, 7| E28 21

23

il

o))
ToR

ﬂ
&

el

ol

&

1] SA3to] o]

Itk ol2ld Zhe S wiAlS

o
A

=

7P+

=
=

3h

A

3

=

el

N
)

oF

D &2 Alxte] 7]

el

Colloidal chitin
7ol ®BE wkel Zo] Chromobacterium sp. strain C-61°] 7F4 <

B

2
1=

I Yo% Serratia plymuthica, Lysobacter enzymogenes C-3,

Streptomyces sp. strain S-29] <=o|Jtt (29 12).

3L,
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a9 12, A Al 71’9838 8. Ch=Chromobacterium sp. strain
C-61°] 7} Ly=Lysobacter enzymogenes, S2=treptomyces sp. strain

S-2, Se=Serratia plymuthica

2) A Mol chitinase AAtsE
Chromobacterium sp. strain C-612] A% 2 chitinase A4t T3 9]
e wMAE AAE7] flske] (NHa)2S04, KHoPOs KoHPO4, MgSOs
E i3 wAE ddew st olE 12, /42 IHF tE 02%
71€91S H7}ste] Chromobacterium sp. strain C-612 ®joslgich = 2
A B nkeh o] ATt ESFE strain C-619 27| A
2 o7t =AANE v 5Y o] Fol= YA Lol & ztolE YERY
Al eF9kal, chitinase®] At e IAulEVE &5 9H o 5%
AEFE Ho FAuk. wabAd Chromobacterium sp. strain C-619] &3}
chitinase A4t 58€& =dig & 4+ v wWiAZ F/H+ 1LT 719 10g,
(NH4)2SO4 0.1g, KHoPOs 0.12g, KoHPOs 0.1g, MgSO4.7H:O 0.06g2 &

SR E R I
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(A) (8)

14 35
-——hn———z‘,
12 it - W 30 _——

10 /,/ Eal 225 o
8 / P //'/
// w15 //

act

Growth(CFU:Log10/m]l

6
4 2
' 510 /
2 b1+ 1205 o023} & ;4 7Q+1 —05 - 02
0 I I I I I 0 P . . ) . .
0 1 2 3] 4 5 i 7 1 2 3 4 5 5 7

Incubation days Incubation days
a3 13, wiAo wE  Chromobacterium sp. strain C-61¢ A&}

chitinase &74. 7]2uA 9] 34 A= 1= 44 05 =1/2 34|, 025 =1/4
s|A, B A& 0.2% chitin $Hy, 28TCelA v

i)

3) A& At 2 chitinase®] & Ak =7 g

) AgAte] A5 chitinase kel A3ke wjxe] Mg ¢ DA
53} chitinase 4ol Sdstd e #MAE A7 Yt wiA 4
(FF 1L3 (NH4)2S04 3g, KH.POs 4g, KoHPO4 3g, MgSO4 7H20
02¢)& 1/2, 1/4, 1/8, 1/16, 1/32= 3A3x 7€ 1lge H7IsIS 49,
A w5 B5 Aot 2545 27 S O =qA0 v 5 o
o= dHeAe] dEet F Ao]lE YERA @49kal, Chitinase A 58 &
E5TE 2388 o ¢ Aot v, SRSl 71dw A
Folle ZRATe] ol @A Aty et wEks AT
A &3} chitinase AJ4bel A WA EA  FTHSF ILE (NHa)2S504
0.171.0g, KHPOs  0.1271.2g, K2oHPO4  0.171.0g, MgSO4  7TH20
0.06g70.6g, 71¥l 1geo] ¥ wix& dAstATh

od7lel= FFF 1LE (NHe2S04 1.0g, KHPOs 1.2g, KoHPO.4 1.0g,
MgSO4 7TH20 0.6g, 71" 1go] e wixel] A&dAdES HFstar 28 C
o A wjdsld S Ao A LX< chitinase S et 28 159
A EE vk o] Al #F BF w59 kA 548 Frketthrr vk 10

I=]
A A GwE FAsm 1 ol F NAAAE ML FES FASAL 7

7

-

—

N

W WUEE strain C-39] 7FY 8 Ao, I thS o= strain C-1,



==
O
—
o
(1A
S
>

strain C-61<o]At}t (Fig. 14A). 33# Chitinase &AL ¢
A3 F7bstthrh 159 7bA @heks] Frbekal 1ol % 309 7A = H]
A= AFo|th. dFFHEE = strain C-612] &4do] 714
522 strain C-10]%1 oW strain C-3¢] 7} w¢& &S e
14B).

>
o
5
A o

mlo
3 Wy
X
K]
[

o
=
ije}

) AaAlere]l A5 chitinase AAbe] -8k vl o] i FAAAF 27,
AaAte] A5 chitinase AAko]l ¢ wid A S g FAkst]

&3] Chromobacterium sp. strain C-61(C-61), Lysobacter enzymogenes
(C-3) ¥ Serratia plymuthica (C-1) ¢ #j%< 100ml% & 500L-&
i Fa g7lel JFetar 28Tl A vl FHAT. DA B vl 54
7HA A8 Frbske]l Wl 1093 159 Afo]l Hale] o211, 1 o] F
ek AEFold=, g 10879 5 W7t strain C-32 ml
1x10"°CFU, strain C-1 7x10°, strain C-61- 6x10° 70| 21T},
Chitinase &4 ¥ 109 7H4 w43 F7FetthrE 16904 309 744 +=

MR FEL FANE 4Bl ATHES).

(A) (B)

12 120
z g a1 _
510 2 32 100 e
= =
8’ g ,/ -E 80 ///l/
2 s & 60 /
&
3 3 % 10 ——Ch
= ——Ch| & // —a |y
e T Se |
5 2 —-— Ly T 20 /
A Se ; Chtly

O 1 1 1 1 L N E— O 1 1 1 T T

0 15 10 15 20 25 30 0 5 10 15 20 2hb 30
Incubation days Incubation days

a9 14, w7zt 2 dIgATES UE(A) ¢ chitinase &4 (B). 0.2%
chitin+7] ¥ wj#], 28 C oA MK, Ch= Chromobacterium sp. strain

C-61, Ly = Lysobacter enzymogenensis, Se = Serratia plymuthica

¢

) A dor wgds Ae B WAAR o8&ty

) 1
o] rlel A 10d AE v 3= ALgsk= Aol M 5

p

& Aol 28C9
& Ao AFH

>i

)
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¥ 6. tEFujekr]ol A k7| zbel] wE ZAATFES UEHE chitinaseZA

Iuj &F 713k D% (CFU/log 10) 4t chitinase
(d) Ly Se Ch g4 (%)
0 5.4 55 49 0
5 8.2 7.8 7.2 50.6
10 10.1 9.7 8.6 92.8
15 10.3 94 8.7 975
20 9.9 9.1 8.0 99.7
25 9.1 8.3 7.2 975
30 8.7 75 6.8 100.0
* Ch = Chromobacterium sp. strain C-61, Ly = Lysobacter

enzymogenensis strain C-3, Se = Serratia plymuthica strain C-1

towEkA o] AdelMs Qo] AZFHel tid WAlEdE shte] RdE

b Agdde wE 5o gael o oAna v o Aol
3 HFRF BAF oA wol TAL vate] g AT w5
O‘JQ 73“?‘ strain C—S, C—61, C-1eeo = %%\‘é}gi%tﬂy strain C- 9]—

i
o EFgMFee wEugelot 3FFe] EgMgAnd o S$5sAd (2

gol
%

::1_1

o2 i
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(A) (8)

120 120
O Culture O After disease
x 100 |mCell x 100 [ mBefore disease
B 80 g
2 E a0
& B0 g 60
o o
2 40 & 40
= RZ]
20 S
0 0
Ch Ly Se Mon Ch Ly Ch+#y Non

Y 15 AFAlitel web A wgA) 2 W A AFB)Y AT

) AgkAM izt mfkAe] oA & Hanl. strain C-39F C-619] &gt
A3} o] wjgAgd o] Q= AIAA TR TEE AU A(AIFATN)

Aas vlas] Boped, Be gl A HH?}"%‘E’J AA &AL o S5

2 2

P Aol A o At 1E 16).

) djFHo] chitin deacetylaseE H7FstlS 59 WAl &3 strain
C-39F C-61¢ =gujFed 1Lol chitin deacetylaseE &
microsporus var. oligosporus © HH G 10mlE H7Metas AS 3AF &
af sEH A AE7|Tel ¥ S5 ¢ T 02015}(1‘3 16).

N 9

Non reatment

3 16. v F A +chitin deacetylase A& 49 & 3 71F7}

S
:C>|L_"
i,
fd
oy
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b wieelel Aol elg AzbFel QW ws ;oY 18t W e Ae
sele 49 Ael ¥ ADAAA AT Aol BAEA Qi 6AAe] hA
B2 4GS ol Frh W, B2 ALSRYAG FFAE AelakA @

Fe Al BRI A% WA 4E wel Foh AFAAY mE Aol
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A ol Ak oA7lel ARE A A= @k, AR AH70E A
gE AR weEk = gEE] Aok wklvh wepa] Alde] w2 vl
o A4 Hx3lg 8 HEste] Az AlTes Aol 28 A
ey

6) vld st~ Aol v A =

7h) H gl o] Fhol e g WAL Mgt e] Al AR Ths
& Bl B b wldshg-2 el Mo ¥ gAERE Ak
g ool A 944%, 1081 s|A e Aol 937%) xe WALE
Hol FATHEE 19).

E 8 HEs RGN el e) A s wE Ak WA E

Sl
X el gL
I I o (%)

b 2F 2 =l 5.8 4.9 5.3 5.3 94.4
108 5] 2 o 6.7 4.8 6.2 5.9 93.7
FHe 94.1 827 962 843 -

- 100 -



SCE

el

—_
-

el

—_
-

SCE

soldth 1y

CEE

] A EA Q] 10w

=

9, 27 20). ¥
Fs 7] o

-
3t
=

A7 g (

2

719]

SHE TRl A A=

p=N
[e)

=
, 7F+4, no.va

woll

2

3 F/Fol &

ok
=1

L
R

1
L

o7 Bag

Ar
K ox W
G PR P P PR
hof R 56,__‘,.%551
T N o
1..__..,.0 *
™ NF
< W E
g A Yo | B
— ) B |
X do| o |deo|a| 2
M w o= | et
5
)
5
o &
=0 |
o [T |
3 m |
| = | H| T |

- 101 -



| W || P
|- = | D>~
=

| = | =

T |or|or

| B |

Ml A==

Bl T |

Tlof| w |B|E

~|= =~ | X |X
s | 5

| m M|z | o

T

o=

S

=

| X < | He

bl Z R

~NIN| e |®

TR QoA Tl el AR

PN
L

T/

SERIREE

2 3ol

94

o]

3

AulE 7ol A A 2§

Atk 2Py dow Hy ¢

al

o

i
w

Hulojop 4

ZAE AT o 7]l A

o] ulj 7] ol A

2 4 93 104

-
X

o olo] A

3

1,000

ok
=1

AN 79
o oolo] A}
DR E RS

KN
T

th= Al F 4 (500L)

oo

3

DE

735~ 10,000

—

o

o

o

SHA ZA)

A

T

- 102 -



o

i

)
&

U

22Kl

&t

S

H]

A= A Al

WA &

|

}

0]
pol

e Brkld BeE & Qowet AgErh
o4 Mz whsh o

-

o
¥ 21A

=
L=
—=

MeT T WWET 2}
o T B o W g <
v T Py w 5
o 0
o oT Mo o= =3 - o]
M = o of 7T = Ay
o/ I s S % M 3 M
= E N oy ,wm = O )
SR R K COE-NCY =K 03
MW pp oX N = nﬂ . i
o ZT — . <f0T [a] C..#
L N ™ Ho - of
FaT e B w_u = I8
o}/ m_ﬂ - 7o ‘Alﬁ - ) Mu_ ® M
T A =
_ B W T e T T
A I S o
- o
B s b FoH o = 5
rL X0 2 =
SR _ZJ o B X o X =
M ;i p— 1)_Al O 8o o —_ uuw
I S B L
TR " ©
R __&%J_/._Mo ok Mo
oo o Moo oo < s
o A 0 ﬂmH 7o X ,W
o T ox 0w I o
B ot om0 T S WK v
o R = B g < R
R R U = &
w T X T W ) W R —
™ Mw my m — op & of o o
O m ,_LE N = L.E ﬂyl JI O,_
~ N 0 —_— = ﬁi
m o B o oy fo o K X g W
oH T < = iy A R S ] 3 nﬂ @
) CE e " "
T e TwE oW s

- 103 -



2|

Fxel+
9 22 FEO BYPE HELS HEEIL 0] FEHE o2 T mjgo
Aok A atke] e S d4d A= wla
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of WEl A= 50% AEvre] WAl g7 S ebWoh

4, A3 99
7}. chitin deacetylase AAHitFo] A 2 g4 54

600] TF2ZEE chitin deacetylaseE ®jdojol o 2 HH|sl:= Rhizopus
microsporus var. oligosporus (KCTC 6969)& Awuralit), o] #F+= 25 C
oM 7FE & AFe dEden, a4 AdsHES YPGEY PDBelA U
$akdk. PDBel ml 10°9] E£AgE e HEade Aol 59 M,
107e] ZAdEgNS HEaUS Aol g 3 2,
©™ chitin®]t} chitosanol 2&|A FEE A Zdrh I o] 5 chitin
agar plateo| A1 ¢] A Ho] o} =3 1 chitinase
= 60-kDa¥ 45-kDa®] 5 chitin deacetylaseE® AAtslgE=d], EA8A S

60C, pH 7.0014 74 9435 ch
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U 71de8 g, 7IESe e % Chitinase®] @43 159 A4

NSy uyd, 71581y 2 Chitinase?] IHF AL A E Yl
Botrytis cinerea, Cladosporium sphaerospermum, Cladosporium

tenuissimum,  Alternaria  panax,  Colletotrichum  gloeosporioides — <}
Fusarium oxysporiumel ®stel ZALE QI ool gk g3t d4E 7"
YR I ESeudelA Selfow o =i, JESEIH FollA
L 569lA Selder =orh 1 71"9E2 1M (69)+= 50ppme| EC(50)
S Yetdl A panax, C. gloeosporioides, F. oxysporium Xt} 5ppme]
EC(50)& YEl B. cinerea, C. sphaerospermum, C. tenuissimum ©| t3d}
o o & dud8ds Ho Fu. @A, C  sphaerospermumd  C.
tenuissimum® EApEolo] gk Chitinase? EC(50)2 20ppme]$l+=dHl, B.
cineread] WaAE 200ppm, F. oxysporium ©| WalA+= 2000ppm  ©] o]
Atk BAE chitinaseol o3 ZAFA 7RIS = 1A o] FFE AEH7]
AlZFsto]l 6A17F o] 3 57690 7HE Wkar, 2447 o] Fell= 1739 AEHAU
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o] A7IME# A3ek domain A FAE At CBD7F A% Chid8e
uf 9w eketd o, CBD7F ChBD Xt} colloidal chitinell gk x13}=
H Eo] Htddl= Ao YRy

2
f

to gtz
X,
o

S

L}, chitin deacetylase A4 b2 Ak 9 g4 EA

601 TFFEHFE  chitin  deacetylaseE Hjgojdo g  Eu|dE=

m FU
rx
i3
ol
o
3R
o
o,
EY

Rhizopus microsporus var. oligosporus (KCTC 6969)&
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H
= 59 WY, 1079 EAAAL PFAAES Aol WY 3AF) Hao
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g AS Ul o chitinelY chitosanel o alA FEEA &gkl w3 o]
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kot o] ¥F+= 60 kDa¥t 45 kDa9l 5 chitin deacetylaseE A4 =,

BRI L 60C, pH 70914 7HE S5kt
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