T0O00T7663
GOVP 1200628648

R b
=y
T
ki
ot

A

Yeast two hybrid2l SRSE 0|&

Agulo2 AR BN $Z

ot

olo
00

XNZEX : Yeast two hybrid2t SRSE 0|28t AZSHIOIHAQX EX &2 U 282/ 582 [H]
-_— oo o O T —



A

o
o

¥ BIAE “Yeast two hybrid®} SRSE o] &3 AlEnjo)zAA ¥4 Wz @ ¢
470 B3 A7 FAY FFHIAINZE AESTY

2006 07 ¥ 14 ¢

FodTrIEE 0 LN

FEETHYA: 9 3 §
d T 9:z3="A
@ T 4 #2NA
d T 4+ 5
d T 4 ¥ AEA
d T L7

NEEXH : Yeast two hybridel SRSE 0|28 AZHIO|HAQUX BN 22

ple|
0lo
0l
0
o
4T
o)



ko
i
i

I.A %

Yeast two hybrid®} SRSE ¢|&% 4 Eulogixglxl B4 Wz 2 &§

0. a77Ads) 54 3 Baxy

AT JF2EHY #HYA FA I ZAFAAY oo FEsE effector
AAERZ TAEE o8 AR JZALANAE F3l9 dgdt. Ag 2B d 5 o
o BEE B2 Woldd FAAE WAL B3] Arabidopsisol Al dolzl AWl E
o] &3 FHAEMY o] o)A FAAEY 7T B B NHE sgrk. a3y o}
Ax AA HE-BATHEIELARE S FPFHoZ H¥T 5 Y& 2dL Yo HY
(A Zsirh, wEbd, & AT e A Eulolg A A3 ALEE HEUARAE @
Aot Add AAE FA A AEZ AFSo ¥ 2 VAL JAFHo=H
W AYY AE AR ¥RE vddE RS AFEEE 532 Y. ol 93
B AT ME yeast two-hybrid system¥ © Yo}l7t yeast two hybrid system
o @& B&¥, d¥lAo] modificationsd] Je FHAME AW A& FHEse @
WA g F e SOS recruitment system (SRS)S of83le] 94 Qo|RE o]
Av}o) 8} 2 (Cucumber mosaic virus, CMV)9] 1a’} interaction® 3+ host factor®
Eed Wz, 88 d FAAES TPz B4 wto]gl 29| replicationg
ol 3laz, o]F vHl&OoZ ulo]z] A9 replicationd A= FEHE E F UE
27 & vtdstazt gt CMVeE ZA ¢ 7]E9 vlgd] 3@ A3A FAAANA =
CMV replication &&d A2} source7} €&HA AR &7] o] A7 Hye AL
3= Heo] {88 AYolr

010
oo
O

i

e

XNEEXH : Yeast two hybrid2t SRSE 0|8t AZ2HI0|H AR EE E=2



oI A+ J§ 2 ¥4

1) CMV ¥ replicasest A% gt A ALg $3% system 73

2) &% system& ©]€3l9 CMV ¥ A3 #daFgE 4334 Adx4E

3) Add FAAEY I gt Ex ESH 24

4) 24 2|82 Arabidopsis plantd] 3 A3ty Mgy FAR}E g
7% 4%

D) AEZENY EQoZ EASF F & 5 L AFVE ®

V., 7% 254 2 89 di3 A9

e CMV replicase B@RAEFR HF FHEsle AAE ALsr]) 9F  yeat
two-hybrid®} SRS systeme F&3le 44709 #FAAE sy 22 8 #4
2 F 4709 st Gl Arabidopsisd Al 5708  full-length c¢cDNA clones
(NtTLP1, Tcoil, Tcoi2, AtCOIK, Tsip])E& F$toer FA4z EALE Q7 sk
a3 o) F 3719 $HAE GenBankdl FE23ETH. ; NtTLP1 (AY745249),
Tcoil (AY391749)¢} Tcoi2 (DQ202472).

o £ ¥ CMV replicase ©9AE3 435 &3t A F 277 54 A7&
AX ¥E AF Bd HEAMY vtojgaEA We]l H2ES H3 ALdU 2%
o ¥ A 2 A EAAANY Fulelelx HAE A, NtTLPI §34%7 &lol
HA L SN &9 & F UNL Teoil& CMV la @ e mEsE fx3
o wpoleix FH O =& F& g

o Zulolg|xd] FAsE FAHAA MTLPIL 2d ZEQ @i f8& FEQY
EvtEY A Afe) o] &L, nlolya F4d @A Teoil Fule] ¥A
Ago] o] EHAT, EF ulo]HA FAd o ¥ Aoz dA HE AtCOIKE
Arabidopsis®] ¥ Ao o]&£HUT FA AE @ul:s NtTLPIol dats A2
2} 5F 3 A AA ZAQl 5F, Tceoild 3ty A2 2l 733 e < 7%
€ dALeH o] F RT-PCR =+ western blottingS %3, &4¥ F+AA7 3243
EEe 98] A% He NMTLPI Az Y 2% Sed2 23U 1F, Teoil A
2l 5% GE AL FQ 5% AJT. E=IF MTLPIY diste] A2 & 12%3%
e Al TR 3F9 A A BEVIEE AW AtCOIK/F #EE HE 28% 9
Arabidopsis 3B HEAE At

¢ CMV replicase @A F3 ZFL3E A A3 o222y 458 AF
719 &€& T3 379 SCI 54 =4 g&Ad Ly3jgoen 3749 55 &9
£ A AAHJAAY A4 3789 =F 2 53 F4L G Zo

ol
He
0lo
01
i
ou
ot
e

A= EX : Yeast two hybrid2t SRSE 0|8t A SHIOIHAQUX B &=

r



- ;(-]Lé
@ Plant Mol. Biol (2005), 59(6):981-94
@ Biochem Biophys Res Commun. (2006), (1):228-35

® ] of General Virology (2006) in press

-£3 &4
@ YzEol elupg oz Ry 23 MTLPIE X3 Qo] Atojant

olg]2d] Wi rlelE Al (FHW I 10-2005-0033667)
@ Leolmze]Z wpolElAa FA #A d¥AY F3 AL e AWE vIEEA

¥ A fAA (2983 10-2006-0052210)
@ LojEAelA upolg 2 F4 FY G¥AR FIAE s AT AUHE

A AR (29¥E: 10-2006-0052212)

FAISHOIHAK HE 22 U 88/ s8R [#H]

|’0||

XZEX : Yeast two hybrid2et SRSE 01



SUMMARY

The cucumovirus Cucumber mosaic virus (CMV) is a member of rhe family
Bromoviridae. Unlike most plant viruses, CMV has a very broad host range
and the replication is membrane associated. The CMV-encoded la protein has
been implicated to play a role in replication of the viral genome along with 2a
and one or more host factors. To identify the host cell factors interacting with
CMV la, we used the yeast two-hybrid system using tobacco cDNA library.
Initially fourteen candidate genes were isolated. Among the candidate genes,
three Nicotiana tabacum thaumatin-like protein 1 (NtTLPI), Tcoil (Tobacco
CMYV la interacting protein 1) and Tcoi2 (Tobacco CMV_la interacting protein
2) were selected for further study.

NITLPI is homologous to the plant TLP gene encoding a member of the
PR-5 group of PR proteins. The recombinant GST-NtTLP1 protein, which was
expressed and purified in E. coli, bound tightly to CMV 1la in vitro. In planta
interaction was also verified via co-immunoprecipitation. Additionally, NtTLP1
specifically interacted with the CMV movement-related proteins, movement
protein (MP) and coat protein (CP), in yeast. Real~time quantitative reverse
transcription-polymerase chain reaction (RT-PCR) analysis showed that the
expression of N¢TLPI increased as the result of CMV inoculation.

We have identified a novel methyltransferase that interacts with the CMV 1la
protein and designated as Tcoil. Consistent with this observation, bacterially
expressed and purified recombinant GST-Tcoil protein bound tightly to CMV 1la
in vitro and GST-Tcoil directly methylated the two separated domain of CMV
la; methyltransferase (MT) domain and helicase (Hel) domain. RT-PCR analysis
showed that the expression of Tcoil was increased by CMV inoculation. The
Tcoil antisense transgenic plants showed reduced accumulation of CMV RNA 3.
These results suggest that Tcoil controls CMV propagation through an
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interaction with the CMV 1la protein.

One of the cDNA clones encoded a protein homologus to the Arabidopsis
putative protein kinase and was designated TcoiZ. Tcoi2 specifically interacted
with MT domain of CMV la protein in yeast cell. In vitro analyses using
recombinant proteins showed that Tcoi2 also specifically interacted with CMV la
MT domain. Tcoi2 did not have autophosphorylation activity but phosphorylated
CMV 1la MT domain. Analysis of the subcellular localization of the Tcoi2 fused
to GFP demonstrated that it is targeted to the endoplasmic reticulum (ER).
These results suggest Tcoi2 as a novel host factor that is capable of interacting
and phosphorylating MT domain of CMV la protein.
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ot A9t FuRRjo]Autel2j2 e o]Fr| A Tl FH.

(2) Xinnian Dong (Duke University, Durham, North Carolina, USA): HYA Ao of
g A8 dro) 717 dF, 3] SA (Salicylic acid)®t #33S 53 SAR (Systemic
aquired resistance) 28 A=} A7 A,

(3) Jeff Dangl (The Univisity of North Carolina at Chapel Hill, Chapel Hill, North
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Carolina, USA): W # A& Wl 71547 ¥ G4 wgae] 44 13 2 A& ¥ A
A W3l A cell deathe] o] AT,

(4) David Baulcombe (Sainsbury Laboratory, Norwich, UK): Zr=Apu}e)z]AX(potato
virus X, PVX)E ©] &% e/ U gene silencingell 2|3 wpole] 2447 3be] 79
o F4.

(5) Greg Martin (Cornell Univ., Ithaca, NY, USA) Er}&E9] bacterial speck disease
APAAFAAQY PtoE map-based cloning¥Hoz HxZ €2Y. Ptos} interactions}
= proteing yeast two hybrid systemS ©]&3te] AT o ZN A EHAETAHL AT H
93z a7 F1.

A2d W AT Ve R

1980 o] AlFd 59 FAF Boke 2t FEETE AFE Eio a9
U AERIMAE 53] Z12d79 FAd JAASTY 2 FEHAAY 1874
oz q3 F{dss AH 442 5 A+ AGHS 21 ARG FAYE L 73
Wy, F& F9A QAT Az ALEHA Bodte Aoz g FEFARY £,
E47% 2 ZHE] A A7 @A A FEolth. 2y SUdAME g}
R A729 2R oA #EETE FY glo] 7Nk b A € £ 3
o ARSI v 9 S dEdde I WAr|Yge] TR AT Fh
71990 FEAYCl F+FE o1F L 3T HIoe e FRIAEC o P
2R AT A APoltt. fHUHE ALFHE FAA ov| BFE +£ £¥VE
} fAAEE FHID o, FHYoz FoE WA, WA T FAA AT R F
FTHYL VY Ao
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A3E edmAus

A1 -4 AqAd

AT YHEZREY HYH FHI ] it Z- AR} o)o] A-&8l= effector
AR MAHEE oY F29 JAZALAAE %8l d3dt, 22 oldm A=A
AE-HARSS ALY S B é‘gﬁ‘ T JE ZdL FHo] Ho qA] Ed}
o mEA, B AT 53e A Zuleld a9 43 FEaE AEARE @45
SLAEE JAE FA AF JEZ AFRso W 2 SIS AZTozy W
AR AE ALY 9 vpAGuz sted Ao old wE, B dRdAaE
yeast two-hybrid system3} SOS recruitment system (SRS)-S F&3lg1 o]
°]-§3te] CMV replicase &9 AE3} 435 24ste 44709 A4S Ba)syo

g @ Fd2 F 4709 sl @, Arabidopsiso| A 5719 full-length
cDNA clones (NtTLPI, Tcoil, Tcoi2, AtCoiK, Tsipl)E& Zon {2z EAL
AT At 2" CMV replicase #9453 4% Agste Ax = 2747 5
4 ATE AA ¥ AP 2d HEAAY Fgupolzlx R HAEE 9§ AMusg
At 2% A A md HJEgxqMe FgulolalA HAE AN NTLPI §3A
XP7P Futoleid S SRS T # = UUD Teoil & CMV 1a Guld e wg

& FEstd Hpolya FAd =&S £& Al

Fupoleiio] FAFE FAAYQ NtTLPIE 2d ZEQ dwjgl 4 =59
FA R EvtEY ¥ Q& o] §H\T, vlolE A T4 BAE Teoild G
o FA Agd o] &AL EF vlolYPx FHo] B F AoE oA HiE
AtCOIKE= Arabidopsis®] ¥4 g o458 d. 2 AF Fuls NtTLPIY
Hate] Al & 5% EAA 89 5F, Tceoildl Watd A @) 7F3 <tg
A2 #Ql 75E dUey o] & RT-PCR %% western blottinge 3, =98 %
MA7 HEd =5 Sdo] A He NtTLPJ A2 2kl 2%3 A~ 29l 1
Tcoil A 24Q) 5F 3 A& 29 5F& dAth. EF NMTLPIY dste A
2l 12F 3 e A2 89 3F9 ¥R z%;_l EnEE ddow AtCOIK7} 3¢d
H< 28%2 Arabidopsis 33 AHEAS AU,

(lr re
119
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w
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A 2 A, Yeast two hybrid®} SRS A|AZ o] CMV
replicase$} F32HE HEIHFAA &F

1. CMV replicase @¥9AEH AT H&3e AxE AL3r] A yeast
two-hybrid®} SRS +%

@D yeast two-hybrid system T%
- & AFeA bait B AFEEY] AF CMV replicationdl o]t @A) 1a
Sl 2a G A-E 22} pAS2-19] BamHl sited] A4

Figure 1. Construction of pAS2-1/1a and pAs2-1/2a.
lane 1 : 1kb ladder, lane 2 : linearlized pAS2-1 by Beamntll
lane 3 @ PCR product of 1a, lane 4 ¢ PCR product of 2a

- positive control¥ negative control set® Saccharomyces cerevisiae HF7C
celldl transformationAlZl ¥ B-galactosidase assay® 8] systeme] <UA
A FALsER ARG

A. B.
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Figure 2. Colony-lift filter assay. The blue spots indicate B-galactosidase
activity that turned on the X-gal substrate. A, The yeast strain HEF7C
containing the plasmids pVA3-1 and pTDI1-1 were used as a positive control. B.
pACT?Z and pAS2-1 as the unfused plasmid were used as a negative control.

@ SRS +&
- B o) X pait & AME3F7] $1% CMV replication®ll #of st el Q) 2a
9l A8 pSOSe BamHl siteol] A A AT,

Figure 3. Construction of pSOS/2a.
lane 1 : 1kb ladder, lane 2 ' linearlized pSOS by BamHI, lane 3 : PCR product
of 2a

-19 -
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I=EH

: Yeast two hybrid2t SRSE 018

- positive control# negative control set$ Saccharomyces cerevisiae HF7C
celld] transformation A1) F 25ColA 37CTE L5 shiftE %39 systemeo)
orAatAl AH&3=A BASALE. Glucose wlAAME RE yeast7t AHEA
SR ¢k Galactose Wl A&l M= yeast®] cell growth signal pathway® activation

Al 715 positive control¥t Abe} Al ¥l Ui,

377¢C

Glucose Galatose

Figure 4. Growth test of the control plasmids at 37T,

BB: The veast strain c¢dc25 containing the plasmids pSos MAFB and pMyr
MAFB were used as a positive control. BS: pSos MAFB and pMyr SB as the
unfused plasmid were used as an another positive control. BC: pSos MAFB and
pMyr Lamin C were used as a negative control.

2. CMV replicase ¥ A Ee] A a24A3 A¥& 938 library construction.

Nicotiana tabacum NC820 CMV-KorE #dAlzl & 344 = ¢ 4 uA
mRNAE #Fa8d bg Xhol linker?t AZE oligo dTE primeri 3l reverse
transcriptase® A48 first ¢cDNA strand& %432 tl. RNase HE& 2] 3}o]
RNAE partial digestion A17]122 DNA polymerase® ©] 83 second strand® &4
k. olEA FAH cDNAE size fractionation ¥ ethidium bromide plate
assay® Fate] ¥& &4 ¢ ¥ DNA binding domaing 7HAil ¥ pACT29]
EcoRl, Xhol siteo] A4AZt}. Ligation® DNAY electroporation®. 2 E. coliol %
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4A1Z1 ¥ propagationdt®] Y% DNA preparationo] AF&38t1 Y¥= Glycerol
25% = 4o -80Cd B gt

Figure 5. Generation of ¢cDNA inserts.
A. Synthesized first-strand cDNA. B. Synthesized second-strand ¢DNA.
C. Ethidium bromide plate assay.

3. CMV replicase ¥ A &3 A5 &&= Azl Al

O CMV la @947 43 ZFg3tE= ez A

~CMV replicase @9 A€ 45 A Lste A Aty 939 CMV 1a ©
BAE bait2 39 yeast two-hybrid systeme o]&3t] cDNA libraryE %
AgRrk. 2 Az 1a 9WAR A5 FLsE 368709 positive yeast
lineE AN ©] yeastd] A plasmid DNAE %39 PCRS =3 fragment &
T-vectorell cloning & ¥ E. coli T3 retransformation® T& yesto] Ax
H3ted CMV last F3%8&e 9 s HEHo2 147]9 positive yeast line
< AT 14709 positive yeast2HE] =2 % DNAES automatic sequencer
(ABI PRISM™ 310, Perkin Elmer)& Al88 DNA 971M92 AT Gene
bank?] sequence$} ®|& &t homology ¥ I 71% S 223 ¢}
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Table 1. Summary of the cDNA fragments interacting with CMV 1la in
Nicotiana tabacum cv. NC 82 by yeast two-hybrid screening.

Probable protein or function

Isolations

Putative methyltransfarasa (Synechocystis)
F1521.1 proteln (Arabidopsis)
Thaumatin-like protein {Tobacco)

RUBISCO small subunit {Tobacco)

3 — Tcoit

1 (Tobacco CMV 1a interacting protein 1)

2 — NtTLP1
o (Nicotiana tabacum thaumatin-like protein 1)

T4B 21.6 protein (Arabidopsis) 1

Serine protease (Arabidopsis) 1

Tsit-interacting protein (Tobacco) 1

S-ribonuclease binding proteln (Pstunia) 2

Thioredoxin-like protein (Potato) 2

Hypothetical protein Rl (Potato) 1

Putativa xloglucan endotrans- glycosylase (Arabidopsis)

Cytochrome B6-F complex iron-sulfur subunit (Tobacco) 2

Putative tyrosine protein kinase {Arabidopsis) 1 Tcoi2 F

Unknown (Arabidopsis) 4 (Tobacco CMV 1a interacting protein 2)

@ CMV 2a @9 A7 43 &3t QAa M

-CMV replicase W2 E# 43 FL&ae Ax Awstr] 98t CMV 2a &
WAL baitZ2 3l SRSE o] 4&3+4 cDNA libraryE ©@X3uct. I A3 2a
ddy 4F FE3E 31709 positive yeast line& UQI o] yeastol] A
plasmid DNAE 239 PCRE %3 fragmentZ T-vectordl cloning ¥ 3
E. coli &5 retransformationdr & automatic sequencer (ABI PRISM'™ 3
10, Perkin Elmer)& A}-&3 DNA 9714 9<& ZAS T Gene bank® sequence
9} ®HliZ3ted homology % 2 715 #8394,

Table 2. Summary of the c¢DNA fragments interacting with CMV 2a in
Arabidopsis by Sos recruitment system screening.

- 22 -

ol

AZEX : Yeast two hybridet SRSE 0|2

FASHIOIIAQX BEX 22 2 S8/ s88 [H]

r



No, locus gene

#1-1 A11g74050 60s riosomal prolein L6

#8-1 Al49g30930 50s ribosomal protein L21
#12-1 At1g31330 Photosystem | reation center subunit Il
#13-1 At1929830 Chlorophyll A-B binding protein 2
#14-1 At3g16640 MGL6.19 TCTP, translationally controllsed tumor protein
#15 At1g29930 Chlorophyll A-B binding protein 2

#17 Al538430 :rlnb:lllosueb?‘inpi:l?ssghate carboxytase small ¢chain (Rubisco
#22 Atlg11545 Xyloglucan :xyloglucosyl transferase

426 At5038430 ?r;b:lllossuebtlnjinnir(;;;;hate carboxylase small chain (Rubisco
#29 Al1g29930 Chlorophyli A-8 bindlng prolein 2

#30 Atigd7530 Ripenlng-responsive protein

#31 At3g54890 Chiorophy!l A-B bindIng protein

No. locus gene

#33 Al5954770 Thlazole blosynthetllc enzyme

#36 At3016370 GDSL-motll lipase/hydrolase tamlly protein

#41 At5g38410 Ribulose blsphosphate carboxylase small chain 38
#44 At5024650 MIitochondrial Import Inner membrane translocase
#45 At4g37930 Glycline hydroxymethyltransferase

#46 At1925275 Expressed protein

#48 At594650 Mitochondral importinner membrane translocase
#52 At4928750 Photosystem | reation center subunit IV

#53 At2930570 Photosystem Il reactlon enter w{Psbw)proteln

#55 At5064060 No apical maristem (NAM) family protein similar to NAC1
#56 At2g2908¢0 FISH protease

%57 Al3g47470 Chlorophyll A-B binding protelnd

At3g47640 SMC2-like protein

#58 Al4g37440 Expressed prolein

#59 A15g42980 Thioredoxin H-lype 3

#62 At1931330 Pholosystem | reaclion center subunil Il family protein
#64 Al2g 05100 Chlorophll A-B binding protein/LHC Il type

#65 At1g15820 Chlorophyli A-B8 binding proein

#66 Al1g642390 Ubiquitin-conjugaling emzyme

#68 Atbg16400 Thioredoxin
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A 3 A. CMV replicase A3 284 FHFAXY 2@ 2 )

=]
24

.

off

1. NtTLPI

© NtTLP19] #3

-CMV ¥ F& T8 wholela Ixp@et oyl &5 A9} 1a9] FE g 9
d 2AHE AoZ AQHAHRD., CMV la g¢ud#f A3geis AEH &
T AAE FAHN7 YA Y= CMVZE Zd"® AEAH YA =&3% RNA
& A83lY, yeast GAIL4 activation domain expression vector®) tobacco
cDNA libraryE T&3th.  ©] librarye baitZ4 full-length CMV la %3
g o] &3t9dX screendtdrt. 15 x 10° transformantsol A 368 colony”7} Leu,
Trp, HisZHuA A Aeputt, o] 36870 cloned re-transformationg 3tx
colony-lift filter assay® AARc} 14 clone¢] B-galactosidase activityE H.0]
© Ag BFEAUYG. ol 147 cloned] ABAEAL olE clone F9 2747} PR
g8 de PR-5 2F° #FAHANE 2P AEA TLP FAAN FAM4E 7}
Ao, NtTLPIS.2 AFE o §AA & & TLPY AZAx n#ugllg =, 21
7Wel secretion signal peptideE 2zt& 226 olu|:=Aro 2 899 bpE ZHiL YT
Southern blot #4& NtTLPI°] ©o}v}x tobacco FAAZANN FL HFAA
family2® ZA¥GE RAE HAFJD.  EF dAHE dAe Exge
246 KDa°li isoceletric pointe 5322 YebdT: (GenBank accession number
AY745249).
CMVl1a$} NtTLP1Ato]9] ArZF A28 F71Z<¢l plasmid combination® AM&3
o2x TR, GAL4 DNA-binding ¥+ activation domaindl €% 3 o
#l  constructs& Al&3t] HAFHA AZTHEE FAd Btk (Table 3).
pAS2-1 @ CMVla (bait)4} pACT2: NtTLPl (prey) plasmide= HIS %t lacZ
reporter HFAAANA A=A gt plasmidE GAL4 DNA-binding domain
o]} GAL4 activation domain& 9 ¥ parent plasmid®} co-transformation
3d& o, NtTLPl (pACT2:NtTLPlolA #3dHE)& GAL4 DNA-binding
domain I AAge ASERELIA] @k, CMVia (pAS2-1:CMVliao =&
¥) GAL4 activation domain® A&24dx L= AL FIdgt. CMVla

Nl
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proteing mthyltransferase domain¥ helicase domain® @ Z=&gE 2749 7%
A¢ domaing Z3: Qity.  NtTLP1# A3 a4ss CMV1a¥ domain®] o4
AAQA <387l 98, 2 domaing GAL4 binding domain®] €4t} NtTLPI
< methyltransferase domain® =Ysi CMV-MT$ Aza4s¢1, CMV
la protein® ol x4t 1-4569 %] CMV-MTLE CMV-Hel® ulatz}x g
CMVla protein® 646-993 oluj:=4t o9& ztm gty olgd Axns 7)a=z
ONPGE A8 AFHQA  B-galactosidase assayollA  t©A]  &ol &gt
CMVI1a$tNtTLPI 73 2+9]  co-transformant®]  B-galactosidase FAEE
positive controldl W3 A  7ABAE Gt} CMV-Hel® NtTLP1 %+
CMV-MT3} NtTLP19] co-transformants+ CMVIast NtTLPI
co-transformants$} -AMgt B-galactosidase BAEE BT (Table 3). 18
B=, NtTLP1& yeast)A] full-length CMVl1a®} CMVla protein® % domain
EFo A% A3R}ES nAFYY

Table 3. Interaction of NtTLP1 and CMV 1a in yeast cells,

GAL4 BDa Vector GAL4 ADP Vector His R-Galactosidase activity’

pAS2-1::CMV 1a —¢ - -
—c pACT2:NtTLP1 - -
pAS2-1::CMV 1a pACT2 - -
PAS2-1 PACT2:NtTLP1 - -

pAS2-1::CMV 1a PACT2:NITLP1 + + 115.3 £ 3.8

pAS2-1::CMV 1a-MT¢ PACT2::NtTLP1 + + 108.5 + 4.1

pAS2-1::CMV 1a-Hel® PACT2:N{TLP1 + + 105.6 + 2.7

28D, binding domain

5 AD, activation domain

¢ No coexpressed vector

9Methyltransferase domain of CMV 1a protein

® Helicase domain of CMV 1a protein

f The colony-iift filter assay and fiquid culture assay using o-nitrophenyl-B-D-galactopyranoside
as substrate
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@& In vivol M4 CMV1agh NtTLP17ZFS AA A Q) A3 24

-CMVl1ast NtTLP17te] g@uid-whly A5 288 F9al7] YslA in vitrod
A binding assay® sk AR, NtTLPIS coding UE& glutathione
S-transferase (GST) fusion protein®.2 NtTLPl @928 a3 A 77 YA
bacterial expression plasmid® subclonedt vl Figure 6A0)A] Ho|ito] 2| z%gl
GST-NtTLP19] o= 2718 2y 52KDa¢l  polypepetide”t  affinity
chromatography & E&A A A& %t Binding assay® 3}7] &, CMVla=
cell-free translation system$ AFE8Fe] jn virool M FA YT CMV2al: yeast
celldl A NtTLPZ# 328304 ¢i=dl  (Figure 9), negative controli in
virrooﬂ A FA gkt %S—I\'Ietwlubeled polypeptide ¥4 zZzh& @<la g

, GST-NtTLP1 fusion $F9 43} incubation® 22189 th (Figure 6B, 6C). )
3 }-‘é' & g 2holA glutathione-agarose beads®?t 7] incubation 2 bead @4
g F&8 o] SDS-PAGEZ #Astivt. -1 A GST-NtTLPL fusion protein
o CMVla protien® in vitro elX % A48 ve 48 2 4 A9 (Figure
6C, lane 2). WFE, GST control & A3 CMV1a polyvpeptide @) ~°7-'?}~J%' (Figure
6C, lane 1) v GST-NtTLP1#% CMV2a polypeptided] A+ 818 A}3 3-8 1
e fdv (Figure 6C, lane3). ©]#1§t A3 yeast two-hybrid screening 2|
Hahoh vl A R NCTLPIo] B &8stA in vitroo] A CMViash 43 o A%
S8HE AT 5 dU,

tle- CMIV 22 | «cMV1a

- GST-MTLP1

LY 1T

Figure 6. In vitro interaction test of recombinant NtTLP1 protein and the CMV
la protein.

(A) The purification of recombinant GST-NtTLPl protein via alffinity
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chromatography. Protein expression was induced in E. coli that was transformed
with the GST expression plasmid. Recombinant GST-NtTLP1 protein, purified
on glutathione-agarose beads, was run on SDS-PAGE, and the gel was stained
with Coomassie Brilliant Blue. Lane 1, bacterial lysate lane 2, purified
GST-NtTLP1 fusion protein (5 pug). Arrowheads indicates the position of
purified recombinant GST-NtTLP!l Proteins (T 52 kDa). (B) In vitro translation
product confirmation of CMV la and CMV 2a. 5 @ of *S-Met-labeled CMV 1a
(97 kDa, lane 1) or CMV 2a (97 kDa, lane 2) was subjected to SDS-PAGE and
proteins were visualized by autoradiography. (C) In vitro binding assay of
NtTLP1 and the CMV la protein. GST-NtTLP1 protein was incubated with in
vitro translated, ®S-Met-labeled CMV la or CMV 2a in the presence of
glutathione-agarose beads. Precipitates from the binding mixture were subjected
to SDS-PAGE and proteins were visualized by autoradiography. Lane 1, CMV
la (97 kDa) incubated with GST protein; lane 2, CMV la incubated with
GST-NtTLPI1; lane 3, CMV 2a incubated with GST-NtTLP1.

@ In plantal A2l CMV1a$t NtTLP1zFe] HHAQ A5 24,

-CMVia¢t NtTLP1zte] 4z a8 o] AFoANM in plantas)l A ZH a3t
NtTLP1#% CMVlazte] 43282 co-transformed Arabidopsis protoplastsE& AFg
3t co-immunoprecipitation A@dE& EHA ZHEH. NtTLP1& green
fluorescenct protein (GFP) +Z Aol fusiond S, CMV1a:s hemagglutinin (HA)
epitopes2 tagged H T (Figure 7). Co-tansformed Arabidopsis protoplasts&
homogenizingdt $¢ll, 1 $%%E-S poly anti-HA antibodyZ pull downdtgct. =
pellet& PBS buffer® A F 11, polyclonal GFP antibody® develop® immunoblot

< S04 EAMS9T.  Figure 7A9 lane3dlA 2E AP o] Az
NtTLP1:GFP & arnz <AaA"E 29 50.0 kDaslA 222 band?} Y Eb Lyt

o NtTLP1:GFPY %+ GFP% CMVliatHAE 7FA&= plasmid2 transformation
% Arabidopsis protoplastol Al %2 % lanelo]t} lane2E EW3 A48 S
4 1tk Control 43¥ 2.2, HA-tagged CMV1a9] £4H2 #4<L polyclonal HA
antibody2 ¥ % developmento]l Al immunoblotg& E3A Z9%3l9tt (Figure 7B,
lane?, laned), F7IF2Z, 8+ anti-HA serum©] NtTLP1:GFPRHE & A A 7] X
Fets AL F93AY (Figure 7B, lanel). ¢121% A= NtTLP1% CMVlarzt
NEARAAE dlld BEAE IAdde AL 7t A
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&
A Q

g & &5 g & &4

& f N gl

w & & & o &L EF
& © < O x
antl-HA W = (497 kDa
anti-GFP are |4 50 kDa

Figure 7. In planta interaction test of NtTLP1:GFP and CMV la:2xHA.

Arabidopsis protoplasts were co-transformed with plasmids that express the
genes encoding the GFP and CMV 1a::2xHA (lane 2) or NtTLP1:GFP and CMV
lai:2xHA (lane 3). The plasmid that expresses the gene encoding the
NtTLP1::GFP was transformed as a control (lane 1)Immunoprecipitation of the
protoplast extract was performed with anti-HA  antiserum. The
Immunoprecipitated proteins were subjected to immunoblot analysis with
anti-GFP (A) or anti-HA (B) antibody.

@ NtTLP19] AEW 99X,

-Secretion signal peptided A+ acidic TLP7} extracelluar space®
secretion €& F2& £ U, =37 dubH o @ aeidic TLPE extracellular space
2 o|Fdte Aol Jdtn T (Bednareek et al., 1990). ProtComp programAl-£&
g computer ¥4 oX NtTLP1& extracellular space (score= 2.7)°] X, cytosol
(score = 25)2 ol ¥ Ro=2 eIyttt NtTLP1e A XU 18 xAE7] 3
Al, fusion gene NtTLP1:GFP, Arabidopsis secretory low molecular weight
phospholipase A2 (AtsPLAZ2B:GFP) ®+¥ GFPE 2%+t plasmidE particle
bombardmentZ onion epidermal cell9]l transformationAl T+ (Itaya et al,
1997).  AtsPLA2B:GFPT secretabel control marker® Al&38th(Lee et al,
2003). #AA LHE GFP markerd Ay Foz els, #38HR AN
8t ok, Transientd 2d-L 3 Fof, NtTLP1:GFP fusion proteing %33

N
b
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NEA AE periphery® intracellular spaced] E%TtHFigure 8A-(c)). o)
control AtsPLAZ2B:GFP %+ GFP¥: F2 peripheryyt cytosolol 2zt vbebudd
(Figure 8A-(a), (b)). Cytoplasm® cell wall ¥ Alolel Ax&F TR sy
onion epidermal celll 0.8 M mannitolg &35t} o218 AHal: plasmolysis &
7HEEAFIIL,  cell  wall o] @glel  woll:  wbWe]  plasma
membrane®] ¢to.g2 Wolx 1}e A Hcl A Ao 2] A EoA NtTLPL:GEP
HBEE @38 celldl peripheryel ol %A, AA cytoplasme] A3
(Figure 8B-(c)). o2, control AtsPLA2B:GFPR cell W45 £&4 2@ 5oz
A& sttt (Figure 8B-(a), (b). In vivo NtTLP! localization® Arabidopsis
protoplastell . ©pAl 1&g} (Figure 8C) NtTLP:GFP fusion product: cell U]
B HHIAR, 1AL proteine] cytosol® U XA HrhE AE ez o) f @
¥ NITLPLO] cytosol2 187 2 Holghs A3 o)A Fo| ABi= cel] 94
U ocell wall2 BulgitkE A A A 8= Ao,

(A)

Figure 8. Subcellular  localization of NtTLPL:GFP in onion cells and
Arabidopsis.
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(A) Subcellular localization of NtTLP1:GFP in onion cells. The plasmids that
express the genes encoding the AtsPLA»B:GFP (al, a2), GFP (bl, b2) and
NtTLP1::GFP fusion proteins (cl, c2) were introduced into the onion cells
viabiolistic gene bombardment. The photographs were taken after 36 h in a
bright field for the morphology observation of the cell (al, bl, cl1) and in a dark
field for the localization examination of the green fluorescence (a2, b2, c2). (B)
The localization of NtTLP1::GFP in plasmolyzed onion cells. The plasmids that
express the genes encoding the AtsPLA.B:GFP (al, a2, a3), GFP (bl, b2, b3)
and NtTLP1::GFP fusion proteins (cl, c2, ¢3) were introduced into the onion cells
viabiolistic gene bombardment. The photographs were taken after 36 h in a
bright field (al, bl, cl) and in a dark field (a2, b2, c2) and in combination (a3,
b3, c3). Green fluorescence indicates the presence of AtsPLAB:GFP, GFP or
NtTLP1:GFP. (C) Subcellular localization of NtTLP1::GFP in Arabidopsis. The
plasmids that express the gene encoding the GFP (a) or NtTLP1:GFP fusion
proteins (b) were transiently introduced into the Arabidopsis protoplasts.
Expressions of the introduced genes were examined with a fluorescence
microscope after 24 h. The first panel shows the light microscope results. The
second panel shows the GFP images. The third panel shows the chlorophyll
(CH) and the last panel shows overlap of GFP (green) and CH (red).

©® CMV-encoded protein® 3FF ¢ TLPztY A3 34 A3

-TLP= v} acidic® R A basicd pHES Bt (34-12 H9)). amg,
TLP= 4, ¥4, 9718 TLP7} EAdth o] 371x /€ ¥l $£Fo=
taboccodl A FAHAHY (Koiwa et al, 1994)., ©Th¥d TLPY E3) 38z =3
o ma™, o5 MEUY Xt t=2u, dubH o R extracellular TLPE A4 <)
7d¥ol1, vacuolar TLPE HE @714tk TLPY ojw E§7} CMVliast A5z
&3teAE AAd7 YA, $8E N tabacumsl A osmotin(basic, GenBank
accession number M29279)¢} osmotin-like protein 1(OLP1, neutral, GenBank
accession number M64081)-F A& A3, CMVla protein® A3 Le=718 &
As7] 3 GAL4 activation domain®l fusionAlZH Tt F7tF o2 ublojglx B
o} o] ol TLPY FHAA<Q &S &As7] s, $28= CMV-encoded T3
%l RNA-dependent RNA polymerase 2a, CP, MPE yeast two-hybridolA] ©]& 3
7HA 79 TLP/L 33348 5 Jesteg 2Fde AL A=sd9Y (Figure
SA). NtTLP12 CMVla protein® A3 24 2ok o}y 2, CP, MP9}x 4334
ot AR, CMV2aste 4352432 ¥Eth.  Osmoting OLP1S] 7S, Eu
CMVliast 45288 HA 5, & viral protein#& A3 24352 st ol s &
B 714E ONPGE AHE3 A% B-galactocidase assay® thA] 8elat ),
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CMVl1a$t NtTLPI $3dA9 co-transformant®] B-galactocidased #AHEE=
positive controle] ®]3] 74%HE=HcTh v E, CMVlia®t OLPl =& CMVlash
osmotin co-transformants®| B-galactocidase®] BT positive controldl] H] 3}
Z+Zy 32%, 28%E H YT CMV-MP$ NtTLP1 % CMV-CP$ NtTLPI1
co-transformants= positive controld] H]8jA Zz} 37%, 33%E HATt (Figure
9B). AT7h CMVla$} 2a protein®] B %A A3 2F-4-& positive controlHE o)L}
Z48tA YeErstth. CMV proteino] NtTLP1¢] binding siteE #8438 ¢tsl= A&
5337 ¥8)A yeast three-hybrid assaye= pBridge vector systemg Ab&3ste] A
g5kt Figure 9CelA & 3 o], NtTLPL, CMVla 23 CP Abo]o] A e
AL A A & = Ak whde MPE o] A3 systemolA NtTLP13
CMVla$t o] HZAE PAHNE EATh.  Yeast three-hybrid EX A=
CMVla protein® MP7} NtTLP1o] 22 binding site® ZE A 21 JLX 2=
o, CPt CMVla$} binding site® FTH3AE &+ R Zo.  Zrzxosz
CMV la¢t PRY 435349 7l54E F387] 984, $3 CMVliast PR-1,
PR-2¢] A3 385 g3t PR-1°l4 PR-2v} CMV1ast A&z 438t geg
¢ 4 AN (Figure 9C-(g) and (h)). &= TLPS} CMV protein®] A& z-g o)
CMV-specificd A A& A AT} Yeast two-hybridE A}&3le A TLPsS
TMV replicase protein £ TMV-CPZ 4524 A¥L 839, TLPs &%
= TMV replicase == TMV-CP¢ F& 24382 &t} o3 g A7+ NtTLPL
°] CMV viral proteind] 53222 bindingdt1, ©]A¢] multiplication® Tro}1} 2t
CMVe olF9 &9} Heo] FFL nAAE ZEGE AL A)AMg)
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Figure 9. Interactions of TLPs and CMV viral proteins in yeast cells.

(A) Colony-lift filter B-galactosidase assays. +, blue colonies resulting from
positive B-galactosidase activity; and -, white colonies resulting from negative
B-galactosidase activity. (B) Quantitative liguid assays quantization of
B-galactosidase activity using o-nitrophenyl-B-D galactopyranoside as substrate.
Error bars indicate the standard deviation for each sample. (C) Interaction
analysis of NtTLPl1 and CMV movement-related proteins using yeast-three
hybrid system and CMV la and other PRs using yeast two-hybrid system.
Colony-lift filter B-galactosidase assays were carried out in order to test the
interactions of NtTLP1 with the CMV movement-related proteins, CP or MP and
CMV la with PR-1 or PR-2. The yeast strain, Y187, was co-transformed as
indicated at the top of each (c), (d), (e), (f), (g) or (h) box. The
co-transformants of the pVA3-1 and pTDI1-1 plasmids served as a positive
control (a), and the empty plasmids,pACT2 and pAS2-1, served as a negative
control (b). The blue spots indicated positive B-galactosidase activity.

® CMV HZF Ao TLPY T& YA
-A% RNAE CMVAZE 93} 7Z& Ao mockHF T AN FE34H.
Mock HZF L Carborundume X2 Ao 2 JYelv+= wounding-induced TLP
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FAZ BdY stsAdE wAE7] AN, RNA sample SAAY mae
genomic DNA 249& A|lA37] Y314 DNasele.2 A 3t48 . mRNA =& 7}
FAZ g 5E&F primerE A48l real-time RT-PCRel ol&) A akgc},
Tublin 32 Y& sampled] 715& #7] 938 housekeeping gene2.Z 4 A&
ATt Figure 10AdA EXo], 228+ mock HZE A EA A TLP FAAe T
R 2ol AL At NMTLPI AAHE= CMV HF 5494 718 &
skom, 199 FolA Eobx|7] ARHTY. =FY WFol UM, FAE #
A2 HE@FEL osmoting OLPINA BASIFE. £ ALdA, AAAE 199
F713IR I, AR Ld £ CMV AE549d0A4 A9 @3 glo] do} °19111]—
olglgt -9 A& 7R FFY TLP7L CMV 7o) wrgdted R 5oz}
A& 7o

CMV viral 329 £4& 9A CMV RNAY E&£d 3 &9 24& E3A
A B7b R 2L PR-I1% PR-29 AAA $£E£2& 7]E4 CMVY 9z+%
‘i’l‘%@ FEYS EJEYE Bad ugg o] & FAAL "Hrpstgeh. Figure 10Bo)
A BZol, PR-I7} PR-2 AAA EF 194 oM FH=A3, CMV 2493 5¢
%) 7}73} =3kt

I
o
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Figure 10. Real-time quantitative RT-PCR analysis of three different kinds of
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TLP genes upon CMV-Kor inoculation.

The mRNA expression of TLPs (A), PR-1, PR-2 and CMV (B) at 0, 1, 2, 3, 4,
5, 6, and 7 days after inoculation (DAI) along with the mock-inoculation with the
same time course was monitored. Gene expression was measured by using
real-time quantitative RT-PCR. Values are shown as the expression amount of
each gene to the corresponding fubulin gene + SEM. Each RNA sample was
run in triplicate and repeated four times of each independent CMV inoculation.

2. Tcoil

@ Tcoill®l #7

-Yeast two-hybrid system< ©]-83<4 CMV la 9¥&d3 435 F&3e Ao
2 A% @ fAAEY 47 A9 &4 A9 349 F80] AR AvlE €A
T 593 F7Ae cDNA ¢4 & & ARt o] FA™E Teoil (Tobacco CMV
la interacting protein 1)°]€tx HH3li further studyE AA . o] 3749
g&8o] X3t YE cDNA F =77l 900 bpE 713 & cDNAE FHAE ol &
39 CMV #dl9 oz didze F338 odFs < 3 2ok Teoild
autocatalytic activity & FA 1] A A Fgtoo CMV 1a¢)
methyl-transferase domain (MT) 3} Helicase domain (Hel) E5$%} yeast celltioll
A Az g8 89 & 5 YAt (Figure 11). 9 olyy2} o-nitrophenyl-B
-D-galactopyranoside (ONPG)E substrate® 3}l4] qantitative B-galactosidase
assaysE AA] & 2 A} CMV la¥® Tcoil®e] A3 2-8-L positive control] 44%
FFEolN e CMV-MTS Z5384L 51% o2 ofF ZiA 43zf IS
g g AU
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GAL4 8D Vactor GAL4 AD)Veclor Hiz B-Gslactosldese

PAS2-1::CMV 1a -
“ PACT2::TcoH

PASZ-1:CMV 1a PACGTZ
PAS2-1 PACT2uTeol
PAS2-1:CMV 1a pACT2:Teolt
pAS2-1:CMV 1a-MTe pACTZ:Tcol
PASI-ECMY YasHel PACT2::Teolt
PAS2-1::CMV 1a PACT2:Teolt-MT
PAB2-9::CMV 1a-MT¢ PACT2::Tcoll-MT
PAS2-1::CHY 1a-Hale PACTZ:Tcoll-MT

“BD, binding domain

“AD. aglivallon demain

9 No cosaprassed vector

“Methyltranvferave domain of CMV 1a protein
cHeflcane domain of CMV 1a protein

. vt 3
1a-MT+Tcol1-MT H
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18+Tcol1-MT 1

faMTsTeolt - | |
1a-HaleTooit i !

tasTeon | ¢
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Figure 11. Interactions of Tcoil and CMV viral proteins in yeast cells.

(A) Colony-lift filter B-galactosidase assays. +, blue colonies resulting from
positive [-galactosidase activity; and -, white colonies resulting from negative
B-galactosidase activity.

(B) Quantitative liquid assays quantization of B-galactosidase activity using
ONPG as substrate. Error bars indicate the standard deviation for each sample.

@ Full length Tcoill cDNAS Ea ¢ 4HA BEA dF

-Yeast two-hybrid system& ¢]&3t9 &2 ¥ 900 bp fragmentE probeZ ©]
43te] A-GEM11 Hul cDNA librariesE screening &4t = A3} 2709 plaques
£ isolation 39T E7] ME 4 ZA3I yeast two-hybrid systemE o] &3] 2
2]d 900 bp fragment$t TAUF 97 MES 2T e AL 9 & F YN
o™ o]& 900 bp fragmento) A N-terminal ¥l 456 nucleotides®] coding region
& #7Hes I3 YAk o AFHE FQ 7] et 537 39 Tcoil gene
specific primer & ©|&3l N.tabacum poly (A)-containing RNAZRE A5
cDNAE #3822 PCR AAgdoz2H A-GEMI1 EH] cDNA libraries& screening
o2 F3# d cDNAZ full length Tcoill cDNAYS #<l &t9irt.  Full length

- 35 -

FPAIZHIOIZAQT HNY Y= 2 88/ 588 [#]

o

ANZEXH : Yeast two hybridet SRSE 0|



Tcoill cDNAT # 1,355 nucleotidesZ A A9 1,100 nucleotideZ ¥ 370
amino acids& =W332 UJY (Figure 12A, GenBank accession number
AY391749). position—specific iterative Basic Local Alignment Search Tool
(PSI-BLAST) &4 A3 Tcoil®l 188 HE 345 amino acids ¥ 97} UbiE-like
C-methyltransferases family®l 43} metnyltransferase domain FHR S o)==
ubiquinone® menaquinone® biosynthesis®] #& = Aoz LdHA Uk, 71F9)
& oA B3 Ho A UbiE-like C-methyltransferases family 7+e] FAMAS ¥
o B A E coli UbEE 19.8% identity & S. cerevisiaet 13.6% identity, L.
donovani T+ 152% identityE, B. subtilis &  23.2% identityE YeER L U
v}, E3 Tcoil MT domain ¥ $o] 710 Kagan ¥ Clarked] <3 21H
AdoMet-dependent methyltransferases®] E£Asle 37018 motif F 2719
motif®} FAIE A7IMEE B & 4 Uk Phylogenetic tree ¥4 A3} Tceoil
2 B. subtilis®] UbiE-like C-methyltransferases®} 7F3 TS &2 & $ A4
t} (Figure 12C).

1 JOLCUCILEangnllwacecgeouplyge I itragllivesgelIgacacIRIRaaLCCE
M AFSFELDT VNP

01 sabbigiicaessioasLanraaleranidagrsgrageetaatgl i ttgadatl toan
FPFTLTHNEPILIRRSRNYLGFEFEXK
123 (igtcugeticitcasgean!aglggaan i geacaasti lcagagyenl(|gaggaugye
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Figure 12. Nucleotide sequence and protein sequence comparison of Tcoil.

(A) Nucleotide and deduced amino acid sequence of Tcoil cDNA.
Methyltransferase domain is underlined and the motif IO and motif I of
AdoMet-dependent methyltransferases are marked by bold italic.
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(B) Alignment of the predicted amino acid sequence of Tcoil with other
Ubiks-like C-methyltransferases family members. Sequences from E. coli, S.
cerevisiae, L. donovani and B. subtilis are compared. The alignments were
generated from DNAstar MegAlign by using the PAM 250 table and the Jotun
Hein method. The shaded residues match the consensus within two distance
units.

(C) A phylogenetic tree showing the predicted evolutionary relationship of Tcoil
with other UbiE-like C-methyltransferases family members.

@ Teotl FHA4] genomic organizations} tissue-specific expression &3

]
-

-Full-length Tcoil & probe® #A Southern blot analysis® A Al & 2 4

il genome Aol Tcoil ©] 4-5712] copy 2 small gene family & ]‘1‘—31 NEE
@ T A (Figure 13B). %3 Tcoil f32te] 719 o @& AL 3Q & &
A &7 dolAw EAE st E3b HadMe UE B @ 1°r$17<l'° & o
F A«
A
E H X
(MM)
127k e !,
0.1 kb o) i E' T8 B
e s F L R

§.09 kb —
ol ror I NN
4,07 kb —» L28 . l I I I

3.06 kb -+

2,03 ko —+| Ak Bl g

Figure 13. Southern blot ananlysis and comparrision of 7coil expression in
different organs.

(A) Tobacco genomic DNA was digested with EcoRl (E), HindIll (H), or Xbal
(X), and separated on0.8% agarose gel.  After transfer to a Nytran Plus
membrane, the hlot was hybridized with *P-labeled full-length Tcoil cDNA
probe under medium stringency. Autoradiograms were visualized with a
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Fuji~-BAS 2500 phosphor image analyzer. DNA size standards (MM) are shown
at left,

(B) Accumulation of Tceil transcripts in different organs. Lanes! S (stem); F
(flower); L (leaves) R (root). The transcripts level of ribosomal protein 125 was
detected as internal standard for ¢cDNA quantity evaluation.

2

@ CMV Aol i Teoil FAA9 @d g4 B3
-CMV Aelel 3l Teoil 420 e & debnr] 9t 63171 € &

i gle]l CMVE Al ¥ RNAE ] 8t Teoil F4AF specific primer setd ©l

&

o &

B3] RT-PCRE 4 &5vk. w8 woundingol 2% Tcoil &3Axe] e W)
2 #5957 989 virus inoculation bufferd] carborumdum T+ H7} aha] s ¢

He] £ F (mock) RNAE ] &lo] A 3 U2 RT-PCRE A &4
1

i
-

2 43 Figure 14904 B A%o] mock Aol thshri= Teoil Fxxpe ¥t
A el Wavh 9188 B9l 8 4 doa CMV Al diElM e Teoil #3A
o] CMV A 1958 F7187] Alasto 2474 A& Euir)l dA3eg 2
a7 AEbgRg 8ol ¥ 4 glglel. CMV Aol thE controlEZ CMV RNAse
conserved ¥-3#¢1 3’ end specific primer set® o|-& 3o CMV RNA leveld} 7]& ¢
CMV AMejoll oz wd o] F7isle Aom WMaEelzl PR-1 (Whitham et
al, 2003) f-3Ael wd Y= A B o wYvh nEln FYPoR 243
cDNAs?| internal standard® ribosomal protein 1252 98 A %H w)i s ® ot
o] A% & F3IA Teoil FAA= CMV ZA¢e] o8ty 2 fdx w@o] FI13e
gl & & YUrh

&

MOCK cmv
0 1 2 3 4 5 6 0 1 2 3 4 5 6 (dpl)
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Figure 14. RT-PCR analysis of Tcoil genesupon CMV-Kor inoculation.
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Total RNA was extracted from leaf tissues at 0,1, 2 3, 4,5 6, and 7 day post
inoculation (dpi). Tissue was isolated from the leaves of either CMV- or
mock-inoculated plants. cDNAs were synthesized from the total RNAs, and
RT-PCR was conducted with gene-specific primers. The conserved 3’ end of
CMV RNAs and PR-I were detected as a positive control for CMV inoculation,
As internal standard for cDNA quantity evaluation, the level of 125 was
monitored.

® Tcoil ©¥H 2] deletion constructsE 43 CMV 1a%}9] A5 zrgo g
6}- H_r.] H)«l
~Tcoile] CMV la ©¥WAste] A5R8o WL HS 7wy A 8}
Tcoil®] N-Z&3t C-2 597} deletion® constructs® W50 o]& preyz 3¢
yeast two-hybrid systemolA full-length CMV 1as}e] 4524 oBE 39 3
BT (Figure 15A). 2 A Tcoil® MT domaine] deletion® Tcoild23}
Tcoild3& CMV las} 4324 &4x] &3 Teoildl& Teoil-MTE CMV la$} 4+
TAE FHe A 8 F UAT. olE CMV l1aste] AE Lo Teoild MT
domain®] FL8.3H& AAlslm gl
Ed CMV 1la%te] 45289 Tcoil® MT domainol F8% 712 2837
#18te] S-transferase (GST) pull-down assay W& o] €8t in vitro Ao 9
Teoil® CMV la¢te} 4 &4-¢ &9 o) Btk WA Tceoild N-Zo3 C-wg
#9117} deletion® constructs® GST $HA T} fusion & E, coli N wdL 5
st 22 ¥ eukaryotic in vitro translation systemS ©] 83t BG-Met2 labeling
9 la @9E3 A HE& F GST pull-down assay® AA&Qc. = A
GST:Teoil, GST:Tcoildl# ST::Tcoil-MT fusion proteins& CMV la @& 3}
A5AE #FE A F F oy GST control protein, GST:Tcoild2, FEx&=
GST:Teoild3 = CMV la ©¥ds 454 31 ¢ A & £ guu
(Figure 15B, lanes 1, 4, and 5). ©] A#HE %34 in vitro FNAE Tcoild
MT domain®] CMV la ©#d 3o 4528 228e 89 & 4 At =3
Teoil#e] FEZEol glo] CMV la d¥ide) oj| BEo| 2938 & §9 37
#1gke] B8 @ GST:Tcoil fusion protein® eukaryotic in vitro translation system
& o] g3t 355 -Met2 labeling ® CMV la-MT ©¥ 23 CMV la-Hel g9dg
°]83ste GST pull-down assayg AA8ET. =2 A yeastold 9 ol A3
9 LA7AE T domain EF full-length Tcoildt A% =8 < A & 5 AR
o} (Figure 15C, lane 1).
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Figure 15. Identification the region of Tcoil that is necessary for the
interaction with CMV la protein and in vitro interaction analysis.

(A) The interaction analysis between different parts of Tcoil and CMV la
protein in the yeast two-hybrid system. The names of the truncated clones and
the each locus of amino acids were indicated at the left and upper, respectively.
The interaction strength was scored by liquid assays using ONPG as substrate.

(B) In vitro GST pull down assay of the GST conjugated truncated clones of
Tcoil and in vitro translated CMV la protein. *®S-Met-labeled CMV la was
incubated with 10 pg of GST ({(negative control), GST:Tcoil, GST:Tcoildl,
GST:Tcoild2, GST:Tcoild3 or GST:Tcoil-MT in the presence of
glutathione-agarose beads. Precipitates from the binding mixture were subjected
to SDS-PAGE and proteins were visualized by autoradiography.

(C) In vitro GST pull down assay of the GST:Tcoil and in vitrotranslated
CMV la MT or CMV 1la Hel Lanes: only GST:Tcoil; GST and
®3-Met-labeled CMV 1la Hel; GST:Tcoil and ®S-Met-labeled CMV 1la MT;
GST:Tcoil and ¥S-Met-labeled CMV 1a Hel,
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® Tcoil ¥ & 2] methyltransferase activity &3

-Tcoil @A C-2d B o] methyltransferase domaing zZt1 YL CMV
la ©¥lds 43288 IS FF & £ UAY] W& Teoil Ao
methyltransferase activity® zt=x], E£3F Tcoil @& o] CMV la 9¥AT AS
#4489 methylations i & = A=A FHQ ) Bz gJdo. ol & sty
GST:CMV 1la MT3 CMV la Hel, GST:CMV 228 A A3 E coli A ¢+
2 Bysly  Bg ®@  GSTuTcoil® methyl group donorZ [°H]
S-adenosylmethionine (AdoMet)E& PBS [pH 7.4] buffer®} & F AL&oA 24 A
2 s & AT a2 23 CMV la MTS Hel 25 Tcoil @¥Ad] o3
methylation®] 4o W&& &9 & 4 A (Figure 16, lanes 5 and 6). o9 #t
3 yeast two—hybrid assay°lA Tcoile] CMV 2ast= M3 2L 3= g0 A
# #He 2ol Teoilol 93] CMV 2a @322 methylation® §% HA ¥ I
Jd & & JAF (Figure 16, lane 7).

Control 4H2 2 GST proteing GST-CMV la MT, CMV la Hel domain %
CMV 2ad] methylationgd 2 34 23L& &<l & 4 AU} (Figure 16, lanes 2,
3 and 4). TG GST:Tcoil, GST:CMV 1la MT, CMV la Hel 2%
auto-methyltransferase activity’} glo€ &9 39 (Figure 16, lanes 8 and 9).
o] 4% positive control2 7]&9] B3 ¥ protein arginine methyltransferases
(PRMT)# RNA-binding proteins& A&3t9t} (Figure 16, lanes 1). ©] A3ES
39 Tcoile methyltransferase activity® 7Fx18 CMV la ©@¥ &) methylation
s TUEE A g+ dA

+GST + GST:uTeoit

'-l'._‘!lml 5

5 F .8 &8 _ &
E 3 85 ¥ & 5 ¢
g = § 2 2 § £ 2
=
e 5% §8 8 3 & 3
2 3 4 6 6 7 8 9

:CMV 1a MT or Hel
hnRNP1{
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Figure 16. Methylation of the CMV la MT domain and CMV la Hel domain
by purified Teoil.

The protein methyltransferase assay was carried out with same amounts (10 ng)
of purified proteins as indicated combination in the presence of 0.25 uCi of
["HISAM. Lanes: PRMT! and hnRNP1 (as positive control (PC)); GST and
GSTUECMYV la MT: GST and GSTHECMV la Hel; GST and GSTHCMV 24
GST:Teoll and the GSTRCMV la MT GSTuTceoil and GSTRCMV la Hel
GSTuTeoil and GSTHCMY 2a only GSTUCMV la MT, only GST:CMV la Hel.
The reaction products were separated by SDS-10% PAGE and visualized by
autoradiography.  The hnRNAL (B9 kDa), GST:ECMV la MT (77 kDa) and
GSTHCMV la Hel (65 kDa) bands are indicated by arrows. Molecular size
markers are indicated at the left (in kilodaltons).

T ME Wel M e Teoil Wiz @@ 9% #4%

=A% AlEgl AL Teoil B2 in vivo Tceoil localizationmf €18t7] )
ate] full length Tcoil cDNAY termination codong AA F N-#¢ 29
fluorescent protein (GFP)# &% & Arabidopsis protoplasts®l] transformation -1
£ 3t GFP proteind} TeoilGFP ¢ % v A9 localizationd 29l &) # 2
B TeollsGFPE GFP 2% A ] Az wd =5 &g & @& + 9
b (Figure 17).

i)

32

GFPICH

GFP
| . ;

Figure 17. Subcellular localization of Teoil.GFP in Arabidopsisprotoplasts.

Teoit::GFP |

The control GFP (upper) or Tcoil:GFP fusion (lower) construct was transformed
into the Arabidopsis protoplasts. Expressions of the introduced genes were
examined after 24 h using a fluorescence microscope. The leftpanel shows light
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microscope result.  And the right panel show overlap of GFP (green) and
chlorophyll (CH) (red).

® BRET (Bioluminescence Resonance Energy Transfer)2 o} 4% Tcoil vl
21 CMV la @A 2+e] n planta 4334 84

-FRET#+= @2l donorZA #FEZHe] obd WHEA (luminescent material)
& ol&3te] F HA Alold] 4EAEE #A T 4 ¥ BRETE ©]4£3l9 Teoil
G A CMV la 99z ze] Azage NE AIUAM #Z3E7] $E
yellow fluorescence protein (YFP)el Teoil, Tcoild3, Tcoil-MTE fusiond}af
Arabidopsis protoplasto] transformation ¥ 22 w#E #F sl (Figure 18).
3k CMV lat Bright Renilla luciferase (BRRL)ol fusion 3lo] Teoil:YFP,
Teoid3:YFP, Tcoil -MT: . YFP%} A Arabidopsis protoplastll
co-transformation ¥ BRET w$& @3tk 2 A3 yeast two-hybrid
system 9 in vitro golAl &P wpel Zo] Teoil:YFPH Teoil-MT:uYFP &
CMV 1a BRRL#% %24 3le BRET ubgo] dojupr} Tcoilel MT domain®]
deletion ¥ Tcoid3:YFP& CMV laBRRL¥} A& aH4 &x 2 ¢ &< & & al
2t (Figure 18).

il il
Il !
" Chiv 1adi SV 18R SV e
Yeoll-¥ Teoltddy Teall MYy

Figure 18, BRET experiment between Tcoil and CMV la,

(A) Tcoil“YFP, Tcoild3:YFP, Tcoil-MT:YFP and pBRRL-YFP (as a positive
control) expression conformation in the Arabidopsis protoplast.

(B) BRET graph showing interaction of CMVI1a:BRRL with Tcoil:YFP or
Tcoil -MT=YFP. CMV la:BRRIL. with Tcoid3::YFP does not show BRET.

3. Teoi2
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@D Yeast two-hybrid screeningg E3§ Tco29 3.

-CMVe g8 HoA #oldl RNAY yeast GAL4 activation domain (AD)
expression vector& 7}A| I tabacco cDNA library® F+&#th. CMV la protein
% 435 # 43 plant host factor® ¥ 3t7] 918te] ¢cDNA libraryE full-length
CMV la & 7FA 3 screening¥t}. Screnning® 15 x 106712 % # Q] cloneE2
HE 36879 positive cloneEg FA o] 368719 cloneS< MRz
re-transformation® colony-lift assayE& F33 Az 14709 cloneEo] B
-galactosidase activity & WEHJUY. °] 147}x9]  cloneEg MR xn
sequence analysisE 33 Z3} novel putative kinase proteing &3 33txn Utk
3 AFEHAAAE wBEAA &2 F MY cloned FHolwWith, o] ¢DNA insert&
Tcoi2 (Tabacco CMV la interacting protein 2)2 W3 on EAHL usls 714
< FPAG

CMV la$} Tcoi2%e] A3 &84S 7122 plasmid combination®] o) &3te 3
Aoz, HIS3® LacZ repoter geneE 3ol A A FHAR  GAL4
DNA-binding domain (BD) E& GAL4 AD9}e] AHAH 438 754 R
Y5348 GALA4 fusion protein (Table 49 73 w@o) 9N ofr)|=e= AA3FQ
AFTAES Y ARE A¥37] Y3ty F2HojHY. pAS2-1:CMV la(bait) 9t
PACT2:Tcoi2(prey) 25 © HIS3 or lacZ reporter gene®dt ©E o2+ #A4S U
WA= @&skrh Tceoi2 (pPACT:Tcoi2eld 2&EH)E GAL4 BD 1 AAH = A53
E35kA] guAT, CMV la (pAS2-1:CMV ladlAd =dEE)E= GAL4Y ADS =
plasmid’t GAL4 BD & GAL4 ADE 7IXZ ¥  parent plasmidet
co-transformation & wW A& L& & Aol AAFHUTY. CMV la proteine
putative methyltransferase domain(MT)® putative helicase domain (Hel)¢]gt+= 5
709 functional domaing 7} ek, o™ CMV la domain®] Tcoi29t 43 z4
e APyl A8, 2t7t9) domaing GAL4 BDS} 2FAATH  Teoi2s CMV
MT (aa 1 to 456)%t= A3 &E3te o] #AFH YA, CMV Hel (aa 646 to 993)
< BAEALEHA R Reo] BF HAY. ULoZ Tcoi29} 2a, MP, CPSt #2
& CMV encoded protein®}9] A &d4= A@HAt Tcoi2e & CMV-encoded
proteinE 3= FE 288 &t oY@ AHEL Tcoi2 CMV 1a8l MTE ¥4
M BolHoz ALt A& HAEt.
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Table 4. Interaction test of Tcoi2 and CMV 1a in yeast cells.

GAL4 BD? Vector GAL4 AD®Vector His R-Galactosidase activityf
pAS2-1::CMV 1a —c = =
—o pACT2::Teoi2 - -
pAS2-1::CMV 1a pACT2 - -
pAS2-1 pACT2::Tcoi2 = =
pAS2-1::CMV 1a pACT2::Tcoi2 ¥ +
pAS2-1::.CMV 1a-MTd pACT2:Tcoi2 + +
pAS2-1::CMV 1a-Hel® pACT2:Tcoi2 < -

2BD, binding domain

®AD, activation domain

°No coexpressed vector

¢ Methyltransferase domain of CMV 1a protein

2 Helicase domain of CMV 1a protein

' The colony-lift filter assay and liquid culture assay using o-nitrophenyl-B-D-galactopyranoside
as substrate

® Tcoi29 sequence analysis®} genomic DNA gel blot analysis.

-Full-length ¢cDNA cloneS9¢ 282 93 5 x 10719 cloneE°] yeast
two-hybrid screening®ld 41 A random-primed **P-labeled ¢DNA fragment&
probeE A£3to ¢cDNA library 24 € screening ¥z, 2 A= 571709 ¢}
oyt ] wwAde gGF3Em 9E 1,995bpe]  cDNAZF  wrE A
Position-specific iterative Basic Local Alignment Search Tool (PSI-BLAST)E o]
£33t Tcoi2el 165014 435 A ofu] At Zk7]Atoldf] tyrosine protein kinase® 3
338t 9+ kinase domaing AR I Yo RE 472 5= AN (Figure 18).
Homology search& &34 dAHAA A H7IAEel  Arabidopsis
thaliona®] putative kinase(71%)2} Oryza sativa®l putative receptor kinase(57%)ll
Aol 2L I8 BHAdus AL & 4 JUTt (Figure 19). Tabacco genel &
M9 Tcoi2E AF371938e, total genomic DNAE & 3|A EcoRl, Hindll,
Xbal®] 37}A] A@ &AL E digestionA Zth. I DNAE agarose geldol Al £ A7
I, 2 blot& medium stringency X &t A Tcoi2 ORFol So]3 <l WAts A€
probe?t EA A3} A} Figure 18914 £ & & AAR Tcoi2®t E4A3 @
% /M8 DNA @HEL tabacco genomedtdl] EAR Tcoi29 ALt F71MFo] &4
gt A& YEdo.
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A= EXH : Yeast two hybridel SRSE 0|2

TAAGATACCACAGCT 15
ATG CTG ACT TAT GAA AGA TTT TGG AAA AAG AAG GTG CCT CTC AAT AGA ACG 66
L] T Y E R F ¥ K v N & T 17 TIG GAG CTT CTC TCC GGA AGA AAA CCT GTG GAC ATG TCT CAA CCT CCT GGA| 1137
ATG TTT GGG GAT TAT GAA GTG ATG CAC ATT ATC TAT CCA GGG CTG CCT TCT 117 L EL L S G R PV D N S Q PP 374
N F 6D Y E Y NH 1T 1 Y P G L P 8§ k1] GAA GAA AXC CTG GTA ACT TG GCG CGA CCT CTT CTG ACC ACT AGA GAA E4T| 1188
TCT CCT CCA TCT GGC ATT GAT TCT GGT AAT GGT CCA ACT GGA AGT GCT GIC 168 E N v v R P L L T T R E G| 301
S P P S G 1 S &G N G P T G S A Y 51 TIG GAG CAA CTT GTG GAT CCT TCT TTG GCT GGA AGC TAT GAC TTT GAT GAT| 1239
AT CAA CAA TIC CCT ATT ACT GCT GAT TTT GTA AAC AAG AGT CAG AGA ATG 219 L E QL VDPSLAGS Y DF DD 408
N @ Q 7 P | D F v N XK s @ R N 68 ATG GCA AAG GTG GCT GCC ATT GCT TCA ATG TGC GTT CAC CCG GAG GIG ACT| 1290
AGT CCC CGA GTC ATT TTT CTC ATT GCT TCA TCA GCA TTA GTA {IG TTG GTG 270 N A K VvV A A I A S N E 425
S PR VY I P L I A S S A A L v 8 CAA AGG CCA TTT ATG GGA GAA GTG GIG CAAJLCT CTC AMA CTA ATT TAT AAT 1341
GTA TGC TGT GGT GCA CTA GTT GTC CTC TTA AAA TGC AGG AGG ACT GGC CGA 321 R P P N G E ¥ N AL KL T Y N 442
v ¢ C 6 AL VYV L L K C R T G R 102 GAC AAT GAT GAA ACT TOT OCT GAT f0A TGT AGC CAG AAG GAG TCT TCT CTG 1392
CCG TCA AAT GCT GIT GGT CCA GTG TTT ACA CCA TCT ATG CAC AAG AGA TCT 372 D ND E T C A D G C S Q K E S8 5 L 459
P S A Y G vV F T P S ¥ H R S 18 CCA GAT TCA GAT TTC AAA GGT GTC CCT TOC GAT AGC AGT TGG TGG AAT GCT 1443
GGT AAG GGA ATT GGG TOG ACA ATA TCA AGT AGC CCG ACT AGT TCA ACA TCG 423 P DS DF K GVY P S D S § ¥ ¥ N A 476
¢ K 61 ¢ s T 1 s s s P T S S T § 136 GGT GGG GTT ACA CCA AGA TTA ACA TAT GGA CAA GCC TCC ACT TTC ATG ACC 1491
ATT TCC CTC ATT TCT GCT ATG CCT GCT TCT ATC CTT TCT GIC AAA ACA TTT 474 G 6V T PPRLTY GQ A STFNT 499
I s L1 § A N P A S T L §$ V KTF 153 ATG GAT TAC AGT TCT GGT CCOG CTT GAA GAG TTC GAA AAC AGA CCG TTT TCA 1546
ACG CTT GCG GAG CTT GAG AGG GCA ACT GAC AAG TTT AGT TTA AAA AGG GTT 525 K DY S 8 G P L EEEFENRPF S 510
T L A E L E R A TD K F S L XK R V 170 GCT TCA AGT TIT AAT CTT GGT GGA GGG GCG GOT TTA ACA ATA AGC CAC GGT 159
TTA GGT GAA GGA GGA TTT GGA CGT GTT TAT CAT GGT ATC TTA GAA GAC AGA 576 A 5 S FNL GGGAGLTI S HG 527
Lt 6 E G G F GR Y Y KB G I L E D R 184 AAC AGA TCA GGT CCT TTG AGG ACT GTA AGG AGT AMA CCT GCT CTC TAT AGG 1647
ACA GAA GTT GCC GTG AM GTA CTG ACT AGG GAT AAC CAA AAT GGA GAT CGT 627 N R S G P L R TV R S K PA L Y R 544
T E V A ¥ KV L T R D 24 TTA AGG GGG AGT ATG AGT GAA CAC GGT GCA CTT CTT CCA AGA CAT GAT TGG 1698
f TTG CAT CAC CGT AAC CIG| 678 L R G S N S E H G A L L P R K D ¥ 561
E F I A E V E ¥ L S R L HH RN L 221 AGG GAT GOC ACC AAT TAT GAT GCT TCT TTT TAG AGTGATTTGTCAMTGTACAGIG 1754
GTG AAA TTA ATT GGT ATA TGC AGT GAA GAG CGG ACT CGC AGC TTG GTA TAT| 720 RD G T N Y D A S F o 571
vy X L I 6 1 ¢ $ E E R T R S L V Y 238 CCGAAGGCCGTTTCTATTTGGGAAAAMGATGGTTCTCCOGTGTAGATTAGGAGTTIGAATTGLCG 1821
GAA CIT GTT CGG AAC GGT AGT GTG GAG TCT CAT TTG CAT GGA AGA GAC GGG| 780 CTGTATCCCTGAGAGAGTGGACTAAGCCTTCTAATTTIGRTAATCTTACATTCATTTTAATAGACAG 1888
E L V¥ ¥ G 8§ ¥V E S K L HG R DG 255 GAAAGATAAACAGGACACTCCTTGTTGTATATGTTGTCAATTAACTTTTTCTTTAGTCCAATATTG 1956
AGA AAA GAG CCA CTT GAT TGG GAT GTG AGG TTG AAA ATT OCT CTT GGT GCT( 831 GATTGGACTACTAGTCTTTCTAAAAAAARAAAAAAAARAA 1995
R K E P L D %W D VY R L K I & L G A | 272
GCG AGA GGA CTA GCT TAC CTT CAT GAA GAT TCT AAT CCT CGT GTA ATT CaAT| 882
AR G L A Y L H E D S NP R Y 1 H | 28
CGT GAT TIT AAA GCC AGC AAT GTT TTG TTA GAA GAT GAC TTC ACG CCC AAG| 933
R D F K A SNUY L L EDDTF TP K | 36
GTT GCA GAT TTT GGG TTA GCA AGG GAA GCA ACC GAA GGA AGT CAC CAC ATA| 984
v aDF G L AREATETGSH H 1 | 32
TCT ACA AGA GTC ATG GGA ACT TIT GGG TAT GIT GCT CCT GAA TAT GCA ATG| 1035
ST M G T F G Y V A P E Y A N 340
ACG GGA CAC CTA CTT GTT AAA AGT GAT GTG TAT AGT TAT GGA GTT GTA TTA| 1086
T GG H L L V K S DV Y S Y ¢ VvV V¥V L | 37
B
1:95!!vr‘s:r=|n—t[1 AR 1]l 5 v T 7T LIATE 1] Teca
ana,sAuInsuuns wla|eba N TCIAlL S v k7 r 2L 8, E 2] Arabldepsta
oo wiale vis slalalalafn ulals v 7 rlavsr dalicaoll ocyza
1595!.5].&':.11“':Lunvl.nr.ﬂsrcxvvd;!a:ﬁiohh Te
Jn:xn:\ninlrrs]alnavuorn]ncrsnvy slsu n]ul_z]u >
ERE) z olglelo s glaa ldo Glalp oryzs
109 VAVKIKIL TRONGNGDREFIALVEHLS R LHHK Teor2 [
373|.|_‘..1-avxr.Lr« 4;!»:1:5’:;\:1: L3 W L HH| Acsbidopsls
seelelyia ey LOR G EIALYEWLARLUM Oryca
:19'3»:.vx:.xa:::i.ﬂr.:a‘ralshrﬁrll.v WG EVE S Teoil MM
WilawtveLialicrolaReL vﬂjx{ﬁnasv:n Arabidopele
396 ML 2 X i e iy e ory=s (kb)
1‘49Gﬂéﬁl‘[‘l}:lbéklxlkl.(}kinﬁl‘llv Teuia 23.1 —|
il - - - = a]7L0w o{alR LK I ALGAARGLA ¥| Arabidapsis .
4R u_alalok aliciwloli i oryza
v TEASNVLLEDDT TP K VA Teoll 9.4
DFKAENNLLE nrrrs\rls Arabidepsia
o sfols sl Lelelor s T oryza 6.5
ISTRYHGTFGY VAT I]Tcol: ’
ISTAVYHGT FOYVAFPETY Arabidopnss
oreayvarreylorys 4.3
YGVVLLELL G R PV Teold
YevviLicrtileamr v Arabidepsls
Yoy Lt EL LA 0EK oryza
TR
zabidopsls
o ltlJJﬁ.n_roryu i
CVAAIASHCVHIEVIIIGR I Teai?
VA lnsu:v—‘sjoln_s kP Afabldops)u 23
valshasncywnor oryzs
olulo £ 7 I:Jllﬂa €& ¢ ALETS 8] Teo1c 2.0
oA DETCIG rl:lsfa_ﬁna | Arabidopsts
E aaledoloda ylafi w ory=a
-[:usanunaau:r;lnxcoéfd
-Lp.3 AWK K- - - abide
Y 1L 0608 ol -——RSSNJ:O:yza T
A Te - HOTE3GPLE[E FIL N R P &) Tcoun
b - -1 uﬁvsnu r.nu!z.n_n_r_lé Arabidopsis
DN R roviez g nyleia A R D P RIE Oryza
ruL a uulu 30V LT V[RE|K Teoic 0.5
I1PR :T ”-rnn-nr I:]lblIl..ﬁ]R Auxmopsu ‘—]
GUHAQHE FA «--0Q TWii K KK L Oryzs
SO PALILKLROSMEC A
715w H[F ® G e

T2 MR

]

8

>
e

AlZHH0IH

r

- 46 -

ne

A H

ikl
He
0io



Figure 19. Sequence analysis of the Tcoi2 ¢cDNA clone and genomic DNA gel
blot analysis. (A) Nucleotide and predicted amino acid sequences of
Tcoi2(GenBank accession number DQ202472). Asterisk shows the termination
codon. The region corresponding to the kinase domain is boxed. (B)Comparison
of the predicted amino acid sequence of Tcoi2 with a putative kinase of
Arabidopsis thaliana(GenBank accession number AAM91792) and PERKI1 of
Oryza sativa (GenBank accession number XP468388). Identical amino acids
(consensus from a minimum of three sequences) are boxed. (C) Genomic DNA
gel blot analysis. Tobacco genomic DNA was digested with EcoRI (E), HindIll
(H), or Xbal (Xb), and separated on 0.8% agarose gel. After transferred to a
Nytran Plus membrane, the blot was hybridized with *P_]abeled full-length
Tcoi2 cDNA probe under medium stringency. Autoradiograms were visualized
with a Fuji-BAS 2500 phosphor image analyzer. DNA size standards (MM) are
shown at left.

@ In vitro binding analysis.

CMV 1a®}t Tcoi29}9] protein-protein interaction2 7 %F3}7] Y& A, binding
assayE in vitrodlA 3} HA, Tcoi2® coding regions glutathion
S-transferase (GST) fusion protein® o] W&#A]7]7] ¥ A bacterial expression
plasmid®l subcloning3lg 2 ¥ & 2 AFF proteinES glutathione-agarose
chromatography & ©|83l9 AA 34}t Figure 19Ad4 & £ 50|, A<
90kDa =719 GST-Tcoi2 proteing <AoJHth. binding assay® $ 3,
¥S-Met-label® CMV la MT7} cell-free translation system& ©|€3d in
vitro3 N A A3 = Atk PS-Met-label® CMV la Hel# CMV 2a E3 yeast cell
oA RSl AsAE3A %<& v negative control2H H 7] Y8 in vitrodtol
A AR =HAh e ¥S-Met-label® polypeptide synthesiss B3 E T 2
A o] GST-Tcoi2 fusion protein®} 74 wjRFAct L wjFRE B LT A
glutathione-agarose bead®} 4328 T £ YA 33, I bead FEE
SDS-PAGEE ©]&3te EAFr}  glutathione-agarose beaddl Zed FZFH
GST-Tcoi2 fusion protein® SDS geld] £3]¥ bandd] &&lr B & v A} 2
o] CMV la MT polypeptides} E3tA=2 FAHHTGE Rol #HIAY (Figure
20B, lane 5). R®IZ CMV la MT ¥+ CMV la Hel polypeptideEZ GST control
protein YRS = F3 L3R @Lo] #FA HIY (Figure 20, lanes 2 and
3). °]33 AAEL Tcoi2%t CMV la MTZHY] ExF oM el Astol in vitro’dol
A ZARHoE dojye AE £H3 HAgF1 Qih

tlo
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B «GST + GST-Tcoi2

( oI 1
bead + * + + +
oydiing CMViaMT + *+ - g =
CMVia + +
GST + . CMV 1a Hel - * - . +
A 1 2 GST-Teol2 + CMV 2a .- . + ,
2 1 2 4 5 6
MM kDa . _ E
o 07— I §ou
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Figure 20. In vitro interaction test of recombinant Tcoi2 protein and the CMV
protein. (A} The purification of recombinant GST-Tcoi2 protein via affinity
chromatography. Protein expression was induced in £. coli that was transformed
with the GST expression plasmid. Recombinant GST-Tcoi2protein, purified on
glutathione~agarose beads, was run on SDS-PAGE, and the gel was stained with
Coomassie Brilliant Blue. ITane 1, protein molecular weight maker lane 2, purified
GST-Teoi2 fusion protein (5 ug). Arrowhead indicates the position of purified
recombinant GST-Tcoi2 proteins (7 90 kDa). (B) In vitro binding assay of
Teoi2 and the CMV la protein (i) or CMV la MT protein (ii). GST-Tcoi2
protein was incubated with in vitro translated, Bg-Met-labeled CMV 1a, CMV la
MT, CMV 1a Hel or CMV 2a in the presence of glutathione-agarose beads. As
a control, GST was incubated with *S-Met-labeled CMV la, CMV la MT or
CMV la Hel Precipitates from the binding mixture were subjected to
SDS-PAGE and proteins were visualized by autoradiography. Asterisks on the
autoradiogram indicate the position of the B3 Met-labeled CMV la (97 kDa) or
CMV la MT (50 kDa).

@ Tcoi29 kinase activity.
-Tcoi27} protein kinase activity® 7FA2 iz o8& Algst7] $fsiM, A
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¥ GST-Tcoi2 fusion proteing ©] &34 in vitro 4olA kinase assayE 4 35}
R, o] assayE 9HI;MA, GST-CMV la MT, GST-CMV la Hel zdx,
GST-CMV 2a proteing-$ glutha-thione-agarose chromatographyS E& Al A A 3
1L, phosphorylation ¥8< 3% 7|d2A AL R}t (Figure 21A). Figure 20B9)
MB F AR, Ecoiddd AZAH 2 9 AAHAZD GST-Tceoi2s
autophosphorylation activity®& 7FA32 UA &k (Figure 21B, lane 1), GST
control protein(lane 2), GST-CMV 1la Hel (lane 5)¥%t o}yg} GST-CMV 2a(
lane 6)& <N4HE}EFR] ECE A3, GST-Teoi2E AXE GST-CMV la MTE
o9 EHHoz Qizgtilane 4). o] ¥ data®L Tcoi27} CMV la MT
proteing o] o2 Q43 & 4 St AL A,

B
& @ GST - + - . " .
W h:;b A GST-CMV1a MT = - + + - -
& & & @& ocsTcmviaHe - - " .
PO PN A GSTCMV2a - i = . B
A ) GST-Tcoi2 + + . " N
i 1 2 3 4 5 kDa 1 2 3 i 5 6
: X - 97—
124— —7
E > et *‘I'._-'. p 66—
; W o om——r Y *~
s0— | @ ~ “
. o 42—
26— | WPy ey i
30—
13— _
: s

Figure 21. Assay of CMV la MT protein phosphorylation by Tcoi2. (A) The
purified proteins were separated on SDS-PAGE and visualized by Coomassie
Brilliant Blue staining. Positions of molecular mass markers (kDa) are shown on
the left. Asterisks denote the positions of the purified proteins. Lane 1, GST
(27 kDa); lane 2, GST-Tcoi2 (90 kDa); lane 3, GST-CMV 1la MT (77 kDa); lane
4, GST-CMV 1la Hel (65 kDa); lane 5, GST-CMV 2a (124 kDa). (B) Purified
GST, GST-CMV 1la MT, GST-CMV la Hel were used for kinase assays with
GST-Tcoi2. Reaction products were subjected to 10% SDS-PAGE and analyzed
by autoradiography. The combinations of proteins used for each assay are
indicated above the lanes with + (presence) and - (absence). Asterisk on the
autoradiogram indicates the position of recombinant proteindetected by

autoradiography.
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® Tcoi2e] AEWe] ¢,

-Teoi2el MXEW HRAE FAEY]) Yo, ZF 2 green fluorescence protein
(GFP)E 7FA ¥ 9l plasmid 2 A2 Tceoi2iGEFP {usion gene®
Arabidopsisol A 4] ¥ protoplaste] polyethylene glycol-mediate (ransformation$:
o] &3t transfection A1ZATH HFANFEL 2443 wjF Fol FuAgoz padv
Figure 22A9M & 4 150, Tcoi2tGFPy: & 948 Bl v dxg &
oAl Blw g FFol g AU YH Mz g, Zv)rp A GE B
il H]_L A ZAEN MEHAdA FAHer BAF ANE UzH R 4 F Yo
M oBaRE A o s s gl

°4 °ﬂ A 7legubel #Zel) Teoi2d] HxolA]l vebyd A% AFE e R
BEL AEA (ER)A S X9} FA)l, Teoi2Zd ER¥ Ags]i=x] o8 2
Astz] 91#8A, ER maker®4 ER luminal binding protein (Bip)& o] -8 &l o
subcellular co-localization fest® & gict. o] assave #&iAl, Bip7F red

fluorescent protein (RFP)9t tagging® s, 13l vbg 2 plasmidy Teoi2tGEPE

98k plasmid®t Arabidopsisel co-transfection ¥t} Bipys #e] B i¥
23 fFabatA @ FRel YA E A, Hg Eelg AL Hoe] BYm, HEH
o FaAE A B4AES e (Mas, and Beachy,1999), Tcoi2:GFP=
Bip RFP&F ¥ 8HAl A X A ch(Figure 22B). whbA], Aol s A SR o gxxo]A
Teoi2:GFP= ERT A gskchy: A8 Jl#H vl (vellow in merged image).

A
Bright Graen channel Red channel Merged Image
P LS
/ ¥ N |
aer | | - |
Teol2::GFP B
B Bright Green channel Red channel Merged Image
BIP::RFP

+Teoi2::GFP B
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Figure 22. Subcellular localization of Tcoi2:GFP in Arabidopsis. (A)
Subcellular localization of GFP control and GFP-fused Tcoi2 in Arabidopsis
protoplasts, The first panel shows the bright field image. The second panel
shows the GFP images. The third panel shows the chlorophyll (CH) and the
last panel shows overlap of GFP (green) and CH (red). (B) Subcellular
co-localization of Bip:RFP with Tcoi2:GFP in Arabidopsis protoplasts.
Expressions of the introduced genes were examined at 24h after transformation.
The first panel shows the bright field image. The second panel shows the GFP
images. The third panel shows the RFP images and the merged images in
fourthpanel represent digital superimpositions of red and green signals in which
areas of fluorescence co-localization appear yellow.

4. AtCOIK

@ AtCOIKS £3d

-Fulel A CMV la @9 A 4538 st Aoz B3t Teoi2s 713 4}
& sequence homologyE ZHE Arabidopsis SAAE AtCOIKZn ™Wwstw
Arabidopsis® c¢DNAE FYo =z 38ld AtCOIK specific primer set$l AtcoikS
(6"-ACGGATCCCCATGTTTTCCAGTAGCGCCAG-3")} AtCOIKAS (5'-ACGGA
TCCCGAGCCAGTCACCATTGCCGGAC-3 )& full length AtCOIKE 3 3t9t}.
¥8 ¢ full length AtCOIKE yeast two-hybrid vectorel cloning ¥ CMV la ©
WAz JEasgs #Be & Bt a2 A g Teoi29] A9} o] AtCOIK
7t CMV la @A 4324 3¢S &9 & ¢ A9 (Figure 23).

A, B. c.
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Figure 23. Colony-lift filter B-galactosidase assays. A. Positive control. B.
Negative control. C. AtCoiK and CMV la. The blue spots indicate B
-galactosidase activity that utilized the X-gal substrate.

- 51 -

o
Mo
E
o
LU_
1>
ro
P
F
1
ut
S
Ho
0l
0K
T~
O
oo
i
@

X2 EX : Yeast two hybridet SRSE 0|28t 4



X2 EX : Yeast two hybrid2l SRSE 0|2

@& AtCOIK ##e] genomic organizationi} tissue-specific expression 3%

-Full-length AtCOIK% probe® M CMVel tisle] susceptible ecotype$!
Col-02} resistance ecotype§! C24% o]&8o] Southemn blot analysis
A3 o] % 7}A] ecotype genome “doll ArCOIK?} 1 copy &4 3};11 Ades &
AR} (Figure 24). £ ArCOIK Fdx2 7|8 4§ vy Arg 2 of 2 243
stk el QL hypercotyloll A 25 43 o siliquedl M= 2 E 9 7\] & A
A4 o T Aduk. EE AcCOIKY Col-0%F C24 ecotype R5olx @& ¥3 ¢l
= ARk gl 8 4 Ak (Figure 24).

4 e o7

J_a
r’!
i"
k»
D

A< Cal0 C2d
e E HXb EHXp

g - ey B_
el Ba -9 1 2 3 4 5

23" )

20
C (,5? &

Figure 24. Southern blot ananlysis and comparrision of AfCOIK expression in
different organs,

(A) Arabidopsis genomic DNA of ecotype Col-0 and €24 were digested with
EcoRl {E), Hindlll (M), or Xbal (X), and separated on0).8% agarose gel. After
transfer to a Nytran Plus membrane, the blot was hybridized with P Jabeled
full-length AtCOIK c¢DNA probe under medium stringency.  Autoradiograms
were visualized with a Fuji-BAS 2500 phosphor image analyzer. DNA size
standards (MM) are shown at left.

(B) Accumulation of AfCOIK transcripts in different organs. Lane 1, flower;
lane 2, root; lane 3, leaf, lane 4, hypercotyl: lane 5, silique. The transcripts level
of ribosomal protein 185 was detected as internal standard for ¢cDNA quantity
evaluation.
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(C) Accumulation of AtCOIK in Arabidopsis Col-0 or C24 ecotype. Equal
amounts of total RNA were used as templates in RT-PCR with appropriate
specific primers to AtCOIK. The RT-PCR products were separated by agarose
gel electrophoresis.

@ CMV Al i ArCOIK FAAe &d SA 37

-CMV Azld] tis] AtCOIK AR &8 F4S Loty #Hty 33730 F)
i Col-0% C24 Z+Z+e} 9ol CMVE A7 ¥ RNAE 238 39 AtCOIK F3A3
specific primer set& ©]&3 ¢ RT-PCRZ AA ¢4tk =3 woundingd] <3t
AtCOIK Axe 43 W¥3E 3 38l7] A8t virus inoculation bufferdl
carborumdum % H7} g G| do] EA F F (mock) RNAE £ 3lo 4
7] & Wy Z RT-PCRS A8 ®. 2 A3 Figure 2501]/\1 Ha XEo] mock
Ao AN AtCOIK A2 od okilo] M3zl gles &9 & 4 gz
Col-09l= CMV Agd wsixe AtCOIK F+AA ‘Q’?‘ﬂ"] CMV A7 29
8 F7t8t7] AFste 449717 A4 g8 ¥ & 4 itk 2 wd C240lAE
CMV Ao dsiAs AtCOIK w3z &de] WHar ¢leg &9 & 5 i
a1 Fg o2 2az cDNAY internal standard2 18S 9 ¥¥d HEE uHlu 3
Bt o] AA}E FI9 AtCOIK #AAE CMV gl thale] susceptible
ecotype?] Col-0o| A ®F 2 §Ax} dr@o] F71gS &9l & 5= YA

Col0 C24
CMV nfecled Mock CMV infected Mock
2 3 4 1 2 3 4(d 1 2 3 1 2 -3

18s

Figure 25. RT-PCR analysis of AtcoiK gene upon CMV-Kor inoculation.

Total RNA was extracted from leaf tissues at 1, 2, 3, and 4 day post inoculation
(dpi). -Tissue was isolated from the leaves of either CMV- or mock-inoculated
Arabidopsis ecotype Col-0 or C24. cDNAs were synthesized from the total
RNAs, and RT-PCR was conducted with gene-specific primers. As internal
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standard for ¢cDNA quantity evaluation, the level of I8S was monitored.

@ ooe] T2 Ao ue ArCOIK §-¥ Aol @@ g4 w3

-ole] FEE A W oabiotic stress W] AcCOIK frAxbe] wd kg ¢ho}
H7l 93k ’v‘f—{_ 718 Col-0 ¢l NaCl, ABA, BAP, IBA £+ GA® Ha *
RNAE 2] 89 AtCOIK 344 specific primer set® o] &3] RT-PCRE 44|
ahadrk. 21 A Figure 2600 M R 250 o]#ldt FEHE ‘33 abiotic stress €]
of elM = ArCOIK Faatel WE 4ol dslzt fled &9 & & ddrh

C GA
Nacl aisa C BAP
€ 068 3 & 086 1 & tw llh 1 1 4 thy
seon R <o _= AICOK|
] -~ == wwilEtl oo n Gmx’—
===~ - - — N - ——
e

Figure 26. RT-PCR analysis of AtCOIK gene upon abiotic stresses or various
hormone.,

The rd29A was used as a positive control for the NaCl or ABA treatment.
IBC6, IAA or GA20X1 was used as a positive control for the BAP, IBA or GA
treatment.  Treatments are as follows: C, no treatment; NaCl, 200 mM; ABA, 100
HMEBAP, 50 uM; IBA, 50 uM; GA, 50 uM.

& AE JdellA o AtCOIK Wil w3 914 a3

-2 AEWAA el ArCOIK @9 A 9 jn vivo localizationg #e18}7] 6}
full length AtCOIK ¢DNA®) termination codon$ 7] # N- ‘“‘% F31el red
fluorescent protein (RFP)3t €%+ ¥ Arabidopsis protoplastso] transformation %
£ 8l9Yh. RFP protein® AtCOIK:RFP §3 w9 jocalizationd &< 3
A AtCOIK:RFP¥ ERA wd® 2 &8¢ €2 & 4 991 ol¥ ER marker
%l BIP:GFPS} co-transformationAl AtCOIK:RFPS} BIP:GFP7} co-localization ¥
£ #2l gowx ACOIKZF EReIA #dE €& A¥el & 4 ot} (Figure 27).
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Green Channel Red Channel Merged Image
BR AtCOIK::RFP AtCOIK::RFP AtCOIK::RFP
BIP:.GFP BIP::GFP BIP::GFP

Figure 27. Subcellular localization of AtCOIK::RFP in Arabidopsisprotoplasts.

The ER localization marker BIP:'GFP and AtCOIK::RFP fusion construct were
co-transformed into the Arabidopsis protoplasts. Expressions of the introduced
genes were examined after 24 h using a fluorescence microscope. Colocalization
is indicated by yellow where the green and red colors are superimposed.

5. Tsipl

@ Tsiple] £

~Yeast two-hybrid system$ ©]£3te CMV la 9l dA 3 A3 L= Ao
2 AL d FAREY 97 A9 B4 2 149 &80 7E9) Tsil ©ld A
z2g 3te Aoz R € Tsipl +3%9 cDNA 9<& ¢ & AU cDNAES
FHAE ol&stdq CMV 89 o2 auldzte] 4528 g3 &9 5 By
Tsipl< CMV la #% ¢}yl CMV 2a, movement protein (MP)$}X yeast cell U]
AN AERALe¢e &d & 5 AR (Figure 28).

(A)
NC Tsip1+CMV 1a  Tsip1+CMV 2a (B)
, CMV viral Tsipt
/ : protein
1a +
N ’t\ 2a +
Tsipi+CMV 2b  Tsipi+CMVMP Tsip14CMV CP % .
& MP +
1
CP
"\
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Figure 28. Interactions of Tsipl and CMV viral proteins in yeast cells.

(A) Colony-lift filter B-galactosidase assays. +, blue colonies resulting from
positive B-galactosidase activity; and -, white colonies resulting from negative
B-galactosidase activity (B) Summary of the interaction analysis. The veast
strain, Y187, was co-transformed as indicated at the top of each box. The
co-transformants of the pVA3-1 and pTDI-1 plasmids served as a positive
control and the empty plasmids, pACT?2 and pAS2-1, served as a negative
control. The blue spots indicated positive B-galactosidase activity.

& ME Wl Mo Tsipl whelal & 9 x @3t

A8 A FUel M L] Tsipl @929l in vivo Tsipl localization® @213 7) £ 8}
o full length Tsipl cDNA9] termination codon& 27 % N-2¢h 29 o) green
fluorescent protein (GFP)# &3 ¥ tobacco protoplastsel transformation Fr%5&
&k GFP protein®} Tsipl:GFP §¢ w2l o localizationg &< &l # 2z
Tsipl GFP& chloroplast surfaced| A1 @& ¥ 30 &8 ¥l o 4 9gin Mxz

gHoz olu dala gt GFPE AEAAN 28 3 988 #9 & F Ay
(Figure 29).
Bright feld GFP chloroplast merged image

B \\:“: - -
'y
Tsip 1::3266GFF . ﬁa
I‘-L-".u ; .: : 0‘"‘-‘

Figure 29. Subcellular Jocalization of Tsipll:GFP in Arabidopsisprotoplasts.

The control GFP  (upper) or TsiploGFP fusion (lower) construct was
transformed into the tobacco protoplasts. Expressions of the introduced genes
were examined after 24 h using a fluorescence microscope. The leftpanel shows
light microscope result. And the right panel show overlap of GFP (green) and
chlorophyll (CH) (red).
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A d4d FdEAAR A N

Logl 248 HEA

@ NtTLP

A EA uelAMe NtTLP1I ©¥de Jeg& E437] 9A3t9  sense,
antisense-oriented NtTLP! @32 & Fu& AFs Ak T2 Az AqE WA
¥ RT-PCR ¥ <& &3 RNA leveldlAl NtTLPI 73742 €8 F48 #2 3
I western blottingS %34 protein levelo]l A& NtTLPl Aol #d UAL
&<l &t Figure 30914 #A|A] 3 ule} o] sense-oriented NtTLP! 33 A
Hujol e NtTLPI 7379 38 Fdo]l wild type Btk @A F7iso i,

antisense-oriented NtTLPI ¥4 Ag dujdAdes 2 Ldo] 74 HISE &9

4 YA

B
( ) ISSNITLPL-S  35S:NITLPT-AS

Wi 12wt
~rcr ]
Actin Bl ML

aninrLe1 [poe Vel ] pove FTY

1

Figure 30. Construction of TLP gene expression vector (A) and expression of
TLP gene in transgenic tobacco plants. (A) Schematic diagram of pMBPT2-TLP.
TLP, the coding sequence of the TLP gene; 355x2 Pro, the promoter sequence of
the califlower mosaic virus 35S transcript; NPTII, coding sequence of the
neomycin phosphotransferase II gene; Nos~ter, the terminator sequence of
nopaline synthase gene. (B) (a) RT-PCR analysis of the transgenic T1 tobacco
plants compared to the control plant. Ethidium bromide staining of
RT—PCR-ampliea 185 from the same reverse-transcribed RNAs was used as a
control for cDNA synthesis. (b) Western blot analysis of the transgenic T1
plants. For western blot analysis, extracted proteins (20 ug) from the leaves of
transgenic plants, control plant. Three repeated western blot analysis was
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carried out.

@ Tcoil

-2 HelAe  Tceoil ©HASY JFE& A7 Adtd  sense,
antisense—oriented Tcoil 3 AE EujE AFsIHE. T2 AdZ AdE WA ¥
RT-PCR WH¥& E3l9 RNA leveldlX Tcoil AR @3 FAS &2 4o
3 A} sense-oriented NtTLPI HAAZ Fu|ol A= Tceoil AR & Fol
wild type o+ @A 3 F7F5 6] Ql1, antisense-oriented Tcoil ¥3A A& Fujof A
28] AAHUSE Y &+ UJH (Figure 31).

358::Tcoi1-S 32S::Teoit1-AS
3

1 2 3 4 5

< Tcoit

Figure 31. Expression of Tcoil gene in transgenic tobacco plants

RT-PCR of the transgenic Ti tobacco plants compared to the nontransformed
control plant. As internal standard for ¢DNA quantity, the level of L25
transcript was also monitored.

2. NtTLP1 EvlE 3 A& 2 EH

-2d A2 guldA NTLP! #3x7F 3dd e d4 HE §2AE 4
EANE UE A Yo}t 58 FEQ EnlEd sense, antisense-oriented NtTLPI
A A NEAS AFeHY. Kanamycin selection mediadlA XA o=z A
" T1 AiE 35S primer 9+ NtTLP1 $#A7} specific primerg& ©]#3% PCRE &3}
Axp AeeteE FAHE AAH NTLPIo] 4@ Fe 94 He ¥d 18 EvES
e} (Figure 32, 33).
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35S:: NITLP1-S 35S:: NtTLP1-AS
1234567 8910111314 123
T . i B3 :

NTLPT > |

Figure 32. Genetic screening of transformants by PCR: Ethidium
bromide-stained gel of PCR reactions from genomic DNA of putative transgenic
transformants.

Figure 33. Selected transgenic tomatoes.
(A) Soot media.

(B) Root media.

(C) Adult transgenic tomatoes.

3. Arabidopsis 84 &)
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-AtCOIK S AA7t BLHHE Arabidopsis RAAH A2AE A3
Kanamycin selection mediad]lA] $XZ o=z Mg Tl AdES 355 primer &
AtCOIK 72} specific primerg ©] 83 PCRE 53 Ax Adsies F3& AA
AtCOIK®} 48 = 832 A Arabidopsis & e} (Figure 34).

35S5::AtcolK-S
12 3456 789 1011121314 161617 1819 20 212223 24 25268 27 282030 3132 33

y

o g e e KRR SR S A A S S o

Figure 34. Genetic screening of transformants by PCR: Ethidium
bromide-stained gel of PCR reactions from genomic DNA of putative transgenic

transformants.
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X2 E A : Yeast two hybrid2t SRSE 0|2

A5 A HAdd A% CMV replicase e A

1—4
rJ
rJ
X
=1

1. NtTLP] +3AA¢ CMV replication 7+ Ar#37)

-NtTLPIO] Soidd HAY Lde] A sHe 2 18 SldAM 44 CMV
replication®] od FFE FE7IE Yolr7] H& A& CMV-Korg X8 3&]
CMV$ accumulations ZAFSIHTH. %4 coat proteins (CP)9] accumulation
pattern® CMV A& U3 21 AFo 2 Yol dot ELISA testsE F3+9] ZAMHY
o, 2 A% MTLPIS #de] As HE FA F@ PuldAHdt CPe
accumulation®] wild type B¢ W= &0z veEgth  2d wka) Fohary
He 32 AgAdME wild type Bl Btk CPY accumulationo] M 93 A4
A EF 9-33% A= #A2EL A T & AT REAFHoE CMV specific
probeE ©]-83t9 Northern blotting2 %3t CMV RNA accumulationd =& B8]
& By, 2 A NTLPIe] #Aohdd g 33 AF gujdls CMV RNA
accumulation®] wild type HHio] Hl8) 4-23% A= FAEL FA & £ YY)
ol NtTLP19 A4:29Q #4&L CMV proliferationd A &S AAMst

(Figure 35).
()
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gl e |
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gn

= WHA 1T
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Figure 35. Expression of the NtTLP! gene in transgenic tobacco plants and
with or without CMV inoculation.

(A) The accumulation of CMV-Kor CP in inoculated jeaves. Values shown are
the absorbance (at 405 nm) of the transgenic T1 plants, along with the control
plants, via indirect ELISA using anti~-CMV IgG (3 pg/ml) on different days after
inoculation. The mean number of three experiments was shown .on the graph.

(B) The accumulation of CMV-Kor CP in the uninoculated upper leaves.

(C) Accumulation of CMV RNA in transgenic and control plants. RNA was
isolated from the leaves at 6 DAI with CMV. Position of RNA 1, RNA 2, RNA
3 and RNA 4 are indicated. To verify that similar amounts of RNA were loaded
into each lane, the parallel detection of 188 rRNA was carried out.

2. NtTLP! 328} TMV replication 2be] -2} 7|

~NtTLPIS] X439 #urd L CMV proliferationsd #81§4 2 4 Ad=d
NtTLPlo] # cvht@ o] tpE wpolello] F4lols= ofd & FEAE ¢olry)
HA8te] Y& TMVE 2] & HR lesion formation 49+ ZAV & wlisdel, 22
A NMTLPIC) #obdd ¥l gaAHE HEANA wild type AEA o) vz}
HR lesion formation 4= ¥ o}ue} @7r|% #X§ Z4¥9$e o & 4 gk
olF T NTLPIY A2 g e CMV ® ol TMVEl proliferation.
A de A & 5 Al (Figure 36).

- i1 S
control e |
Size (mm) Counts
control 3.0810.3 178.2187.0
TP 1.78+0.07 130+30.9
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Figure 36. Comparison of HR lesion formation after TMV inoculation between
control plants and NtTLPl transgenic T2 plants.

3. Tcoil A At CMV replication 349 AHs 37

~Teollo] i@ HAY 2yo] A&) s ¥A AF gujolx HA CMV
replicatione] oW 9&E& FEI1E Yoty ] s 4% CMV-Korg 3z 3to
CMV RNA®9| accumulation®CMV RNA specific primer sets® o] £3o CMV A
g Y7 1 JHe® Yol RT-PCRE ZAENTh 1 43 Hg oMy g
A3l A E Al CMV RNAY accumulatione] wild type & a2} ¥ xo)7} ¢l
Aut. ol whal Teoile]l A& HE FF CMV AE 79H8E gl CMV
RNA accumulatione] ¢l= A& &< & = gldct (Figure 37). 8¢ oz}
Teoil2] W&ol A& Hiz 832 A& dujolMi= CMV g 92 Fox CMV WA
o] lEhH ¢&& ¥ & 5 AN (Figure 38). ol Tcoile] CMVE 42
2ol o] %g 2HEw GUWHYE AAMEE

1dpi 3dpl 5dpl

NN S1 S2 AS1AS2 NN S1 S2 AS1 AS2Z NN S1 S2 AS1 AS2

-+

Tcoil-§ Tcail-AS

Figure 37. The accumulations of the CMV RNA 3 in wild type control and
transgenic plants.

(A) and (B) The comparison of the accumulation level of CMV RNA 3 in
inoculated leaves (A) in uninoculated upper leaves (B). The CMV RNA 3
accumulations of the transgenic 1 plants along with the control plants were
monitored by RT-PCR using CMV RNA 3 specific primer sets at different days
after inoculation.
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Samsun NN 358 :: Teoit-S

\ ry —
A e

358 :: Teol1-AS

Figure 38. The comparisios of CMV symptoms in wild type control and
transgenic plants at the 9 days after CMV inoculation,

4. Teoil A A CMV infectivity 7H2] b3k £ A

-Teoilo] #ebdrd slAG Wglo] X == g A9 gufold By CMV7E vl
ol ¥] £ infectivity] W& Wrete=7tE otolw ] Y& wild-type ¥ ohue} g5 A
& AEd CMV-Korg Azista 39 F 2 8Ae 9% ol A wild-typed
gl el HEEFA. ol Fol 1, 3, 5% Al CMV-CP specific antibody & ©] 43}
of ELISA assay& 4dAl&Ach. 20 A3 248 AE8HdM s CMVE
wild-type®] A& Aol Felgh CMVY #FAME infectivity level& RUE & 5 2
Atk el Tceoilell 21E CMV la @d@e] g gy vpo]lal 2 infectivitydll ¥ &

HE& FA BFE ANAET (Figure 39).
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Figure 39. Infectivity comparison of CMV particles purified from CMV -infected
wild type control and transgenic plants.
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Al1d FEEAE

2w A7 AL EE gyE
Y= ~Yeast two hybrid$} SRS A #lo] CMV replicase {&02 435 100 %
(2003) g NERHFHA B2 ’
2@0‘343)5 ~CMV replicase 4538 EA4HAS 28 2 75524 100 %
3R E -8 448 Y54 (E0LE, Arabidopsis) 9 7% 100 %
(2008) -A%E $829 CMV replicase 7+ 3@uA #9 ’
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L. 71€3 &9

- A EAutold a2l A F35 FALstE A EA 9 host factorg FAREZE
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#d 713 o3l 7]
- BAAEHYY Eobe] ZAZAY F¥ L A FH4 7)o
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- AFRFIRA], IEA JE QAo E 2524 7w nd
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3. Fdd8A &9

HolH e FE 71eg o848t APHoE ¥y HHL FAsn
&Y AHH] L FAY Fd AAE AQe Y By e 9
g Ao Jdstm gk & A7 AHE Y59 FREL HEYAY
T dlolH THe Lrige]l @ £ on ‘delg ¥d ¥ #A s
AE A2 FY &8 AF2 & ATHA 5hol A 7)&d &
A Aoz wAEd ouix @ & glon, ¥Eo ANYS R
A7 FhR &Y AA ATFE 2HsEd 248 JrE ¥y ¥ 4
o8 Yzt

X2 o o?n: to off
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H 5% duddno &8H &

-€ @7 AANA HET FEFARE E4E vl AL o)n] £5F mF0Z
STARAY &7 AR o B} 127359 7182 vtdsted oA gL o
of ¥ 5= &3t AAALELE Gus & Feolrh. olF dAEL ¥
F HEubolgast HEe FEAEE dFsEd Yo B o Ax gL A7y
2HE ATEL B8 AHALBLE AT 44 Aol

ek B o @49 S UAY ATE daNE B d7AdN H5

Ang goz FtAT7 AW APtk @ veldiNYAAER §44
o) BYP A FFL NYRE AT I AYolr
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H6 & dAtdapdolM 3t
siefrtsto|l=d 2

-Hpo]# 29 RNAi Ho] Alxd

Double-strand RNA (dsRNA)= T8 HEA A4 54 FA2E silencingdts
2z o)t} ol VAL Caenorhabditis elegansiA & HAF Y. dsRNAES
Agol Yol oo A&ste AR AEo] MEY AXU Fl AgoAE Ko
2 ¥evhe Aoltk (Fire et al. 1998). ©]213 RNA interference (RNAE C
elegans®| B hE FAAENAE F&3e] gaiglch. E3 dsRNAZF 289 9]
NME 4 FxHAe 2EE 9l & & dv Aoz d#HA Ut (Vionnet et al.
1998, Waterhouse et al. 1998). 2 EAu2] RNAi ¥§ F<¢, wo]d2-71F 4
IS i BIstn oA 712 FEAAT o) HL YU Ao
2, HEEL Y NETH JTE FyPsie EFHoHEA tuEFHA RNA
silencing 22 WAHE 7FA 2 9t} (Baulcombe, 2004). ol&i3t Z2EL A& &4
Age] dd 2H 9 vlojgx9 FHo zd VHFE I RNAI FANA
715 AN FAx EE 2-ANE 5 @9AEe] £ O /| F FAXRES
ol Bt gl7] Wi npolgl A & 23 RNAI F2Ale] E4age
W§ B Adst old@ s1F el Axde hest: delgs GuASY
2@ (4 RNA silencing suppressor)& £ Hlo]8]A2EL 222 o|¥ 7|3 RNAIQ
3 HEHolE FEE £ v o]F o] npoly S RNAI A2 At
F ATEL FE3 Ao FHUow oy dY AAMT FAHL, H2Z g
" = o] Zol¥ 4= ¢lt}. (Baulcombe 2004: Ding et al., 2004).

RNA silencing tiAb 34 & £F RNAY 4% 1 Hol& E¥ RNAE £l
£ Aotk o] HA& ANEA o)A RNA-dependent RNA polymerase (RdRp & &
RDRo]&t31 ™), RNase-II-type dicer-like endonuclease, Argonaute $ &
RNA-induced silencing complex&& X3t A dAe g2 W&o A2 JAES
T3, AFH o2 EF RNAE DEAD box helicase (SDE3: Baulcombe, 2004) $} 2+
< RNA-induced silencing complex 4<% 9%3ls oW AED AFA7)A Ao},
olglgt dMlAE R EL FA Agoez FALH, oz FAA JAPse] ¢
HES TFE3L AEAES AN W= ZAE (4 B9, 42 29, 1o

A Aol W gl disiA A HEE el e 9FHoR }4Y

i e 2
F o

el

=
=
7

Einy

- 69 -

[~
0

on
[

]
2
g
M
e
010
0
O
o
gl
=

NS EX : Yeast two hybrid2t SRSE 0|28t AISHIOIH ACIA

r



F Ao HZo AdAdHQA F& RNA silencingol] #9ate SHAIE o] <193
A AE knockout EQAROIAES A& nlolziA 7Y A 28 knockout B
Hol Mol M 9] loss-of functiond] 71218 HAe W3S Es RNA silencing
mechanism& TotstE Ao @3 WEEC] BndHrh oyd A3 HHoez
Arabidopsis®] DCL2 7F TCVell w3t Wojo] "Aolgts RHo] @A T (Xie et
al., 2004). Arabidopsis® SDE3% Cucumber mosaic virus (CMV)e] 3t Hlo]oj
#A A Tobacco rattle virus (TRV: Dalmay et al., 2001)9) & #od&tx] P=t},
RDRS 7%, =8} RDR1°] TMV$ PVXel tdt @ojo] »Wad ot ol g},
Arabidopsis® fAF ©¥& homolog® Turnip vein clearing virus (TVCV)$+ TRV
of gt Woldlx FAH gt (Lartey et al, 1993: Yu et al, 2003). FH| A=,
Nicotiana benthamiana= A4 RDR1 Ed®¥olA| Yol LA A Huu}
Medicago truncatula®l A 3 € RDRI ortholog® & A&EHA N. benthamiana A
B2 TMV, TVCV 2 Sunn hemp mosaic virus (SHMV) 9 disiy Z5+A4S B
Ao, CMV 2 PVXelE Z44& Hojx At (Yang et al, 2004). FAH3HA
L RDR6+% Arabidopsisol A CMVEl $ojo] QFH AU, Turnip mosaic virus
(TuMV), TVCV, TCV ® TRV tig Wojdle o)A &3ttt (Dalmay et
al, 2000). ©°]9}Ze AA#E EFo]A RDRELS TE ulo]gdse AAsE Roz
AtEEt. =, RDR12 tobamovirus&¥ TRVe] @ wojo] #ejsi} RDR6E
CMVel gt dojo] #qste Ao Azdrt

Schwach & (2005)2 N. benthamiana®l~] RDR67} Y satellite RNAS] &4 3}
ol PVX, Potato virus Y, CMV9 ZHe o] &FEoI Y, Y satellite RNAZ
$1& "= TMV, TRV, TCV € CMVY Zge] o}y &g vz Rape Re
2 gzt PVXe Z¥ ¥, RDR6E Hiolgi29 ANZLY (meristem £¢ ¥
)2 LA, vtelel2gy IR FHL waax] Zay HE HE Ay
%3 RDR67F M ¥EWo] silencing signal® Hal o]Fo) Zo] BH3lm QL 9
ok old AFES AHREL HHOE short-interfering RNAs (siRNAs)e] A
4oz Q¢ silencing signal® vlH o2 o] F Aol RNA ATFEAo gAY, o
2% o] el RNAY HFEA 93, upolgjAe HY BHoNA ZH ulo]gia
o oi¥ £Z3< silencing B89 FEE A ¥ 4 vy, E3 RDR67F PVXY
cell-to—cell °o]&E #Hafstx] & #AHPET] o)A RDREEH e vuidn
o]FojAE HEAWS RNAi FZ dlAb 3] nloll A5 AXUY 2 HEZ o
FA FFE FE Aol olyEe AL dnd Liu § (2005) g B
silencing suppression 7]%& YEFE £ Je TMVY 126 kDad EdHio)i =&
o] &3t AT, ulo]la]29] silencing suppressord] &AJo] wlolB AT M
olFd THE HE 4 ALE HYFUY. Zx7)ol, 28 RNA suppressors &4
3 wlol2{2E 9 MEZ o)FAe BT BAGEO Peanut clump peculovirus®
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P15¢] AT s AAIHA (Dunoyer et al, 2002). 22 vlojz]A RNAY 4
E} o)EAY o]FAHA T AE U o]FAY olFAIA HHHoZ RNA
silencing mechanism®] wvlo)#]A o] Fo] J&S nm3A RAXE o}z ulsd A o]
o,
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