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Abstract

Zoysiagrass (Zoysia japonica Steud.) is the most significant cultivar used
in golf courses, athletic fields, commercially. But it is very suffering damage
by large patch disease causing Rhizoctonia solani AG-2-2 (IV), and having
physical and economical loss for biocontrol of this disease.

In this study, two full-length chitinase genes that widely known as
PR-protein were isolated from zoysiagrass. Further, structural property and
expression analysis of these genes was carried out. Consequently, isolated
two chitinases classified into class I (Zjchil) and class II (Zjchi2), in a result
of expression analysis showed higher expression in roots than in blade. For
functional analysis, two chitinases were overexpressed in E. coli and purified
using GST-affinity column chromatography.

In chitinolytic activity test using 4MU-(GIcNAc), two purified recombinant
chitinases showed chitin hydrolysis activity for 4-Methylumbelliferyl N,N'-
diacetylchitobioside hydrate, 4-Methylumbelliferyl N-acetyl-B-D-glucosaminide,
and 4-Methylumbelliferyl B-D-N,N’ N”-triacetylchitotriose, respectively. Also,
antifungal activity against various fungi causing diseases of zoysiagrass and
most important crops was investigated in the purified recombinant chitinases.
Zjchi2 of the purified recombinant chitinases indicated growth inhibition of
mycelia from Rhizoctonia cerealis, Fusarium culmorum, Fusarium graminearum,
Trichoderma reesei, whereas not showed antifungal activity from Rhizoctonia
solani AG-2-2 (IV), Rhizoctonia solani AG-1 (IA), Sclerotinia minor, Sclerotinia
sclerotiorum, Neurospora crassa, Phytophthora capsici, respectively.

Although both of the purified recombinant chitinases not showed antifungal
activity against Rhizoctonia solani AG-2-2 (IV) causing large patch disease
of zoysiagrass, this is the first study for characterization of chitinase genes

1solated from zoysiagrass.



1. A-]i

T

S (Zoysia japonica Steud.)= AAZHAE | thek A gHo] mojy A =
]_

A, & 4718 A Fd

= 7159 BEolAM S = Vel o, 223 = 5l

A A}gEE EZFoln [Toyama et al, 2003; Al-Khayri et al., 19891, A+<¢] = <l
SHOo R ol o] gx 1

nl o] A 20039 7o = A A ¢ 3,600,000 haz= A%k 30%<
of &3t Ul A mgk 20000 HlE| 2012\ &= oF 358 A ATk
[o] 4. 2012]. =d] FtjA|do] Adste] wep dojaels 9 AzA, A5A,
A 5 s ARE Rl wiE Frlstar loew, 53] Al B S ==
oA dHdelE As AFEH = 1207HA 9] s Foll 665 S AASAL &
ARERIE=7) =1 [Tae. 2008].

T FZF AAHY e FuFd wAsE ¥ ZAAPY  (large

patch), &#AvEY (dollar spot), HAlvF&EY (pythium blight), ZAv}&H

K

(brown patch), ©4% (anthracnose), &35 (yellow patch)s F 109 % ©]
A o, ExIx g AAE = E3H 9 A= Rhozoctonia
solani AG-2-2 (IV)el 9|3t st 2wy o] 7 & A7 53 ok
[Jung et al., 2008].

A AL =wd Jheol FE e, gE Wol BlE IHEE=TE vy
HRE R RV Ate FoA olE WAlS ] ZE oA BAA H

e w2 Agelth 1 Bk o] We WAy el F2 setd wAE

=l

o] &t AAIRE, H WA AP LI} AP ed Tom Qlsto] w2 FA

TOEQ WY AR AN s Ao welk bed Folt ol
g



b 2 Aabo] Z71Ebar ¢l o chitinases, B-1,3-glucanases, ribosome-inactivating
proteins & WHA FHAE A=A WE =dste] BATEES A2 A7}
Wol Hixal Yt [Liu et al, 2009; Yang et al., 2005; Jach et al., 1995].
of I FHAAES 7HAL Ak Wo] #dE FHAAES]
2 dukx oz PR (Pathogenesis-related) protein® 2 L&A AW  fungi,
bacteria, virus, 3152 &4 5ol ¢34 PR proteing 953 3= FHAAE9
o] v B ¥ AT [Anna. 2003]. 2)& chitinasei= PR protein®] <
e FHAR, fungio] AEHE olFE T8T 749 84Q chitin chain®l B
-1,4-glycoside bond®] 73l E FSulgd o2 A chiting Eagcta delA 9l
t} [Zamir et al., 1993]. %3} chitinase: chitin-chain® B3k @eho vk A&
el = Aoz 4 A exochitinase®t chitin—chain WF2] B-1, 4-glycoside
bondE F2#92 7l¢E&8= endochitinase?] F 7FA #WAYEFS UERNH
[David B. et al., 1993], o}v] =4t sequence®] EAdol we} 7789 class® &4
t} [Neuhaus et al., 1993]. thH 2 9] chitinase:= #& 4709 classol] <3k},
Class I chitinase: N-terminal < 9ol leucine ¥+ valine¢] 333 signal
peptideE zt+= leader sequence$}, chitin binding site® |4 %= cysteine-rich
domaine] &=A3tH, =4 HE% catalytic domaine 7FAlar doh. 28l C-
terminal extension 7919 EAjoj o wet class Ia¢t b2 thAl 3 H E749
t}. Class II chitinase= class I chitinase®t 54 o] 50%°]72] catalytic
domain¥} FA}3F leader sequenceZS 2zril A%t cysteine-rich domain®] 235

o] EAo|t}. Class I chitinasex class 13} class 119} o3k

2

-
1

.

A
sequence A E glom™ class IV chitinases= class I chitinase®} immunological
S0l frakskARt 1 =77 ¥ 2 [Patil et al., 20001,

ol HiE AFoA EE AEZHE AHAE chitinasex™ in vitrodl A
Rhizoctonia solanis ¥ %3gr thFst WUA fungiol diste] 3 &S HolF
o™ [Kirubakaran and Sakthivel. 2007; Toki et al., 2002], chitinaseE =<3}
of IAAZ AFo] gt S Zrevhes AMde] A 53 9], 2 5
o] A chitinase®] AL thFd WA fungi®l BES AdAstE &35 HE

Wt} [Tohidfar et al., 2008; Khan et al., 2004; Shin et al., 2008].
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1. & ¥ fungi A=

Chitinase F% 72+l cloningS 9l3te] ofe] A S4€ =3t (Zoysia

japonica S. var 93)9] el S o] L3 18] chitinase? ¥t A
SAE fsted w2XEH FHFAALARAYH (KACOERFH FY¢E

Rhizoctonia solani AG-2-2 (IV), Rhizoctonia solani AG-1 (IA), Rhizoctonia
cerealis, Fusarium culmorum, Fusarium graminearum, Sclerotinia minor,
Sclerotinia sclerotiorum, Neurospora crassa, Phytophthora capsici, Trichoderma
reesei & 107019 F& AF&stch 719 #FE52 mycelial plugE PDA
(Potato Dextrose Agar) plateol] At wjdste] 25 C, g2z FAHE

growth chamberdl A °oF 743t vjFsl & 2 Ao o] &35} t}.

2. Total RNAY &

U, A4
Zoll A A 49 wAAbEg o] gsto] kg o]l = wizhx] FE3E] v et
Aot vpdE A E2Y5H total RNAE Chomcezynski P and Sacchi N. 1987¢] #F
WMo wzb trizol reagent (MRC)E o] &3lo] F
pyrocarbonate)= *]2]%+ RNase free watere] =¢ RNase 295 Hx|3dtt
(Fig. 1).

Total RNA <18 98te] 1.2 % agarose gelS o] &3t A7|d5S =33
Rom, total RNAZ} &
RNA &ole] Folgli= DNAE #A1A37] $15ke], DNA-free™ kit (Ambion)&
A&kl AlFE protocoldl wel DNAE AASAI, oets IS 343t

A B w5 s 2 Al ol &8kt

2712 AAs AAdrd F5 WAzl

Glok
ftlo
)
&
o
>,
i
401'

st o DEPC (Diethyl-

FLPIN'

AsHA FE59 AL FeA&dn A Ho R 59 total
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Homogenization in trizol reagent

Vortexing and incubation for 10 min at room temperature

Centrifugation at 13,000 rpm_ 4 °C for 10 min

Phase separation using chloroform

Vortexing and incubation for 2 min at room temperature

Centrifugation at 13,000 rpm, 4 °C for 15 min

Precipitation using isopropanol and *high salt precipitation solution

*0.8 M sodium citrate, 1.2 M NaCl
Inverting and incubation at -20 °C for 1 h

Centrifugation at 13,000 rpm, 4 °C for 10 min

Wash using 70 % ethanol and *dry

l Centrifugation at 13,000 rpm, 4 °C for 10 min

*Do not dry RNA pellets, completely.

Solubilization in RNase free water

Figure 1. Total RNA extraction. Total RNA for cloning of chitinase genes was
isolated roots of zoysiagrass using the trizol reagent and was dissolved in

RNase free water treated DEPC (Diethylpyrocarbonate).

3. 944 DNAY &

=yl oy ddorhE A4A DNAS FE2 CTAB

sttt -70 Col »ae 9 sampleS 9ApA} o] &3te] kg Fol

of
i
ftlo
o,
o
ol
ob
£
g

2
ftlo

7k A whad & 65 CollA vigl vl¢9x CTAB buffer 600 ul7} ©$74%E 1.5
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ml tubeol] ¥ EFstATE o] %9 H}AHE Lodhi et al, 19942] ®
A A TR (Fig. 2).

O
%
ftlo
e
4z
2

Homogenization in *CTAB buffer

*100 mM Tris-HCI, 20 mM EDTA, 1.4 M NaCl, 2 % CTAB
Vortexing

Phase separation using *Cl

*Chloroform : isoamylalcohol (24:1)

Centrifugation at 15,000 rpm, 4 °C for 15 min

Precipitation using isopropyl alcohol (2-propanol)

Inverting and incubation for 30 min at 65 °C

Centrifugation at 15,000 rpm, 4 °C for 15 min

Wash using 70 % ethanol and *dry

Centrifugation at 15,000 rpm, 4 °C for 15 min

*Do not dry RNA pellets, completely.

Solubilization in TE buffer

Figure 2. Genomic DNA extraction. DNA from young blade of zoysiagrass
was extracted using CTAB method and was dissolved in TE buffer

(Tris-HCl, EDTA, pH, 8.0).

FZ3% DNA

s

717 23S $13e] TE buffer (Tris-HCl, EDTA, pH, 8.0)
of %o, RNase AS #H7tsto] Holl= RNAE A AT vhA oz o

_12_



@2 JAHEs A8k GA 2 w58k Aol o] &k

4. Chitinase & A9 cloning

S e B 2HE FE% total RNAYE chitinase 342 cloningol AF&
&

2 cDNAS st ol&=glem, §4 AL figure. 3o HERHAT

Mixture 1
|

- Total RNA 1 ug
- 100pmol oligo dT-pirmer 5 ul

l

Reaction at 70 °C for 5 min Mixture 2
|
l -2.5 mM dNTP mixture 5 ul (Takara)
Add -M-MLV 5 x buffer 5 ul
Storage on icefor 2 MiN = s— - 25 unit recombinant Rnasin Ribonuclease
inhibito 0.5 ul (Promega)
- 200 unit M-MLV reverse transcriptase 1 ul

l

Reaction at 42 °C for 90 min

l

Reaction at 90 °C for 5 min

l

Synthesis of 1st strand cDNA

Figure 3. Synthesis of 1st strand cDNA. cDNA for cloning of fragments of

chitinase genes was synthesized using total RNA extracted from roots of

zoyslagrass.

_13_



¥ cDNAZHFH chitinase kel @A #2]E 9ste] NCBI (National
Center for Biotechnology information) GenBankZ %3to] H3 Zea mays
(accession numbers NP 001105314), Oriza sativa (CAA82849), Triticum
aestivum (AAR1138R8), Bromus inermis (BAGI12896) chitinase®] o}v]=Ak
sequenceZ ©] 83} th  Biocedit programe ©]&3le] FH3I  sequenceZ
alignmentd}} a2, 2+7}9] chitinaseol] #=74 HEF o] Q= domaing 7|HFo =
degenerate primer (Table 1, setl/2)E A Z3&Ac}t. A2 primeri= RT-PCR
(Reverse Transcriptase-Polymerase Chain Reaction)®l] ©]&%12™ (Table 2,
condition 1), A719 %} gel elutiong F33to] TZ ¥ bands A A sHA T

RT-PCRS E3&}o] 9ojzl band® pGEM T-easy vector system (Promega)S o]
3Fo] sequencingS A&} oW, sequencing Z23+= 3'/5° RACE (Rapid Amplific—
ation of cDNA Ends)l AF&-3 primerg #|2tst=d o] &5 At}

Chitinase® o5+ SGHEZHFE 3 d99 vAALES Loty #18 3
RACEl & GeneFishing™ DEG kits ({1 4)& AH8-8t9lth Kitel #18¥ adaptor
Aqdo]l &4# oligo dT primer (Table 1, set 3)& ©]&3to] ¢cDNAE A3 5,
A HA RT-PCRoA &< sequenceE wlE o= A|#3sk forward primer<},
cDNA &4 Al AFE3E primer?] adaptorA €3 X A< reverse primer (Table
1, set 4/5)Z o]&3Fo] 3' RACE PCR (Table 2, condition 2) <=3 31t}

3" RACES] ZAxE npgoz, 5 mA g AdE g&dsty] 913 5° RACE
= A3t AdE Takararte] 5'-Full RACE Core SetZ o] &3t on 2
ol ¢4 5 =S phosphorylation A %] gene specific RT-primer (Table 1,
set 6/7)¢F 5" WA ES FHA7]7] 918 primer (Table 1, set 8/9%/10/11%)&
A ZFsFdtt. o]oj Al A A gene specific RT-primerE ©]-83}¢] circularization
Fee] cDNAZ A3 e (Fig. 4), 5 RACE PCR (Table 2, condition 3)&

Asidt. FA dAE SFHA7]7] fleke] F7H4 02 nested PCR (Table 2,

dlo

i

condition 4)& 33+

_14_



- Total RNA 1 ug

- AMV reverse transcriptase 5 unit

-10 = RT buffer

- RNase inhibitor 20 unit

- 200 pmol *gene specific RT-primer 1 ul

l *5" phosphorylated primer

Reaction at 30 *C for 10 min / at 50 °C for 60 min / at 80 °C for 2 min

l

Add -5 x hybrid RNA degradation buff
Synthesis of 1st strand cDNA  €————— -RI:as}!; |r_|| 1ul e B
Incubation at 30 °C for 1 h
l Add -5 x RNA (ssDNA) ligation buffer
Ethanol precipitation € | - 40 % PEG#6000 20 ul
l - T4 RNAligase 1 ul

Incubation at 16 °C for 16 h

l

cDNA of circularization form

Figure 4. Process to obtain cDNA of circularization form on 5' RACE.

3'/5" RACE PCRoIA A9 bandE& pGEM T-easy vector systems ©]-&3&}
o] sequencing3dll o, 3Ql¥E  sequenceE HIE O 2 chitinase?] full-length
cDNAZS #9387] 93 primer (Table 1, set 12/13)E A ztsldct. mpx|uto g
RT-PCR (Table 2, condition 5= <33} chitinase® dl’% & full-length
cDNA sequenceZ <9t}

_15_



Table 1. Set of primers used for class I and class II chitinase genes cloning

Set PCR types Genes Oligo sequences (5' -> 3')
1 Jichil Forward TGC CCC AAC TGC CTS TGC TGC AGC
/ Reverse TCC AYG TTG MCG CCG TAG CTG AC
1th RT-PCR
9 Jichi2 Forward CCC TAC KCS TGG GGC TAC TGC TTC AA
/ Reverse TCC AYG TTG MCG CCG TAG CTG AC
cDNA synthesis
3 CTG TGA ATG CTG CGA CTA CGA TXX XXX(T)18
for 3'-RACE )
4 Zichil Forward TGC GGC TCC ACC TCC GAC TA
3 RACE / Reverse CTG TGA ATG CTG CGA CTA CGA TXXXXX(T)15
5 Jichi2 Forward CCC TAC KCS TGG GGC TAC TGC TTC AA
/ Reverse CTG TGA ATG CTG CGA CTA CGA TXXXXX(T)15
6 cDNA synthesis Zjchil ®TGG CCA CGC AGT AGT
7 for 5'-RACE  zicpi2  ®CTC TGG TTG TAG CAG
3 Forward ACT CGT ACG ACG CCT TCA TC
Jichil Reverse ACT GCC AGT ACT TGG GCT TG
ichi
9 Forward TAC TCG TGG GGC TAC TGC TT
Reverse TAG TCG GAG GTG GAG CCG CA
5'-RACE
10 Forward CAC CAA CAT CAT CAA CGG CG
L Reverse GTC CAC TGC CCC GTG ATC AC
Zjchi2
11% Forward TTC TAC AAG CGC TAC TGC GA
Reverse GTC CAC TGC CCC GTG ATC AC
12 Jichil Forward CAC CAA CAT CAT CAA CGG CG
/ Reverse GTC CAC TGC CCC GTG ATC AC
Full-length
13 Zichi2 Forward ACA CAT TTG CAA GGC GAA GCG
chi
/ Reverse CAG CGC ACA TCT TAT TCG CCA
14 Zichil Forward GGA TCC GAG CAG TAC GGG TCG CGG GCC
Vector / Reverse CTC GAG TCA GGC GCC GAA TGG CCT CTG
15 construction Zichi2 Forward GGA TCC CAG CAG GGC GTG GGC TCG ATC

Reverse CTC GAG TCA GCC GAA CTT CCT CTG GC

% Set of primers used nested PCR, ®: phosphorylation, underline: restrict enzyme site

_16_



Table 2. List of PCR conditions using class I and class II chitinase genes

cloning

. Initial | ) Final
Conditions denaturation Annealing extension

Reaction mixture Genes Denaturation Extension Cycle

cDNA 30 ng, 10 x Ex Taq buffer 2 oo
p, dNTP mixture of each 25 mM 2 ZJchil B B B B B

1 s, 1 unit Ex tag DNA - polymerase g4m§1 39(;1 sgc 3%3 sgc 3702 sgc IZ)ZmLin 30
(Takara), 50 pmol each primer set 0.4 Zjchi2

1l

94 T 94 T 60 T 72T 72T

DNA 50 , 10 x Ex T buffer 2 ichi . .
¢ ne * cad butier Zjchil 5 min 30 sec 30 sec 30 sec 10 min

1, dNTP mixture of each 25 mM 2

2 30
0, 0.5 unit Ex tag DNA polymerase, o o o o o
fO pmol each primeqr set 0.5p;z0,y Zjchi2 9 (’ 94 T 65 C 72 T 72 (’

3 min 30 sec 30 sec 30 sec 10 min

cDNA 30 ng, 10 x Ex Taqg buffer 5 Zjchil

3 w0, dNTP mixture of each 25 mM 8 94 (, 94 C 58 C 72 C 72 (, 30
0, 5 unit Ex tag DNA polymerase, 20 3 min 30 sec 30 sec 30 sec 10 min
pmol each primer set 0.5 ul Zjchi2
RT-PCR product 30 ng, 10 x Ex Taq Zjchil

4 buffer 5 xf, dNTP mixture of each 2.5 94 C 94 C 58 C 72 C 72 C 30
mM 8 ul, 5 unit Ex tag DNA poly- 3 min 30 sec 30 sec 30 sec 10 min
merase, 20 pmol each primer set 0.5 gl  Zjchi2
cDNA 30 ng, 10 x Ex Taq buffer 3 Zjchil

5 10, ANTP mixture of each 2.5 mM 3 94C 94C 65T 72T 72°C
0, 1 unit Ex tag DNA polymerase, 10 3min 30sec 30sec 30sec 10min 30
pmol each primer set 0.4 xl Zjchi2
c¢DNA 30 ng, 10 x Ex Taq buffer 3  Zjchil

6 w0, dNTP mixture of each 25 mM 3 94 C 94 C 65 C 72 C 72 C %5
0, 1 unit Ex tag DNA polymerase, 10 3 min 30 sec 30 sec 30 sec 5 min
pmol each primer set 0.4 xl Zjchi2

pGEM  T-easy vector (including

chitinases), 10 x Ex Taq buffer 3 puf, . . . . .
94 C 94 C 58 T 72 C 72 C

dANTP mixt f h 25 mM 3 i, 1 . .
7 fixdure ob each 2o m # 3 min 30 sec 30 sec 30 sec 10 min %

Zjchil

unit Ex faqg DNA polymerase, 10 pmol L.
. Zjchi2
each primer set 0.4 ul

_17_



5. Full-length chitinase® phylogenetic tree 4]

Phylogenetic tree #+4o]= MEGA 4 program< ©]-&3tt}h. ojn] H
2 chitinase®] ©}"| =4t sequenceE NCBI GenBank databaseZE =3t 4 3f
G, SR EREY B3 F M9 chitinase ©}7] =4t sequenceE ¥ A7 &
bioeditE ©]&3}lo] alignment3}th. dH ¥  chitinase sequenceE HIH O =2
MEGA 4 X213 9] npeighbor joining ®H S AF&3}e] phylogenetic tree #4
= FdstAh

B Ao o] 8% chitinase® ®5 PR-3 groupel &3t AEEM, N. tabacum
(CAA01530), S. tuberosum (CAA33517), S. Iycopersicum (CAAT8845), V.
vinifera (CAA90970), G. hirsutum (CAA92277), P. vulgaris (AAA33756), Z.
mays (AAA62421), H. vulgare (AAA5S6787), O. sativa (BAAO03750), A. thaliana
(AAA32769), N. tabacum (AAA34106), S. Iycopersicum (CAAT8844), P.
hybrida (CAA35791), C. sinensis (CAA93847), A. hypogaea (CAA5S7773), B.
vulgaris (AAA32916), D. carota (AABO8468), Z. mays (AAA33444), B. napus
(CAA43708), P. vulgaris (CAA40474)2 ¥ ¥ chitinaseE AF-&3Ft}
[John et al., 1997].

6. Chitinase &3 xt¢ 7|&d 43 4

S )9l blade, sheath, stolon, rootsi= chitinase®] 7]¥¥ WA S 93t

N

ME 2 AFEEATE ZF 7B o ZRE total RNAS %3193 o]ojA cDNAZ

stk eh W B o A3 primeris full-length chitinase +#A A2 cloning

off

b w) A}8-3+ specific primer (Table 1, set 12/13)& o] &3 oH, 2 7|@o=
FE $AE cDNAZ template® AF&3te] RT-PCR (Table 2, condition 6)&
FeAT. A71GE S kol A7 VIHEEFH chitinase A AFS] HH

S 213 2, loading controlZX 18S ribosomal RNAZS o] &3}9]t}.

_18_



7. GST-chitinase fusion vectord] A%}

Chitinase®] 7|5E4S 93te] GST7F ¥:3¥ pGEX 4T-1 (GE Healthcare)
vector®} (Fig. 5), signal peptide’} A4 ¥ mature forme| chitinase clones ©]

S8t

pGEX-4T-1

Thrombin

ILeu Val Pro ArgJ'Gly Ser lPn:' Glu Phe Pro Gly Arg Leu Glu Arg Pro His Arg Asp
CTG GTT CCG CGT GGA TCC CCG GAA TTC CCG GGT CGA CTC GAG CGG CCG CAT CGT GAC TGA

BamHiI EcoRl - "Sall “xper . Mot Stop codons

Smal

pGEX

~4300 bp

pER3ZZ
oF

Figure 5. Constructions of GST-chitinase fusion vector. The chitinase genes
removed signal peptide sequence were inserted between BamH I and Xho I of
pGEX 4T-1 vector for overexpression of chitinase. Thrombin site in the
vector then used as protease specific site for cleavage of GST and chitinase.
Amp" ampicillin resistance gene, pBR322 ori: pBR 322 origin, lac I lac I

gene, Ptac : tac promoter. The vector map was derived from GE healthcare.

GST-chitinase fusion vectori= <3 e #3}AHS Eslo] A=Ak HA
mature form®| chitinase clones 27| ¢3sto] 5/3 ¢ to] BamH I site?} Xho 1
site® 217 link A%l primer (Table 1, set 14/15)E A #ststh. o] o] A
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full-length chitinase 27} A€ pGEM T-easy vectorZ4-E PCR (Table
2, condition 7)< ©]-&3}e] chitinase clones FZ A 1L, ligations 3te] =%
% chitinase clone?} vectoroll BamH 13} Xho 1 (Takara)g Z}7zF A 2] s}t
pGEX 4T-1 vector®} <% 3 chitinase clone2 4 T, overnight %<& %3}
ligation 2™, ligation productE <L7] $3te] cloning w2 E. coli
(ToplO)ete &2 =3t vix2o 2 plasmid extractione E3e] GST-chitinase
fusion vectorE 2 H 3} 31, sequencings 31 frame shift®}t PCR error’} §l

5915191}

dlo
e
o

8. E colig o] €% AZF (r) chitinased FLd = AHA

GST-chitinase fusion protein®] &S A3 FF=H4 E coli BL21 (DE3)
(Invitrogen)S ©| &3}ttt E  coli transformations E3F¢] GST-chitinase
fusion vectorE competent cell¢to 2 =43} 2™, fusion vectorE 3=

o Auray] 91ate] ampicilling A&t}

GST-chitinase fusion vector®] #}%&-2 Iment et al, 20072 A-olA Hid
WS AR AN A e o, SDS-PAGEE %3] GST-chitinase fusion
protein®] soluble form&. & L HttE AL ettt (Fig. 6A).

Soluble forme. = A ¥ GST-chitinase fusion protein® &A= Glutathione
Sepharose 4 Fast Flow resin (GE Healthcare)s ©]-&3t31om, GST-affinity
column chromatography S E3lo] 3%t} (Fig. 6B).

v gt o 2 GSTS} chitinase Aleloll £ }3F= thrombin specific siteE ©] &3}
o] chitinaseE GSTZYEH ®Is o, SDS-PAGEE F3slo AHAE r-
chitinase®] =AE &It
P 4 CTolA FFHJa, A <A filtrationS a8 L9 S
WAk, 18] FA ¥ r-chitinase &%=+ spectrophotometer (MECASYS)E
o] &3] direct UV 280 o= =743t}

5

el
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(A)

‘ Transformation of GST-chitinase fusion vector Into the E. coli BL21 (DE3) competent cell

l Incubation at 37 °C for 12 h

‘ Picking of single colony and inoculation in 5 ml of LB broth ‘

l Incubation at 200 rpm, 37 °C for 12 h

‘ Transfer 1 ml of culture in fresh 100 mi of LB broth ‘

l Incubation at 37 °C up to 0.5 ~ 0.6 of OD gz

‘ Add to 0.5 mM of *IPTG * 1sopropyl p-D-1-thiogalactopyranoside

Incubation at 200 rpm, 18 °C for 2~4 h

Centrifugation at 3,000 rpm, 4 *C for 10 min
v

Add
Cell harvest € Cell lysis buffer : (50 mM Tris-HCI, 150 mM NaCl, pH 7.5)

Storage at -70 *C after resuspension

v Thaw on ice, completely.

*Homogenization time - 10 sec
Interval time : 50 sec

‘ Cell lysis by *sonication

Centrifugation at 12,000 rpm, 4 *C for 30 min

v

SDS-PAGE

(B)

‘ Application 2 ml of resin in the column PD-10 ‘

Wash using binding buffer (50 mM Tris-HCI, 150 mM NaCl, pH 7.9)
v

‘ Binding of GST-chitinase fusion protein on resin ‘

Wash using binding buffer

A 4

*Elution of GST-chitinase fusion protein ‘

*Elution buffer : 50 mM Tris-HCI, 10 mM reduced glutathione, pH 8.0

Figure 6. Chitinase overexpression in E. coli and purification. (A) GST-
chitinase fusion protein was overexpressed in E. coli BL21 (DE3) and IPTG
was used as inducer of tac promoter. (B) Purification of GST-chitinase fusion

protein was achieved using GST-affinity column chromatography.



9. AMU-(GIcNAc) 7] @4 W& r-chitinase? chitinolytic &4 ¥4

r—chitinase®] chitinolytic €4 #2413 ¢|3}o] Fluorimetric chitinase assay kit
(SIGMA)E ©]-&3st it

Kitoll #|&%¥ 4-Methylumbelliferyl N,N'-diacetylchitobioside hydrate, 4-Methyl-
umbelliferyl N-acetyl-B-D-glucosaminide, 4-Methylumbelliferyl B-D-N,N’,N"’
~triacetylchitotriose= r-chitinase®] chitin 7F+E38] &4 =4S ¢33 77+¢] 7]
A2 o] §H AT

Kitetoll A& protocolel] wa} A& S

Y UVE Eate] /AAA 0w 515

o, waEyes d32 365 I

ol

)
o},

2

10. &3 BHAH L o] 83 r-chitinased TAAAZ A EA

=3y 8 Fad AEd s s ohdFs WAdA fungiel sk
r—chitinase®] & A XL Fung et al, 20020 wz} tj~= WA S o] &
sto] AT Aol AFEE fungit® Yol WAl®  Rhizoctonia solani
AG-2-2 (A)=] 97 ¢] 55 o]&sk3lrh

r—chitinase® ¥ &4 FA S flste] WS
Z 1lcm M2 1 cm A7]12 A2 $ PDA (Potato Dextrose Agar) plate®] %
ololl YA AL o] A plugEFE °F 2 ecm "ol% 39 r—chitinaseE 33

t]~=9} control buffer (PBS, 137 mM NaCl, 27 mM KCl, 10 mM Sodium

I fungi® mycelial plugE 7}

N

-

Phosphate dibasic, 2 mM Potassium Phosphate monobasic, pH 7.4)& 33+
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HAA fungioll thale] r-chitinase (Zjchi2)e FZo] W& ALY A A AEHE
TS A¥L2 Yang et al, 20052 Aol A o] &3 WHHE dE WHIAA F
&5kt

A Wirw 1/2 PDB (Potato Dextrose Broth) #l#] ¢F 5 mio] £ A g

#5715 F=H3 gS, 1 A]g #ol = control bufferE, 2~5H Alg #ol= 100,
200, 400, 800 ug/mle] r-Zjchi2& =AW= F7}8A k. vlA2 e 2 fungi & E Y
100 ulE Z+ A g ol HEs 3 25 TollA 1~797F 200 rpm o= & gl s}

of AENOZRY fungisl FAZE HASE FEE BRI

12. r-chitinase®l &3l AJFo] gAd HLYA fungid dv 3 £4

o] A& oA r-chitinase (Zjchi2)ll el&] Aol AAH Fusarium culmorum,
Fusarium graminearum, Trichoderma reesei®t A& 37} A& vehux &
Neurospora crassai= 2 3o o] &5 3t}

Control ¥l 238 AL} 800 ug/mle] r-Zjchi2E =83k wjx| Z5E ] AL
T FgAn A S o] &3t x40, x100 wi-& = ¥ AT
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. 2% 2 313

1. Chitinase fZ *}9] cloning

1.1. Chitinase 3z} @A E 93 primer A2 2 RT-PCR

Chitinase 21 #9] @S cloningst”’] ¢18te] NCBIE %38le] 3% &4,
¥ 4 7] chitinase? o}v|:=AF sequenceE ©]&3tH T AAE TR 459

obm) .4t sequenceE alignmentdt ZA I} N-terminal %97} catalytic 4 9ol A

conserved domaing &<l 4 U1, ©] domainES 7|WFSZ  degenerate

primerg A Z3FA T (Fig. 7A).

A ZFel primers= RT-PCRo| ol &% o, 1 A3 oad =7]el °F 450 bp
¢} 850 bp Al A band7t FHHAJA (Fig. 7B, C). 5% E Z band= pGEM
T-Easy vector system= ©]-83} sequencing= %l 33} %t}

RT-PCRZF¥ SZ¥ ddH9] sequenced] thdt 242 blastE ©]-&3FA T}
I A¥, catalytic domainTHS 7oz FEE 3 WAl GHLS Festuca

arundinacea chitinase (FaChit])®} 87%% =& ArSAS yetith. FaChitl &

ftlo
f
ol

chitin binding domain¥ catalytic domaing 3*¥3%3s}+= class I chitinase® fungi

elicitors, ethylene, 4# ol 9] fE%+= PR proteingl Ao= 1¥ 3t

—

[Wang et al., 2009]. 23] 3 N-terminal %< ¢] chitin binding domain<S %3}
= F WA ©H YA chitin binding domain¥} catalytic domain®. = A%
Zea mays class I chitinase?} ¢F 85%9] A4S HIt}t [Tiffin. 2004]. wh2bA

2 AFdA EEE 9ElS BT chitinase® dd & ASdTh
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(A)

VU T R R U R R R R R R U TR RN R [ RE N v i ey

10
7. mays MR y r
0. sativa ~MR2
T. aestivum -MR
B. inermis  -MRGLVY

R N R R N R N R RN RN R AR RN RN N RN}

110 130 150 200 210
2. mays AGEL RRYYGPRAIGISININIGBAGRESAE
0. sativa DREY REYYGR C! 3l
T. aestivum PEREYFGR GRIGTD
B. inermis ! 3 PCABCRRYEGREEI FAGRRIGAD
- .t:#\bi‘::‘ :&' e ok e \iiii’:i Iiiid- oW kW al
IIiljlﬂI‘rlll|1|?r‘Ill|IIr]l1l||I|]IIIIIIIr|Il11I?rIIII‘I\IkllllIiPPIll!Illrll‘IIIIIDIII‘I\IrIIIII‘Iriljliill
2. mays T
0. sativa NDG
T. aestivum C =
B. inermis -

ok kbbb, QI bbbk bbb b Wokido kb kbl bdddd e bdd bbb bdd b b bkbd bbb bbb Ao

[ chitin Binding domain ) ( catalytic domain |

B) ©

1 kbp

500 bp

Figure 7. Design of degenerate primers for chitinase genes cloning and
RT-PCR. (A) Alignment of the amino acid sequences derived from monocot
chitinases in NCBI Genbank. The red boxes appeared forward primer
sequence and the blue box is reverse primer sequence to amplify of chitinase
fragments. (B) From RT-PCR using the primers designed in catalytic domain
amplified band of approximately 450 bp and (C) in RT-PCR using the

primers including chitin binding domain produced band of approximately 850 bp.
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1.2. Full-length chitinase 4 2F2] cloning

(=
o
fru

RT-PCRZ &<l¥l Z} chitinase ©¥HE9 sequenceZ 7|W 3
of o]&¥ primers Al&etAtt. A& primers o] &8k Zbzbe] ©hi o 2 HE
3" RACEZ 233 A3} catalytic domain. 2456 FZH A HA dHLS oF
750 bpell 4] band”} &<1% 1L, chitin binding domains ¥33t= F WA ©H
o 2HEE ¢ 1.1 kbpell Al band7k A HAT (Fig. 8).

3' RACE PCRAA ZZ 5 7Z}7to] band: pGEM T-easy vector systems =
3lo] sequencingdl o™, blastE o]-&3ste] AR A Ay, FEHE A
HA ©GHS Festuca arundinacea class 1 chitinase, Poa pratensis chitinase®}
86 %9 FEAHE HAow, F WA ©HES Zea mays chitinase?} 86 %2 &
A HERH T

5' RACE+= 3' RACEE E3lo] &% sequences WIEFO 2 Zdslom 1
A ok 700 bpt 300 bpe bandg wEls]l ¥ 4 AT (Fig. 9). 5° RACE
PCRe A 5% band 9+ pGEM T-easy vector system= ©]83}% sequencing
= T3, blastE Fote] EAEAT. A A3 FFE T e dH B
F chitinase® o4& + U= ZHE HEHUH

3'/5" RACE7Z}A 83t A3& F3ste], 7 F325< full-length sequence
E AT F o o] sequenceE 7|HFO 2 full-length chitinase A&
cloning3}”] 93k primerS A 25ttt E3 0o ¥l 2 HE FE3 cDNASH 9
o7 HE FE3 IMA DNAE full-length chitinase 3 AE cloningsl”] <
gko] AREH ATt

RT-PCR A}, catalytic domain®e. 258 H]ZEH A HA full-length clone
¢k 900 bp YA A band’} A= o™ (Fig. 10A), chitin binding domain<
gtate= = A full-length cloned ¢F 1.2 kbpoll 4l band7} A ¥t} (Fig. 10B).
RT-PCRS &3t 2% F 719 full-length cloned]l W3+ sequence #4]&
333 Ak, A WA full-length cloneS Oriza sativa chitinase®t 80% ¢ A%
e Hetdlon, o A7tA] 7lso] W AA &S class 1T chitinase® Q1% %]

t} [Truong et al., 2003]. 2]y} ©] chitinase fungal elicitors®} glycol chitin®ll

Fe
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o3&t FEHEYE Oryza sativa L. cv. Cheongcheongbyeo class II chitinase
(Rcht2)9} 95 %9 4sdS Uelt [Kim et al, 1997]. wpabr] 2 o oA
w2 ® A HA chitinase =3 Rcht2¢} AR 7155 7FA&= class 1T chitinase
o Ao oidetsit

Chitin binding domaineS ¥3%'3}e] cloning® + WA full-length chitinase

clone2 3'/5' RACEE 33t Fo|x W3glol Zea mays class I chitinase2}

=

s
rlo

7V FE5dS BAATh
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(A)

(B)
3" RACE product (about 750 bp)
PCR product (about 450 bp)

©

(D)
3" RACE product (about 1.1 kbp)
==
PCR product (about 850 bp)

- : Unknown region . known region

Figure 8. 3' RACE for getting sequences of 3' unknown region. Figure (A)

and (C) indicated diagram of 3' RACE from the chitinases fragment, and as a
results of 3' RACE PCR produced PCR products of (B) 750 bp and (D) 1.1

kbp, respectively.
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(A)

(B)

5" RACE product (about 700 bp)

PCR product (about 450 bp)

©

(D)
5" RACE product (about 300 bp) -

PCR product (about 850 bp)

- : Unknown region . known region

Figure 9. 5' RACE using ¢cDNA of circularization form. Figure (A) and (B)

showed diagram of 5' RACE. The final products from 5' RACE PCR were
obtained after nested PCR and the band size of PCR products indicated about
(B) 700 bp and (D) 300 bp, respectively.
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(A) B)

1.2 kbp
900 bp

Figure 10. RT-PCR for full-length chitinase genes. For full-length sequence
of two chitinase genes performed RT-PCR, and amplified about 900 bp and

1.2 kbp, respectively.
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2. Chitinase® +Z3 54 2 &g £4

2.1. Chitinase® +%% EA] 24

Chitinase® A== F 709 full-length sequenceZE 7]Fc] <&z thE
chitinaseE ¥} Hlwsle] FdAe] x4 EAS BA359 1} Catalytic domain®t
S iwro g BEE A HA full-length clone®l nucleotide 7-%% EAS &4
g At F 1318 bpel A=, 220 bp A7]1¢] 5/3" UTR 943 2709 intron, 3
7hel exonoZ FAH ASFS & F AJTE IntronS 77+ 86 bpet 233 bp A
715 7FAH, exone ZFzb 293, 108, 373 bpE Felw vt 18] 1l full-length
sequence W9l translation start codon (ATG)®t translation stop codon
(TAG)7F &A%Y, 774 bpe ORF (Open Reading Frame)® TAEH o] &<
gstAdrt (Fig. 11A).

ORFZ 7|Wro 2 3} protein®] +%% EAL oln| x4t sequence #4418 =3}
of sttt 1 dyp 5 257709 opnjmatoz Ao glew, 217709 o}
Ao 2 o]Fo]Zl catalytic domain® F4 %+ sugar binding site, &4
catalytic Zt7]1E0°] HEHO Qe Zo]l =t 18]3 N-terminal 9ol
E A 8k+= leader sequence®l leucine, valine®] F4-3F signal peptide’} & A3+
Ae Ao (Fig. 11B), blasts® &3ted AsAdol 718 =2 o
chitinaseE¥ sequence 5445 dluwst Ay Fgld A WHA  full-length
chitinase®= class 17} class II chitinase®] A& %<l E5AS HolA Wk class [
chitinase®] 7}% 23 E% < N-terminal % 99| chitin binding domain°] Z
AEo A= AS FAFAYG (Fig. 110). wgb Falw A HA cloned class
II chitinase® 4% ™ Zjchi2= ™ ™3} t}.

Chitin binding domainS ¥33t=, + HAZ 28 ¥ full-length cloneo] w3k
T4 54 4 =3 st 1 A3 F Zo]7F 1188 bpel™, translation
start codon (ATG)ZYE translation stop codon (TAA)2] Zo]7} 963 bp=HA
intron®] 9 ©Y exonoZ o]FolF ORFE zZte Zoz FAHYT (Fig.
12A). obP] =4k sequence 415 Eoto] T 320709 ofm|wAto 2 A EoOl 9
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L, 232709 ofmjiAtoe 2 o] Fo]Z  catalytic domain®] =AW, FAHE =
sugar binding site, &4 catalytic Ft7]E°| catalytic domain 5o A= ZHo]
stolE it} 18]a1 N-terminal % ¥4 leucine, valine-rich signal peptide$}
chitin binding site® A% = domain®] A4S &2ttt (Fig. 12B). ©] oA

}5Alo] %8 t}E chitinaseE 3 sequenceSAS vl W EA 3 Ay Hod F

o>’

HA full-length clone &% 2 class I chitinased S5A4S =5 ¥3%sta
A7k C-terminal extension o] ZAHEo de= S FdsAtt (Fig. 120).
ut2kA class Ib chitinaseZ o3 2™ ZjchilZ § 3} St}

npxleto 2 5 7] 9] chitinase (Zjchil, Zjchi2)oll ™3}e] alignment #41& 4
& st er, 1 A3 A= 50% o] =A HFEH catalytic domains ZE= whA
o] N-termianl % 92 chitin binding domain¥ 2 HA 9] =4 o= w5 ¢}
2= A4S g U)o (Fig. 13).

EdUZSFE 2dd" 7 /08 chitinasedl wid 722 SA B4 2

class Ib chitinase®} class II chitinase® Zel= gt od= =274 A A

%
)
N
N

|
< !

2] ® full-length chitinase™ N-terminal % 9 2] chitin binding domain®] 2%
¥ class II chitinase® &% At} 3' RACEZMA] F3399S wl o] clone2
Festuca arundinacea class 1 chitinase®} %<& A%AS Bttt [Wang et al,

2009]. 18y} 5° RACEE <33dlo] N-terminal G99 A do] Felw o=

class II chitinase®} =2 4sdS YEFWY [Truong et al, 2003]. ®FbHol A&
F-¥| chitin binding domaing ¥3%3}l4 cloning® + A cloned 4%+ oA

3 7 A 2 class 1 chitinase® &2 E At o] A5 N-terminal < ol
FA)3k+= chitin binding domain®] <A 7} class I chitinase®} class II chitinase
E TSt VMg 83 7ol "dvke AE 9v| sl [Neuhaus et al, 1993],
class I chitinase®} class II chitinase® catalytic domain®] A% %<& F&5A4S
Holths AR S FelstA s+t [Zamir K et al, 1993]. ojv] =3d = o
Tl A class Ia chitinase® T2 ¥ 9% 35}H, basic chitinase®Z* endo3 2]
HAYEFS Ztevhal Bas ok vbdo)] class Ib chitinase®t tH-22] class 11
chitinase™ apoplast A% W, exod "AYZEE 2zt acidic chitinase® <8 3
t} [Kaprzewska. 2003]. whebA 2 Ao A 839 Zjchilet Zjchi2:E= 2% exo
P HAUSFS HY oz oddr)
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(A)

L 1318 bp "
Al Cad
I 293bp } 86 bp } 108bp 23 bp 313bp 3
UTR! Exon Intron Exon ntron: Exon UTR!
Translation start point Translation stop point

(B)

MARVAGSFPMVVCALLLAAWAGGAAAQQGYGSIITRSVFDNMMKQRNNGACPAKGFYTY DAFITAARAFPSFGNTGDLATRKRELAA
FFGQTSHETTGGTRGKSDQFQWGYCFKEEQSKTOPPFYGRGPIQLTHRYNYEAAGKALGLDLVGNPNRVAADPVVAF KTAIWFWMT

AQPPKPSPHAVITGAWTPSAADRAAGRSPAGYGVITNINGGVECGMGPRDSGADRIGFYKRYCDMLGVGYGPNLDCYSQRKFG

(©)

BAA31957
ACJE8105
ARGS3610
AEZE7300

BAA31997
ACJEB105
AAGS53610

AEZE7300 H &

BAR31997
ACJEB105
AAGS53610
AEZE7300

| Chitin Binding Domain | [ Catalytic domain )

Figure 11. Nucleotide and amino acid sequence analysis of the full-length

chitinase. (A) Diagram of chitinase gene. (B) Amino acid sequence base on

ORF. The blue color sequence of N-terminal indicated leucine or valine-rich

signal peptide and the violet sequence is catalytic domain including putative

sugar binding site and active catalytic residues. (C) Alignment of amino acid

sequence of the full-length clone with various chitinases

indicating high

sequence similarity showed to lack the chitin binding domain (red box) of

N-terminal region. Thus, this was expected as class II chitinase.
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(A)

1188 bo 5
€ >
963 by
| - 4
UTR! Exon UTR
Translation start point Translation stop point

(B)

MTTRAAAVVLAAFFLLVAARAEQCG SRAGGATCPNCMCC SRWGWCGSTSDYCGDGCASQCSGCGSGSPSPSTGSGSGVASIVSRSLFDAM
LLHRNDGACPANGFY SYDAFIAASNSFPGFGTTGGADVQKREIAAFLAQTSHETTG GWASAPDGPYSWGYCFKQEQGATADY CVASSQY PCAA
GKKYYGRGPIQISYNYNYGPAGQAIGADLLNNPDLVASDATVSFKTALWFWMTPQSPKPSSHAVITGAWTPTAADQAAGRVPGY GVITNINGG
LECGHGADNRVADRIGFYKRYCDLLGVSYGNNLDCYSQRPFGA

(0,

LnF04454 M

AAT40029 MMBAL
ACJ23248 MMRGI
AEZ67300

AAF04454
ARAT40029
ACJ23248
AFZ67300

ARF04454
ART40029
RnCJ23248
AFZ67300

PRETTTIT I ok hhkdkdk b kekh ko ke hh bhdk b hbkk kbR ad kb &

| Chitin Binding Domain | [ Catalytic domain ] | C-terminal extension |

Figure 12. Structural property analysis of full-length chitinase including chitin
binding domain. (A) Diagram and chitinases gene. (B) Analysis of amino acid
sequence of full-length gene showed leucine or valine-rich signal peptide
(blue color sequence) and chitin binding domain (red color sequence) on
N-terminal region. Also, in catalytic domain (violet color sequence), contained
putative sugar binding site and active catalytic residues. (C) From the results
of homology analysis of amino acid sequence with other chitinases exhibiting
high similarity sequence found existence of chitin binding domain on

N-terminal region and lack of C-terminal extension (green color sequence).
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zjchil
Zzjchi2

2jchil
2jchi?2

2jchil
2jchi?2

Figure
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[CchitinBinding Domain | [ Hingeregion | ( Catalytic domain )

13. Comparison of amino acid sequence of two chitinases isolated from

zoysiagrass. The chitinases (Zjchil and Zjchi2) isolated from zoysiagrass

revealed existence of highly conserved catalytic domain with putative sugar

binding site and active catalytic residues. But on N-terminal region showed

to differ sequence similarity because existence of chitin binding domain (red

color box) and hinge region (blue color box).
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2.2. Chitinase?] phylogenetic tree 4]

Phylogenetic tree #4412 PR-3 group®l| %3t chitinaseES ©]&3to] a3k
o} 719 H.a1E tE chitinase® sequenceE NCBI GenBankEs &
g tha, MEGA4 Z2 93 o] §3te] 43kl

I A3} Zichil2 N. tabacum (CAA01530), S. tuberosum (CAA33517), V.
Vinifera (CAA90970), G hirsutum (CAA92277), P. vulgaris (AAA33756), Z.
mays (AAA62421), H. vulgare (AAA5S6787), O. sativa (BAAO03750), A. thaliana
(AAA32769) chitinase®} &7 class I chitinase groupd] <3t ZHo] &<l Q)
o Zichi2i= N. tabacum (AAA34106), S. Iycopersicum (CAAT8844), P.
hybrida (CAA35791), C. sinensis (CAA93847), A. hypogaea (CAAS57773)%} &+
7 class II chitinase group®l| <3t o] &2lF ).

w29 F 719 chitinase 25 B. vulgaris (AAA32916), D. carota (AABOS846R),
7. mays (AAA33444), B. napus (CAA43708), P. vulgaris (CAA40474)7} 23k
class IV chitinase group= o= %= A7 e FAAAE JeRUT} (Fig. 14).

XY EEEH 288 F M9 chitinase (Zjchil, Zjchi2)el th3d}e] phylogenetic
tree w2 TS ZAY Zjchil> 929 A= Z mayset H. vulgare 1231
O. sativaZF-€ 29 class I chitinases} FH& oz 77k8 Aoz 59
o 53] 71 b 9 3AE YERA Z mays class I chitinase (pCh2)&
acidic chitinaseZX Aspergillus flavusol] 23] F X%+ PR proteind] o=
golE gt [Wu et al, 1994]. 18] 3 Zjchi2et 7F4 7M7he A BAES e
N. tabacum® 735 9 A] acidic chitinase® PR proteing ¢35 3lst= 4%

Aoz gH A [Payne et al., 1990].
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@coﬂana tabacum (CAA01530)
Solanum tuberosum (CAA33517)
Solanum lycopersicum (CAAT8845)
Vitis vinifera (CAA90970)

\

Gossypium hirsutum (CAA92277) [

Class | chitinases

family ]

— Phaseolus wulgaris (AAA33T756)
_i— — Zichi1

Hordeum vulgare (AAAS6787)
Oryza sativa (BAAD3750)

%opsis thaliana (AAA32769)

Zea mays (AAAG2421)

J

¥ =

[

ZEhE D

_(—— Solanum lycopersicum (CAAT8844)

Nicotiana tabacum (AAA34106)

Petunia x hybrida (CAA35791) famil

\rachis hypogaea (CAASTITS) __/

Class Il chitinases ]
y

Citrus sinensis (CAA93847)

m

Beta wulgaris (AAA32916) \
Daucus carota (AAB08468) =
Lo s (AT [ Class va c[1||t|nases ]
Brassica napus (CAA43708) 2y
Phaseolus wlgaris (CAAAMM])

Figure 14. Phylogenetic tree analysis of Zjchil and Zjchi2. Phylogenetic

relationships using chitinases of PR-3 group showed belong to class I and

class II chitinase family, respectively that Zjchil and Zjchi2 were isolated

from zoysiagrass.

relationships were collected from NCBI GenBank.
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2.3. Chitinase 3 #ke] 7]¥d o Z4

Chitinase frdzte]l 719 2dd EXHd= 54U tdd F9E5 ol &3
t}. EAJo] AFE3F 7] %S blade, sheath, stolon, rootso|™, z}zte] 7| A EZHEH
: Ao o]l &3ttt Aol eAE HUF Fo]7] ¢
ato] total RNAv= % 54| DNase A2l 3 d&& JAAAAES 71309, A7

total RNAZ F=3)

4
re
i

% spectrophotometerE ©o|-&3ate] Z} 7]¥9] total RNA s%=&5 dB3sA A
Fatetltt. A#ste 7 7139 total2FH cDNAE 433031 RT-PCR& <+
&5kt

A AA RT-PCR cycless 20914 o] FolHvh. o1 A3 &4 + 79 +#
A} B5% blade®} sheatholl A& band”7} A& FAH A ZEAA 9 stolon} rootsell
A= oFgk bandE #EE 4 AT F WA RT-PCR2 25 cycleoll A G35 31
o 28 2 F M9 F32 25 blade®t sheathol Al o} <&t bandvhsS 3
AN eH, cycled FF5 307t4 59 o]F ¢ RT-PCRoAE= & Wst=
Bolx kgt HbHo| stolon¥ rootsi= 25 cycleoll A ol ¥ A & go] 7}
st o™, 30 cycledl = Wl¢- 42 WS bandE ##EE F AdAr} (Fig. 15).
House keeping gene$l I8S ribosomal RNAT loading controlZ% A}-8% 1t}

ARH oz SR ZEE EFs T 9 chitinase FAAE 9 BEitoA] B
e RoAM 2o wdS Hol: Ao oy it} Chitinase 4 AH7F
A& oy H9 FolA, 53] HEolA 2 EAdS Bt AMES ojn ¥
2 AFoA HuFY. "EolA AHE muskmelon seedZH-EH

E
chitinase® ©]-&3 A7olM & Adxp FASHA He] F2elMe) 2 ddol
|
s

kv
r{r

>.

vebskth [Witmer et al., 2003]. ©]

proteine ¢4%3} st Fd Aol 7] o

J

F VBT AP AF0] 48

1=
Wy RaoA] r e 4SS Hol: Aow BuEAT) [Sakihito et al., 1999].
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Zjchit

Zjchi2

18s

Figure 15. Expression analysis of Zjchil and Zjchi? from different organs in
zoysiagrass showed higher expression in stolon and roots than blade and

sheath both Zjchil and ZjchiZ2. 18S rRNA was used as loading control.
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3. E. coliZ °] &3 chitinased F&d 2L AA

Chitinase®] 7] 5H#4< €3}9, signal peptide’} A A ¥ F 7l¢] mature form
chitinaseE pGEX 4T-1 vector]l 27} cloningsl®] GST-chitinase fusion
vectorS A ZeE Tl E coli BL21 (DE3)E chitinase®] #@dS 93 #5=
o] & ¥ At

S ERY 9% F B9 chitinasex= Wdd 4 =0S AEste] HA
o W x& dobdl & AAHIATE Chitinase®] BAE g HAo ¥d =

E. coliZ o]&3to] #}utdl ¥l GST-chitinase fusion proteinge SDS-PAGEZ

ol
_0|L
2
M
1%
i
2

o} 12 A3 GST-Zjchi2 fusion protein ¢F 80%¢]7 soluble
form FHZ FE¥HE A& AT 5 A3, GST-ZJchil fusion proteindl] A %=
Aol At soluble forme. 2 G55+ proeino] #FE )

Soluble formo = dAH fusion protein® A= GST-affinity column
chromatography S ©] &3t 2, SDS-PAGEES 33 Ay oad 9 XA
A A ¥ chitinase® <% +E bandE &<2lst 4= A} (Fig. 16A, B).

A gwde] wAdS 9] flste] B B 4 TollA daEHglew, nhx
o 2 AA g GST-chitinase fusion protein] A GSTY S HA3lsl7] ¢
3kl GSTC} chitinase?] Abolo] #£2)38F= thrombin specific site®l] thrombin<
2] sto] GSTZY-E chitinaseE #2383t}

B2 AFodA AP EZFEH Aol %3 proteing E. coli systems ©]
43t soluble form®] proteine A& Al7]7]7F o8 AR HIEF oW,
53] chitinase$} #e] chitin 7bFEd] &40 A9dE oS o Aoz &
#2 9lt} [Huang et al, 2005]. L@ o%x E3tal 2 o) A= soluble form
9] chitinase® #H&d Al7]=dl AAEstth o] A3= ofntx GST tags ©] &
37l wiEolgta AztEich @Y AFol A N-terminal®] GST tage Z=A17}
chitinaseZ ¥®] %3} chitin binding proteinE 9] chitin bindingS "3 3to] W3 o
AREEE F5o FHE HAAIA PO EA, A protein®] soluble form %o =

=S 7% Ao2 Byt [Huang et al., 2005].

_40_



Figure 16. Overexpression of GST-chitinase fusion protein in E. coli and
purification. Soluble form of GST-chitinase fusion protein (Zjchil and Zjchi2)
overexpressed in E. coli were confirmed from SDS-PAGE and were purified
using GST affinity column chromatography. (A) SDS-PAGE analysis of
GST-Zjchil fusion protein that overexpressed in FE. coli found weak
expression of protein of soluble form. But, (B) in case of GST-Zjch2 fusion
protein showed strong expression of soluble form protein. Lane M, Protein
molecular weight marker (Bio-Red); Lane 1, Total protein (- IPTG); Lane 2,
Total protein (+ IPTG); Lane 3, Supernatant after centrifugation (+ IPTG);

Lane 4, Pellets after centrifugation (+ IPTG); Lane 5, Purified chitinase.
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4. Chitinolytic 2 3+ &4 £4
4.1. r—chitinase®| chitinolytic &4 4
r—chitinase®] chitinolytic &gl st &2 Fluorimetric, chitinase assay
= 4

kit (SIGMA)E o] &3t om, UVE Eslo] g3 xS =As¢).

Kittel Al 2+zbe] 71" 2 chitine] 3%

od

-

o] F+= glucosamine®] 3 337]

A2l 4-Methylumbelliferyl (4MU)E AZ2A1Z1 7| A =24 exod chitinasee] 7|2

mlm

¢l 4-Methylumbelliferyl N,N’-diacetylchitobioside hydrate, 4-Methylumbelliferyl
N-acetyl-B-D-glucosaminide®} 12|31l endo® chitinase? 7]& <2l 4-Methylu-

mbelliferyl B-D-N,N’,N’’—triacetylchitotrioseZ ©]&3}o] chitin 7}#38] A4S

A% A, r-Zjchil# Zjchi2 R control? ¥ as$lS o
of W&ol o #we o] #FHJH (Fig. 17). Control 7] d ] #pks &4y
S e FrtE e, 3o FEE 365 3Fe UVE Fdto] 7pajgoez &9l
Skt

Zjchil#} Zjchi2e] FxEA A F 71 EF exod WAYUSES ZEE acidic
chitinased Zoletal o sttt 12} chitin 7FrFits] SA4E4S 9g 2 A
Hol A r-Zjchil# Zjchi2t= Al3¥ -+ 71 exochitinase 7] & oA ¥yt o}y e}
endochitinase 7] 2o el E 23 FAS JelyQct o Ay 7
Lol vl Fr=skA Aed 'Bao sk o 71E SoldS GolHEs e
A3 71 Ao % (Fig. 17C)7F exochitinase’} 84 & 714 5 Q& F+X22 5
o]l 7] wEolgta AZETh 1ela B Ay AT} FALS

FH #89 chitinasedl Al B %At} Epiphyas postvittana nucleopolyhedrovirus

Lo

2

77} baculovirus =
2HE H)FEH exchochitinase (EppoNPV):E 4MU-(GIcNAc) 7128 o]g3 Ad

ol A endochitinase®} exochitinase "WlAYEFS 2% YERWT [Young et al
2005].
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(A) (B) (0,

4-Methylumbelliferyl NN'-  4-Methylumbelliferyl N- 4-Methylumbelliferyl B-D-
diacetylchitobioside hydrate acetyl-B-D-glucosaminide N,N’ )N'’~triacetylchitotriose
Q CHsa j:Hz
C-CH, o, HD_\ /-\!‘_,. \Q‘:
HO N CHOH S HO = —0F it - s
! = HOL_ oH
) i . " 09~ o o ___GO‘—"HN
= : e e oH Y T~ ) on
- :f H,,'" ’ ™ 0% HN__CH
e > OH HN__ _CH4 .é”_/ X
C—CH, \n/ OH HN__cH
o o o

Figure 17. Chitinolytic activity of purified r—chitinases verified through UV.
The 4-Methylumbelliferyl (4MU)-(GIcNAc) release 4MU by chitin hydrolysis
activity of purified r-chitinases. (A) 4MU-N,N’-diacetylchitobioside hydrate
and (B) 4AMU-N-acetyl-B-D-glucosaminide are substrate suitable for exochitinases
activity detection. (C) 4MU-B-D-N,N’ N'’-triacetylchitotriose is a substrate
suitable for endochitinases activity detection. The purified r-Zjchil and
r-Zjchi2 indicated more strong fluorescence against (D) 4MU-N,N’-diacetyl-
chitobioside hydrate, (E) 4AMU-N-acetyl-B-D-glucosaminide and (F) 4MU-3-D-N,
N’ N''—triacetylchitotriose compared with control.

1, Control (Substrate 50 ul + thrombin solution 50 ul); 2, Purified Zjchi2
(Substrate 50 ul + purified chitinase 50 ul); 3, Purified Zjchil (Substrate 50 ul
+ purified chitinase 50 ul). Concentration of each substrate is 0.5 mg/m{ and

concentration of purified r-Zjchil, r-Zjchi2 is 1.5 and 0.2 mg/ml, respectively.
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Al =5 PDA wjA oA #&sint

Rhizoctonia solani AG-2-2 (IV)®] 97§ 5ol thsto] AL Ao oA
e S A3 r-Zjchile EE 5ol diste] A A4S AAA A Kt
(Th B E B8 dFol A ofF okt A4S UElE X BAAT control¥t
Alastls W fold e AdREs dA Xeklv 2@y r-Zjchi2e] A
Rhizoctonia cerealiso| Xl <FelAl &Aool YENEOW Fusarium culmorum,
Fusarium graminearum, Trichoderma reesei®| WalA = ol ¥ i= clear zone
o] YA At (Fig. 18C, D, E, ]).

7]Eo FE @ AFoA class I chitinase®] N-terminal < <ol &) 38}
+ chitin binding domain< chitinase®] & &4 Fxlo 7]1qsttta &8 Ao
[Toki et al, 2002]. z8jy} & Ao Y= HH #+2]¥ class I chitinase
(Zjchil)= A&l o]8d X fungiol thsle] st S S HoJFXH KT
olm}= fusion protein® ZFE GSTE ZE&H R AASA E317] wj&ol
GST®S =A7F Zjchile] dwtgdd &Ae 3= vHS Zolgtr Azhd.
GSTZ B &3} affinity tagd A7} 23 protein® A0 J&aFS = 2 9

= ARE S Terpe. 20039 Aol A B s At}
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(A)

(D)

(J)

Figure 18. Disk diffusion susceptibility test of purified r—chitinases against
various pathogenic fungi on PDA. (A) R. solani AG-2-2, (B) R. solani AG-1,
(C) R. cerealis, (D) F. culmorum, (E) F. graminearum, (F) S. minor, (G) S.
sclerotiourm, (H) N. crassa, (I) P. capsici, (J) T. reesei. In each of paper
disk treated (1) PBS buffer, (2) 150 ug/m¢ of purified r-Zjchil, (3) 150 ug/ml

of purified r-Zjchi2 and (4) positive control chitinase.
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HAW T 0] Fusarium sp.2t T. ressei® 7<%, control #jA|el W3} r-Zjchi2
E A Aol JFI FAES Aol AdAlE = Aol ZQl HAT. 1ea
T Ml Fusarium sp.© ©F 400 ug/mle] FI=oAl AL Aol HE HbH|
T. ressei® 4% 100 ug/m¢ A FolM%= FAZE Aol AAex Lot Z2y=
HAT (Fig. 19).

2 Ao A" 10709 wF FolAM R cerealis, F. culmorum,

HE AA E3FATE r-chitinase?] TEE E=AS A5 S FAolEtx yERY
Aolgb= o3 & 800 uge AEd A PANANE vt 42 YA &
Rtk ol &k fAbgE AP A= 2R Aol B AT Brassica juncea® 5-H
2 ¥ class I chitinase (BjCHI1)= Ralstonia solanacearum®t E. coliol| 3}
EETF Eold 4 s dAM o] A= AXE UYWAY HS5RYH &4 U
EF A &Y Bacillus megaterium®t Micrococcus luteuss= 12l chitinase?)
TR Adagle]l & AAste A3 E HoFQlth [Yang et al., 2005].

A Aol A 2709 Fusarium sp.@t T, reesei, 18|31l R & xEoA

Aol A o] &dhatAl Aol N. crassa= U Aol o] &5t}
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(A)

(B)

(®)

(D)

o e b5 e

oderma reesei

Trich
Figure 19. For inhibition analysis of mycelia growth of wvarious pathogenic
fungi according to concentration of purified r-Zjchi2 on half-strength PDB
used (A) F. culmorum, (B) F. graminearum, and (C) T. reesei. Concentration

of purified Zjchi2 is (1) 0 ug/ml, (2) 100 ug/m¢, (3) 200 ug/ml, (4) 400 ug/mé
and (5) 800 ug/m.
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4.4. r-Zjchi2el olsto] Aol <jAld WA fungio] dAvd 24

r-Zjchi2ell eJsto] Aol ofAl® 7 fungi=FE FARS] AH= #vd 24
S 8 F g Ads #AZHAG ol AP A controlZ o] §-gk 1 v A <}
r-Zjchi2 800 ug/mbs A2l WA ZHE HALES FdANGS Fdhe] x40, L
L <1009 HiEol A AFgaielo] #FHAT 1 AR FAo] A e #EF
2RE ¥ A3E BTth =, control HIAEHE Y HAIES HEYPoRY

B A} branchE @AstHA 2 7heA F Wolyries B

oy
ftlo
s
[40
rE
)
2

r-Zjchi2 800 ug/mtE A 23k WA 258 2] A= branch@d & & 844 333l
= W olye, HEY TAHAARE FAE A= B AL WojyrbA] R A
= FAHAT (Fig. 20A, B, ). 22laL ol AdoA A4S H3 YEA
AR N. crassa®l A%, control WX ZH-E o] AL} r-Zjchi2E A 2]k v A
ERYHO fdAZE HTE AolR glo]l AAstA & wojurie Aol #EEHAT

B3 An AL Z3)] r-Zjchi2el 9ste] Aol AAE fungis e AHE A
gb A3 Al TUE dHoR FAY o] A= EE5S ST F AN

ow H A Az} FAFEE A9 E o] rye seedZHE F]H class II chitinase
£

St Ao FelE AT} [Toki et al, 2002].
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(A) (B)

Fusarium culmorum Fusarium graminearum

Neurospora crassa

Figure 20. Microscopical analysis of pathogenic fungi affected by purified
r-Zjchi2. (A) Condition analysis of hyphal growth from F. culmorum, (B) F.
graminearum, (C) T. reesei, and (D) N. crassa carried out using an optical
microscope. Hyphal from PDB media treated 800 ug/m¢ of purified r-Zjchi2
(right pictures) showed not normal growth of hyphal from inoculum. On the
other hand, hyphal from control media (left pictures) and N. crassa that do

not affected purified r-Zjchi2 showed normal growth.
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IV. 1%

HZ F M9 chitinase 23}t
& chitinase™= fungi MXB 9] Fx2& o] F = chitin® 7IwEdlE FHulste
Aoz dHA don tpkdt HAA fungidl dEdste] AE Wolr|sS 9dst
= Ao ® HIHAY [Zamir et al, 1993]. “L¥] 3L chitinase® ©]-&3 HE AT
o| Nl Rhizoctonia solanis V%3 thFst WA fungiol d&dste e S4&
ook ey EXdYERE EEs o] 71Fe] EE chitinaset oFF Hal
A o H AFtoa EEE F 79 chitinase FAAE EXTZEE H]
58 A HA 7 WA chitinase FHAAREA FE2EA I 7 EA S FAEATH
w2 ® 7 NS chitinase A &k o} :=Ab sequence #A& T A
3}, 247} class 1 chitinase (Zjchil)$} class II chitinase (Zjchi2)2 22l %] St}
H] = chitinase A A& cloningdl”] $1%F primer= 22 7] €3 % class I

chitinase®] conserved domain< 7|¥Fto =29k A 2LE A7 3'/5° RACEES 43

stol Zbzhe] full-length chitinase A F8 3 23, class I chitinasef®qt
olY e} class II chitinase %3+ #&8]d 4 AATh =, catalytic domain¥S 7|3
o2 AZE primerZ%E 2% full-length chitinasex A3 =24 class 11
}o]

A ZHE primerZ%-E &= class [ chitinase?} #3885 Ack. o] A= class 13

ol

chitinase® &<1%¥ % 2™ N-terminal %99 chitin binding domains ¥3%+

class II chitinase Abole] =A HE%¥ catalytic domain® JFo=Z Hom,
N-terminal®] chitin binding domain®] <#}7} class I chitinaseE #F3le T &
st 7]Fo] ®theE A& 9n| st} [Neuhaus et al., 19931

710 BHag Ao 938 class II chitinasex 2 A chitin chain® 13+
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deto Rt =485}

Fl(‘

go] MAYSS 7HA= A2 d#HA dow, class 1
chitinase= chitin chain W5¢] N-acetylglucosamine®| B-1,4-glycoside A 3=
292 ddsts endo@ O MIZIHES 2te Ao® ®WaHol Ut [David B.
et al., 1993]. Z18] 3 class I chitinase®] 7-$ C-terminal extension ¢ &4
AR g} endoF el WAYUSFTS 7HAE Aoz 4H A class la chitinase$},

exod 9 MAYUES 7tAE Ao® Hu¥ class Ib chitinase® thA] 3 W 7

Ao, B Ao A ERY2EE £2 3 class I chitinase= C-terminal extension
97 AR EA A= Aol AT o] #> C-terminal sequence class 1

chitinase®] localization®] Z 2% o]m X targeting signal peptide® H 1%
t} [Neuhaus et al, 1991]. webq EdY2HE 28 5 M9 chitinase:= Z+
Z} class Ib chitinase (Zjchil)®} class II chitinase (Zjchi2)¢l Ao & AZX At}

S 25 29 full-length chitinase 7429 nucleotide sequence 74
oAA Zjchi2?} 2719] intron®} 3789 exong zZ+e= wWHHO, ZichilS 27 @Y
exono. 29k A Eo Qlti= ARA o]l ERlE it} Class I chitinase groupel 419
intron 2985 ¥ Ao A BaEArt [Fang et al, 2005].

w2lE 2719 chitinase fFFAAEC g FoHE 2 FAAY F FHA B
I+ blade, sheatholl 4 E.t} stolon¥} rootsoll Al © =& ¥dS yElWlth Chitinase

FAAZE B A =L BdAS Hols Aee o] dAFdA AT 2=
o 1 A4 %¥ muskmelon class II, Il chitinase®] 74 FA=5-H #2l¥ chitinase
dol= &3t oA g 2& WS YElWtE [Witmer et al, 2003]. 9]
A¥E-L chitinase 4471 PR proteing 933} 3= f-21xo]7] wjio] EU
A= AFAQ HFol 4L HeY TN 9 =
B3 5o Qlt} [Sakihito et al., 1999].

B Eaw 5 09 chitinasew= E coli®t GST-affinity column

i

_I_/
2

=

=

7R

HH S Hol

rr

f

rlo

chromatography & ©]-&3sle] #itd 2 AAE AFHo=z 33t ODeyodk
0.5, IPTG 05 mM, 18 TelAl Z+7} 2A17F2 4A17F inductiondl & 79 Zjchil
¥} Zjchi2+ soluble form £ %22 FZ=H ATt B AFdA JYPAEZHE =
A o] 73 proteine2 E. coli systemE ©]&39] soluble form® proteing % A

7F oy & ZAo® Huwon E3] chitinase® o] chitin 7}EEd] 49

_51_



Agole BEAHE proteinge] wFol IFE F7] WEo S oy Ao=R

e 2 2t} [Huang et al, 2005]. A A2 his tagS ©]-&3le] 33 chitinase

s

fH-& inclusion body® F=% At} [Kirubakaran et al., 2007]. o]k &4
S | AdstaA 2 Aol A= fusion partnerZ% GST tags o] &3t om, A
F A 0% chitinaseE 93 AlZHT GST tage E2Y¥ AFolA &3 proteing
solubilitydl Ew<S &+ & Jvtar Hiso] glom [Terpe. 2003], 53
N-terminal 9o AgE GST tagel £A+= chitinaseE W] %3 @H chitin
binding proteins 9] chitin bindingS *alsle] od #F9 HE HA3A S
oz 4#Ad Utk

e
S

24, =4 protein® soluble form FX°] =85S F
[Huang et al., 2005].

HoAqto 4] AHAH r-chitinases oA class II chitinase (Zjchi2)©= R. cerealis,
F. culmorum, F. graminearum, T. reesei°l t3ate] d++ FA S veldlon, o]

Z 3/ #F= E3HE Y] E3H9] bentgrass, kentucky bluegrass ol 4l 7+sk

i<
ofr
il

o
ol
rlr
4
N
10t

) 2 48A Ak R cerealis®] 4% &%t} bentgrassol
A FugE do7|= #FolH [Chung et al, 19911, F. graminearum- W4+
9] turfgrassol 4] Fusarium crown 3} root rut Bl f¢lo] H&= 52 <4y
Z 9lth [Humaid et al, 20111, Z¥]a F  culmorum® 7%+ Kkentucky
bluegrassol| Al Fusarium blight ¥-& ¥27]+= Z°o=2 X3t} [Hartin et al,
2011].

22} class I chitinase (Zjchil)o] tafjx s BE #3504 34 Ao g
A gkt 7)Ee BaE =Fo 9]&H, class I chitinase® N-terminal < <
of #&A3}+= chitin binding domaine chitinase? 3+t Aol Fxlo] 7] ofdlt}
T dHA A}t [Toki et al, 2002]. 2= EF3x E A4 = chitin
binding domain<S ¥3}3}= r-ZjchilolA &40l A3 YelYX| 7 &St} o] 2
F= ofvb= GSTO G Wi Aolgtar Azt ol xe] agh ofz] W]
Aol 5] GST-chitinase fusion protein®] AEl+= Zjchil¥} Zjchi2 EFol A ol

3 A= YER A EETE GSTE B3 affinity tage] £417F 24 protein
o] Ao S 71H F dubE HaE B [Terpe. 2003]. whaba] B2 oo

X+ site-specific protease?! thrombing ©]83to] GSTE chitinaseZH-EH g
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< 79 1 A3} GST-chitinase fusion protein® Z4%-E GSTEZ

& 4 Ak 28y o] Ao A r-Zjchi27F on—column % off-column
A EF & ReuE whde] r-Zjchile o3 #hHS o] &5t Ao #g
A o= AyE HWrh olwp GST-chitinase fusion protein®] folding 4 ol A
thrombin cleavage siteE YolHd Zo=z AZt=E™, r-Zjchile] EE fungiol
tate] &t FAdo] YElLEA 942 A olwlE thrombin AEE & 4 §le
Slol A ®HEH #A 2ol 28l fluorimetic chitinase assay KkitE ©]-&3F 213 o
A, 2zt 7148 3] r-Zjchile chitinoyltic &4 & a4 =Wt} o] 23
= Aol A3k
7ol obF AdFo® ™ r-Zjchildl W= A4S YEd Ao o

r-Zjchi2oll st Aol oAAE  Z4zbe]  fungidl WE Avld A2
chitinase®] ¢ SA4E& & © AAs] #&d = JA slFUrh Control HjA]
A 2t #ARE S branchE @A SHAA A 7heA & Wojurts Wi A
A ¥ r-Zjchi2 800 ugs *glgk ¥R ZF-E 9 A= branch A4S & 3Fx
st ERE oty Ao AAdeA Estdvh. aela e A4S UEhA %
Y Neurospora crassa®l 7-%- control buffer®} r-Zjchi2E A &]gk vj Ao A &
TALE o] Ao m et Fe dAvAdes Sote] #EE fungisd A
© e Aol 3 Add et vl FARE HEl S YEriY [Toki et al,
2002].

SXH = el A o]§& Wx7F wie @S FFolARE Rhizoctonia solani
AG-2-2 (IV)ell og 24 s3] 1 vzt vj-% Aztsi. olv] =34 v&

o Aol 2EA

==

bt

,d
41 2

,d
Ru)

A

ATFElAl chitinase?t Rhizoctonia solaniol A &73-<
t} [Rangaraj et al., 2002; Benhamou et al, 1993; Toki et al, 2002,
Kirubakaran et al., 2007]. H] & X dAFojrx EH F

Rhizoctonia solani AG-2-2 (IV)ol| tald in vitro &3t E4& Ho|X = %3}

9
AT T o] FFol e FE FAe oA

7N¢] chitinase X%

S YEbst 1o E3y
2XE 7]5S zHE chitinase® oFH7bA] &elA] QA &S wp B A3E J)%

Zt= chitinase FAAE EXUZFEH 28] d A HA AF=ZA 2 7HH

e Ao Az,

e
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V. Z2&

S+t (Zoysia japonica Steud.)ZH-H F 719 full-length chitinase 7%k
= 85 2, nucleotide®} o} =AF sequence®] F+F24 EA A Ay 77
class Ib chitinase®} class II chitinase?l Z o= <l = Atk
FaH F 789 chitinase AR thste] =zkt] 9] blade, sheath, stolon,
rootsE ©ol&3dte] 7| TAEAS SIS A3 o FIZoA Hues By B
oA E=& LHAS BT
E. coli®t GST affinity tags o]€3te] F 709 chitinaseE ¥d 2 A=A

rol

st=d AEstgoen, AAE r-chitinase® chitinolytic &4 =4 A3 zZ+ 714
of thsle] X5 chitinolytic &84S EFW T

R. solani AG-2-2 (IV)®] 979 55 o]l &3t in vitro vt &4 A4,
r-Zjchi2+ Rhizoctonia cerealis, Fusarium culmorum, Fusarium graminearum,

Trichoderma reesei 4712 ol tjale] it &AL LEFWT]
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