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If disease occur on the lawn, that will damage fine view and require
additional management, moreover that will make economic loss. So managers
and farmers perform chemical pest control, but sprayed excess agrochemicals
leads to the social problems such as pesticide residue, environmental pollution.
Molecular breeding is an effective way for replace chemical control to protect
grass from pathogens.

In order to find available gene source for transformation, carried out
characterization /ipid transter protein(LTP) genes from zoysia grass(Zoysia
Jjaponica Steud.). Plant L7P is one of Pathogenesis Related(PR) peptide due
to they are induced with phytopathogens and their accumulation in the plants
of related to plant resistance responses. Some of these proteins exhibit in
vitro antimicrobial activities.

Five putative L7P clones were found in zoysia EST library. Two(ZjLTP1
and 2) out of five had full ORF and the rest(ZjLTP34 and 5 had partial
sequence.

Through performing semi qRT-PCR, analyzed the pattern of organ specific
expression, biotic, abiotic stress inducible expression of ZjL7Ps. Many
pathogens attack sheath or root. All ZjL7Ps were expressed in sheath and
stolon, but ZjL7TP4 was the only detectable clone in root. ZjLTPZ2 expression
was detectable in dormant seeds. Although, the expression pattern of ZjL7TP1
was induced at earlier stage by CF of R. solani AG2-2(IV) or hyphae of R,
cerealis, other LTPs were not induced significantly but just reduced steadily.
In heat stress treated blade piece, expression of ZjL7TFP2 was greatly reduced.

In subcellular localization assay, ZJLTP1 protein signal was observed in the
cytosol and ZJL'TP2 was observed in the peroxisome.

The ZJLTP1 and 2 recombinant proteins did not show growth inhibition

activity in the condition of this study. The PIP strip test result indicated that



ZJLUTP1 can bind Phospho-phosphatidil inositide, PA and PS which are
famous for the second massage transfer molecules in plant.

Arabidopsis were transformed with ZjLTP1 or ZjLTPZ2 harboring T-DNA
by Agrobacterium mediated transformation and selected homozygote line by
segregation assay about Basta resistance. When methanol extract from
transgenic Arabidopsis were supplied in medium, the growth of /. solani
AG2-2(IV), AG-1(TA), AG2-2(IIB) and R. cerealis was inhibited compared
with WT extract. Transgenic lines over-expressing ZjL7TPZ2 treated with K.
cerealis or F. culmorum showed a phenotype that grow up slowly and have
dark green leaves.

Although, ZJLTP1 and 2 proteins did not show antifungal activity, it is
expected that ZjLTPI play a role in signaling pathway which need a transfer
PA and ZjLTPZ involved in lipid metabolic pathway.
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Heo] FEi 25 FHo AEY AFY ¥ Aud dwd aFS
Pathogenesis Related(PR) peptideg}al %Ft}. PR-peptide= Salicylic acid(SA),
Jasmonate(JA), Ethylene(ET) ©]&3gF wo] 7]zt #ojstn dF= 7|u 27
A ARAoR uAE AL el 7= 3t} Lipid transfer proteine
PR-14 1&9] 3i33sl+= F4AA=E 1 =7]7F PR-2¢] Beta—-1,3-glucanase(30kDa)
Y PR-34°l 43} Chitinase(15731kDa)oll W]l 2ba &4 &AL 71XA] &
o1} Defensin(PR-12), Thionin(PR-13)3} 3 v A& @4& 2t= FEol
2 BFE(Sels et al, 2008; Rogozhin et al, 2009).

Iy

Plant Lipid transter proteins Zrail(779kD) 9718 (pIT9) e v Az AsxH
o ] MazufAlol o] AA|HS o] FA| 7] A H4ke] op A Al Astel= Ho] Y
ARG =Y LTPe= 9e] A4l acyl-CoA, S14HA 2 3}
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stAsto g2 AZAHAY. Familyl-L7P= Z7]17F ¢F 9kD ©|™ 97109 =2 pl aS
ZE=th 4719 a-helix motif= o] stAF o R AALHA x5 HIN 2
< THTEE olFH HY g fAXske A obveal (o] AR
@O, FHAV), F2UDL), LebdAN7 Ad 3} szt 5709 Jete]l=® o
Fol2 2709 motif(T/S-X-X-D-R, P-Y-X-1-S)¢} w4 Al ~H Q1 motif H&
&2 FEtel= il C-Eebrxrt EA T Family2-L7P= A717F TkD, fa
milylell B]8le] e pIE ztomn Cys3-Cys3s, Cysll-Cys25, Cys27-Cys6l, Cy
s37-Cys680] olgstAdgton Aduo] Aztgncke] £Lo] Wl WA x5 o|F
o BEE motifel C-garx7t EAeA @an 2HEEAe 27 e
E xS zh=t}(Carvalho and Gomes, 2007).

AEe] LTP= AzAde, InAdedd, FEE94, 4dx24d4, a1 =

’

9] 71%5S 3t} of71H N Defective in induced resistancel-1(DIRI1-1) T3

Ao NERAY FAY AGARA o] FAAF EAMolR o} 7] P SARS



ystemic Acquired Resistance)¥-&-¢o] doju=] =t (Maldonado et al, 2002).
Az G LTPe® 2 &3k JA(Jasmoic acid)®t A3l JA-LTPEEA S o
o] A& &NS wl WA Phytophthora parasitia®) T ek #3Al o] Z7}&kd
T Ag-datel oste] Asdde #Hostes Aor oS ¥ AtH(Bohot et al,
2004).

B (Hordeum vulgare), <55 (Zea mays)e AolA oA F&3 LTP @
AL Fusarium solani 5 3ol <} dre|glole] A4S A3 (Molina et al, 1993)

bola, 49

ol
rot

gatai A2 AW S (Allium cepa)®l FAANA wE2lE LTP
(Ace-AMPI) = Botrytis cinerea, Fusarium culmorum 5 12712 +309], 2719
g drEgote] AFAEd S vEtd Aer Bauso gth(Cammue et
al, 1995). o] Fdx7F =¥ U (Triticum aestivum)™ W= Magnaporthe gris
ea, R. solani, Xhanthomonas oryzae 5°l| et AadAdddS HEFN A THRoy-B
arman et al, 2006; Patker and Chattoo, 2006). 29| Lp3FIAZ3 @A A/
ternaria sp., K. solani, Curvularia lunata, Bipolaris oryzae &°| W3}l shitgt
S et a, - el (Nicotiana tabacum) B A AS A7V Alternaria sp.,
B. oryzaed| AFAHES ZEE &9 tH(Kirubakaran et al, 2008). 131l H ]2
LTP 327y =99 N7 &N (Arabidopsis thaliana), ¥+ Pseudomonas sy
ringae®] ™3k A& A o] ZF7FMolina and Garcia-Omedo, 1997)3t= 5 THE3
AEANA FHEAH S YERUE LT7P7F Haso] k. 7u Ad oA We
2L LTP @i d el guds 28 7|42 nAES] Axws olF= A dd A%
Sgomx wE BHATIAY, el 7S FAst E4do] HdgAo® {9
AYd FE2HESE o224 A5 A Eo] AMESE S gt 3ol th(Pelegrini ef a
1, 2011, Sun et al, 2008).

HEF LTP= A=) mIAEA FEely o 5o FEHIS ofFe= AA
=



hremov, 2009).

2o

& TEHE

o4
ACIC A

o

iy

4

=of wisto] 1

4w

=g

1ok #Zol LTP

Gik=s

[m]
£
B

Aol o). wjehA] vjH

o =AM 7EA 7}

&l

At

oF

|

7

2E9

7

i ol

—~
file)

E} A0
= 1

Y LTP 2&<

=]
T

Y EST library =

=
=

T

A

=



LTPsRAAS] F2YE 9ste] o E3Y F Zoysia japonica Steud.(Wild t
ype)E AH&Sh AEAE HES EHE of bilr EFI B AHAsA
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ween203 5%(v/v) Sodium hypochloride”} EZ3E 70%(v/v) Ethanolg Al-&3}
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WA #3302+ Rhizoctonia solani AG2-2(IV)(KACCA40132), Rhizoctonia s
olani AG-1( 1 A)(KACC10101), Rhizoctonia solani AG2-2(IIB)(KACC40151), R
hizoctonia cerealisc KACC40153), Fusarium culmorum(KACC42099), Fusarium
graminearum(KACC41041)S AF-&-3tAth(Table 1). ©| % Rhizoctonia solani
Zkoje A 71 W skAl WA SHE Rhizoctoniad e S do7]+= #F2 AG2-
2(V)E FAFZYA E3YE AG-1(TA), AG2-2(IB)& A FzH]Qd WED

HaE VFAER S R cerealis =3 o] npEH S dov|= HYUToR
A FdY = BuER(E2E)S, dAFzYd e FAnE (A2 FH)S

Ao 71ty Fusarium spp.= 3o A F2 W dlo] Fusarium head blight, foot
and root rot& YO7lv FHFOlEE AAASE U3 myjo A= wogh
= w%ole =9

AyetYd FAFAALME ZEE Fok WEek o 1 Potato dextrose agar(PDA(Dif

co)+ 1.5% Agar)oll A vt 2 FA 5t ML=
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Wy KACC number A 71 A=
Rhizoctonia solani AG2-2(IV) 40132 gro] FEYoldnt & (A3 #) | Zoysiagrass
Rhizoctonia solani AG-1( 1 A) 40101
0l uh 2 1 (1 29 9 2] Bentgrf';lss, Kentucky bluegrass,

Rhizoctonia solani AG2-2(TB) 40151 Perennialryegrass, Fescue

) ) ) EulEH(F14) Zoysiagrass
Rhizoctonia cerealis 40153 S Alnp = (a2 555 Bentgrass
Fusarium graminearum 41041 fusarium head blight Wheat, Barley
Fusarium culmorum 42099 foot and root rot, head blight Cereals, Grasses

Table 1. List of fungal pathogens in this study.



3. EST library25FE EZXC| LTP E22| £2|

Wrl Y 52 4-leaf stagee] =3tH FAEAZHFH total RNAE F=319
WFE-o] 2 EST Library Databaseol A ‘Lipid transport,, ‘Lipid binding’E 7 3}
of U}& 7|4 4d<S thA] NCBI(National Center for Biotechnology Information)
oA BlastXste] LT7P} dsido] e $H FES FH T} Library data
o AVIMEE EURE ZF S8 5ol Zto]m(Table 2)& AlZtstslaL ol &

ol g3tel FEYstel GIIAS H AT



Table 2. Gene specific primers used in this study.

B2 Name Sequence(5-3) Use
ZILTPleds—1 |CGTCAAGTCGCT GAGUAACA Cloning forward
ZILTP13UTRAS [CATAGGTAAGGCAACAGHAG Cloning reverse
. binary vector construction
ZjL1BamS |ggatccATGGCTCGCCAGCTGGTCAT serni qRT-PCR
LTPI . binary wvector construction
ZjL.1SacAS  |gagctcCGTACGTAGCTTCGA semni GRT-PCR
Li¥bal Mat |tctagaATGGCTCGCCAGCTGGTCATC ZILTP1-GFP wvector construction
L1BamHstop |geatccACAGTTAACCTTGGAGCAGTC ZILTP1-GFF wvector construction
L1BamMat |gzatccGCCGAGACGGCCTCCG Ecoli over expression vector construction
L1X¥hostop |ctogasTCAGTTAACCTTGGAGCAGTCGACS Eccoli over expression vector construction
L2290 GACAAGAAGGCCGCGTGCAA semni gRT-PCR
Cloning reverse
LZB10AS ATGEAAGGATACTCTGCTCT serni qRT-PCR
L2¥Xbal Mat itctagaAGAATGGCTCGCGCTCAGCTTCTG  |ZILTPE-GFP wvector construction
fo L2BamHstop |gzatccACAGGCGAGCCTGTTGCAGTC ZILTP2-GFF wvector construction
LZBamMat |gzatccGCCATCACCTGCGGCCAGGT Ecoli over expression vector construction
L2¥hostop |ctogasTCAGGCGAGCCTGTTGCAGTC Frooll over expression vector construction
i Cloning forward
ZjL2BamS |ggatccATGGCTCGCGCTCAGCTTCT binspsevasior ot
ZjL28acAS  |gagctcTCAGGCGAGCCTGTTGCAGT binary wvector construction
ZiBActi ZiBActing  |GACATGGTACTGGAATGGTC semi qRT-PCE reference
O I i BACtinAS  |AGGATTCAAAGGAGCTTCAG semni qRT-PCR reference
185 TRNA 185 rRNA S ATGATAACTCGACGGATCGC semi qRT-PCR reference
b 185 rRNA AS |CCTCCAATGGATCCTCGTTA semi qRT-PCE reference
Cloning forward
LTP3 L34505 TTTGGAGTCCCTGTCCCCA e GETABOR
L3830A3 AMAGCAAATCTCACGCGATT |Semi gRT-PCR
Cloning forward
LTP4 EST35731 ATGCCGATCCCUCAAGAAC et RIVECE
EST357A5 |GATGTAGTTCAGGCACGGGET |Semi qET-FPCR
EST233651 |CAAGGCCCTCCTCATCTTGG Cloniae forvtd
LTPS semi gRT-FCR
ESTZ2336A5 [TAGATCAGUCAGGCACGAAGC semi gET-FCR
dTACP2 }%XT}E(}}:{F ﬁ’%ﬁGCTGCGACTACGAT 3 RACE reverse

_10_




=
19
=
i
2]

HFEH
==

1) Genomic DNA & %4

o s AANALE o] &3ty HA B35t 3% Cetyltrimethyllammonium
bromide(CTAB)A] 2F(100mM Tris-HCI, 20mM EDTA, 1.4M NaCl, 3% CTAB)
3} vortexingdlte] &gsta 65T A 308 oA BESAI AT Ao 23] &
st} F 22 CI(Chloroform:Isoamyl alcohol=24:1)5 % il invertingsle] &3k
% 13000rpmeoll A 158&3F A4 el staitt. A5l CIE AAd sfar Lozl
HA A= [sopropanols % Y 1 invertingste] T &3H3 & 20E7F -
0Col AA3FA T 20+ F 13000rpmol A 1023+ YAl Eelste] dojz DNA pel
letS 70% Ethanol® &3t #HF 5pg/mle] RNase(Ambion)7} &3 o+

ditgo] Hdv FE53 DNA= d7|9e 3 45 45 &8 &< s

2) Total RNA®] FZ3} 14 cDNA 94

Total RNAFZ W3 ARESF A2kl TrizolMRO)N A Alg3st= xF W
S Wy o] FdsATk 24 & AALLE o] &ste] FA EAg T Trizol¥
vortexingd}e] &3Falith Ao 1087 A & 13000rpmol A 1
g &te] Trizolol =4 &2 2AES JAANHAT 45d4S A FEl &7 Chlo
roform 7} ¥ A 5o A, 3EIF A2 AX3 T 4T, 15000rpmell
A 1537 AAlEg ekl RNAZE £3He e A5 ds FEstdoh 27k Isopr
opanols 7}8Fal - 20TColAl 20 o] AAs & dAEEste] AR total R
NA pelletE 70% Ethanol® Al2stal AZx3 & 0.1%(v/v) Diethyl pyrocarbona
te(DEPC)& o] =3t} %38 total RNAE 7|95 &3 % A8 T3 3

3t th. DNA-free kit(Ambion)& AF&3te] 4 o9l DNAE AlAS 2ug tot
al RNA®| OligodT primer(dT15)& 05xg Y3 70C oA 583 714 3 & 4

Hn:

<o 23] a1, RNasin Ribonuclease inhibitor 25unit, RTase 200unit, 5x reaction
buffer, ANTP &g H-& 4o] 42TCelA 90&1F whSAIZI o= A 12 cDNAE &
A3t A ot RTase= PromegaXlol Al vl sl= Moloney Murine Leukemia Virus
Reverse TranscriptaseMM-MLV RT)E AH&3F
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5. ofoj=¢t ME 24

1) ofrlx=Ait Aol 54 4

Aol &4 ZRIAYE o] &ste] XY LIP3 29 oAt MdS 14
3}t ProtComp Version 9.0. (http://www.softberry.com/cgi—bin/programs/pro
loc/protcomppl.pl) ¥} Plant-mPLoc (http://www.csbio.sjtu.edu.cn/bioinf/plant-mul
ti/)S ol&sto] Ao de] Hojok T Alxy 9IAE SN, AU%
Aol AAHE A%t dalde] BapEk(Molecular weight, Mw) ¥ 574 (Iso ele
ctric point, p)+= Biology workbench 3.2 - Protein tool(http://www.workbench.
sdsc.edu)& ©]-&3ato] AAE kAT

2) Phylogenetic tree 4]

Andre(2007) Sl 93] EHH reviews=wol A8 e dAFAEDR w2
=% of71Z, Holf LTP opv| At o] % LR E =] LTP obv]=AtbA
A& NCBIZH¥ Zro} ZLTPIZ ZjLTP29F 35735 vlal 3%

AlignmentE 913}e] 84| 2=H QI motif(RCM)E o] F& Al=HQl 7] 5 A W
A FY C-gdo ofn| ik AES AREES o1 BioEdit ver 7.7.0(www.mbio.n
csu.edu/bioedit/bioedit.html) 2] ClustalW Multiple alignment ¢ilg]&S o] &3}
o] HlaFA sttt Alignment Z23HE fasta fileZ2 47 3 & MEGA 6.0(www.
megasoftware.net/mega.php)ol A &2 27|38} Neighbor joining methodE &3l

ATz dstdt

6. Sub-cellular localization assay

1) Vector construction

AR =4S 93 W e A o= pUCI8vectorE backbonel & 35Spro

_12_



moter-GFPgene-NOSterminator 74 E 7} Multiple Cloning Site(MCS) #] < ¢]

Hindl9 EcoR1 Atelell H7be 326S-GFPHE] 7} A= 9tk PCRS 4388l

MAIFE kol Xpal, BAFE ez BamH 1 Al¢a s Q22&7F 7k LT

PHAS =90 pGEM-Teasy vectord] TA cloning® 974 <

71 e Warh dojuA g2 Setan =g Adsidv. aea Addd S22
o1

326S-GFPYIH & 217} Xpal, BamH 1 double digestion 3}

i=] [e) =)
2Ne F o

—

ADNA ligase(Takara)ZS o] &3] Ao z2H 355:LTP1-GFP3} 35S:Z/LT
P2-GFP WHE A #35tch Alz2te WE = oA A7 EE9 S o5t LTP
o} GFPHAA A4 FE AAZES] A7IA ZhE=A, GFP coding A€ol

Sol% Eawolrt dojibx @keA Helstarh

2) Particle bombardment

LTP-GFPHA 9] transient expression &S 9)dte] Jupgus 23z %%
© 2 particle bombardmentE 3§ 8} 91 t}. Particle 0.6¢m(0.6u) Gold Microcarri
er(BioRad) & Al-&3t oW Hl= Finer(1992)5°l <& wxd =i3 543
A 2dls Zhe AR A2 GRE o] &tk AT Fukel #3E 8A 1/2MS
(1.5% Sucrose, 0.45% Agar)ufA] o &3te] FAS g3k Hol] 9= 2% 29
=11 particleg =930t} Gold particle] DNAZE coatingsdt”] 93t 100l G
old stock(50mg/me)ell 100 DNA1ug/pl), 10040 CaCly(2.5M), 40xl Spermidine(0.
IM)S A8l 2 Y3l vortexingdh™ 2083F W8t 2 & RA A EE] 8o
gold pelletS X1 70% Ethanol® 13], 100% Ethanol® 13] A& 3 3 100%
Ethanolel] €3] &€ste] DNA holderoll =433t Bombardment 53 % 2
5C xdelA atF &<t et J3S A& Alxzea Axete] -3
= 9lske] 40% SucroseE Alste] AP AR 7 doAUA & F AFsHATH

7. Transcript &4
1) A 71 Sl

_13_



o] SFEA WS 58Tl <& (Blade), F (Sheath), A&7k (St
olon), ¥ 2] (Root)& 2zt 2+ AMEHavh =& St 2 3 7he FelA ¢
o] WA WA haol HIpstHA FEo] WSt dEI gAY

5
@a] fiskel ehgol wdElol gl (9T el Eoh(F axis)
=3

%

I R ]
Fwo] Wdyo] = F(0)F 2 EU(d axis)E 2 MEZsY total R

NAE FE8tt. TA4= A= dHodM s3] dx § 4TolA mustd

‘|.

)
Zy

0
fd

otal RNAZ cDNAE $H4]
&Y 31 A

go)
@
=
o
r g

2) Cell-free culture filtrate(CF)x &l 2Jd F=2 & &<l

(1) CF<=H]

270l Tmm7t HE5 A& dAMA %7 10785 30ml Potato dextrose broth(
PDB)7F @71 50ml falcon tubeo] W o] 253t njgalA ). vk 25C, x4l
A o] Fo] o™ shakingdhA &l wlF & 3000rpmel A 1587F Y4 +2] 8}
of A WojglE HAAZl T S ARk FH3Ee] 0.45-mm Millipore filter

o>

& A8t dE Yttt 2E Y CF 3 455 25TCoA wigsgoz i AL
U A £3HA FSS Gt AddF= R solani AG2-2(IV), R. sol

ani AG-1(1 A)E At&3t9 tH(Elsharkawy et al, 2012).
(2) AEA &4
100#40 polystyrene petri dishell 1/2MS(2.2g/L. MS, 1.5% Sucrose, 0.45% Aga

NE °F 100ml ol 23 F FYHEE WS wMHFURRT ABAZ o4

gtk o4 @ ol AulgEe Swrle] B b Wes w5 @ 9
e HA e A A3t el AseE Sk o) 48 HEA B 9ol

(3) CFA ¢

HgAe Qo AP WokA @; AW Relw YFAo] FEE 5] st

5
Zal 2mle] CFE AHEshalvh A&, dx3dolA midsatud dA ARbR A8



7HA 80Tl A Batstdth gzt o & PDBHIAIE HEste] 4 dHo=
MEY st

Trizol& AH&3te] total RNAE F%3F3l cDNAE 3/d3te] semi qRT-PCR
S T

3) wAHA Ao ok fFEFA I &l
(1) #3Fo] &Y
100%40 polystyrene petri dishell 1/2MSH|A](2.2g/L MS, 1.5% Sucrose, 0.45%

Agar)E °F 100ml o &3 5, A Foll 3709 A7 o] Tmm<l +Fo] =7t

S A4 T owgstdh Mg 25T, gdxAA o]Fo Fow dAAR ¢
A8 9 w7z wjkatdet. A¥FFE R solani AG2-2(NV), R. cerealiss
ArgEta ETroe R F3o] 2244l PDAS 43 WA S A&ttt

(2) A=A 8] B TAE Al

ZIWi T 230 2de U et B A o2 @A AE F
A 1/2MSHl A (2.2g/L MS, 15% Sucrose, 0.45% Agar)ol A wj sty 3|E27)=
FoAT 357 FF AR Helet o] A7 AT SJHE FBolR
gol 1/2MSHI A (2.2g/L MS, 15% Sucrose, 0.45% Agar)® =7]al 22 x4
ol Al wigstATt dA Az HE2 AEAY] A dES o] AEHEA
NAArE AbEste] 53 W2 ARl = RNAFE A7k -80TolA w3}
At

Trizol& AH&3te] total RNAS FE3Fa cDNAE #4skel semi qRT-PCR
= FHsA

(3) Data®] 3%

Ao RHEH F=3% total RNAZFEH T4 cDNAZ PCRS F3sta 2%
Agarose gelol A A719E F gel docs ©]-&3ate] FAst st 72 W= ¥

£ Genetool(Syngene) Z =213 & o] 83l A st 31

4) HA=H 2EHEA G o3 F=4 TF 24l

ZIW vl S8 e 45em dHo] HEE AIEH sl 3mM 2-(N-m



orpholino)ethanesulfonic acid(MES)7} #7Fd 1/2MS(2.2g/L. MS, 1.5% Sucrose,
0.35% Agar)df <l <19 slwo] fl& %= HPo] AAsirt. 123 A2
2E# 2o o3 FHA Hde] WstE gRlsty] skl 9ok o] FH|g HjA|
2 7 45C A%, 0C AWl P 0, 1, 3, 12, 24, 4847 Hok wjLdd ¥

A 2EY2E F7] 98] 3mM MES7F #H7EE 1/2MS(2.2g/L MS, 1.5% Su
crose, 0.35% Agar)if#]o] NaCl& & 100mMeo] HEE H7lsld i, AFXR2E
gl 2= Mannitol& #& 100mMeo] =% FH7bste] ddHS A Askaith 25T
oANA 0, 1, 3, 12, 24, 4843t &<t vt & M EHstar HAEALE AHEste] &

LR
cDNAE #4ste] semi gqRT-PCR

& Wzbslo] RNAFZ A7bA] -807C ol A]
Trizol& AM&3te] total RNAE %3
= TysATH

f

5 PCR =1

NormalizationS ¢ 3F referencefr A& == S2kt] 9] B-Actin A AHGU290545.
1)E o] &3t PCR mixture AmpONE Tag DNA polymerase(GeneAll) 0.2
Sunit, 10pmole] AWak Aursk Zelolw 7z} 0.3ulE AFE3F 3L 10xbuffer2t dN
TP, 6xBBsolution, B 74 F ®¥-§ B3 7} 12p07F S 25 &5t 2™ den
aturation 94C-30sec, annealing 60°C-30sec, extension 72C-30sec®] Z7olA]
ZE3FA . 2% Agarose gelol A= A7]9%F ¥ G:Box EF gel documentation

system(Syngene)= ©| 83t JAi+3l sFAT)

8. ZjLTP CHHZIo] J|s&EAM

1) E coli &8 A€ o] 43k %3 vhulao] Ak

(1) Vector construction

E. coli®] @Wd B AlAES o]gsto] Az S4Y LTPaAS AAl

ol

gk 23 2 AQRES 93k WwEEE GST(Glutathione-S-Transferase)tag<

_16_



7FA1 a1 = pGEX4T-1(Novagen)= AF&3F3th pGEX4T-19] MCSA|Hd 5
-BamH 1, 3-Xhol AEARJATLE o] &3t AlsAde] Aleld oz
A5 d5gste ZILTP 971448 S =Ystdth. LTPHHALS PCRES §3l &

IR
=)
:
2
N
N
Lo
2
rot
fol
B>
r (o]
1>
e
Ho
il
4o
L
a)
o
fr
X
2
1>i
_H
O
_EL
—
>
iy
frt
ol
o

g o 747} At g AhE AHPste] dd 3 - W79 53 Gel Elution(GeneA
Il Gel sv mini kit)S §3] 223 DNA ©@HS AHA S L ligationshe] A =3
HE S Azstdh Al2E e = Q7MY 245 FUER 9Eete] & ols =
AwWo]l gl o= AbA S T o H-E Flskith

A E WE = E coli DE37 9] Heat-shockH S =& =d5don wE
7Y =9H E colig 100mg/L Carbenicilin®] ¥ 3t ¥ Luria-Bertani(LB) 114 8j
Aol A ksl T

E. coli®l &9 d 2y AxelS o] &sto] T AS g AA St A=
Witz A7t Fasirt. kA ZrRYO] fES FE35H7] 993 Isopro
pyl B-D-1-thiogalactopyranoside(IPTG)E 0.1, 0.3, 05 ImM ==, IPTGE
Y= WE 5% (0Dgp) = 06, 1.0, IPTGE Y2 F Wg=2EE 15 28 37C=

AAste] wiYgst & 7 2AEE #S TR 8E 2 1xPBS(binding
8m

Wl

buffer, 0.14M NaCl, 2.7mM KCl, 10mM Na,HPO,, 1.8mM KH,PO,, pH7.3)°l A
dE 3 % sonicationste] &3, YAl FFe] FEAGHA, F9 &
SAAENAZ Urddoh dod gwd F=E2ES SDS-PAGE(Sodium dodecyl s
ulfate polyacrylamide gel electrophoresis)E Fa3lo] W3 o] f5= 2 584l
25 #AAsA Y. A9 Acrylamides =+ Stocking gel 3%, Separation gel 12%

2 e dF F 0.2% Coomasie brilliant blue R-250(Sigma) &4 o & A

e
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000rpmell Al 10&%F Al Eefdte] =849 dd=S AASL AT Aoz TY
Glutathione Sepharose 4 Fast flow(GE Healthcare) columns ©]-&3}
fusion® LTPEWA-S AA3AT WHLS GST Gene Fusion System Handboo
k(Amersham Bioscience)E W3k o™ Elution buffer® /2 50mM Tris-HCI,
10mM Reduced glutathione, pH8.0& A}-&3F1t}.

AR G Ee] A GST tage AAstL 3 LTPEH A S A7) fste] A
A A Imeg® 10unitd EE49 (thrombin)g #g] 3 3 2 2oA 30&, 4T
oA A3 dutE uwj7zhx] W3t Glutathione Sepharose 4 Fast flow col

umng o] &3sle] ZA GSTUHHM A S A A3 tH(Figure 1).
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Clone gene into pGEX vector

¥

Monitor and Optimization for soluble expression

\

Culture recombinant cells
(Large scale)

¥

Harvest cells and lyse

\

Purify GST fusion protein

- assemble the column

- equilibrate the column with binding buffer
- apply the centrifuged sample

- wash the column with binding buffer

- elute the bound protein with elution buffer

\

Detect and analysis GST fusion protein

$

cleavage of the GST tag

¥

Antifungal test PIP assay

Figure 1. Protocol for expression and purification of GST

fusion protein.
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Fgudd A=E vustdth. GST @9d 250, 500, GSTS ZLTPl £
d 418ug, 836ugs & W 700u07F ¥E=F Elution buffer= 3]st 3]
A A 350 EFFE F 2BTNA i gstt TAke] A Setba

dAEAE S ol &3 dHBYAL S fste] PDAMIAE 53kl =3 1
Hol| X stdet. t==ad 80u9] &

5 =
& A Bl AF #FE AxeL 25TAA SHi gl
o !

AV

i)

=L
=i

TAke] A%
2 @AFG ZLTP2-GST 9¥ 4o A E 548 PHoz 43L 44

4) Lipid Binding assay

AAG Sy LTPaEE e 73 A dye] Foa85 stz Al
%= PIP stripg AF&3t9th Stripe Molecular ProbesAloll 4] #uf 3l PIP stri
ps™ membranes(P23751) 2 Al&3t on HEA ko 2= SuperSignalfWest Pi
co Chemiluminescent Substrate(Thermo scientific)& A}H8-3} 3t}

Membranes 3% fatty acid-free BSA(w/v, Bovine serum albumin, Sigma)”}
¥3E TBS-TA0mM Tris-HCI, pH8.0, 150mM NaCl, 0.1%(v/v) Tween20)&
o] &3to] E=Z A3t Hybridization bagoll Al LEH Aref= oF 3+ Al7F E¢t
Aol A WEAIZL F 100uge] AAIE GST fusion THAS FH7bskar 4Tl A
e &% 2 shakingdtW A overnightWh-s 31t Bagold w3 E A|AS &
Al TBS-T + 3% BSA=E 1A12F &<t 527 & AAlet il GST fusion o
de 7rete] 6417 St Aol A wEEAZ T TBS-T + 3% BSA® 23] A%
Froma FHEA ek FEFe] @idS Arskia TBS(25mM Tris, 0.15M
NaCl, pH7.2)°ll 1:50002.% 3]4]3F Anti-glutathione-S-Transferase(GST)-Perox
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idase(Sigma-Aldrich) & 24 3 At &<t A7 Atk 10%(v/v) Tween2
0¢] #7t¥l TBSZ A& ¢t membraned] AEA kS Agst & WS 714 A 5&
v A=Ak LAS-4000(Fuji film)S AFg35te] 3pshibgS Hd=3kt)

9. of7|¥cl FYAHTEAN =4

1) Vector construction

SXY e LTP A7 d s = A A=AE Alzstr] 98 binary
vector2 = W3 ¥ pCAMBIA3301¢! IG27F AF&E 3t IG2E pCAMBIA33019]
MCSH-91ell & FHAY ZZEE(Ubi P) - o7t FHl 25 dilde] &
2791 (Arbes T)IZHAIEZE AFis o] Ut o] FHAES] 2 wE 9L FAF9] AL
olel BamH1 ¥ Sacl AFEA AAF-HE ol &steo] LTPFHAAE HE o =
Atk AFEE Ztelm= E(Table 2)9F #ow PCRE F3le] /Al FE]
5791l BamH 1 o], BA 3= 33Hloll Sacl <2597 H7Fe DNAZA S
AAskdaL, o] & pGEM-Teasy vectorol] S2dste] @714 L] W3} o5
stk Fel® FE3 1G2 vectors ZhZt BamH1 2 Sacl & AH8314
@stal A7]d5ste] st DNA ZHAY Gel Elutiong 33k th Aozl
HES T4DNA ligaseE o] &3] AdAg oz [G2-LTP1¥ IG2-LTP2 W=
Aza ek AAtE WMEH = VIR S oFete] A7IA el WErE Aoyt
A=A AR ekt

o et

i

2) 718w A
ANz a5 N7 d (Columbia-0)¢] Alxel EYdst7] fste] of 1 ZuHH]
2] ¢S w7l E 3 Floral dipping(S. Clough, 1998)% ¥ S o] &3t th. A 23l bina
ry vector= ®Z4-3E WS E3| Agrobacterium tumeficiens EHA105°] =
A3 2 100mg/L Kanamycin, 50mg/L Rifampicin, 1.5% Agar 7} d7}¥ YEP
(10g/L Yeast extract, 10g/L. Bacto peptone, bg/L. NaCl)uj#| o] A A wk 2 nf <k
stk @EHSS A% s Euivh of 10em7F HdS W AdRE F
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g Z7MA B A HES W2 F9
Z3l7] Aol R JE T = ZE A AAT G HES Y =2 A ol
2t g LS A7) Yste] sF FoF 2mle] YEPHA wjx(YEP + 100mg/L Ka

namycin, 50mg/L Rifampicin)oll 4] A% wjFsle FujddS 50mle] YEPY A

Pl
o
=)
2
%9,
ki
Jf
ol
32
v
I
i)
K
By
filo
)

Bl A (YEP + 100mg/L Kanamycin, 50mg/L Rifampicin)ol] 3} stFE ¢
Hj sk th 3000rpm, 4Toll A 1523 YA &Eglste] +& FHeA L wAE o
g W&l F 0.05%(v/v) Silwet L-77¢] X3+ ¥ 5%(w/v) Sucrose &< 50mlell
AAestdt. dEE A f71FH HZHE HIF 5 WA F A
Aof 9 Ak fjste] TUE A A2 3YZT ujFA A widEA z=3 o

71Ede SYS A AN At FAHTHDE 5 & w7bA Avjst

m]>
o
do

l‘

ANz T-DNA7F =¥ sFHFAES] 59 Als of7]dd s flsto] L
TPrztel 5 o® =9 BARFAZ el 23 Bastad &4 dHES o]&3t3d
o Ty A5 ESl ggste & o] 4% o] HSS u Basta(Bayer, Glufosin
ate ammonium 18%)% 0.032%(v/v)2 3 3sle] A2l Bastaol thate] A
g4 et 72t JAE SHE ASoR2 7179 TAHTE T3+
G Ty AES 30 Aad o] E3txeE skl 39 o4 4T WA
t}. 7.5mg/L Phosphinothricin(PPT)7}F #7Fe 1/2MS(2.2g/L. MS, 1.5% Sucrose,
125mg/L Cefotaxim, 0.45% Agar)oll 3}538lo] wholslo] GAax o7 wdst= 7
A(A &)t wol= shxrt B sA Xk A Bles BEES
o A NA e A o] vl ge] of 31' YEue AlSolA A A

E 8/MA A Egd oA st FAHT)E Tkl Tyok sds Hoe= 7t 7
Aol digh FeuE #HFet] BE AEo] A S UElE Aes AEed

AukgE of 7] Zfe] ol o 2 RE genomic DNAE F%39] genomic PCRE
semi qRT-PCRS Fad3sto =4 T-DNAS 4

__[6_
ol Ak A A ol F-E Elskdvh. PCROl AHE-?E primer= #(T

_22_



able 2)°] A# 3t o™ PCR mixture= AmpONE Tag DNA polymerase 0.25
U, 10pmol®] A3k, sk zetoln| 7} 03ulE AFEste] & 98 F37F 12w
7F H 2 23t e cycle 272 denaturation 94°C-30sec, annealing 60T -

30sec, extension 72C-30secC. & A A3}

o
ot
i)
ot
i
2
r (
2
N
o,
=
o,
<14
R
i
il
W
o,
()
[
rlr
N
N
Ho

@ 1/2MS (2.2g/LL MS, 1.5% Sucrose, 100mg/L Cefotaxim, 0.45% Agar)¥l]#|
E 879 oE Yol 29 A oA FAAZ 7| HdE AFsATt Y
AEo]l AZ TR EE wx|ste] Ao oF FFAIE| ] Aolrt vERA] F

EE et 2 slol 4%l Hole w wjA o] Fdell wFe] WA 24E A

of ofAF I FAAL of7]
e w WA TGl =Fol FA 27be ATk 25Tl W2l wi g

SMA AT Wolusb: Ameh ARAY 7d ARE Shom wAst

F=5 A% okAF I FAAZ oY= Y IR FFIA L T S
kAo A ARt T 0.1%(v/v) HyponexE A 7] 4 0.2 AlH|ELo] T L& ¢l o]
A A2EE Aujsdar Z2oi7t 222 u F88e] 80T R #IIAT. A=
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A= wAabd g QA DS AbRsto] w Al skl ARSSATH

(2) Total protein crude F=

2 10g 3 30mle] total protein crude extraction buffer(50mM MES, 50mM
EDTA, ImM p-Methylsulphonylfluoride(PMSF))& A}-&3t$t}. Vortexing 3t
HA3] &gt o 447 FoF 4T A shaking?d ¥ 3000rpmell A 158-7F A
AR ste] gre A=dS aAQlth, Whatman no.2 filter paper® 1%} filtering 3}
3 Amicon Ultra 3K device-3000NMWL(Millipore)E ©]-&38lo] F=3F oz
fAo] oFo] A FE9 Aol wlste] 1/10, 1/1000] 2 w7k 3000rpm, 47T ol
A QAEE 9t Advantec 0.45umfilter 2 filtering3t 3 4TCeo| R¥sly A

FEWHE AAG et al(2013)9] WHE S8t FASATE N7 EH
I A= 10gd 50ml F3 9] WELSS vortexing 3t &3] T35 80
A10AZE A 5 OhA] s WSS YAl 1AIZE WA st

. FZ9S Whatman no.2 filter paper® A& & 7} %= 3
3] 39 A7 3 100% Dimethyl Sulfoxide(DMSO)el| = $it}.

PDAE 3l FHd $ oF 50765C7A 21322 DMSO°l ¢l FE5S

HiA] 50mlY 2ml¥ s & FFste] =3 wA T4l oF Smm=7] 9

6) A 7] FhHe] MABEH KBS WA

FAAF /1 ge] BLUST) WHS M 3] 9lshel ok F
A8 /1 FRE stk FaolEe] THE hro] REHATE AN o 5]
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s719lete] shbel sl oAW el WAAS AEL A7 g uFol

7]
gFetar WSt Th 400 At AEAE S0CE odde & ¥ 5 244

e Ttk ARAZ AxsEdsg Hgdom wa o a7 ekl A
Aol Be Wi, Yo WBsgor HE WAL 2L FEI Fo Fol

ntEX] Fres skt

)93 Ax2Egx WA &l

Ay Ax2EYA WA A& Ydte] 1/2MS(2.2g/L MS, 1.5% Sucrose, 0.4
5% Agar)®l Ao NaCl 3= MannitolS 100mM, 200mMe] =% z+z} &3ts}
Aok 1/2MS(2.2g/I. MS, 15% Sucrose, 100mg/L. Cefotaxim, 0.45% Agar)®j#]
oA oF 20¢ A= AR o7IFHE Hert AA FEE H1 5 BHES

o B89 WaE goldtAl k7] sl okuP e FAAH AFS s
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m. 23 9 31

i

1. o=ttt ME =Y

1) EST library=5-¥ &3t LTP &9 #¢
E%tY EST library 238 5719 LTPE FAHHE F28 45 F AJAT(F
gure 2). AAMHE HES EUZ 7z} F2o digt Zglo]H(Table 2)5 A|2tslal
=

FrYsto] AVIES skl #Fld

_‘

72, 78, 132amino acid(aa)R o™ ©|F 27§ S8 LTPotv =4k AL 7]
T-291 8719 AlZ=HIQl motif(8 Cystein Motif, 8CM)E ZrF31 JAJT. 185l
o]5¢] M ¥ ProtComp Version 9.0. Identifying sub-cellular location (Plant)
2 A E " AsAEs A e s gl & 7] Wi N-Ed
o] &y UrtA @ &A% LTPE 4 suh UvA 3719 &L ORF7}
kol A ¢kt o]F 3k JlE library data Aol ORFAIEo] &4 39 o}
29 AAHAAM Mz TE 29 A A4 @ AR SIEAY. v A
2ol dHo g EAd= FEL cDNA library AZ#ANA dod Aoz o
¥t ORFE %t 279 E8& 24 ZJLTPI1¥ ZjLTP2= 3til YA 'H
FE% ZILTP3 ZJLTP4, Z]LTP5% olg< &3th
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ZiLTP,P1
ZiLTP2

ZilTP3

ZiLTP MPIPKNFR ROLTIRAKER DMAARATALM PVACLLARVA AAFVASAALD SG

MARQ LVIVLAVVVA ALVAAETASA AITCODVISS I

MARAQL LAIALIAAVL IAAAPHAVDA AITCGQVUNSA IS

JCITTLIS LY

ZiLTPS RALLIL ALNLLFLTAA NACGCACGRC PTPSPPVVPP PPPPTPPTPS INACEVDTLR FG

ZijtTP1
ZiLTP2
ZitTP3
ZiLTPa
ZiLTPs

ZjLTP1
ZiLTpP2
ZiLTP3 LAVAALPLAV TAAACMF 72
ZjLTP4
ZjLTPS

Figure 2. Amino acid sequences of putative Z. japonica LTPs.

Green boxes indicate 8 cystein motif.
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YARG TGSGPSTA CCHGVRSL SRARKSAADK 72

1
8
93
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r%

ZILTPI- A2 ofn| =ikl Zoli= 117aa, A <3t vl A o] Ex}=(Molecular
weght, Mw)<2 9.18kD, 54 % (Iso—electric point, p)< 8.69°] 1L, ZjLTP2% 7 A}
= Aol7F 119aa, AoA DS Aol g Fapako] 8.90kD, pl 9.0622 7
Ab H A (Table 3). 7 A2 Z7]7F oF 9kDolar, 84 2=HIQl motif 5 wF#]
2 AZH]D FHeoll Frhs = B o] obn Akl C-e 27 S48 Famil
yloll BF%0]9lE pentapeptide motif7} £ A 8t2 2 Family 1-Z7P &l @3+t
ZILTP12- N2 2 motif(TKGDR)7}, Z/ILTP2= CE Y £ motif(PYAIS)7} H
=5 th(Figure 3).

AezAgd 245 935t PlotCompet Plant mPloc + 712 AZE o E A&
3l th Plant mPloce ZA.TPlo] A"t = Axzdd Z1TP2E A ZHd 9
AskE Ao R o=t

NCBI data®ll Al Blastp® ZjLTP13} 20 s o] =2 ofuit Ad
st A3} ZILTPIS S5 (Zea mays, ACGA3443.1), R .2l(Hordeum vulgare sub
sp. Vulgare, BAK025751.1), 2(Trticum aestivum, CAH04986.1)3} °F 7095, 69%,

63% AEAS YeEl AL, ZILTPZ2= Z(Sorghum bicolor, XP_002447774), <<

A

o

4~(Zea mays subsp.Parviglumis, ABA33849), W (Oryza sativa Japonica Group,
ABA96283.1)9} 75%, 69%, 69%°] “dsdel e AoR eyt ZiLTPI1Y} 2
T ool =t AR e 54.3%0]tH(Table 3).
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Table 3. Amino acid sequence analysis of the ZjL TPs.

Predicted location
Mw pl
Length Identit
g (mature) |(mature) | ProtComp Plant- A\
Version9.0.( mPLoc
i Cell 63.0% - Triticum aestivum(CAH04986.1)
ZjLTP
/ (151:234"") 9.18kD 8.69 E?St;i::g?r membrane, |69.9% - Zea mays(ACG43443.1)
1 cell wall |68.5% - Hordeum vulgare subsp.Vulgare(BAKO5751.1)
ZjLtTP | 11922 Extracellular 75.0% - Sorghum bicolor(XP_002442774.1)
(SP26) 8.90kD 9.06 (Secreted) Cell wall |68.5% - Oryza sativa Japonica Group(ABA96283.1)
2 or Nuclear 68.5% - Zea mays subsp. Parviglumis(ABA33849.1)
ZjLTP1 vs ZjLTP2 : 54.3%
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2) Phylogenetic tree 49

2007d I E gH=w(Andre OC et al, 2007)o1A4 @29 A &5y 2dAE
Ql o7, guje] LTP ofv]x=4t ¥ & alignmentstil(Figure 3) MEGA 6.0
9] Neighbor joining ¢i8]Z< o] &3to] Phylogenetic treeE L% thHFigure 4).
ZJLTPI? 2= Familyl-L7TP 1wl Sl At ZJLTPIZ = 57.7%, ZjLTP2%
= 688%° HeAdES Ue W= 2 mays LTP= oA F5%Y Fusarium sola
ni 53 2L FFolek v oo tiete] FEHS UEd Zew dEA )
tH(Molina et al, 1993)). =3t ZjLTPIZ} At 50%, ZjLTP22t = Hit 60% 4
T AEAS 2 T aestivum® LIPS A A3 @ Ao] Sclerotinia sclero
tiorum, F. graminearum, Puccinia graminis 52 #3%o]S°] tsle] A4

g5 e ATHSun et al, 2007).
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30 £0
sSlEaiEs Fewuelz semnees
SCVKS LSNRASTRUDRQA

0
S Py SaRE
TLEEMA

Z.japonica LTP1
.japonica LTP2 [ OVNSAISE

3

mays
.aestivam
.aestivuom
.aestivuam
aestivum
aestivum
sativa
.vulgare
cepa
tabacum
tabacum
tabacum
.thaliana

vs-v-prais)
VN-L-
VS-V

Family 1
LTPs

\ IR - IDMCRA
B - IDMGNAS
\GATSG-INLGRAA
JGAARALGSGLNAGRAA

pRapEZrRod 3K

AGPALFG-~-CAVPP-;
S-ATLS--GARPSC
WS-AILS--GAKPS
=-ATAG=-=TARPTAZ
AS-AILG-~GTRPSGE

.mays
.aestivam
.aestivum
.sativa
.valgare

Family 2
LTPs

MmO =3 - m

LTP familyl conserved motif
Motifl : T/S-X-X-D-R/K Motif2 : P-Y-Y-I-S
ZiLTP1 TKGDR GMPIN
ZiLTP2 SAADK PYAIS

Figure 3. Alignment of the amino acid sequence of ZjL7TPs with various plant L7Ps. The conserved
cystein residues are marked in black and four putative disulfide bonds were linked by lines. Small allow

indicate that conserved Tyrosin(Y) residue in family 1-L7Ps.
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Triticum aestivum gbJABO28527.1

Triticum aestivum gb|AFR54362.1

Hordeum wilgare gi|6225766|sp|Q43766.1
Triticum aestivum gb|JAAG27707.1|AF302788 1
Triticum aestivum gb|AAK20395.1|AF334185 1
Zoysia japonica LTP2

Zea mays gi|128388|sp|P19656.1

Oryza sativa gi|158513337|sp|A2ZHF1.1

——— Zoysia japonica LTP1

Nicotiana tabacum gi[2497757|sp|Q42952.1
— Nicotiana tabacum sp|Q03461.1

L Nicotiana tabacum 0i[328925266|dbj|BAK19150.1

Triticum aestivum gi[75244464|sp|Q8GZB0

Arabidopsis thaliana gi|2497733|sp|Q42589.1

Allium cepa gi[2497758|sp|Q41258.1

Family 2
LTPs

Zea mays gi|34922456|sp|P83506.1

—————  Oryza sativa ¢i|158513188|sp|A2XBN5.2

Hordeum wilgare gi|128377|sp|P20145.1

Triticum aestivum gi|46396266|sp|P82901.1
[Triticum aestivum gi|332278196|sp|P82900.2

P

0.1

Figure 4. Phylogenetic analysis of ZjL7TPs and various plant LZ7Ps.
Tree was constructed using MEGA6.0 software.

_32_




2. Sub-cellular localization assay

Bio—informatics 7]4¥F2] PlotComp$} Plant mPloc & Z 2132 o]&3lo] LT
P AZAEE B4 A3 F 9l 25 AXE g EA & Aom JgFH3
t} (Table 3). 28} S FIAEZANA A Q= 7L TP fusion & GF
P A3sE T #&sids wl, ZLTPIS Alx AAACRE Aart HA d= A
o2 Hol MxAdd, ZILTP2v= thfst A71e] Ay FARSE Y] GFPAlE7t
AE AAHoz AbA Hof e Aoz #FEAR(Figure 5). 42 &7t
ot AlZzoAM%E GFPAE7F ol A Wiol EA 7] wWEol + &
W BE X ffow wEyA Fe AS & F Ak

ZILTP2A A YdeE = Alse delxl {5 A52435(Choung et al, 2005t
AFeHAl YERGTE AR A o= v A A (microbody) s 3 71A] AR S 2k
5 53td 79 ddA xR ofFof AEATV|Ho] EAste ©l, FFA
A= 35 A& (peroxisome), S Ak = =] 5 A% (glyoxysome) o] ol 3 4]
oty HEAFLS HAAEA Faljet AWt Abstr dojue TlHela =

NEE ERNA A AFA TS s sl (ANS o, AR

o
A
%
w

).
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GFP(control) ZjLTP1-GFP ZjLTP2-GFP
Bright field GFP filter Bright field GFP filter Bright field GFP filter

Plasmolysis

Figure 5. Localization of ZjLTP-GFP fusion protein in onion epidermal

cell. Bar=0.1mm
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3. Transcript &4

7
~

Bl

Gl

B-Actintr A A9
2 (Figure 6)3 o] e}

0|

Tt

o

ok

1}
AN
ol F2 BADEE 7)ol

—

o

= LTP} 3RS

PAY fe

Hasky

1

A

o

mo

Lolmt. Sl Z/L TP

ZiL TP+ 7 =}

=
2=

1

-

& ol A

o] 2
ot

3
)

ZJL TP4RY

-
e

2] ol A
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E)

7209)

(b) Blade Sheath  Stolon Root

ZjLTP1

ZjLTP2
ZjLTP3
ZjLTP4
ZjLTP5
ZjB-Actin

+0
0
o
o
oy
@

Seed

Figure 6. Organ-specific expression of L7Ps by semi qRT-PCR.

ZjLTP1
ZjLTP2
ZjLTP3
ZjLTP4
ZjLTPS

Zj8-Actin

(a) Structure of zoysiagrass(http://www.agry.purdue.edu/turf/tool/instructions/i

nstructions.html). (b) Expression pattern of ZjL7TPs.
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A EA AANAM R solani AG2-2(IV)e} R. solani AG-1(IA) CFx]g]o] tj3t
Zt FAREY B B8-S semi qRT-PCRS £3] gela 9l tH(Figure 6). CF=
PDAw| Ao Z=tsle] widsldS wf HFFol7t [A3] Aehx] &dd Aoz Hol

CFell= wgolo A dAE 2954 vt e 49 5 3 Crel

ZILTP12] &AL R solani AG2-2(IV)$} R. solani AG-1(1A)e] CFA gl
ojsto] m=A Lol St ATt Aacke e WEtdldY. ZILTP2 =3
R. solani AG-1(T A)ell tjste] o] Frlet= X Holu L Aol ZJLTPI
of M) =2A Fkvh. ZLTP3= R. solani AG-1(1A)¢] CFel dlgte] L& o]

Z7tete S Yy e ZiLTP4A= R. solani AG2-2(IV)d ol tisjA =
FElEA o] AU R solani AG-1(1 A)irol] tsir= walo] Z7tst
v 235 YA ZILTP5= = ZFA bt B st @ oe] FUhekel
o fashE S YT
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ZjLTP1
ZjLTP2
ZjLTP3
ZjLTP4
ZjLTP5
ZjB-Actin —
Potato dextrose broth(PDB)

R. solani AG2-2(IV) R. solani AG-1(1A)

Figure 7. Effect of Cell-free culture filtrate(CF) on expression of
ZjLTPs by semi qRT-PCR analysis.
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R. solani AG2-2(1V)o] A}etel ujj x| o

o]l o
A T

- o
21

Jj o w2 a3

ol
oH

e

o

%

R

o] A7} Ahe}

i

)
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=

H

Ho

0
o
mjp

i

=

U ekgton] ZiLTP

YR S Tk (Figure 8(b)).

[}
=

S
=

e

lo] 1o A7) EALA (Figure 8(a))2)

= PCR3

q o

==
T

10
=

A

o

;‘g

13 cH(Figure 9).
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Genetool program=-
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gsto] v 4
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(a) Sheath

(b) Blade

goact e e

1h 3h __12h 24h_72h _168h 1h  3h 12h 24h 72h 168h 1h  3h 12h 24h 72h 168h
+310bp

ey — | —— | — .

ZjLTP1

2 I I R

Control R. solani AG2-2(IV) R. cerealis

Figure 8. Effect of fungal pathogen inoculation on expression of
ZjLTPs by semi gqRT-PCR analysis. Expression pattern of L7Ps in
inoculated (a)sheath and (b)blade.

R. solani AG2-2(1V)

5 ]

el .

2 | 2 1

5 |

.g ii i iﬁ 0 } ,., | ,i, ﬁ i,
E .:.:J:J:_I:_I:.: .:_I: J:J: .:J:.:J:_I:J:J: £ £ £ ©c c o £ -:.I:.I:J:-:
O o = MmN S N ™M o~ ~N C = MmN S N ® O ~ m &N T N 0 OHMNQ‘NW
£ S8~ 8 = rxg =&~ 8 =&~ 8 SRR 1
R. cerealis

25 2.5] z-] 3 2]

5 21 7 21 15.] ] 2| 5 1 w

8 15 - 15 T '|'T ‘

] L 1 1 T

£ LI TTT 141 I LI - 1 TTT i N 2

5 [ T 05 - 0.5

U 05 05 A T+ O 1 1O =

1] o ] P - | —
2 04 =, 0 1 0+ 0 .
& e L I g e e B B B £ £ £ < £ c c £ £ £ £ £ c < <= <
i) DHsz‘NOO O = m o §F N R © = m o s o 0 QO = m o & o 0 O = ;N S o 0
e &SR3 43R 3 43R 3 “3R3 43R 3

s 5 3 3 3
zZjLTP1 2ZjlTP2 ZjlTP3 ZjLTP4 ZjLTP5

Figure 9. Densitometric quantification using raw volume of bands was

done using the Genetool.
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ZjlTP1 e

ZjLTP2 -3300p

ZjLTP3 -380bp

ZjlTP4 -198bp
ZjLTP5 - a86bp

ZjB-Actin

-305bp

Control

1h 3h 12h 24h

48h 1h 3h 12h 24h 48h
zire1 e
oy — — — —|—
ZjLTP3 =_
zre: R B
zies [ B

Cold-0°C Heat-45°C

zer [ B
zire: e ——— ]
it L =l
zors [
ZjLTPS ——
- — — — —|— = = — —

Salt-100mM NaCl Drought-100mM Mannitol

Figure 10. Effect of abiotic stresses on expression of ZjL7Ps by semi

agRT-PCR analysis.
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4. ZjLTP M=%} CHzElo

~
olr
i
1

o

1) E. coli & A2®lS o] &3 Axg whdo] Al

A A% NP 20 FYsr) dAske] WME, 7, WA fE AF )

3714 WEo] RYF DE3TFE o] &3 o pGEX4AT-1 &WE ] Z-$ 37T
A ODgo=0.87+A #AskS Wl IPTGE ImM=Z 21 25ColA 10A 77 vl ok}

of AA AT pGEXAT-1-LTP1#E] = 37Col A ODgo=0.87+A #Ask& w IPT
2 0.1mM=Z 293 25CoA 107771 meF gt Aoz gt pGEX4AT-1-
LTP2¥E 3 DE3TFo] =g3te] 37CoA ODgo=17}4 AkS o IPTGZ

4% 05mMel HEE 7bshn 37CeIA 2413 Bk k= wpFate Aol A

st i o] it Ad-S HAs 7 skl HA el Ads Ay Fu
sarium 7 T el E GSTY LTPIE- A o] &3t o] ¢l vjx|o| A9 =}
o7} yetyR] &ttt a8y R. solani 37VA

==
T
EFE gl wAE g E ¥ e G4 AS Soew g & F

%0,
32
v
(gl
=)
oy
filo
o,
oo
ol
s
=X
S
>,
o,
2
i)
il
s}
bt
ol
ol
2
o
k=)
r:Lj
S~
>,
o,
i
o
N
X
i
2
N

At AL Wste o BAYE et @itk Figure 1),
AN E o) &3 AxF ZLTPI ZLTP2AW A9 Ft3AdS AAs

= W, F a9 2R Addxods Fdds vehdA e kth(Figure 12).
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control GST GST GST+LTP1 GST+LTP1 GST

GST+LTP1
(eB) 250ug 50049 4184g 836ug

5004g/1.05ml /1.05ml

R. solani
AG2-2(1V)

AG-1(1A)

AG2-2(1lIB)

bar=0.1mm

Figure 11. Antifungal activity of the recombinant ZjL7TP1 protein to
fungal pathogens.

R.solani AG-1(1 A) R.solani AG2-2(INB)

bar=1Cm

R.cerealis Feulmorum F.graminearum Rcerealis F.eulmerum F.graminearum

Figure 12. Antifungal activity of the recombinant ZjL7FP1 and 2 protein
to fungal pathogens by paper disk method. (a)Recombinant ZjL7PI
protein treated. 1, 1XPBS buffer; 2, GST(810xg); 3, undigested GST-LTPI
protein(1070ug); 4, purified L7PI protein(220xg); (b)Recombinant JZjL 7P~
protein treated 1, GST(300xg); 2, GST+LTP2(300xg); 3, undigested GST-LTPZ~
protein(300.g).
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3) Lipid binding assay
LTPW A o] MxupA dy s 2o g g2lstr] 9ste] PIPAEHH 2~

|m

E Y3t Membraneo| = ¥ 79 (Blank)S A3t 13 (Figure 13)3 7
o] 1571 G99l 7z} 7z} & TF/< U Zo] A3ty
|3 g AS EA3tstar 22 A2 Horseradish peroxid

ase(HRP) conjugated GST antibodyES &43}sle] FHF2A o= HRP 7|2 S 9

o
2
er

age 7FAAL &=

&3 A=Y in vitroZx31 oA @ do] Ajtete AAAS o F Utk A3A
I} GST-ZJLTP12e] 7%+ Phospho-phosphatidylinositol(PtdlnsP)¢} Phosphatidi

¢ Acid(PA), Phosphatidyl Serine(PS)¥} A3¥tstAtt. 28y GSTY GST-ZALT

P29l A%+ o= AHRE AFsA Fokth

GST-LTP1E®H &L nd4ksts Ptdins¥ QI4EsE PtdinsE F&3ste] Ajts)
Aom Kol x| AL melun SAAMYRES A Ao 4

rr

A
o

14
mO*'
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Figure 13. Binding pattern of GST protein, GST-Z;LTP1 and GST-ZjL
TP2 fusion protein. (a)Layout of PIP strips. 100picomoles of lipid per spot.
(1:Lysophosphatidic acid, 2:Lysophosphatidylcholine, 3:Phosphatidylinositol(Ptdln
s), 4:Ptdlns(3)P, 5:Ptdlns(4)P, 6:Ptdlns(5)P, 7:Phosphatidylethanolamine, 8:Phosp
hatidylcholine, 9:Spingosine—-1-phosphate, 10:Ptdlns(3,4)P2, 11:Ptdlns(3,5)P2, 12:
Ptdlns(4,5)P2, 13:Ptdlns(3,4,5)P3, 14:Phosphatidic acid, 15:Phosphatidylserine, 16:
Blank). (b)Binding pattern of GST protein alone and GST-LTP1, GST-LTP2

fusion protein.
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Figure 14. T-DNA construct of binary vector plasmid IG2-ZjLTP.
UbiP, Ubiquitin promoter; Arbcst, Arbcs terminator; 35Sp, CaMV 35S
promoter; PPT, Phosphinothricin resistant gene; 355t, CaMV terminator; GUS,

B-glucuronidase gene, NosT, Nopaline synthase terminator; LB, Left border;
RB, Right border
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Figure 15. Identification of transgenic Arabidopsis. (a)Genomic PCR
(b)RT-PCR analysis of ZJLTPs and I8S rRNA genes in wild type and

transgenic plants.
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R. solani
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AG-1(1A)

AG2-2(lllB)

AG-1(1A) AG2-2(IlIB)

bar=1cm

Figure 16. Transgenic resistance of Arabidopsis (a) detached leaves (b)
whole plants expressing ZjL7P.
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Figure 17. Transgenic resistance of Arabidopsis whole plant
expressing ZjLTP.
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Pathogen

R. solani AG2-2(IV
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disk 3 : COI-0
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% :Doo| =2t F. culmorum

Extract
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Figure 18. Antifungal activity of the total protein crude extract from

Arabidopsis transformant to fungi by paper disk method.
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r’

Figure 19. Antifungal activity of the methanol extract from Arabidopsis

transformant to fungi on the medium supplement.
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bar=2cm

Figure 20. Heat stress tolerant phenotype of the transformants.
xindicate WT plant. Each number of the independent line is indicated in

the figure.
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+100mM Nacl +200mM NacCl

LTP1

LTP2

Figure 21. Salt stress tolerant phenotype of the transformants.
*indicate WT plant. Each number of the independent line is indicated in
the figure.
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+100mM Mannitol +200mM Mannitol

LTP1

LTP2

bar=lcm

bar=2em

LTP1 LTP2

Figure 22. Drought stress tolerant phenotype of the transformants.
*indicate WT plant. Each number of the independent line is indicated in
the figure.

_58_



=
(o)
(@}
(o)
=
o,
(@}
of
o
i
-0,
h
S
O
_>|i
il
H
AU
ol
iﬂ
olr
ME
i
ftlo
&
Ogl:",
ol
3
ul

N
AN BAL FAFEO olF A9 LTP FEo| tstel NSRS 5

ZJLTPIS- R. solani AG2-2(IV)2] CF %+ R. cerealis®] A =% H S
w Z7]e] wdo] FUkske HE S e o E 2 PR-peptide 1wl E£3E 7}
Aol dva g oy, AR Ay s ofrjEdie] duld &
wgolol tate] WA BIE e A @dr e I of 7] o
AE-RAd=% 2Ed 2 ZdoAM F3 ol ok b= Lttt

auy ZILTPIS: %] siddS Astds w 2719 2ol Frkstal Al

Q0] EASE AxFude] AL B AsALHR] Faw 23 A

rlo

N71&h LTP < stel DIRI-1 @¥ld e =35 $3 G3PY F71e] WA
Z o] §HA7F Yolxd of71F e SAR WHSo] FEHA et ey I
e HS W ofAg Y tE 3PS UERUA] &=l (Chanda et al, 2011)
ZJLTPIo] o9} A B9 7hedel itk

Al

ZILTPZ= 3 Aol A Abge Wt njkad e, wAale] ol Wdo]
S7bstAl %ol PR-peptidett= EA7F #53tth A2 oA g JrAEL
S UEtA &tk g2 AE ARERY ZLTP2Y 71%S f58e] 2
F3del dojus AET FHdEH TAdA ddse g Ao HASAFo

o

2 fEHE AZALES 7R e Ae®m yEyuy] dEel AZ AL 3l



A 7lssheE A A Aoz AdEnh FAbels WIS ASFY A FEkel S
AlEol EAS =l HvtAH(Ricinus communis) A2 LTP7F FApol A x4 9]
o] BoJsts Aoz Ba(Tsuboi et al, 1992)8 vF vk 2@ of 714 oo
A ARkl Wtz = o] FdskA ARHAJS Y R crealis, F. culm
olum® A FA wIsAS W EAFo] thEA YErwth HdT H2ol
ofste] el Ao AWt L TPl 9% AAdAL Bge Wt

Wgel EHE L el %77k QoA EHe] Belo] st EAFS e

oI WAAH AT Wee FEEe FRBAo] A Aolr} et

ol ZILTPS) W @el olste] G L 7H AGHEAS] kel Hla)

wol 499 Aoyl WEow oAtk Sl el trichome 5ol
HES

13 LTPRA7F $3d =S w, trichome®] #HIEE S718t0S Wolyet
Fr =SS 7H thabbE S Bl F e S7Fe A THChol et al, 2012). of 717
ol A= YobxHASs W FAPd= Aol7F oy 54 Ado Fhdo] i
(Edstam and Edqvist, 2014)8+ 4 -5-¢] Atel7F lom= o5 {Fxdxte] Ag3 7|5

Ne delNE AMAS B9 w2 azneague go] e AR

=5

M
4%

1t
0
BN
Y
=2
>
ot
i
2
rio
=2
N
o
=
1o
=5
ol
odt
o,

(0]
9
0%

g3t = h2A g
Ao AP AGF FFe FHBe] 22 E9Y oAy WEY 7
gol gk MAFAZR sl FFolt YPLAE BFsm of 713

3

T oEA gobd WA xdFol e ks TheAdE

i)
il

olf

Lo,

o
7_}

w3k J A3 A heterologous plantE o] £ o] YElU= A do] 9 A
vk wEle LTP T 139 LTP7F =99 oi71dur7r WEAdS ek
Bu7F 9oy (Molina and Garcia—Olmedo, 1997; Jung et al, 2006), 2133t

Ad el LIPRAATL ) guieks B srvel A4 H4d weldt 47

A9 Asgel Yous ARG AERAL AN B4 FAABAS A%

ll

2

AL

of B3k Bge] FhHow aFHL

_60_



<
o
R
M
o

André de Oliveira Carvalho, Valdirene Moreira Gomes(2007) review Role of pl
ant lipid transfer proteins in plant cell physiology—-A concise review. Peptide

s. 28:1144-1153

BABARA SCHERM, VIRGILIO BALMAS, FRANCESCA SPANO, GIOVANN
A RANI, GIOVANNA DELOGU, MATIAS PASQULI, QUIRICO MIGHELI(2
013) Fusarium culmorum: causal agent of foot and root rot and head blight

on wheat. mol plant pathology. 14(4): 232-341

Bidisha Chanada, Ye Xia, Mihir Kumar Mandal, Keshun Yu, Ken-Taro Sekin
e, Qing-ming Gao, Devarshi Selote, Yanling Hu, Arnold Stromberg, Duroy
Navarre, Aardra Kachroo, Pradeep Kadhroo(2011) Glycerol-3-phosphate is a

critical mobile inducer of systemic immunity in plants. Nature Genetics. 43

(5):421-427

Buhot N, Gomés E, Milat M-L, Ponchet M, Marion D, Lequeu J(2004) Modula
tion of the biological activity of a tobacco LTP1 by lipid complexation. Mol
Biol Cell. 15:5047-5052

Cammue BPA, Thevissen K, Hendriks M, Eggermont K, Goderis 1J, Proost P
(1995) A potent antimicobial protein from onion seeds showing sequence ho

mology to plant lipid transfer proteins. Plant Physiol. 109:445-455

Christa Testerink and Teun Munnik(2005) Phosphatidic acid: a multifunctional
stress signaling lipid oin plants. TRENDS in Plant Science. 10(8):1360-1385

Dmytro P. Yevtushenko, Vladimir A. Sidorov, Rafael Romero, William W. Ka

y, Santosh Misra(2004) Wound inducible promoter from poplar is response t

_61_



o fungal infection in transgen in potato. j.Plant Sci. 167:715-724

Douliez JP, Michon T, Elomorjani K, Marion D(2000) Structure, biological and
technological functions of lipid transfer proteins and indolines, the major lipi

d binding proteins from the cereal kernels. J cereal Sci. 32:1-20

E.A. Rogozhin, T.I. Odintsova, A.Kh. Musolyamov, A.N. Simirnov, A.V. Babak
ov, Ts.A. Egorov, E.V. Grishin(2009) The Purification and characterization o
f a novel Lipid Transfer Protein from Caryopsis of Barnyard Grass(Zchinoc

hloa crusgalli). Biochemistry and Microbiology 45(4):363-368

Edstam MM, Edgvist J.(2014) Involvement of GPI-anchored lipid transfer prot
eins in the development of seed coats and pollen in Arabidopsis thaliana. Ph

ysiol Plant. 152(1):32-42

Hong-Wei XUE, Xu CHEN, Yu MEI(2009) Function and regulation of phosph
olipid signaling in plants. Biochem. J. 421:145-156

J.C. Kader(1996) Lipid-transfer protein in plants. Annu, Rev.Plant Physiol, Pla
nt Mol.Biol. 47:627-654

Jan Sels, Janick Mathys, Barbara M.A. De Coninck, Bruno P.A. Cammue, Mig
uel F.C. De Bolle(2008) Plant pathogenesis-related (PR) proteins: A focus o
n PR peptides. Plant Physiology and Biochemistry. 46:941-950

Jean—-Pierre Blein, Pierre Coutos—-Thévenot, Didier Marion, Michel Ponchet (20
02) From elicitins to lipid transfer proteins: a new insight in cell signalling
involved in plant defence mechanisms. TRENDS in Plant Science. 7(7):293-2
96

Jin—Yue Sun, Denis A. Gaudet, Zhen-Xiang Lu, Michele Frick, Byron Puchals
ki, André Laroche(2008) Characterization and Antifungal properities of Whea
t Nonspecific Lipid Transfer proteins. MP MI. 21(3):346-360

_62_



Jo, YK., SW Chang, M. Boehm and G. Jung(2008) Rapid development of fun
gicide resistance by Sclerotinia homoeocarpa on turfgrass. Phytopathology.

98:1297-1304

John J Finer, Philippe Vain(1992) Development of the particle gun for DNA d

elivery to plant cells. plant cell report. 11:323-328

José J. Reina-Pinto and Alexander Yephremov(2009) review Surface lipids and

plant defense. Plant Physiology and biochemistry. 47:540-549

Jung HW, Kim W, Hwang BK(2006) Identification of pathogen-responsive reg
ions in the promoter of a pepper lipid transfer protein gene(CAL7PI) and t
he enhanced resistance of the CALTPI transgenic Arabidopsis against path

ogen and environmental stresses. Planta. 221:361-373
Korea forest service, 2012

M. M. Elsharkawy. M. Shimizu, H. Takahashi, M. Hyakumachi(2012) Inductio
n of systemic resistance against Cucumber mosaic virus by Penicillium sim

plicissimum GP17-2 in Arabidopsis and tobacco. Plant Pathology 61:964-976

Maldonado AM, Doerner P, Dixon RA, Lamb CL, Cameron RK(2002) A putati
ve lipid transfer protein involved in systemic resistance signaling in Arabid

opsis. Nature 419:399-403

Molina A, Segura A, Garcia-Olmedo F(1993) Lipid transfer proteins (nsLTPs)
from barley and maize leaves are potent inhibitors of bacterial and fungal pl

ant pathogens. FEBS. 316:119 - 122.

Molina. A and Garcia-Olmedo F(1997) Enhanced tolerance to bacterial pathoge
ns caused by the transgenic expression of barley lipid transfer protein LTP

2. Plant J. 12:669-675

_63_



Patricia Barbosa Pelegrini, Rafael Perseghini del Sarto, Osmar Nascimento Sil
va, Octavio Luiz Franco, Maria Fatima Grossi—de-Sa(2011) review Antibacte
rial Peptides from Plants: What they are and How they probably work. Bio
chemistry Research International. doi:10.1155/2011/250349

R.N. Patker, B.B. Chattoo(2006) Transgenic indica rice expressing ns-LTP-lik
e protein shows enhanced resistance to both fungal and bacterial pathogens.

Mol. Breeding. 17:159-171

S. Clough(1998) A simplified method for Agrobacterium mediated transformati
on of Arabidopsis thaliana. Plant J. 16:735-743

S.Isaac Kirubakaran, S. Mubarak Begum, K. Ulaganathan, N. Sakthivel(2008)
Characterization of a new antifungal lipid transfer protein from wheat. Plant

Physiology and Biochemistry. 46:918-927

Shim, G.Y. and Kim, H.G.(2000) Control of large patch caused by Rhizoctonia
solani AG2-2 by combined application of antagonists and chemicals in golf

courses. Kor. Turfgrass Sci. 13:131-138. (In Korean)

Simon DX Choung, Nam-Il Park, Michelle C Freeman, Robert T Mullen, Dou
glas G Muench(2005) The peroxisomal multifunctional protein interacts with

cortical microtubules in plant cells. BMC Cell Biology. 40(6):1471-2121

Subhankar Roy-Barman, Christof Soutter, Rharat B. Chattoo(2006) Expression
n of the lipid transfer protein Ace-AMP1 in transgenic wheat enhances anti

fungal activity and defense responses. Transgenic Res. 15:435-446

Tredway.L.P and L.L.Burpee(2001) Rhizoctonia disease of turfgrass. The plant
Health Instructor. DOI:10.1094/PHI-1-2001-1109-01

Tsuboi S, Osafune T, Tsugeki R, Nishimura M(1992) Nonspecific lipid transfe

r protein in castor bean cotyledons cell: subcellular localization annd a possi

_64_



ble role in lipid metabolism. J Boichem. 111:500-508

Uddin, W. and Viji, G. (2002) Biological control of turfgrass disease. pp. 313~
314. In: Gnanamanckam (ed.). Biological control of crop diseases. Marcel De

kker, Inc. Barsel, New York. USA.

Yong Eui Choi, Soon Lim, Hyun-Jung Kim, Jung Yeon Han, Mi-Hyun Lee, Y
anyan Yang, Ji-Ah Kim and Yun-Soo Kim(2012) Tobacco NtL7TP1, a gland
ular-specific lipid transfer protein, is required for lipid secretion from glandu

lar trichomes. The Plant Journal. 70;430 - 491

ol s, AAA, AW, o] A5, 2%, o] Fd(2013) ] WS

A A=} Lincoln Taiz and Eduardo Zeiger AW &1(2005) 2] EA2] st gfo] AL
o]~ 17-18

ol HEg, o]FS, o|FTf, °l&+(2013) Rhizoctonia solani AG2-2 TVl
s+ Helicosporium sp. KCTC0635BP2] &+t&A. Weed Turf. Sci. 2(2):202-
206

ol FA1(1997) It EFHAALE el A=t WA KOSEF @ 951-0611-06

Rhizoctonia spp.2)

o3
uj
gm
-
o
(@]
[y
@
2,
O
=2
=
=3
N
o
(@)
a
o
B
Q
d
g
il
o
ftlo
El
e
ol
ol
rr

_65_



	Ⅰ.  서론
	Ⅱ.  재료 및 방법
	1. 식물 재료 및 배양 조건
	2. 병원균의 종류와 유지 
	3. EST library로부터 들잔디 LTP 클론의 분리
	4. 핵산 추출 방법
	1) Genomic DNA 추출 방법
	2) Total RNA의 추출과 1쇄 cDNA 합성

	5. 아미노산 서열 분석
	1) 아미노산 서열의 특성 분석
	2) Phylogenetic tree 분석

	6. Sub-cellular localization assay
	1) Vector construction
	2) Particle bombardment

	7. Transcript 분석
	1) 발현의 기관 특이성
	2) Cell-free culture filtrate(CF)처리에 의한 유도적 발현 확인
	(1) CF준비
	(2) 식물체 준비
	(3) CF처리

	3) 균사체 처리에 의한 유도적 발현 확인
	(1) 곰팡이 준비
	(2) 식물체 준비 및 균사 처리
	(3) Data의 전환

	4) 비생물적 스트레스처리에 의한 유도적 발현 확인
	5) PCR 조건

	8. ZjLTP 단백질의 기능분석
	1) E. coli 발현 시스템을 이용한 재조합 단백질의 생산
	(1) Vector construction
	(2) 배양조건의 최적화 

	2) 균의 대량 배양 및 단백질 정제
	3) 재조합 단백질의 항균활성 검정
	4) Lipid Binding assay

	9. 애기장대 형질전환체 분석
	1) Vector construction
	2) 애기장대 형질전환
	3) 동형접합성 계통의 선발
	4) 형질전환 애기장대의 내병성 검정
	(1) 절단된 잎을 이용한 내병성 형질 관찰
	(2) 식물체를 이용한 내병성 형질 관찰

	5) 형질전환 애기장대 추출물의 항균활성
	(1) 식물체 준비
	(2) Total protein crude 추출
	(3) 메탄올 추출

	6) 형질전환 애기장대의 비생물적 스트레스 내성
	(1) 고온 내성의 확인
	(2) 염과 건조스트레스 내성의 확인



	Ⅲ. 결과 및 고찰
	1. Sequence 분석
	1) EST library로부터 들잔디 LTP 클론의 분리
	2) Phylogenetic tree 분석

	2. Sub-cellular localization assay
	3. Transcript 분석
	1) 발현의 기관 특이성
	2) Cell-free culture filtrate(CF)처리에 의한 유도적 발현
	3) 균사체 처리에 대한 유도적 발현 확인
	4) 비생물적 스트레스처리에 의한 유도적 발현 확인

	4. ZjLTP 재조합 단백질의 기능분석
	1) E. coli 발현 시스템을 이용한 재조합 단백질의 생산
	2) 재조합 단백질의 항균활성 검정
	3) Lipid binding assay 

	5. 애기장대 형질전환체 분석
	1) 애기장대 형질전환과 동형접합성 계통의 선발
	2) 형질전환 애기장대의 내병성 검정
	3) 형질전환 애기장대 추출물의 항균활성
	(1) Total protein crude 추출
	(2) 메탄올 추출

	4) 형질전환 애기장대의 비생물적 스트레스 내성
	(1) 고온스트레스 내성의 확인
	(2) 염과 건조스트레스 내성의 확인 



	Ⅳ.  종합고찰
	Ⅴ.  참고문헌


