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Abstract Rhizoctonia leaf blight (large patch) has become
a serious problem in Korean lawn grass, which is extremely
hard to treat and develops mostly from the roots of lawn
grass 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, [3-1,3-glucanase was cloned from
zoysia japonica, which is one of the PR-Proteins known to
play a critical role in plant defense reaction. [3-1,3-glucanase
is known to be generated within the cells when plant tissues
have a 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 the 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 [3-1,3-glucanase monocotyledonous plants. Based
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on the part, degenerate PCR was performed to find out the
sequence and full-length cDNA was cloned. E.coli over-
expression was conducted in this study to mass purify target
protein and implement in vitro activation measurement and
antibacterial test. In addition, to interpret the functions of
ZjGlul gene, each gene-incorporating plant transformation
vectors were produced to make lawn grass transformant. Based
on ZjGlul protein, antibacterial activity test was conducted
on 9 strains. As aresult, 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 the organs based upon the
transformant and against 18s gene expression amount.

Keywords Beta-1,3-glucanase, Zoysiagrass, Over-expression,
Antibacterial activity
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Ge et al. 2006; Toyama et al. 2003).
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S-2jubetol A A=l AL Sl 2= ST R (Zoysia spp.)
o FAF 27t 95.7%F AR5 /5 ol FiL A,
S utetol Al ZT 7t Ml E= 8 AR A7 E2AFE 9
APgolyy B Wit 2AIL(72.4%) 0 2 (Lee et al. 2001)
ojxoA X7t F2 AREE7] ol A F7te
HA gAY E Aushe vleol o, opgst, Ay e
24, S} A AE R Y WEAN A E Rl &8s
ol 2011 AbE ABARALE O Of5hH AFAFH L 3499 ¢
o2 ofAE} 3359 Yol A 308 Yot wr(Bae et
al. 2013).

3t=23] Zkt] ol = Rhizoctonia solani AG2-2 (IV)7} 4 ©.7]
+ tho|2EYoldutE 8 (bR 7 F), Rhizoctonia cerealis
7} 4o 7= IMulE I} Sclerotinia homoeocarpa7} 4
o7l sAuEHe] 2 WAt o Hof Hlsf
A &7t wEa 2 feo A yste] g E
ARAA 2 3 LA w9 o 2]2 Rhizoctonia solani
AG2-2(IV)ell 93t gho] B oblntE (2t 7 F)o] &
EAZE EAL glow, Wefsk Ao Ao E FA5] 9
off Hdato] At WA SxtdE Adsts Aol 24
Sl TH(Kang et al. 2013; Lee et al. 2013). A& ®ojgh-3-of &
Q3 g3e st Ao A 9li(Xie et al. 2014) PR
(Pathogenesis-Related) protein % 3}L}Ql, (3-1,3-glucanase+=
W Ao 2RE AEo] A4S B5sy] 98 ook
3t o] WAYZEL o]&3ch(Ebrahim et al. 2011; Leah et
al. 1991). 3 golof Al2¥ F£2 5 o|F& B-(1,3)-glucan 9|
7HEE XA A(Romero et al. 2008) 12|11, R. solani,
C. albicans, and A. fumigatus®l| A&7d0] QUi Bl & o]
Q1 & w(selitrennikoff 2001), T}oFat HYatof digsto] &
Fo|AF] T4 & AAFTOZ N A E A2 o5 U
A AAAY 229 9 S S AEY AW A
2 gaA o7 ZgA L 4 AthQiao et al. 2014). A]

HAE2 2B A WA ASAdY LA ol =9
TR O] 20| o) o] FolR|=t], WolAl+= salicylic
acid, methyl jasmonic acid, ethephonS 2|5} o (3-1,3-
glucanase 2] W& o] Eolx|= AL 31015} 1, methyl jasmonic
acidE A2t W7t 7H =2 UdE Hlom(Liu et
al. 2010), Paenibacillus sp. S092] [3-1,3-1,4-glucanase A} =&+
Sho] A% 4k 9] AR, YIS oD NaCl,
CaCholl ©J8l FAA T AR L
2 215k rHCheng et al. 2014). 2 RE AP A &
Trichoderma®: 2 #go| 25 € 223l
gucanase?} EAQ AEHA 2AAT B 4 ok
Z o] FH & 3 th(Marco et al. 2007). 4 EB-1,3-glucanase=
WeF dodomR ARo] AL uEsls) Sla) thap
Ho] o7 Y Z2& o|-&35tc}(Ebrahim et al. 2011; Leah et
. 1991). 18] 11, (B-glucanase®} Chitinase 2] E3H4 Wd -2
1o ol Wl sl A3/ 7HEIth(Sridevi et al.

B
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2 Qs Algxz o] HulvkeS doZ uf (3-1,3-glucanase
7F Azl BAE ol Aazejr FH|Eo M Alo] ¥
Zroll A fungi®] Mi2H¥& o]F = FaT 74 8421(1,3)
B-D-glucan®] (3-1,3-linkage @] 7}=E-31& Zu|g O 2 A 1,3)
B-D-glucan& E3ftctal e A Q) th(Jammar et al. 2013,
Metzger et al. 1999). 3-1,3-glucanase A} A| 2= FH+2A4S
7FAY ©h2 chitinase -2 ot T AT E AF S 285}
o gH4&A 7]5< 7FRA th(Balansubramanian et al. 2012).
AEd At et o2 i e AA2 S B35 95
ohoFet S A AR A E AY4ts] H=Hll(Choi et al. 2012),
PR-2 T2 O A2 ohFet A2 a4 240
&) Z9 = qlch B-1,3-glucanase FAAEL 7H7] th 2
EY A gr-8-3} R solani, C. albicans, and A. fumigatusS
gt ket g elE sl oje) BaE o} o)
S 3FchH(Funnell et al. 2004; Selitrennikoff 2001). Trigonella
foenum-graecum L.25-E Eelsdl oA FAFAHS
KOS Wl E. colig o]-8-3) WA Ajxgt A2 Rhizoctonia
solani, Phaeoisariopsis personata®]o| = ThYFst =39 &
Folo] tste] A4 7FXITHOLl et al. 2006).

2 AFollA = o AHEEE ATAIZIAL F3o] ¥
of o3t I ES Wao Widt A9 1o E A
7] Y3 PR-protein 5 SFL}Ql 3-1,3-glucanase-+A A&
2Yste] 40 FAMATS I 435S skl o
, ZiGlul A49] 7|5& SRlstia a4 HAE
3 o At A9 oA FHEAS Hol Fof
18k AEA ol = wrgo] Hdtol of
2 o o] Hr}

KDL

¢

b ofh i me iy Ok &y
Ny 2

lo w

ope] Al of| A AKH S| (Zoysia japonica S. var H7)
o] malol 918 B-13-glucanase -FHAL] FEY o] o] &
stk 1Efal TR AT AR EATE (KACCO)

ZEE B Fusarium culmorum, Fusarium graminearum,
Sclerotinia minor, Trichoderma atroviride, pythim sp., Rhizoctonia
cerealis, Rhizoctonia solani AG 2-2(IV), Rhizoctonia solani AG
2-2(IIB), Rhizoctonia solani AG-1(1A), Rhizoctonia solani AG-1(1B)
5 I7N9 5 B-13-glucanase&] at B4 SA5t=H| 0
L3519t A7 #5FEL #AK 2722 PDA (Potato Dextrose
Agar) plateof] 25°C, =2 HOS 2 §A & += growth chamber
o A oF 14d7E ujFet & Aol ARSI
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Table 1 Gene specific primers used in this study

Use for Oligo name Primer sequence
Forward 5'-TCCATCGGCGTVTGCTAYGGC-3'
Degenerate ,
Reverse 5'-CTGGTTCTCGTTGAACATGGC-3
Glu -1 Forwardl 5'-GAACGTGAAGGTGGTGATCTC-3’
3 RACE Glu - Forward2 5'-CTACAACCAGGGGCTGATCAA-3'
dT-ACP1 5'-CTGTGAATGCTGCGACTACGATXXXXX(T)18-3’
dT-ACP2 5"-CTGTGAATGCTGCGACTACGATXXXXX(T)15-3
5'Glul-RT 5"-CATACTGATCAAGTG-3'
5'Glul-Forward 5-TACTGATCGACGAGCAGTACT-3’
5'RACE

5'Glu-Reverse 1
5'Glu-Reverse 2

5'-GGGCCCAACAAGGCGGCGCTG-3'
5'-ACGCTGGGCAACAACCTGCCG-3'

GLUI 4T-1 F
GLUI 4T-1 R

GST-fusion vector
(pGEX 4T-1)

5'-GGATCCTCGCTTCTCACAACGGTGCAAT-3"
5'-GCGGCCGCTTAGAAGCGGATGGGGTAGACC-3"

-1,3-glucanase F&At 224

ey SX o] EAt= B-1.3-glucanase F- 249 2
< Ay or ZARAT} 7H7he S AEd S5
4 8, 2o, WoA o]n] B-1,3-glucanase +HAS9] 7]
0] Hojglis A7 AL ol gelo] $AAO] B
HE) A Eo|HprimerE A&} th(Table 1).

E2H] 9] total RNAE ChomezynskiP and SacchiN.19872]
R ofl whet trizol reagent (MRC,1|=)E o] &3t F+=5}
[e=e}

o, {2} 5ol ZetolwF o]-§-5to] [B-1,3-glucanase
GAR7E B2 Qiey. 22l AR Gene Fishing™ DEG
Kits (WA, g-a)ol| AZ% adaptorA] o] =& oligo dT
primer (Table 1)& ©]-835}¢] ¢DNAE §AJSH &, pGEM T-easy
vector system=- ©|-&3}o] [3-1,3-glucanase 2] full-length cDNA
sequences o] WTh

Z2yo] 1 B-1,3-glucanase 2] ofm] = AkA G-S NCBI
oA blastE F Al ¥ BAGI HAY A2
Setaria italica (XM_004971176.1), Phyllostachys edulis (FP092366.1),
Triticum aestivum (Y18212.1), Oryza sativa (AF443600.1), Secale
cereal (AM181309.1), 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) 52 2 FE [3-1,3-glucanase
of obul it @& Snstol ZiGlulste] vl watelc.

A3 program-2 BioEdit ver 7.7.0 (www.mbio.ncsu.edu/
bioedit/bioedit.html) 2] ClustalW Multiple alignment &38| &
2 o] &3l v EA3H O, Alignment ZI}E fasta

file2 %% 3+ 3 MEGA 6.0 (www.Megasoftware.net/mega.php)
of| Al &2 27]3}o] Neightbor-joing method S E3 A%
2 Hgsto] EAst=t 0|83ttt

RT-PCR =4

AEAde AEY B oF sl SHT Bk A A5t
o] Aol el Lol i 52kt o] A2 A9 flover,
blade, sheath, stolon, rootof] 4] total RNAS ==3}%1 T} DNA-free
kit (Ambion,m] =) AHE38lo] 40]Ql= DNAE A ATt
total RNA ]| OligodT primer (dT15)E 0.5 ug @37 70°Co| 4]
SEZE 71 3t 3 d-3of 4]3]1L, RNasin Ribonuclease inhibitor
25 unit, RTase 200 unit, 5x reaction buffer, INTP &3}
A o] 42°Cofl A 9027t WH-E-AI o 24 14 cDNAE T4
&}3lth. RTase+= Promega (W]=1) Atof| 4] halj84= Moloney
Murine Leukemia Virus Reverse Transcriptase (M-MLV RT)
£ Ahgahsich

E. coliE O|&%t MZE B-1,3-glucanase2| ik ! HXx

N
[o

HFAA 5+7] A3 E.coli®] T Hd Al A
tol 2o MjopaAe B Aol Faslt
S FE317] 8l 5 =7k ODew = 0.5~0.6]
Isopropyl [3-D-1-thiogalactopyranoside (IPTG)E
051 mM =2 Y42 & ujdr & 18,25 37°C2
Wbl WO ¥ 7t 2AME F& Sk 53 8
& binding buffer (1xPBS, 137 mM NaCl, 2.7 mM KCl, 10 mM
Na,HPO,, 2 mM KH,PO,, PH7.4)of] A &€ S+ & sonication
stel g, AAEelS Fol AF0) 24T Y, 55
o] BgATI AR Lhirglc,

Aol z] il =259 SDS-PAGE (Sodium dodecyl sulfate

o i
ofo w
ol

o o E
of

w S 4 |k oo
3 U e 1%
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Z23Glul MERP
Phyllostachys edulis (FP092366. MAR(D
Oryza sativa (AF443600.1)
Clustal Consensus

Z3Glul

Phyllostachys edulis (FP092366.
Oryza sativa (AF443600.1)
Clustal Consensus

Z3jGlul

Phyllostachys edulis (FP092366.
Oryza sativa (AF443600.1)
Clustal Consensus

Z3jGlul
Phyllostachys edulis(FP092366.
Oryza sativa (AF443600.1)
Clustal Consensus

IEEEE R R RE R KR R KRR

glycosyl hydrolase motif(LGIVISESGWPSAG;)

Fig. 1 Alignment of the amino acid sequence of Zoysia japonica [3-1,3-glucanase with various plant [3-1,3-glucanases. The glycosyl

hydrolase motif is marked in blue box

polyacrylamide gel electrophoresis)E 4=8§3}o] T3 G =
9 =85S gdosigih A9 Acrylamides=+= Stocking
gel 3%, Separation gel 12%% 3}1 0™ & 5 0.2% Coomassie
brilliant blue R-250 (Sigma, U] o) RO FMBL] 7.5%
acetic acid-gN o2 A & thulzo HZ31¢ith

Azt %ty B-1,3-glucanaseTHel 2 S A A 517 9|l
E.coli®] Trel ] g AJAEE o] §stglon, Wy 9 A4
AE 9%t HE Z+= GST (Glutathione-S-Transferase)tagS 7}
A1 = pGEX4T-1 (Novagen, =) A3} chFig. 4).
FAZY) =S 98] pGEXAT-129] MCSA| ¥ of 5°-BamH
I, 3-Not 1 Agta s Q1A H9E o] &dto] AT A Ho| A
o Tl FojE 45 3etE ZiGh 19719 S =Y
stlon, TA 225 43438to] pGEX 4T-19¥] tof| 3
1,3-glucanase A o] HHWo|7} Aoy ¢y 24 o]
2helol H A=A ettt 9“5‘% vector= E.coli DE3
(BL21) +3=9] Heat-shock W2 F3] =¢5}4] 100 mg/L
Ampicillin®] 3£38+% Luria-Bertani (LB, Sigma, 0]=) 11|
uj z]of] kst olch,

UA AFoN HEH 240 wet +& o R
oFslar 4=%]5}o] binding buffer (1xPBS, 137 mM NaCl, 2.7 mM
KCl, 10 mM Na,HPO4, 2 mM KH,PO4, PH7.4)0]| 2] & Eot
3 Ultrsonication (Sonics & Materials, 7] =+)& A}-&-5fo] &
35T 13000 rpmof Al 3027F LA Rl slo] E-&A 9
A S-S A AL A o 2 2E Glutathione Sepharose
4 Fast Flow (GE Healthcare, 1]=+)E ©]-83}o] GST-tago]
fusion®l [3-1,3-glucanase ™} &2 Aokt FA| HH
2 Glutathione Sepharose 4 Fast Flow (GE Healthcare, ©]=t)
o Q1+ procotol S Wik S ™ Elution buffer®] A2 50 mM
Tris-HCI, 10 mM reduced glutathione, pH8.0 . & A}&-3} i th

< 236 ugd} PBS bufferE control =

C|AT YAHS 0[88F 3-1,3-glucanase | TARME X &M

O3 WA S o] 83 b3 1S $3 PDAHIA|
of paper diskE Aokl Ty AAE FAS ZjGlul T

2 g 5 Fo] A

&
3
Z]
=
% sl FAe] L

AFZE X AFEEaL 25°Cof| A ot
Zsto] 3FFEAl S BB}t

F< Il U k-
3-1,3-glucanase RAX 22 I SHEN

SAC 2 RE [(-1,3-glucanase 7 }E B3}, ZiGlul
olz} sttt ZiGlul o] F74-2 1,228 bp, 33971 ¢] ofu]
wibo FAElO] I, AEADE Aele Ty B
Z}eFo] 34.7 kDa, 54 H(iso-¢electric point, pl)-> 8.992 7|
At itk NCBIO A, 2495 ZiGlul &] o}u|=AF sequence
£ blastdt Z 3} Glycosyl hydrolases family 17¢f <£35}%2
™, VSESGWPSAGA E& H=E3111 0101 glycosyl hydrolase
motif (LGIVISESGWPSAG)®} H] 3] B w] AFHu o)
Aot Ae Bk AoAE £45 14&01 Protcomp 2}
Plant mPloc & 7] 9] AZE g o]& A&l 4th Protcomp
o Al ZjGlulo] N3z} A3z ]o] EA )L, Plant mPloco]
M Hizo] EAst= AR oS8

ZjGlul @] Full-length &71418-2 Phyllostachys edulis (FP092366.1)
9} 82%, Oryza sativa (AF443600.1)9} 81% AHEA42S 5 ¢lch
(Fig. 1). thoFsk A EH 9} E%bt] B-1,3-glucanase®] #H =
= BEXS 93] NCBIoj|A] BlastxE E3l] ZIGlul 2] sequence
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Sorghum bicolor

Zea mays

Setaria italica
Phyllostachys edulis
@ ZGlu1

Oryza sativa
Avena sativa
Hordeum wlgare
Triticum aestivum

Secale cereal

Brachypodium distachyon
ZiGlu2

[Cﬁtrus sinensis
Citrus unshiu

brassica oleracea

Brassica juncea

Brassica rapa
Capsella rubella

arabidopsis lyrata

Arabidopsis thaliana

—
02

Fig. 2 Phylogenetic tree of deduced sequences of p-1,3-glucanase
genes from plants. Plyogenetic analysis was generated using

MEGA 5.0 by the neighbor -joing method. One gene from
zoysia japonica steud. Is shown green diamond

Fig. 3 Organ-specific expression of p-1,3-glucanase by RT-PCR.
Expression analysis of Z/Glul from different organsin zoysiagrass
showed higher expression. /8S rRNA was used as loading control

e Aol 7Y =& B-1.3-glucanases 229 A 7|5
BAo] g At thab A E-2] amino acid sequence2}
alignments}31 MEGA 6.02] Neighbor joining algorithm2 ©]

£-5}0] Phylogenetic treeS 413} thFig. 2).

oy =828 EdA] B-1,3-glucanase = AJ 4173 U 717
wrgko] ThE chopgt Z1To] 1A ovl AE B3
glucanase©] Lo, WHXH 5 AEANAY A4, 7t
A0 o e UL s 2L & 4 UrkClaude
2001; Magdalena et al. 2004; Yanlin et al. 2006; Saboki et al.
2011). ZiGlul®] 7Ht] 7]7hE THAFS LA 93
RT-PCRE 433l A3} o3} & £7], ¥y, stolon?] =
= J)polA AP S sheletglthFig 3).

3-1,3-glucanase (ZjGlu1)2| X L A&y AS

ZjiGlule] AAE s WE o5, PTG 5=, ¥d =

_, 60.7kDa

Fig. 4 SDS-PAGE and purification of GST- B-1,3-glucanase.
Overexpression of GST- B-1,3-glucanase fusion protein in E.coli
and purified GST- -1,3-glucanase fusion protein (Z/Gul). (A)
M, protein marker; Lanel,Total protein (+ IPTG); Lane2, Soluble
protein (+ IPTG); Lane 3, insoluble protein (+ IPTG); Lane4,
Purified GST- B-1,3-glucanase fusion protein. (B) M, protein
marker; Lane 1, purified B-1,3-glucanase Protein(ZiGlul)

v A2 & 04317}11 Ao =& 2] S8 H A
I A7}, DE3 (BL21)FZE o] 85}0] pGEX 4T-14]
Al 37°Co Al ODgo=0.67}A] Agk& wf IPTGs%=7}F
Mo] Hrex g1 18°C°ﬂ*1 6N ZF 7h wi st ol
insoluble protein 2t} o 25 soluble protein & & 7}= A
SDS-PAGES 3] 74 20 285 uae de
A= Ao g 39l wQthFig. 4). GST-B-1,3-glucanase
60 kDa2] = 7]o]H, thrombinS *] 2]t &
GSTE A ATE &3 B-1,3-glucanase proteine A A5}
FAA HAES sty o] &5t

B8 SRYolA 1% BA HT U ol BEY
ofQutE (A 9 )] W Q< Rhizoctonia solani AG2-2
Vol oe A4S P gl BAR S0 S )
Wsk7] §J8l B-1,3-glucanase S 2231 T} PR-2 family
ol B-1,3-glucanase= ®F 471 9] Class2 L} +=d| Class I
2 33kDao|ste] A7) o|H, Fusarium solaniQ] 73S A A|
Shal A= 9] A Zof Eu|FE th(Claude 2001). Class II, [II+=
OF 34~36 kDao| ZL7]o|iL Al & F7tog FH|HwH,
Class IVo] thsfchsl] def=l 22 ob2 ik ZjGlul & 7
L 37]= 347 kDaolH, g7 <d B4 A3} Class 119
Mtk A8 & 4 A9

Azg wuge] FRAL AHe) 99 AAE
ZjGlul S92 3} Rhizoctonia solani AG2-2 (IV)Q] 9% 9] +

Of'o_‘_r,

o m o
< i
r

o
2

5

4> o £

fusion protein-

FE AR o 7 #Ee A3 BE o] s &
4 wolAL Qotort B WY RE IR wAsE
= UHER(ELY), FANkE (‘?-JETJHH)g 7=
R cerealis@}, foot and root rotT} head brightE ¥ ©7 ]% F.
culmorum, A Q] ttEH(B et F)S Y2 7|+= R.solani
AG-1 (IB) (Kim et al. 2013), 18] 7 EE2T o] o] 3 &
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ol Tatroviride S 470 2] w30 A

FodEE Hole A

= AT 4 UAATHFig. 5). #F7F A Tk As v Al
P AR A3 29 ¥ w2 559 ZjGlul proteing A

I

ST TS S5 A B0l 2 Ao
QEE ZjGlul protein®] 5= & ¢ oA A5
1Tt AbEETh 123 Fungi 73 479
QJ’ET]'O:‘ cng S3t ol FAMLA
om A & 4+ 9 Aoz B

S A AL b ol va) WA Swo} M
#2 Relo 4R Hystel 4HlE DAY WY 5
FAE) 0§ olele eholHE UotlnlE (@A 7 2)
o] & BAZ hEEI itk eholHEotalnE (e
A 9 F)-& Rhizoctonia solani AG2-2 (IV)H L+to| 9Jaf &
etz o] Wl AT WA SV 2 e
9i) A Barolikgo] FaT e e ol Ao Al
PR-Protein = 3}L4Ql B-1,3-glucanaseE S4ti=HE &
29 3}t B-1,3-glucanase= Hio|H A w9 g
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