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Abstract

Rhizoctonia leaf blight (large patch) becomes a serious problem in Korean
lawngrass, which is extremely hard to treat and develops mostly form the
roots of lawngrass to wither it away.

Rhizoctonia leaf blight (large patch) is caused by Rhizoctonia solani AG2-2
(IV). To develop Zoysia japonica with strong disease tolerance against this
pathogenic bacterium, (-1,3-glucanase which is one of the PR-proteins
known to play a critical role in plant defense reaction was cloned from
Zoysia japonica. B-1,3-glucanase is known to be generated within cells when
plant tissues have hypersensitive reaction due to virus or bacterium infection
and secreted outside the cells to play mainly the function of resistance
against pathogenic bacteria in the space between cells.

This study utilized the commonly preserved part in the sequence of corn,
wheat, barley, and rice which had been researched for their disease tolerance
among the [B-1,3-glucanase mono-cotyledonous plants. Based on the part,
degenerate PCR was performed to find out the sequence and full-length
cDNA was cloned.

FE.coli over—expression was conducted in this study to mass purify target
protein and implement in vitro activation measurement and antibacterial test.
Also, to interpret the functions of ZJGlul gene, each gene-incorporating plant
transformation vectors were generated to make lawngrass transformant.

Based on ZjGlul protein, antibacterial activity test was conducted upon 9
strains. As a result, R. cerealis, F. culmorum, R.solani AG-1(1B), and T.
atroviride were found to have antibacterial activity. The gene-specific
expression amount in each organ showed no huge difference in every organ

based upon the transformant and against 18s gene expression amount.



= gAY F(Zoysia spp.)) FAE FYrt 95.7% 5 x}A] 5,
e =ZAPHO Aoy gX] wid 24 8(72.4%) 0t (Lee et al. 2001). wh
A by A st M e GAE IHE Auisks B0l womw, ofs A
A, 245, A A A Ao dEbE A Bl &3kt 2011 dAbE A
Ahargol ofshi zhr] o] Aakel 2 3499l o ® oAl sh(3359 )yt A (3089 <)
B} Wk (Bae et al. 2013). =3 kAol = Rhizoctonia solani AG2-2(IV)7}

do)= FolFEYolAntEw (&A1 93 ), Rhizoctonia cerealis’7} Yo7+ 3

o
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MukE W3 Sclerotinia homoeocarpa?t 4 2.71% SxntEHWo] F2 WA
e Holl Hle) W SE7F wean F2 o ARE BHste] JIHE AR
A Iw F FAS] vl ol#¥ < Rhizoctonia solani AG2-2(IV)ell <t 2}o] =
EYobdvtE (@A F)ol & ZA7F Ha glor, B A9 Iy E A
at7] 918 Mool A HHAd E3dE st o] Fasttk(Kang et al.

2013; Lee et al. 2013). A& ®Wojut$o F Q3 e 3= Aoz 4#HA
B

ﬂl

PR(Pathogen-Related)-protein & 3F4<l, B-1,3-glucanase= A&7, HA
ZEY A dbgo] F83% A4S M (Xie et al. 2014) FFole A=z¥
o] F+= B-(1,3)-glucan®] 7}r&EallE FXIAIAH (Romero et al. 2008) TF&gh
ol thasto] FFolH AT FAS AATH. A ECA olE WHEAE KA

22y 2 Ahde Ba 4% A9 AYS mAHeR FuAR £ 9
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o o

o

(Qiao et al. 2014). B-1,3-glucanase, R. solani, C. albicans, A. fumigatus &



o= A Aol vt ®HarxEo] glti(selitrennikoff. 2001). 2] %2} abiotic ~E ¥
2 YA g AxAol=et FHA Hde - o] o] FoA=dH, ¥

o] A]3= salicylic acid, methyl jasmonic acid, ethephong &AL w
-1,3-glucanase®] @& o] Eolx&= A
oS Wyl M =S BdEe B
o] B-1,3-1,4-glucanaseA| 23 T A9 4l &7, & S WS RIS
™ NaCl, CaClel 93] &4g4d7 dAdAAE =4 F dve A FAHA
(Cheng et al. 2014). #+ 9% A3 o\A & Trichoderma®t %2 H3o]=5H
Eolsf Wl Chitinase?} B-glucanase’} &34 AEsHE ZHA7 2 = U=
Aol =W E At Marco et al. 2007). 2] =2 B-1,3-glucanase= WU #FIoz
HFE AEALSE BEsr] fd g o WAYSEES o] 438t (Ebrahim et

al. 2011; Leah et al. 1991), B-glucanase$} Chitinase?] &34 dlge @we +

ol Wdte] disl AIFAHE 7HAA S (Sridevi et al. 2008). A&
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systemicacquiredresistance(SAR)S &3 HAald o=z wWddte] AgdS 7HAH
Hpolgj g o] fom  Qle)  AmxFo] Huivtgs dod W B
-1,3-glucanase”’} A EWollAd A E ] ATz EW|E AE Alo] 7l A
fungi®] AXHS o]F= T3 A 249 B-1,3-D-glucan® B-1,3-linkage?]

JMEEHES Zrsto 24 B-D-glucans Ealdtct 244 glvh(Jammar et al

o

2013, Metzger et al. 1999). B-1,3-glucanase= %5 %X+ Ut}HE chitinase &<
gyt dhil Ayl A s Agste] gt EA 75 7R tH(Balansubramanian et al.
2012). AELS AT HYTOoRRE A22E WIS 9§ thgs guwdA

AAAE Ate]l H=ul(Choi et al. 2012), PR-2 @ d o] bt thdst A

Fo Aol &4 X o8 =wE At B-1,3-glucanase FAAES 717 thE
2~EdH XA WS R solani, C. albicans, and A. fumigatusS 3F3F thokst Y

o Tl da @AdstH 7] vEA w3tk (Funnell et al. 2004
Selitrennikoff. 2001). Trigonella foenum-graecum L. Z4E F&sidl ]2l ¢
RS Bde W E colis ol&s Tdd Axg d¥ELS Rhizoctonia
solani, Phaeoisariopsis personata®] o= thFdr <590 oo tjste] A A

= YHEHTHOI et al. 2006). ¥ AFtol A= by AQufel oMo FoF ARE
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1. & ¥ fungi A=

B-1,3-glucanase A+l cloningol= Y& (F)olA FY3te] A{FA 7 &3

; : ; Ko Q =z o3 — — ) S
= ) . y B2aris
U] (Zoysia japonica)®] ¥#let < o] &3ttt B-1,3-glucanase® 3t

o,

il (

ZAo|  AFE3  Fusarium culmorum, Fusarium graminearum, Sclerotinia
minor, Sclerotinia sclerotiorum, 7Trichoderma reesei, Neurospora crassa,
Phytophthora capsici, Rhizoctonia cerealis, Rhizoctonia solani AG 2-2(IV),
Rhizoctonia solani AG-1(1A) & +&X&H +dFAA LG RAEH(KACC)=
o EdEdn. ddgd SA480ER AMRE dFEL A 24
PDA (Potato Dextrose Agar) plateo] 25T

oA oF 7AZF wiFd § APl AbEE

, oz HAASE growth chamber

W BEES AR 22 AddH F 2715 AA
stal AAAAE o] &ato] ks Ede] H wzhA whfsiity. EEs; 9 ¢
t] Al&o|A Chomczynski and Sacchi (1987)2] H'Hof whe} Trizol reagent
(MRC)E °]&3te] total RNAE FE3+% 2™, DEPC(Diethyl-pyrocarbonate)&
#12] 8k RNase free waterd] o] th2 2 gol Al&313H

3. B-1,3-Glucanase F3 A9 24

9Ag A EQD S5, E, By, WA oju] Y|FiEA el Fro] e A

o] B-1,3-glucanase FHAAE H7IA LS ol&sto] FAMEOl =2 FtolA

listZ t}& Table 19| AA s+t



Table 1. Primers used in this study

Usze for Oligo name Primer zequence
Forward 5 — TCCATCGGCGTVTGCTAYGGC —3°
begenerate Reverse 5 - CTGGTTCTCGTTGAACATGGE —3°
Zj5lul Forwardl 5" — GAACGTGAAGGTGGTGATCTC -3
Zj5lul Forward2 5 —CTACAACCAGGGGCTGATCAA -3
ZiGlu2 Forwardl 5 — TACCCGTACTTCGCGTACAAG -3
3 RACE
ZiGlu2 Forward2 5 — TACAACCAGAACCTGATCAAC-3
dT-ACP1 5 —CTGTGAATGCTGCGACTACGATXINIX(TI18 -3
dT—-ACP2 5 - CTGTGAATGCTGCGACTACGATXIXIX(TI15 -3
5Glul-RT 5 — CATACTGATCAAGTG —-3°
3 Glu2-RT 5 —TTCTTCTGCTATCCA-3
5 Glul —Forward 5 — TACTGATCGACGAGCAGTACT -3
5 Glu2—-Forward 5 — TGAAGCTGCGATATTACTGTG-3
5RACE
5 Glul-Reverze 1 5 — CAGCGCCGCCTTGTTGGGCCC -3
5 Glul-Reverze 2 5 — CGGCAGGTTGTTGCCCAGLCGT -3
5 GluZ-Reverze 1 5 — CGCAGCGCATCGAGGGCCTTA-3
5 GluZ-Reverze 2 5 — GATGCCGGCGGTATGTTGTCG-3
GLU1_4T-1_F 5 — GGATCCTCGCTTCTCACAACGGTGCAAT -3
Vector construction GLU1_4T-1R 5 — GCGGCCGCTTAGAAGCGGATGGGGTAGACC -3
(0GEX AT-1) GLU2_4T-1F 5 — GGATCCATCGGCGTGTGCTACGGC - 3
GLUZ_4T-1.R 5 — GCGGCCGCTTAATTTCCTGCGAAATTAAT -3
GLU1_IG2_F1 5 — GGATCCTCGATCGACGCTTAGGT -3
Vector construction GLU1_IG2_R1 5 —GAGCTCGTACAACATTATTAACTGTT-3
1G2) GLUZ2_1GZ_F1 5 — GGATCCGCCGCTGCGTGCAAGACAATG-3
GLUZ_IGZ_R1 5 — GAGCTCGAATTACTGCGTGTAGTATTCCAGC -3
RT_primer_Glul _FW1 5 — AAGGTGGTGATCTCCGAGAG-3
RT_primer_Glul_RV1 5 - TGTTTCTCTGTCTCGTCCCC - 3
RT-PCR . - -
RT_primer_GluZ_FW1 5 — CGGACGTACAACCAGAACCT-3
RT_primer_Glu2_RV1 5 — GTAAACCGGTGTCCTGTCGA-3
S 5 — ATGATAACTCGACGGTCGC-3
128z rRNA
AS 5 — CCTCCAATGGATCCTCGTTA-3




Gene FishingM DEG Kits(AAl)o A& adaptordde] ¥ oligo dT
primer(table )= ©]&3to] cDNAE dA4s 5, 3' 999 vAMES Ldopi7]
$13 3'RACEZ 33t th(Fig. 1). Degenerate PCRE %3 <¢o]Wl partial
sequences ©]83}9] gene specific primerE A %3} 2™ reverse primer 5%
cDNAEA Al A3 primer®] adaptord €3} A H A o2 designdte] 3' RACE
PCRS F33tsitt. 3'RACES Z¥E uHgo= 5'-Full RACE Core Set
(Takara)ES ©o]&3te] 3' @S phosphorylation A% gene specific RT-primer
= designdle] circularization® B]¢] cDNAZ A3 & 5 WS dolfr] ¢
3l 5° RACE PCRS 2 a3 th(Fig. 2). =L %ol nested PCRS 3 3le] &2
St 9SS Aoy, 31 RACESF 5° RACE PCRelA @44 ¥ bandE pGEM
T-easy vector system= ©]83}% sequenceE It om, o5 nHlg o=
primerE A %st ¥ RT-PCRS &3] B-1,3-glucanase?] full-length cDNA

sequencesS &1 3} T}



(1) Target mRNA

S messnnnssnsnsnssrnnsrannirrrss. AAAAAAAAAAAAAAAAAAAAAL

ol T LT % 5% %1% Oligo dT-3sltes
L4 Adaptor Primer

Reverse Transcription ‘ 1

5 wmsrersrrsrsrrrrrsrreersrerrr BPAAARAAAAAAAAAAAAAAAAA

o B
15t strand cDNA \

Specific Primer to known reglon
(containing Kpn | or Xba | or BamH I site) 3 sjtes Adaptor Primer

(containing Kpn |, Xba |, BamH | slte)
Sl /

1

Double-stranded DNA

Figure 1. 3' RACE protocol for cloning of 3-1,3-glucanase genes.




. Target mRNA
Unknown region g
Known region
Vfﬂmﬂmﬂfl”/f(f”fﬂfflﬂflllﬂfﬂ”f”fffffl”ff”fl{(f{”’

d .q—@ AMAAAAAA

| Reverse Transcription l 5" end-phosphorylated RT Primer

(1

- ol - ® AMAAAAA
L

Unknown region

] Degradation of RNA

:2] a A, ,}.ﬁ' Pap, l'r,i_
I e T I T trngy, T tnyy P,

B ®

L 1
Unknown region Circularization by T4 RNA Ligase, @
or formation of concatemers
131

Circularization Formation of concatemers

S51{+) 52(+)

P

L |

Unknewn region

Unknown regicn

Unknown region
A2() AL

15t PCR Primers
2nd PCR Pnmers

(4) 524

! @ Unknown region F

S'end A2 ()

Figure 2. 5' RACE protocol for cloning of 3-1,3-glucanase genes



4. Full-length B-1,3-glucanase® phylogenetic tree ¥4

F2Yo] ¥ B-1,3-glucanase?] o}v] =2t E-S NCBIGIA blastdt & A5
dol EX @Y H AR AEQ Setaria  italica(XM_004971176.1),
Phyllostachys edulis (FP092366.1), Triticum aestivum (Y18212.1), Oryza sativa
(AF443600.1), Secale cereal (AMI181309.1), Hordeum vulgare (M23548.1),
Avena sativa (AF155932.1), Zea mays (HM641756.1), Brachypodium distachyon
(XM_003565006.1), Arabidopsis thaliana (NC_003074.8), Capsella rubella
(XM_006291382.1), Brassica rapa (XM_009118181.1), brassica oleracea
(EF484879.1), Brassica juncea (DQ359126.1), Citrus sinensis (XM_006491438.1),
Citrus unshiu (EF121321.1), Arabidopsis lyrata (XM_002878094.1), Prunus
persica (AAL30426.1), Malus hupehensis (ADR71671.1) So=%¥H B
-1,3-glucanase®] o} =2tAMEE gHEIY ZjGlul, ZiGlu2e] olv =4t A4

H sk tl. BioEdit  ver  7.7.0(www.mbio.ncsu.edu/bioedit/bioedit.html) <]
ClustalW Multiple alignment &il#]&S o] &3dle] H|-EAS F3stgon,
Alignment Z3E fasta file® A% 3 3 MEGA 6.0 (www. Megasoftware.
net/mega.ph p)olA] £ 2713t Neightbor-joing methodE & AEF=E %
gato] EA e o] &3St

5. 53He YIRS

1) Vector construction 2 agrobacterium ¥ A%

Agrobacterium tumefaciens EHA1059] FA1AE Z=Yst7] $3te] Binary
vector pPCAMBIA330 1 (www. cambia.org)S AF&3Fth & @ d3kg vectoro] &=
AdbvtARZ A Z2AAFE(bar) AR B EEH FHA] JERo] EIIHE B
~glucuronidase 4 A(intron-gus) 7} &% o] dom B-1,3-glucanase 4 =}

= Ubi ZREHS Arbes Ejndloly Abolel 4t9d st th(Fig. 3). bar A=

_’]D_



W g EAE Ao =EHA phosphinotricin(PPT, T+ glufosinate) ¥}

%"72‘ L4 H O
bialaphos  (phosphinotrucyl- alanyl-alanine)ol ©i3gt AH3AS FoJst=

phosphinotricin ~ acetyltransferase= o} 5 3} 5k}, FAH3E  vectore

freeze-thaw W= o] 83}o](An. 1987) Agrobacterium tumefaciens EHA105

=qshe] ztrle] FAABel AHge T

QI

ol
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(A)

L 3 PPT
Poly-A
0sbpy | 75068)

Arbes ZJGlu1 Intron GUS Pc"‘l‘;: n
(756bp) (1.210bp) J (2093bp) @31bp)
1

BamH 1 Sa

Arbcs 7)Glu2 Intron GUS Pé‘l‘;’f n
(756bp) (1,147bp) J (2093bp) @370p)
1

BamH 1 Sa

L s PPT
Poly-A
@o2bp) | 72009

Figure 3. Vector construct for transgeneic plants.

RB, right border of T-DNA; LB, left border of T-DNA; P35S, CaMV 355
promoter; UbiM, Ubiquitin promoter; GUS, B-glucuronidase gene; PPT,
phosphinotricin acetyltransferase gene; 35S poly-A, CaMV 35S terminator; nos
poly—-A, nopaline synthase gene terminator; Arbcs, Arbcs gene terminator. (A)
vector construct for transgeneic plants(ZjGlul), (B)vector construct for

transgeneic plants(Z/Glu2).
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XY A3 A w2 callusE o83 FEATL o g2
2 Fy&Ad. AT Ao WA callusE fFE=-AEe H
callus T2 uj A el A 27353 A wl 3Gt
Rifampicin 25 mg/L, kanamycin 50 mg/L& 233 25 mL2 YEP Hl %] 9]
A HA3E vectors: =3 Agrobacteriums FE3dte] 28°C, 200rpmel A
24413 w8k A k. Agrobacterium Wi gl ATl skl dH S AlAsHAL
50mg/L acetosyringone (3,5-dimethoxy-4-hydroxy-acetophenon)©¢] 3%
stelo] 9+ 25 mL9 infection HlA|(1/2MS, 3% sucrose, 1% glucose, 1%
Betaine, pH 5.2)° 1 pellets A dE3s & 25T, 110rpmeol] 2A] 7F& <t
pre-activationd} i, Bl A callusE ¥ o] 25T, 110rpmol 24+ 7F&<t A5k
. Z9E callusE Edd oA &2 A& TS AAT F
FEu g 8 X (1/2MS, 3% sucrose, 1% glucose, 1% Betaine, 0.4mg/L
Kinetin, pH 5.8, 0.2% Gelrite, 50mg/L acetosyringone)°ll *|43sle] 25T, <
Z 7 o A A FsmIFstd . s Fs callus® F H
Agrobacterium= A AsH7] 8] = callusE 4753 A2 % 250 mg/L
cefotaximeo] XE¢He "tz AHsta Ayl A S AREsto] oo FE&
A AR FES A AT callusE 250 mg/L cefotaximeo] #H7FH callus &
A Aol A s 25T, A A 27353 w FeA .
Callus A@ruj Aol A A3k callusel 4] shootE F%3t7] 938te] 1 mg/L
phophinothricin(PPT)°] #7}# shoot +=wl %] (MS, 3% maltose, 1 mg/L BA,
pH 5.8, 0.3% Gelrite)oll callusE A/g3stal 25T, FxdoA 4573 gt
t}. Callus24%H %% shootE 3 mg/L PPT7F #H7}¥Y shoot A
A el Al FstaL, 5em ol SA 7 WAE 5 meg/L PPT7F 23+% 1/2
MSHj Aol 2] %ste] el & Festdvt. PPT7F 238 Aol A shoote}

oEE HEAE SRl Easn, GMEANA Au 2 FA s
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E4Y AEAE AE RS o 518 £33 Eod A Adte] F24 8%t}
A A Fe] fEl2ded AAEo] e XY A=A flower, blade, sheath,

stolon, rootoll 4] total RNAE F%3%tt. DNA-free kit(Ambion)S AF-8-3}9]

do

DNAZ A A3 total RNA ] OligodT primer(dT15)E 05¢g ¥ 70T oA
57 714 3 & A3 A WZbsk th, RNasin Ribonuclease inhibitor 25unit,
RTase 200unit, 5x reaction buffer, dNTP &g HS 2o} 42Co|A 90&7t
U327 single strand cDNAZS A& HdAEA o] AFE3 primers
full-length B-1,3-glucanase FHA= cloning & uwj A}&3F  specific
primer(Table D& ©o]&3td o, 7 7|z iy F4d¥ cDNAE template=
Abg-3lo] RT-PCRS <332tl. RTasex Promegarloll Al vl 3t= Moloney

Murine Leukemia Virus Reverse Transcriptase(M-MLV RT)E A}-&35th

)
eaAe g Ass] AN B colisl B A Asgg ol &dd

6 A= w Isopropyl B-D-1-thiogalactopyranoside(IPTG)E
0.1, 05 ImM T2 Y3, wIF2EE 18, 25 37C=E AAHsto wgF & 7 =
AME 7S F390. 8 ® 7S binding buffer(1xPBS, 137mM NaCl,
27mM KCl, 10mM Na,HPO,2mMKH,PO,PH7.4)e]l A3 € 3+ & sonications}t
i, AR E S AFe] FEATwd, g E8AddwMAR Uyt o
o7 w7 FEHES SDS-PAGE(Sodium dodecyl sulfate polyacrylamide gel
electrophoresis) & &3l 23 o5, FdY F 2 FEAHAFE 55 FIsA
t}. A9l Acrylamides =+= Stocking gel 3%, Separation gel 12% %= 3}$1 o™

dEs ¥ 02% Coomasie brilliant blue R-250(Sigma) & o= HAM3Fo] 7.5%
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ol

bl ot

acetic acidgj o2 &4 T gz A=

2) GST-B-1,3-glucanase fusion vector %}

Az EXY B-1,3-glucanaset A S AASH7] 18 E. coli®] T wkd
AN2ES o] gt on WS WEEE GST(Glutathione- S-Transferase) tag

& 7HA3 8= pGEXAT-1(Novagen)e AH8-38tith(Fig. 4). 54 Fd4e] =9

S 98 pGEX4T-19] MCSA el 5'-BamH 1, 3'-Not 1 Adas AT 5

o] gste] ZiGlul @7IMEE E=dedon, 47149 £4S T35 pGEX

AT-19H <QFell B-1,3-glucanase A A do] EAWMo|7} dojyr] ¢
iRl

al
3 AF9lo]l A=A Felddrt. @A E vector= E. coli DE3(BL21) 5ol

Heat-shock WS &3l E=¢3sted  100mg/L.  Ampicilline] 3%
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BfuAl - BspMI (62)

(4869) Btgl
fac aperator

(4761) Bsu36I
\ | / __EcoNI (268)

Msel (455)

BstBI (655)
Swal (685)

| ;' pGEX 5' Sequencing Primer (869 .. 891)

(4311) PluTI

(4309) Sfol
(4308) NarI®
(4307) KasI — ¥,
/ BamHI (930)
(4174) Hpal | EcoRI (939
| TspMI - Xmal (944)
Smal (946)

Sall (949)

Accl (950)
~ PaeR7I - PspXI - TIil - Xhol (954)

Eagl - NotI (950)

(4118) EcoRV
(4079) BssHII .

S \Plol (1036)
., PGEX 3' Sequencing Primer (1015 .. 1041)

(3879) Apal - BanII _
(3875) PspOMI — ]
(3849) BStEIT — —

)
PGEX-4T-1 2
§ #4509 00 eI ' UPIFI - Tth1111 (1139
(3668) Miul P 1L \\, BsaAl (1146) =
£l \ Zral (1243)
T/ 2 AatII (12a5)
S
(3351) BStAPI )
(3250} PFIMI
Pstl (1922)
."'- . Bsal (2098)
AhdI (2164)
(2643) AlwNI
Figure 4. GST-0@-1,3-glucanase fusion vector.
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3) o dF Mg £ 2HE A

e 21 A8 Ayl we #& tEoZ st 533t binding buffer
of A& e T sonication(Sonics & Materials)3F 3t 13000rpmoll Al 108-7F ¥
AEEte] B84 dMAESS A s AEHS Glutathione Sepharose 4

Fast Flow(GE Healthcare) columng ©]&3to] GST7F fusion® B
-1,3-glucanase @ AL AA sttt AAE AA HHLS GST Gene Fusion
System Handbook(Amersham Bioscience)S wWsto ™ Elution buffer®:
50mM Tris-HCl, 10mM Reduced glutathione, pH 8.0 & A}&3lth. AAg &
WA A GST tags A AL 43 B-1,3-glucanase @M AS A7) ¢35}
AAS @l 10mg3d 10 unite] E&Hl(thrombin)S A8 s & A -2o|A 30+,
AToAA s8] datd wj7t=] HgstAdtt. vH&E5 F, Glutathione Sepharose
4 Fast flow column< ©]-&3te] #3d GST @S A A3

8. B-1,3-Glucanase protein®] 7]% &4

1) g3 HAHE S o] 83 B-1,3-glucanase?] TAAF JA 4

AN Z=3 B-1,3-glucanase @A o] gty FAS 95le] YAIFAH S o] &
3ttt PDA(Potato Dextrose Agar)¥lA|E #+F3F0] nAMAE TtE3 F9]
U232 FHo xAedth. AAE ZiGlul-GST fusion @l Ao EZHS 3
g 3 & GSTuMAES A A% ZjGlul @A} control® PBS bufferE o] &3}
g Adrg vastgich 24 "3 ZjGlul 9 236pgs A5

o]
o Bl AGFFE Ageha 25CAA GuiFst] Fare] 4FS HAHG
o}

_17_



1. B-1,3-Glucanase F& =2 Z2Y

1) B-1,3-Glucanase FA A2 E2Y

—

I

= SYA TH EA7F Ha = 2ol FEYolAntE B (EHA # ) o]
A1t Rhizoctonia solani AG2-2(IV)oll Wi UiWAdS 7HX2 & FAHF
S0 E sty 98 B-1,3-glucanase -+ AE NCBIC| HIo|HH|o] A5 &
st B, W 55 A S B 71A 9 B-1,3-glucanase?] ofv| =4t
sequences 413 U}2, Degenerate PCRS %3] &%) #a o] cDNAZ
FE fFHzte] g4ds S22 tH(Fig. 5).

Degenerate PCRS E3&] dojl ©H o 2 BE Full-length 422 cloning 3} 7]
3 2zt cloneo] tale] Genefishing DEG kitE ©]&3}o] 3' RACEES 233

ot WA zoysiagrass® A3 ¥ E|ZHEH FE3F total RNAE template® A}-8-3}

of kitell 23%Ho] A& adapter AEA E9 oligo dT primerE ©]-&3}4]

<=
i

X

-

cDNAE gA3dAt. ojv] L= sequenceE vlE o= A 23 forward
primer®} cDNASHA o] o] & 3lY adapter ] €3 AH A2l sequence® % reverse
primerg ©°]&3sle] RT-PCRS T3ttt 1 23 EF 350 bp F-<tol A band
7} 84 HJa polyAS F£3 350 bp9 3' regiono] FZH AS Feldkth
1 % 5 full RACE Core set(TAKARA)Z ©]&3] 5 gene walkingS 433}
At EXYEZHE B-1,3-glucanase RS E@sta 7S ZjGlul, ZjGlu2
2 st ZiGlul & 74 1,228 bp, 33971¢] ofv]wmito @ A Eo Qlal,
AZAEE Aesr @z Expeko] 34.7kDa, %4 % (iso—electric point, pl)<
9142 AT ZiGlu2 = 73 1,179p 34071¢] ofuwmatom A= g
L, RS Aed dd Expe] 38.6kDa s dF S 5,772 ALHE AT

s

PR-2 family?! B-1,3-glucanase= X% 4709 Class® ¥ =d Class <

33kDao|sle] A 7]olM | Fusarium solani®] 737S AA|eta 2 &9 3o HH]
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FH}(Claude 2001). Class II, M¥= <¢F 34736kDad] Z7]olal A¥E 9o F3to =
FH) =™, Class Vol tiaitial <21z AL ofz ¢lth ZiGlule 4
34.7kDa°ol™, 47|49 A A Class 0o 7HgtE AL &+ AT
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Figure 5. Degenerate PCR results.

M, marker; €1, =dolA Aujd STl <f; ¥, 24HAM AvjE F4H 9

Bal; 1, R solani treatment(l day); 2, R. solani treatment(2 days); 3, R.

solani treatment(3 days).
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.....

Primer :glut, dt_acp2 Primer :glu2, di_acp2

Figure 6. 3' RACE PCR results.
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1t PCR 2nd PCR

M  Glul-RT Glu2-RT M Glu1-RT  Gluz-RT

tKbp — ‘-Kbn_:_-

By
500bp =, s

300bp —>» 200bp —_—

5.
Fail

Figure 7. 5 RACE PCR results.
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2. B-1,3-Glucanased %34 &4 € Id 4
1) B-1,3-Glucanase?] TZ3F E4 &4
NCBIA A, E=24Y% ZiGlule olv]=%F sequenceE blastdt Z3 Glycosyl

hydrolases family 17¢] <£3lgom, VSESGWPSAGAH Y-S HES ATt
(Table 2). ©]= glycosyl hydrolase motif(LGIVISESGWPSAG)¢} vl L3 A3},

o] Mol AELe] EA13}al, Plant mPloc #2oA+= A Eo| EAsl= Aoz
of 5 =] ot
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Table 2. Amino acid sequence of putative Z. japonica 3-1,3-glucanase

B-1,3-glucanase genes

Amino acid sequence

ZjGlu1

MARPQVASALAVALIAGAFASLLTTVQSIGYCYGTLGNNLPSASQWOLYRSKGINGMRIYGPNKAALDALRNSEIGLILD
TXXNDEMSQLASSPSSAASWVONNYRPYYPAVNIKYIAYGNEVEGGATQSILPAMRNLOSALSSAGLGNSIKVSTSVRF
DVIANSYPPSAGVFAQSYMTXXVARFLASAGAPLLANVYPYFAYRGNPRDIKLGYATFQGGTTVRDDRNXXLTYTNLFD
AMVDSIYAALEKAGTGNVKVVISESGWPSAGGFGASVDNARNYNQGLINHVGQGTPRRRGALETYIFAMFNENQKKG
DETEKHFGLFYXXNTSPVYPIRF

ZjGlu2

MATRGVAPVLVAALAMAALAQGYRAIGVCYGVIGDNIPPASDVVQLYKSNRIGTMRIYFADRKALDALRGSGIGLILDY
GTEDKVRELAGMNPSNAASWVKDNYVOAYYPDVNIRYVAVGNELTGTGAASAVLPAMRNVHDALASAGLAGSIKVSTAV
SMDTLDEKSSPPSNGMLKDSGVMNPIVQFLATNGAPLLANVYPYFAYKGDQGIDLNYALFQPSSTTVTDPNGGLTYTNL
FDAMVDAVRAAVDKAGGGGVDVWWSESGWPSANGRGATVENARTYNQNLINHAGKGTPRKPGAMEVYVFAMFNE
NQKNGDPTEKKFGLFNPYDRTPVYPINFAGN
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2) B-1,3-Glucanase® phylogenetic tree ¥4

ZjGlul®] Full-length 971X <E-& Phyllostachys edulis(FP092366.1)8¢ 82%,
Oryza sativa(AF443600.1)¢F 81% 2545 B A vh(Figurel). thokslh 2 &4 ¢}
S B-13-glucanase?] 3% &4& 913 NCBIolA BlastxE S3l ZjGlul

ol

M

9] sequence®} AEAo] 7} =& 3-13-glucanases cloning 2 7%
H AxF 3y dAg A =2 amino acid sequence$} alignmentdtil MEGA 6.0 2
Neighbor joining algorithm< ©]-83}lo] Phylogenetic treeE 23} th(Fig. 8).
oA el B-1,3-glucanase= W& 71l f1x8) dom A= Fxof F

eE
d2A 5 A=A WM AVPHOR obF Be 4L P YrkClaude

i

2001; Magdalena et al. 2004; Yanlin et al 2006; Saboki et al 2011). ZjGlul®]
Ae] 7led wdEe BA8Y] S84 RT-PCRS Sa@ 4w, 9, 2, 27,

g, stolon 5 EE 7]@d A EdHS g5k oH(Fig. 9).
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—— Sorghum bicolor

L 7ea mays

Setaria italica
—— Phyllostachys edulis
L & 4Gt

— QOryza sativa

Avena sativa

Hordeum wilgare
Tnticum aestivum
Secale cereal
Brachypodium distachyon
¥ 7iGlu2

Citrus sinensis
[C'rtrus unshiu

brassica cleracea

L Brassica juncea

Brassica rapa

— Capsella rubella

arabidopsis lyrata

0.1

Arabidopsis thaliana

Figure 8. Phylogenetic tree analysis of two glucanases.
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Flower Blade Sheath Stolon Root

ZjGlul

ZjGlu2

Figure 9. Expression analysis of ZjGlul and ZjGlu2 from different organ in

zoysiagrass. I18S rRNA was used as loading control.
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3. E coliZ °]&3% B-1,3-glucanase? F&¢3d =L A=A

ZjGlulel AAE 918 Ay 2 #F9 T, IPTG 5%, 48 % §F Azt
s x1E& HES Z¥, DEIBL2DTFO ZGlul F345 2333 pGEX
AT-19ElE =93t 37CoA ODsw=06 ] A vl IPTGE%7F 0.5 mMe]
H% ¥al 18TelA oF 6A1ZF wigFetls wl tii-iEe] 2d ddo] 784
g (soluble protein)ell Al HdHS Gl Ah(Fig. 10). AAE GST-B
-1,3-glucanase fusion proteine °F 60 kDa®] =7]% 2™ thrombing # g3 ¥
GSTZE A 73 £33 B-1,3-glucanase proteing A A|3to] 3184 HAE|

o]-&&f A th(Fig. 10).

_28_



—»60kDa “ —iy

Figure 10. Overexpression of GST- [-1,3-glucanase fusion protein in E.coli
and purification. M, protein marker; Lane 1, Total protein (+ IPTG); Lane 2,
Soluble protein (+ IPTG); Lane 3, insoluble protein (+ IPTG); Lane 4, Purified

GST- B-1,3-glucanase fusion protein, Lane 5, Purified B-1,3-glucanase
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4. AZY B-1,3-glucanase? FTEA EA

ANz dwAdel AudAds HAS7] fs A" ZiGlul @A
Rhizoctonia solani AG2-2(IV)¢] 9&°] 5 A M|A ] &7 #H&sAG. 1
A, BE w5 dal S BHolX e Fdoy dx JYFE VIFE HAG)
= B nEH(EaY), 3ArE (Yellow patch)E 9071+ R. cerealis 2}, foot
and root rot¥} head brightZ® ¥°7]= F culmorum, 242 w24 (brown
patch)S ¥4 °7]%= R.solani AG-1(1B)(Kim et al, 2013), 181 FE330]9
3 F7<2 Tatroviride 5 47012 5ol thajA S Hol= AL FUT
T AT (Fig. 11). 5 4 s # AP #FS 23 ¢ 58 529
ZiGlul proteine # g8t o & 5o el E S S 71d 7tsAol dS A
o2 FA=r}

BoAse Ayl AAS 52 FH 9 AE£F B-1,3-glucanase +© fungi T
Aol e BAS HAow, o= B-13-glucanase FAAE =4 A A

=Y 7E o5 ol Wig FHEAEE THE F AES AAREHL
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@ (B (F)

(G) (H) 0]

Figure 11. Disk Diffusion susceptibility test of purified r—-1,3-glucanase
against various pathogenic fungi on PDA. (A) F. culmorum, (B) R. solani
AG-1(1B), (C) T. atroviride, (D) R. cerealis, (E) F. graminiarum, (F) R.
solani 2-2(IV), (G) R. solani AG-1A, (H) R. Solani AG2-2(IIB). In each of
paper disk treated (1) PBS buffer, (2) 236 ng/80 ul purified r-ZjGlul.
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5. 34 FAAEA Y A

ZiGlul# ZjGlu2 325 3 A dskste] g8 A EAE At
th. 1x2 5 mg/L PPT7}F 289 1/2 MSHjA| A FAAS TuAS Ausl
U, Img/L PPT7F 39 1/2 MSHiA| ol 4] 17§ Lol 34 Ay

i gtk AAl ZiGluld ZiGlu2 327 =E dRASAS 247
ol 4 gHstar glom (Figure 12), & % o] FHEAS S LS

A% A Yo,

\= =
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(A) (B) (C)

(G) (H) (1) 0] 7 (K) (L)

Figure 12. Putative transgenic plants. (A)™(F) ZjGlul, (G)~(L) ZiGlu2.
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e ¥ wgol, vlol s Fol o8 F2 WAsta, 53 2 =
Fgolo o Aol glFEo|th(A T. 2013). =1y Fro A= thE Wl n
Ad Sx7F mean F2 oo AiE WHste] IHE AT L T
o= TAZE vig- oje go]SEYoldutEH (BA#FH)o] & EAE Ty
Atk ZFolFEY ol ntE (A 33 ) Rhizoctonia solani AG2-2(1V)H € 3t o]l

ofsf A=, o] Wl A WEA ST E ANEsty] s A Egoint

—

ol
=
N,
2

S Q3 dJaS = Ao 4 PR-Protein & 3¢l B-1,3-glucanase
£ EYZEH cloning 39t B-1,3-3lucanase= H}ol#] A o] PO =
ola] A ExZo] HudteS doZ uw AEYolr AAEIL AE = HHlF

of ME Ato] FFrolA F= Aol W3 AFY7|TS e Aom LA

A tH(Claude 2001). £t B-13-glucanase FAAE ¥&st7] 9lste] &}
AXE T B-1,3-glucanase =] Aol st A7 Haxo] A+ S
g, 1Y, Hel dVMEoA FEOE HEFO Qe FEE ol &3d
degenerate PCRS 433k t}3, &1 ¥ sequenceE &3 Full-length® cDNAE
cloning 3ttt g3 Ex10 a9 B-1,3-glucanase F-AAE9 7S 4
371 918t E. coli A ZjGluls & -AAStA in vitro &4 574 2 I3 H
2EE gt g ZiGlul, ZjGlu2 Fd ke £330 AE oA 7S

2
EA8t7] S8l ZAzhe] fAAE =43 AEdEAEE HMEE Al%so]

ht

1T

o
4
i3
["_8{.:
X,
2,
>,
i3
["_8{.:
o
2
i
>,
ol
ol
ol
38
|o
£
N
2
c
N\
e
z
i
rlo
N
X
o
X,
(0]
fr
i3
(ol
o,

2

F. culmorum, R. solani AG-1(1B), T. atroviride oA a4 H It}

ZiGlul¥} ZjGlu2 +3247F = 9EAEAE o] &ste] Ao 7ad G
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=

t 7ZjGlul protein
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o
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