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Chitooligosaccharides & 2lof] ol STE|l+=
chitinase, B-1,3-glucanase &M 2%
H{ 7|4 CHHE ICGel Fa2l ¥ HA

=& ﬂ% AE e geidl o 2R E] chitooligosaccharidesol 93] fFr=® 4714 wwA

3] 2 o AL chitind} laminaring b8 82 2 chitinased B-1,3-
glucanase %“JS A HRsli sle Ao vehgor Wl wuld RCG-279= el
lysozyme B4 7hA3L 9lA] okt Bxparo] 52.53kdS) ¥ & A2 chitinase &4 pH 50,
60T, B-1,3-glucanase BA-S pH4.0, 40T o] Z7oA Aoz vEhydth NAG:o) digt Ky
D Vo T35 ZH2ZF 0474 mM, 2.997 nM/min., laminarine] tjgt A& zkzk 1004 mM, 0.739
nM/min. & WEhY, ICG= RCG-28 1 =2 71d 3L 7125 9129 chiting chitooligo-
saccharide & F-3l3li= endod chitinase® FHHEEATH1993W 129 44 A4, 19943 1¥

109 2.
MoE H 9l o] AHe el RCG-2% olelof ofA717] Ky
v gk

PR(pathogenesis-related) protein o] $ 5 7 FHAPLe Chitinase®t B-1,3-glucanase®= T3+ BIAYE4 elici-
BAA vjAlEe] el AEA A e 2 7bol tor™? g AEZ elicitor*Vel] 28] fRET Tud
7VE 7 A #dolth PR protein: wHl 2A], AE3 elicitorsl chitosan,'™ chitin,'® chitooligosa-
Lztelz dpolef ol AE koA Hz=z wddd ccharide' & B4 ¥geld Axy ARS Hegide
olgf? o] FH ATHEA L E2A7E #QE W F F40 mRNA ¥ thildze) fw, Friehe @
glomp? ojF P Qo] EntEY K549 FoA o) Basa gkt
W7l PR proteing, WA Fgo) NIy o B ApelAe, W Axsguoke d7A fare
BEDo| AT AE Z%MM]H% A EA)ekx] ¢Fi= chi- ZXE chitooligosaccharidese] A&l &8l &€ chi-
tino]v} B-1,3-glucans 7FrEEsisiA A=A WA e tinase® £4¥28+1, bifunctionality & = &47 A
HAA wA Lol A AAsH= chitinase E B-1,3- 48 FHEIA .
glucanase &S H-&3t glch

AR o] A& A chitinase?t B-1,3-gluca- e W HHd

=

TF-EWo] HIIHIL glow, oF
AR nS AN FH3 aAhENA chitnolf B-1,3- 7| chiEgAFE o Hx

glucan o]2lolle] o2 FFo] 7HL ol8T F e Chitooligosaccharides A # 2 # %, BAF = ¥ A2
bifunctionality®*?7} 9= Ao & WEE I 9ot ey Fehuloke) V)4 SN AZARAL vl L0 WiHof
dhtel & 471 chitinase @ B-1,3-glucanase E42 &4 wel A Z34 k. 2, chitooligosaccharides® 1 #] 3k 1

Bk givhe Baus, Hit 2 g AAg AEFehoko]ol © 2HE 70% ammonium sulfate 2

2]
nase® A 9 EA9

Key words : Rice cell suspension culture, Chitinase, B-1,3-Glucanase, Bifunctional enzyme, Inducible enzyme, Chitooligo-
saccharides
*Corresponding author : S.~I. Kim.
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EHAPES 228 3 pH 895 B3 A7 DEAE-cellu-
lose column chromatography & %3347 &5 =] gre
PYe 924 wwdasrgos dqn.

Butyl-Toyopearl column chromatography

30% ammonium sulfate’} E3E 20mM sodium
acetate(pH 5.0) buffero] HE A7l butyl-Toyopear! re-
sing 25X20cm glass columnd) TFAsbA s},
9 buffer §0) = AN ARARAEHEG co
lumne] F4$F F 5m/10 min. £EZ resind] F2HH %)
e o Ads §E A7tk o], ammonium sulfate?}
FEHA ke Y bufferE AHE-ste] 30%01 A 0% am-
monium sulfate TE7-%] AxAe) FEgw WHow
resin®l) FArE ol AL AR gEEY) 74 &
49] 280 nmoflA1e] FHE9} chitinase ¥ B-1,3-gluca-
nase $4& S A F G480 9 B mel

FRPOIM A, WEAZSAT.

HHEIO| gel slicingol] 213t &2

Butyl-Toyopear! chromatographyell olsle] Ha)=
BT-11, BT-12 ¥&$ native-PAGE®F & ey 72+ o
W7 bando] ¥el= 4 FM9 o] wrghch

HI|EE W HIIHE geld EAEH bande ZHH
Native-PAGE(non-denaturing polyacrylamide gel ele-
ctrophoresis) 2 SDS-PAGE(sodium dodecyl sulfate po-
lyacrylamide gel electrophoresis) 3 native-PAGE
gel’d chitinase 484 bando] ZHEwbHe o ZMo)

ol W gspdch

oy £

Chitinase €/ Hsu 5%¢] uhgof wa} A% 3 col-
loidal chiting 7122 3 d 5179 e Algalga,
B-1,3-glucanase €48 laminaring 712 & 3 Fink 2
o] WL, lysozyme ¥4 Micrococcus lysodeikticus
AEEE 71ARZ F Martin 520¢) dES o3l %
Astgeh £4 @Y Lunits: 2 A8ure 274 130
% NAG(MN-acetylglucosamine)Z 4
Aebe Eawko 2 39k o, Lysozymes] 79 12
00018 FFE A28 71H0E 544 1uits 3§
Frk #2o vBAE 2HE 9% ghla Yk hoo
vine serum albuming ¥F2# BCA(bicinchoninic
acid) WS ALE-3% TR

pH 2 &5 weg 5484 Wels, pH: 23~80
2ol 41 50 mM Clark and Lubs solution(pH 2.3), citric

o . 71
=}

2=0Q
3 U

acid-Na,HPO,(Mclivaine) buffer(pH3~7) 2 sodium
phosphate buffer(pH 8)Z o]&8}d 37C oA §43A4
< ZAsY o, &5 50 mM sodium acetate buffer
(PH5.0)014 ¥r-eo w2 20~80C 2 22 SR A7 HA

(]
Az #9837

Kv ¥ Vi

Chitinase 3 B-1,3-glucanase®] Ky B Vomd ZHL,
chitinase®] 3¢ 0.05~1.0mM %% NAG:Z, B-13-
glucanase+ 0.05~1.0 mM 5% ¢} laminaring o] 83}
7t NAEE HE 37T oA 3417 BoF wheAA 27
=& 78 ¥, o]2RE 47 Ky, Vo 268 oA
ol NAGso] Ex3e 1034022, laminaring Hi
e Wong 59 712% uwhad S@27) 2091 A

Chitinase2] X2 orat

Chitinase 2] 2H-g-9k42 NAG dimer-hexamer& 7]
2 3 GANLES AR st o]E HAAF silica gel
plateE propanol : distilled water : ammonia water=70 :
30: v/l AAgu®Es 22478 & O-aminophenol
reagent= 738tk

dat ¥ o

ICG thHEof rFa]

G718 EaEY FAE 10% gel PAGES] A} 77) ]2 2]
T 4ild bandES st Ao n(Fig 1-4), HF
A %7} 29.96 unit/mg protein$] chitinase ¥ 1.43 unit/
mg protein$] B8-1,3-glucanase 4L HHatm 9ok
(Table 1).

FA #32& butyl-Toyopearl chromatographye] <]sj
12708} A peak® ElHgor, o]F 11, 1294
peak¢l BT-11, BT-12¢)} 414} chitinase$} B-1,3-glucanase
TA8e] 4 HEHUTKFig 2). Congo redE trac-
king dye® ol-&3sfo] H7|Yg%E olEaE FAl7l
10% PAGE= BT-11, BT-12 £38 R A3 Z» BT-
11 ¥8of §=9 chitinased! ICG7} EA418k, BT-12
P Zol= chitooligosaccharidese] 9]8] F%% 7] o)
A8k = T Achitinase & A E0] B ¥ = A
o2 e tiFig 1-A, B). SDS-PAGE 23}, BT-12 ¥
2.8 227, 415, 66.0kde] 9 H-S T gl
BT-11 E82 A7) oA oj9fofl 2 525kdy] g9 aS
Y 7Rz QATHFig 1-0). $EANE ICC gude

eFEdsly] s BT-1188S 10% polyacrylamide

.

O
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gelS AM&-3te Xiﬂoé%éi gelg bandel] whe} A= aL FHEASS G0 ¢ UNen, EAE 5263 Kd2

%43} JCGy= native PAGE e ck(Fig. 3-A, B, C). ICG= chitinase ¥ $-1,3-glu-
A ﬂnd‘éi et oA &3k canase &4& I/ HAS lew, T AL v
AT 77y 397.74 unit/mg  protein, 2.28 unit/mg
proteino|o] A, chitinase®} 72§ FEART} 27.284), B-
1,3-glucanase+= 251447} A Zﬂ Ao g Yepytt), gl
ICGY] chitinaseth B-13-glucanase H]BAEH]S-O 17445
olma B &AE B-13-glucanase AT} chitinase®
e o Bgshes Re s JebgttKTable 1.

Blank FA ¢

@A) B
Fig. 1. Electropherograms of blank extract and frac-
tions isolated by DEAE-celluiose chromatography and
butyl-Toyopearl chromatography.
A: Protein bands stained with Coomassie brilliant blue
in native-PAGE. Blank; Crude enzyme from rice cell
suspension culture without the treatment of chitooligo-
saccharides mixture, FA; Fractions on DEAE-cellulose
chromatography, BT-11,BT-12; Fractions on butyl-Toy-
opearl chromatography, Arrow indicates induced pro-

(NH,),80,(%)

Absorbance
o]
N
—— <\

"
\\-\/\/\/\ AN N\M\

0 150

tein.

B: Chitinase activity bands stained with Calcofluor
white M2R in native PAGE. ICG; basic inducible enz-
yme possessing chitinase/B-1,3-glucanase activity, Ar-
rows indicate chitinase activity.

C: Protein bands stained with Coomassie brilliant blue
in SDS-PAGE.

Tube No.

Fig. 2. Butyl-Toyopearl chromatography of FA frac-
tion isolated by DEAE-cellulose chromatography.
——, Absorbance at 280 nm; —, Absorbance at
585 nm (chitinase activity); @ —@, Absorbance at 500
nm (B-1,3-glucanase activity); ----- , Concentration
gradient of ammonium sulfate.

Table 1. Purification tabel of basic inducible chitinase/B-1,3-glucanase
Total Total Specific Activity Protein Activity Purifi-
Fraction Activities Proteins Activity Ratio Yield Yield Cation
{(unit) (mg) (unit/mg) (C/G) (%) (%) Fold
G 185.64 0.91 100 : 1.00
Crud 2
e ¢ 2974.32 04 1458 16.02 100 100 1.00
G 138.71 1.43 74.72 1.57
FA 20.5¢ 5
C 2906.12 v 29.96 2052 4755 97.71 2.05
, G 542 1.72 2.29 1.89
BT-11 i RE: 5
C 303.82 315 96.45 56.08 154 10.21 6.62
G 551 1.68 2.97 1.85
BT-12 2 . .
C 315.80 328 96.28 57:31 161 10.62 6.60
G 0.36 2.28 0.19 2.51
ICG . X
C 63.64 0.16 39774 17445 0.08 2.14 27.28

C: Chitinase activity, G: $-1,3-glucanase activity Crude, Crude enzyme treated with chitooligosaccharides mixture;
FA, DEAE-cellulose resin nonbinding protein; BT-11,12, Butyl-Toyopearl resin binding protein; ICG, Inducible
chitinase /B-1,3-glucanase.
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In vitroo) 4] chitinase2} B-1,3-glucanase &9 ¢l
A s i AFANE S8 2, 54E 4
g g MEgd F 548 B4 AYskEe g A
A7 6 ZA JERE @4bo) E_’ﬂ_&}:‘l g1tk
watd, T EZ48ge) 4 Ak ICGe 9E
B S uiste 3e ?’Z}*—’L%}”m HEPdE Aow
FARg 4 9lon, ICG7} chitooligosaccharided) )&}
olfg 3L ALAB= Zox B,

HE Ao A2 ¢4

SEEH Mol

h=]

Chitinase$} B-1,3-glucanase<-

mat 252 ZlEd Zolrt Arle ez IHA 3l
=d® AEe AL Fit fXEE A IY
WU Fgole AEHE JiEdshe 5 wdTe
Aol 27 h-5-51H, dEo) EAdl= Fe= AEL R
THEe 4R Ee HAsARrt ¥ed Aol o
Arivhgo g oA o o YEso Hdas A
st} Chitooligosaccharidesol] 213 -FEEo] M E=2
HHjEE ICGE Ae, FAEA7 A4S By AE
ol Thp R Eo] s FEE] AEelz E8ld ¥

el ol AH Agde HoE FHEL

& AgolMde ICGE FHoz ¥, 1 ai3
EM4EE ZAEIY T
iICGe| g4 EM
XS pH ¥ 2
ICGe| pH ¥ &Eo] W& F 4849 HeE =

A1atgdet.  Chitinase= pH5.0014], B-1,3-glucanase+
pH 4.0014 &2 de] AU =A iefHThFig. 4-A). Chiti-

A)
B
©
MW. 5253Kd
Fig. 3. Electropherograms of ICG isolated by gel sli-
cing.

A: Protein bands stained with Coomassie brilliant blue
in Native-PAGE. ICG; Fraction on gel slicing.

B: Chitinase activity bands in stained with Calcofluor
white- M2R in native-PAGE.

C: Protein bands stained with Coomassie brilliant biue
in SDS-PAGE.
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nase $4-& pH23~80 # WA Hu) DA 40%
o4& BelFa glof vluwd W pH Mol
¥k, B-1,3-glucanase #7432 pH 2.3~5.0 Hefoll 4] Hf
ZAe) 85% ool we Aol vElA|T pH6.0 o
M8 JepdAl g,

B oasE 9714 A 9
S EAEAE Holud), oly B A¥dAN dvid ¥
A BAY BRVIES plUl obd Hr1gEde] ol
%5 ¢} jon exchange chromatography Yo =2 €3}

Ao A7,

7] WgEoz o3t Aol %3
A%ge] HU2 Jehe HFEET, chitinased]
60T, B-1,3-glucanaser= 37C A1, pHell i3k 4
TR AR Aolgh mHoA Zh Ao
Jo] Ve THFIg. 4.B). Chitinase 438 20T off A

wol e A
- ; Iy =
£ oo/ \\ K . 2
> A >
z [ / } \‘\ch z
Z sot | ' 54 s
g ! l’/ ! h\ 2
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3 20 e pr
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02 3 4 5 8 7 k) 9 0 10 20 30 40 30 80 70 80 %0
eH TEMPERATURE(C]
A) B

Fig. 4. Effect of pH and temperature on the chiti-
nase/B-1,3-glucanase activity of ICG.

A: Effect of pH on the chitinase/B-1,3-glucanase activity
of ICG.

B: Effect of temperature on the chitinase/B-1,3-gluca-
nase activity of ICG. Chi; chitinase activity, Glu; -1,3-
glucanase activity.

NAG

2 3 456

Fig. 5. Thin layer chromatograms of th e hydrolysis
products of NAG oligomers by ICG as chitinase.
NAG; s, (NAG)-(NAG)s; su, enzyme hydrolysates of
NAG oligomers; st, standards of NAG oligomers.
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chitinase &Rt} &5 4
37~50C 2 WA Fagdol ‘/}E}ki“jr(Fig-‘i
B).
Webd, ARENE P RS @ 16 13-
& chitinase ZA X} pH 2 ol of-$
L OUFERTH

glucanase %L A

WA Ao

K ¥ Vi

ICGY] chitinase A Ky 2 Vi 802 NAGE o]
£3te] 73t Ax 717 0.474 mM, 2.997 nM/min. o] $32,
AR 3} B-13-glucanase 73 Ky 1.004
mM, Vo 0.739 nM/min.o}3it) whebd, ICGE WY
A F-2]3F RCG-2y, HUF 5 Vel thated 100) o)
2 A8AEGE MR S ¢ 4 STk 3, chitin
2 B-1,3-glucan 7[ &) gt A H3pd& dobE A,
RCG-2¥= B-1,3-glucanel] th&t %ﬂ/‘éol A JeERd 9
9, ICG chitine]] thh Htdol H2 210w vfehtA,
oEAVE M2 98 Ao deidd

laminarine 7]

Lysozyme EM
ICG¥= M. lysodeikticus *ﬂ}}‘i
_\,

lysozyme 43S P{3}R] &3

Fafl ot %ﬂ

o
o
%
%

l’ﬂ}EL
9|L
1

<
Ao
o A& chitinaset- lysozyme &4
9= oz HIFEGoMBW oo
Aol 2lol% lysozyme EAS E—ﬁ—é]—ﬂ 9tk
ICGE lysozyme 4% HAstil JA= IR
RCG-2K.t} 743k chitin 2 p-1,3-glucan

olol RCG2RT 73 TS AU & dez

AN
FEE
Chitinase2| =E2ka
ICGE= NAG,ZH-E NAGy7HA19] chitooligosaccharide

NA F NAGE Ealaa gdem NAGE FE
NAGS NAG,, NAG= NAG; , NAGs= NAG,9 NAG;,
NAGs¥= NAG,9F NAG, 2 7t7t ¥ag2 TLC 28434
% & A AthFig 5).
1ICGE NAG,= B3fslal gtorm =, chitobiase &4
exochitinase #4-& H&8ti QA 243 #218
9921, NAG, ©149] chitooligosaccharide5 o] 5
2 BaaEr pREerz, B 24T endoFoE
chitinel] Z&3S 4 £ AYUTh
El

AEA 29 o

> %

o) MNE chitinase5-& endo-

chitinase®¢] whal, n]4&o] A4kt chitinaset chi-
tine. 236 NAGE AAste exod chitinase® 2 248
=d], Yamada 70| chitooligosaccharide elicitore}
=9 chitinase FEAGE FARH A7}, NAGs o4
9] chitooligosaccharide ¥ =% t}ae] E4%5 W&
S Aoz vehdth weba, HdA ol
AL EgozRE FHT7L ¥ chitooligosaccha-
ride2 A 4 gli= 2% endochitinase7t NAGE
AL Ul A& exochitinaseX T} Uh#9] chitinase &

ol
-

0 b1 oo o ”r
Bk S

f

I oy ol
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S, AAAA WA ARY Bge aTdez o
% 4 Y= Ao FHY # 9
ZAtel 2
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Purification and properties of a basic inducible protein, ICG with chitinase
and f-1,3-glucanase activities from rice cell suspension culture media trea-
ted with chitooligosaccharides

Sung-Yon Um, Hee-Young Park and Su-ll Kim* (Department of Agricultural Chemistry
and Research Center for New Bio-Materials in Agriculture, Seoul National University, Su-
won 441-744, Korea)

Abstract : A basic inducible protein, ICG, containing chitinase and B-1,3-glucanase activity
concomittantly was purified from cell suspension culture media of rice after the treatment
of chitooligosaccharides. The isolated ICG enzyme gave a single band on native and SDS
polyacrylamide gel electrophoresis and its molecular weight was estimated to be 52.53 kd.
The optimal temperature and optimal pH of both enzyme activities in ICG were 60T,
pH 6.0 for chitinase activity and 37C, pH 4.0 for B-1,3-glucanase activity. Ky and V,.. values
for chitinase were 0.474 mM. 2.997 nM/min., and those for $-1,3-glucanase were 1.004 mM-
0.739 nM/min. respectively. TLC analysis of the chitooligosaccharide hydrolysates with 1ICG
enzyme indicated that ICG acts as endochitinase.



