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Qo] R ato] g ulo] 2] 2~ (Cucumber mosaic virus, CMV)E] HA|&} o]Fo] #odt= WA (CMV la protein)d A
28 Sl AEAE 29 ofniAt IS Zhs dA S IS AS EFoE s EulAE fEe wWeE
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Qo] R ato] g wlo] 2] 2 (Cucumber mosaic virus, CMV)E] HA|&} o]Fo] Todt= WA (CMV la protein)d A
348 ohs AEHE 29 opn| et A S ZE S EFoR ste A E Yo WEsdas oad,
AT 4

Qo] z}o] 3 upo]# 2 (Cucumber mosaic virus, CMV)S] E-A| 9} o] 5o Fojx W Ao Wd S Zd3t+= A 18
o] ALY St A~ FHAE XSSt MV 2 A8 A4 E.

AT 5

Qo]Xz}o] A ulo] 2] 2~ (Cucumber mosaic virus, CMV)2] A9} o] 5o #ojy Tudo] vtddS FHdst= #| 18
o] FHA HHE AASAY 2 Hd il B4 Adste RS XSk WV T4 9A W,

g Al Al
urg o] e g
go 23
ggo] £l e ¥ 2 Bopg FUle
W oolmAeld uholg s F4 # B Y5 s At AL A FA%] B
T}l

B
Aoz, YL FAHOR Qo]Hxlo] = uho]# 2 (Cucumber mosaic virus, CMV)2] EA|el o]Fo] Fojsts o
ZA(CMV 1a protein) ¥ FE2E ol Tl AS I3t TSl E F29 ﬂ%ﬂﬁ»‘%@4ﬂ¥h}ﬁﬂq

i

O,
o,

& (Post-translational modifications)= ZZH & (proteome)?] %34, 7|54 %

, 212F3}(phosphorylation) ¢} o} A€ 3} (acetylation) = @il dS FA3} == B3
fﬁ%EZﬁ&ﬂ 93 7hed A el 29X (reversible switches)E Al Ed| A&dtt. oA A5 %
88 xAate= M EW signalingd] Aot A4S A Al A28 (transient signals)ol
5w (temporal aspect)s HFste= HAIAAE (o, kinases ¢ phosphatases)®] FH|dlo]d o]t}
methylation, myristylation T+ glycosylation® & & wuldo] P EL 1L HFH oy, F23F A
skalke]l JaS s}, Lys ¥ Arg BAME (side chain)e A4 T 2 Aol A N-methylations 53], of
Maste 22 3| AE tailsoll A 7 B Ao, 3k whuld HANES] C-, 0-, ¥ S-methylations®=
2EAF (Walsh et al., 2005).
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Qolxzo] 7 mnlo]# 2 (Cucumber Mosaic Virus, CMV)E Bromoviridae ¥ Cucumovirus <ol 3ok, CMV
particles® 20 A (icosahedral)EEB]ES 7}A ™, positive-sense RNA genome$l RNAs 1-302 WHF 35ES
X3} (Palukaitis et al., 1992; Buck, 1996). CMV RNAs 13} 2%+ la @& 3} 22 Z8] WA (polymerase)
vl g 747y Wy, vlole] X~ genome?] H A9} AHFE sl whlAS 747 93t} (Palukaitis et
al., 1992; Buck, 1996). W€ E#:M2H2 A (methyltransferases, ML) (Mi et al., 1989)¢ A7}
(helicases, Hel) (Hodgman, 1988)°]A M=% (conserved)?] A& EE|Z(sequence motifs)E ¥+ RNA 1,
Ze et S ZYskE RNA 2% OV 2= 7kAl(replicase) 2 W E w-23 RNA-9JE4 RNA ZEehAl
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(membrane-bound RNA-dependent RNA polymerase, RdRp)9} #H=o] &0l &#x At} (Hayes and Buck,
1990). &S 7F WV Bl &8 7HAl = sl e 2 o9 &5 factor B9 ol e} 1a9) 2a ZeE|H A @
5 02 FAHo 2tk RNA 25 2b (Ding et al., 1994)&tx E2le= G AS 393l 3719 open reading

frame (ORF)E 7FA ™, ORF&= &F-50°]4 nlo]#] 2~ %34 (host-specific virus accumulation) % HALS F34
A} Al (gene silencing)<}t Hﬂ%l*é ZAXA (virulence determination)dl ¥oJdkri. RNA 32 3a olsodld
(movement protein, MP)& ZY3th. MPE AlES M EAFo]o A Hlo]g] RNAS] o]Fo w9 F 23t} (Ding
et al., 1995). T3 MPE AlF#AYolA @U7le Ak (single-stranded nucleic acid)@} AT}, RNA 4+

RNA 39] 3  half2%F {el¥ subgenomic mRNA®]™ Hjole]~o] o]ub w2 (coat protein, CP)e Aol &
Hxlo] 9t} (Schwinghamer and Symons, 1975). CMV la wwde Exidlolyzl d4l 79 (systemic
infection)<] ;‘éioﬂt: HdA Aoz &dEA 9t} (reviewed by Palukaitis and Garcia-Arenal, 2003). wh&}
A, CMV 1la @A 3 o zhgsta 2dste Axd dulde] 542 Ve Ay 24 T ol gh gz o
o2 7159 71EA dAYUSS oldste d A gAY 2 Folt.

CMV la S Ao Ay ZA ol gt 2AS 98, 2 SHAE o] 2E F-slojHE|E ~2aYE F3Th. &
e atE Gl fadERWNAFH A domaings EFSHE RS dWAE Foplda, 239 FAAE Tcoil
(Tobacco CMV 1a interacting protein 1)o2 WHavh, B wiola, B dtgxs= g2 A 283 Al F oo
A CMVE] 1la @A o] Teoild AAEztgsl= Aty SAE AAsT. T 2 g ats Teoiles Al H ol
A CMV la @i dg ddsiA g 5 A5S W AT, Teoil SHHAA FHARESY A EAA A" WV
RNA %% (accumulation)& ¥ ¥ 27} Teoilo] CMV H-A] o/ Fibo] J&S & Aojgta A¢ks kit
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o, ¥ A A7 FHVIes] TAMEE FTH8] skl o9 AT =g A, Qo|EAfolA
2] 2~ (Cucumber mosaic virus, CMV)o] HA|¢} o] Fel #Hofsh= whul A (CMV 1a protein) ¥ 452§ o= v
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2 (CMV 1a protein) @ FE 4§ ot AERE 29 oAl AEE zte dWld s =
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Yeast two—hybrid assayy %< eukaryotic trans—acting transcriptional regulatorEo] &3 2 <l

Pst=, EYH o R F 2% domaino 2 FA T Hup= Al Zotsle] o] Fo] R systeme]t}l. ©] regulator

o EAHAVIMYERE o] FoA promoter -9+ ZE 3= DNA-binding domain¥} RNA polymerase II =&

Ao g 283} transcriptiond] #oJslE 7|52 438} activation domainlZ A E O] AT}, o]
A=)

domain spipe] wuld S skl 54 FAAES THAA = Vss FASA Ao
=

DNA-binding domain¥} activation domain< recombinant DNA technologyE 53 &g & oz Egsle] 3l}2
hostlel Al == AL = oled o] uf o]&2 AR EFHo] loerz Ajste FHaAE GdAE +5
QA Bk, 2y AaFgo] 7hee T vwAS Zhy] DNA binding domain®] A AFeF activation domaine
FrAztel AFAIA arel =93] SAA7IH 7 Dl E ] s o 25 U™ DNA binding domain¥}
activation domain®] AL} #HHHE 7eS SHAELEN FAX T 7Hsa .
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: o] BA}e] 3 ulo] 2] 2~ (Cucumber mosaic virus, CMV)2] A<} o]
23 Al 189 fFAA 2EE A AY 1 dd dwde] @448 Aste
k s A7 mAR 2d A= AA(transeription) e W
A ETA oA FAHORE A EE BEE X 2 A W ol
T AT, w3 A 4E gl ol g4 AHelE Rx-F2Y 34 (monoclonal antibody) I Zo] EAIA
s J
- °

4 gl A B4 Asl wgel ALgE 4 ot

[e}Ne}
CMV la Wil 7 Bromoviridae®] 4+ & (type member)$l BWVOlA 53] Z A= Q{th. lai= BMV RNA
Aol A 84 (key player)elth (Chen et al., 2000). EEoJA 2 la @5 Hdo| A, la 59 AXE
A(ER) =3 #AF o] o, BUV RNA EHA|Hgo A A=, Z(compartments) = A7-A(spherules)<]
HFAdS =3 (den Boon et al., 2001; Restrepo-Hartwig et al., 1996; Schwartz et al., 2002). o]2]gh
2T A= ER lumenoll A ®¥P2Z 3529 ER¥2] 50~70nm §YHF-(invaginations)©]t} (Schwartz et al., 2002).
ER lumen neckE &3lA MAEZA(cytoplasm)Z AZAH ] = WS (interiors)S 73 vk, FAF 2 T
H-(similar membrane invaginations)% bromoviruses, alphaviruses, nodaviruses % U& %<2 positive-
stranded RNA virusEol 23k A1 7+l RNA A9k B o] 9ltd (Froshauer et al.,1988; Salonen et
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Ahlquist, 2000; Salonen et al., 2005). 2 WIO] S v, lax -2 33 (membrane-associated), 2 °]
Z-A38A 9] (nuclease-resistant) = Al B A-7+5A (detergent-susceptible) 4B (state)o] RNA3S B E3Ic).
ol gk Aefell Al 20 ~ 50 fold ol <]} RNA3 ukzh7](half-life) ¢ F2#o] F7}=3l RNA3 W o] Aseth
(Janda and Ahlquist, 1998, Schwartz et al., 2002). CMV la @A} Tcoile] o3 s zgo 7|22 3}
= 2 Y Teoild $74, 28 Aol A IV 1la ¢ ds wEsted = e WEENH A g 2
whg ol =4 WA wEls(protein methylation)?7} la ©ri]A o] mlo]g] 29 B9} o]E S Lo|3lA 3=
& 2AsEd T8-S vERAT.

o=

N

=13
=

Ho] goJH = Teoild CMV la7t Aoz Faxg st A3 o] e 5280 Boldo|m (MV 3
o Fastths A& AEL AFAT}. Teoilsh OV lark the @jdo] gl wi= A 2 A1F shel A
o} A3 28-S 2714 EHE assayE AFEEe] ERWTE A A QD o]~ i

=Z]

1=
pull-down assays (= 1 ¥} 5). Ath7}, Tcoil®] MT domaine CMV la @ldy}l A3 2gsls o $Q380 (&

Wi 0@ rE
foi fo o

6), Tcoile CMV 1a®] Hel domain ¢! CMV 1a9] ¥ domains wE3A T} (2 6). 28, E3dsAE, & &
W2F7F E. coliol A full-length CMV la @ A& WA 4 1307] full-length CMV la &z o] w

|
g3lES god 4= gidoh. MV A (infectivity)©] Tcoil antisenseE W &= F-A2F = F G A Eof A
HAaEE 7] AFZATE WV gl gk Aol A] o]y 3 s A8 FoAdS eI,
bl A o] IS W (Post-translational modifications)S proteomed] F+Z % o]
itk 28y, CMV 1a9] 9§ 3ol A& A CMVe] 7] (cycle) 9} ojE A A

P

¢

&2 drh. 5383 w7 S (candidate mechanisms)S Tcoild AE 28-S A CM )
HALZ o] 93k CMV 1la WEHEWAH A T d7tA &4 248 g3t &% Cogd C- Uﬂ%E%*
HZA 7} coenzyme Q 42 #HHA = tE ZE|HElo| =9 S 2deoha oW B th (Baba

=z
et al., 2004). Coq5¢t FAFSHAl, Tcoil CMV la SHAHAS A= #od Aolt}. Atrr, WV la 9 2a
o] A5 AL replication complexE HAst=t] 233l protein 2a¢l CMV 21 Z 2] 74l (replicase) S 1A
stabar, 2a @A) QIAFSE la ¢ 2a @A Abo]o] AT AES Aot Ha HAY] wiEel (Kim et
al., 2002), la—2a F= 282 CMV 1la WE3tE Fai4 =42 7Feide] . 224 o=, (MW 1la o] v
g8k WV la S} S50 v o] da8-& Mskal delnl, OV #99] S7ke #aE frie
& Zlolt}.

H|Z Tcoil-CMV la A3 223 (MV 1ao] wWlEste] A sl on= A wk 223 (MY la ©F
A west z7]9] potential site ofF HEIEAE @9 X]E'J, dd wdslyr ulole s FA
(multiplication)ol A T3 938 dtf= A= THE2F Aotk wWakA, OV laol wHEstd 719 &4
S MV mlole]x whd ol 228 A 2L W (modes) ] olalE =Y AHojw, whwla Fxol 7|5e wE
g B34S 9 e Aol

rir
rﬁ
ﬁ
ol
Z
(<0
>
rir
= 50
N

IH5EY aroA, WEEWALH A (nethyltransferases) = S @ -whilz 4522 oz A Xy 93],
AT, RNA 224 2 AR} 22 tpofel g o g BHE git), B UyaE o] 2~E F-3lo]|HE
= A]~H" (yeast two-hybrid system)< AF&3Fe] Qo]®Apo]a wlol#] A (cucumber mosaic virus, CMV)E] 1a

protein¥ J&2&sl= M2 WHEEWRAHIAE 54893 ©]E Tcoil (Tobacco CMV la interacting
protein Dol PHystgiet. ot B2a XA, AgolA AT AAE A3 GST-Teoil THAELS
AlFAol A NV a9k ©eks] Agskolar, GST-Teoild Aoz F /e Reld (MV 1a9) domaing ¥E 3}
Al A WEEAN~HEZA domain ¥ @] 71 A| (helicase) domain. RT-PCR #2412 Tcoile] Edo] (MV H=E
(inoculation)oll <31 Z7lE& Yebdlth. Teoil SHEIAZA FAA =13 2152 MV RNAY] %2 4
(accumulation)E YERAATH. o] 3 A3 Teoilo]l MV 1la G Aol A3 28-S B4 (MVe] F24)S =43
= RS Adgt.

ojet, A& Foto] & WHE U FAS Adstr|= Ik, olF AAds w4 B BEs dAs] 9%
Aolmz, & o] Wefrt ols Aaldel o) AlRdH = ACR HHHAE g

=

A Ao 1. CMV-Kor RNAs®] % (Virus strain and RNA extraction)

By 1%} OMV-Kort @TTEhuj QA3 AR E el 22 Aolth, 243 AlE 4 59 PP 53kl
o] &3}tk (Kim, , Cho, H.S, You, J.S., Kwon, S.Y., Park, E.K., and Paek, K.H. (1996)). Complete
nucleotide sequence and phyiogenetic classification of the RNA 3 from Cucumber mosaic virus (CMV)
strain: Kor. Mol. Cells 6, 190-196.) “7]ollA T2 9 AT (MV-Kor o] RNAsE F=37] 9]8to], npoje]x
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UAFZHE TNE(10 mM Tris-HCI, pH 7.5, 100 mM NaCl, 10 mM Na2-EDTA)E A}8-3}¢ CMV-Kore] RNAsE FE3}
3 o ere R AAANAL. A7) F53 RNAsE fogd 3271 o] E (diethylpyrocarbonate) & &3 Zo &
B A17)aL, 259 mme] FHFEolA BEsle] A HFE ).

AAlef 2, dul] A Eo] Fn] P vlole]~ A F (Plant material and virus inoculation)

=l (Tobacco, Nicotiana tabacum cv. NC82) 21 &-2 16A17+] H/8AIZHE] o wo] W72, 25T oA A
Atk Q2kekZ91(0.25 M Na2HP04, 5 mM EDTA)OIA #d€ A& Zol A7) 1) A T%f‘& CMV-Kor A= 3
freb @l AE AFS FHEgiaL, olE 2-3719 wHl HE (8-10 Yo WA ofdde] mWel stRudy
(carborundum, mesh 500, Hayashi Chemical)S 4lo] & 3T, 2T o 24 7HHEH AEL it doz
W Fde FHEth. AV dES JE T A Foll AFo]l A glolHelE] FAdE 9% RNA A&
AHE-3 Tt

AAd 3. o] ~E F FlolHHE ~72]Yd (Yeast two-hybrid screening) 2%

wFHHo]AH I GALA F 3lolHal= Al2¥] (MatchMaker II GAL4 two-hybrid system)< ZEE I #H @ o] Ee
(Clontech Laboratories)oll A T3t 7] 2) oA F=53 CMVell 73w =l oA FE3F RNAZ pACT2
A3 2] I3 WE (pACT2 activation domain expression vector)Z o]83to] wul cDNA ZlolrB g
(tabacco cDNA library)< ZHAsISith. 7] @] cDNA 2hel B2 82+ pAS2-1/CMV 1la ZZH-9 4 9E (pAS2-
1/CMV la binding domain fusion vector)& ©]-&3te] ~a AT, A7) F FHUEE Al Zutol A2 Al
H]2Je]l 5= Y190 (Saccharomyces cerevisiae strain Y190, MATa, HIS3, lacZ, trpl, leu2, cyhr2) =&
HF7c(MATa, HIS3, lacZ, trpl, leu2)olA 3% HFAAZE Aoltt, 1 FAHIE aRMNEELS Leu, Trp ¥
Hiso] A4 ¥ # A SD(synthetic dropout) BA| oAl M), 47 AHIAHAA AA G 2ES AAZI
235te], SD HlA] ZEO]EE 3-olu|x-1,2,4-Eo}Z&(3-amino-1, 2, 4-triazole) 50 mM(Y190) TE+&= 5 mM
(HF7¢) &2 BEagnl. A7)olA Ade &5 AEES 8-129%eH, 30T AN o, 5-BE2R-4-F2 2

3RNEFY-B-d-AHEANE=E(X-gal )& 7| A& A3t B-AFEATIolA] (B -galactosidase) & &4& FEY-
g2 E A (colony-lift filter assays)= &3kl #Z ST, 7] 40 o3 8% 8 44 &
5 (Leut, Trpt, Hist)S AdAHTd oz AHeA Y. ZekAv|=+= 2} Leut, Trpt, Hist % LacZ+ &2 A3hHA
(transformant) 2F-E &% Zglxv|= R 7]E (the Yeast Plasmid Isolation Kit, Clontech)& 01%93 o] &
galitt., dHEZE Yo (electroporation)S Fa 7oA #aldt Z=v== E.coli XLl—tiEz A3
(Escherichia coli XL1-Blue cells, Stratagene)s FAMIAZATE. ATz S pACT2 74 EHdAv=E
FABFAL AT

A Ad 4. Tcoil® full-length cDNA #&]

Tcoil®] full-length cDNA & #838}7] ¢38te] o] ~E F slolBge A3y oA 53 fragment S 32PE
o g3te] random-primed ¥ ol o] &3te] o 5x10° clones/I] cDNA library FES 23eg st
Hybridizatione Church%ol €3F e oa] 2A3Act. (G.M. Church, W. Gilbert, Genomic sequencing.
Proc Natl Acad Sci USA 81 (1984) 1991-1995). Hybridization A A] ¥ membranes < 2XSSC & o]&3s}o] A
ol A 103t 29 wash § 0.1XxSSC 2 0.1% SDS o] &efo = oA 102, 65C oA 53t wash sl
X-ray filmoll -70ColA 48417 &<t expose 3}AtF. Positive clones = helper phageZH-E FE3}4]
pBluescript SK-phagemid vector® recircularizedE =3} tF (Stratagene, USA).

Ll

AAe 5. in vitro AAH HY 23

CMV la @ o] 9, "S-Meto] EAH CMV

la AL 177 T2 RE 9 gL AEZo] 9= CMV la cDNAZ F-E
Aoz Ar] gmAS st 4= Q= XJH“ N in vitro HY

o
A 2=8l-& ALgste] g 53518}, in vitro A
A e Ae 17 ZRRE ) Aojotgel Y= WV 1la Do 51 A7} 9= pGBKT7 Zeh2=v] =5 INT
wheat germ system (Promega)< ©]&3}o] in vitro AL/ WY Hr-So| o] T8 o 2 A&t AL EA 2

“S-Met (Amersham-Pharmacia Biotech)Z A}b-3Fo] 1417k S0 whul S a4 ahgic).

AN 6. GSTESE Tcoil v @ o] 22| (Preparation of recombinant proteins)

GST &3 wMES E. coliold &d F AFsE el o EEstt. GST =+ GST &3 Teoil
(GST::Tcoil) AAZE E. coli o 1 mMe IPTG (isopropyl-1-thio-B-D-galactopyranoside)S 7} & 2~3
AJZE EQE 30T T 37T oA 718 F AEE RoIPBS 90 R yash § AX &3 & HA7t F 2592 A
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2 e Baeglth. AR FEE AS S glutathione-agarose 28-S F3AIZl $ PBS Qo=
T H AojE 5 10 mM9] reduced glutathione® @ GST::TcoilS F &3} t}.

AN d 7. in vitro WE3} A3

Hest 492 Lin 59 W3 Linder 59 WS wat AA] s$ivt. (Lin, W.J., Gary, J.D., Yang, M.C.,
Clarke, S., and Herschman,H.R. (1996). The mammalian immediate-early TIS21 protein and the leukemia-
associated BTGl protein interact with a protein-arginine N-methyltransferase. J. Biol. Chem. 271,
15034-15044 ; Linder, P., Lasko, P.F., Ashburner, M., Leroy, P., Nielsen, P.J., Nishi, , Schnier,].

Slonimski, P.P. (1989). Birth of the D-E-A-D box. Nature 337, 121-122). & 3}3t Al %iéﬁéi r= ;ffq
3l GST::Tcoil Wl A wWEly] =84 =, GST::CMV la MT, GST::CMV la Hel H+= GST::CMV 2a ¢ #HE 7]
Al 0.25 LlCi S-adenosyl-[methyl-3H]-1-methionine ([3HISAM)3} &33&}e] 30ColA 2A17F &9t WE s}
% 3§  SDS-PAGESN A #2] ¥ Amplifier (Amersham-Pharmacia Biotech) ¢4l 15 min &<F WHg &
a3l X-ray filmoll -80C oA 54 14Y =< =33 Fujix BAS1000 phosphorimager & ¥Z3}9ic}.

Aledl 8. of7] o] 1 A Teoil o] A<l

in vivool Al Tcoile] X5 Fetstr] 915k GFP (green fluorescence microscope)E ©]&-3}l4] in vivo ¥73
3 AeS AN Y. TAZER 249 Tcoil cDNAE Tcoil-5' (5'- CCGGATCCCATGGCTTTCAGTTTCAAG-3') <}
Tcoil Nonstop (5'-AAGG ATCCAGTAAGGAACGGTAGC-3') X Elo|HE o]&3}le] P(RE 353 soluble-modified GFP
(snGFP) Zehzim=o) Nabgh 9]o] EFAZTh. o] Zehran]=i= pBIN ~S-nGFP4S] CaMlV 35S-mGFP4-NosT %
S pUCL18 Zgxm=o] 29 5 site-directed EAWHo]E F23}e] solubled} & Th. (Davis, S.J., and
Viestra, R.D. (1996). Soluble derivatives of green fluorescent protein (GFP) for use in Arabidopsis
thaliana. Weeds World 3, 43-48 Davis, S.J., and Viestra, R.D. (1998). Soluble, highly fluorescent
variants of green fluorescent protein (GFP) for use in higher plants. Plant Mol. Biol. 36, 521-528).
Tcoil::GFPE of7] &t &= Aol Jin 529 WHES w2} polyethylene glycol-mediated transformations 2
A& Y. (Jin, J.B., Kim, Y.A., Kim, S.J., Lee, S.H., Kim, D.H., Cheong, G.W., and Hwang, I. (2001).
A new dynamin-like protein, ADL6, is involved from the trans-Golgi network to the central vacuole in
Arabidopsis. Plant Cell 13, 1511-1526). Tcoil::GFP2] & & Zeiss (Jena) Axioplan FF&dA w7 S o]&3}o]
#A&e P 3, 1 ol x]= Axiocam (Jena) UAE Jidgtz A AL},

worE 2
tlo oo okl

=) mlo

.

AAd 9. CMV

7o) tg TeoilAlas e EE Teoil SFEIAIAE Bud A7) Edlzay s A% 7
o Awel Wz

o] M o] §H A Setav=E HA Teoil cDNAS Ao FEJAlZ @ E]lHe]d o - wol 4
a1, #vFolge WE (binary vector)$l pMBP2(Han, S.J., Cho, H.Y., You J.S., Nam Y.W., Park E.K., Shin
J.S., Park Y.I., Park W.M. and Paek K.H., Gene silencing-mediated resistance in transgenic tobacco
plants carrying potato virus Y coat protein gene., Mol. Cells, 9, pp376-383, 1999)9] Zg]¥H# Alo|E
(polylinker site)o] Z2 Holxth. 71 FAA (construct)E T A S 71AE of12vte ]2 wj7) F=2
%k (Agrobacterium-mediated transformations)& ©]&3}o] T8 21E&(tobacco cv Smasun NN)Z 4] = o H ot
(Hoekema, A., Hirsch, P., Hooykaas, P.J.J. and Schilperoort, R., A binary plant vector strategy based
on separation of vir— and T-region of the Agrobacterium tumefaciens Ti-plasmid. Nature, 303, ppl79-
180, 1983).

Al 10. RT-PCR

AA RNAE o2 So] 7]Al® =3 (Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D., Seidman,

J.G., Smith, J. A. and Struhl, K., Short protocols in molecular biology, New York: Wiley, 1995)2% <&
3to] 4 Gl QoA Eglsksdtd. RT-PCR 4S8 93te], cDNAE MMLV-& AA} & 2 (Promega) @t 6-hexamer
random primers& o]&3sle] A7|oA FE3 HA RNAsS A gdt DNase [ ZHE aAsYTH. Teoil (5'-
AACACGCAAATGGCTTTCAGTTTCAAG-3", 5'-TATGGGGGGAAAATTAGTAAGGAACGGT-3'), PR-1 (5'-GCGAAA ACCTAGCTTGGGGAAG-
3", 5'-TATATAACG TGAAATGGACGC-3'), CMV 3UTR (5'-TTCTGTGTTTTCCAGAACC-3', 5'-GACAGGATCCACGCGTGGTCTCCTTTT
GGA-3'), L25 (5'-TGCAATGAAGAAGATTGAGGACAACA-3', 5'-CCATT CAAGTGTATCTAGTAACTCAAATCCAAG-3') 9] X z}o]w
Z o]&3ko] PCR (94° ColAd 3EE<eH WA [94° ColM 18 57CelAM 45% 72TCeolA 2819 xHAo R 253
annealing; 72°ColA] 7&5<¢ T4)& 253 P35,
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A A} ], o]2E E-FlolHg = A2 (yveast two-hybrid screening)oll 2]+ CMV la wr¥Z o} A5 2H-8
3t Teoil®] A

GAL4 DNA binding domain (BD)oll £l ZAI(in frame) SFE CMV lax= pACT2 WE ZHE Ldw GAL4
activation domain (AD)ol &% 37}# &% N. tabacum cDNA library®] o|2E HE-3lolHgl= 2o A
7] (bait) =N AFEE AT 1.5x106 7Re] 2adH FA A3 A (transformants) ol A, 3687 F2UE A3l
Leu, Trp % His7} gl Edl ol E(plates)dollA Agteh. ol 2fdh 36870 FZ U+ AFAAS A5 F2Z-¢
TE ZE 24 (colony-lift filter assay)dl ATHUYS o, 147} F 2= B-galactosidase FAZ S LERY
STt (appendix). 3712 82 TU3I cDNAS X gsl= A= YA, I %%%«] po yadenylatlon
sequence®] length upstreamoll A%t W3} = AT}, o] cDNA insertE Tcoill® W3R aL, ~ 900 bp insertQl
7V 2 28 US 54 EHAT

HIS3¥} lacZ reporter -+ &) zpdbz el &A (autonomous activation), GAL4 BD T+ ADS} 7}&3h A HH A
S7Ag, g FYPE GAL4A §3 proteind L Hdd 9] FERHE FAA AdFTFFE(potential
artifacts)e Ad3t7] Y3 F714<Q EF2v= E33A] (combinations)®F T3] (constructs)E AF-&-3hod
CMV 1a®} Tcoi2Atolo] A5 zgS wh3ltl (&= la). pAS2-1::CMV 1la (bait) <} pACT2::Tcoi2 (prey) + =t}
HIS3 ¥+ lacZ reporter genes W= 07 X3} 314 &UTh. Tcoil (pACT2::TcoilZHF-E wd %)= GAL4 BD
o} 227 AT AESHA] Fkar, CMV 1la (pAS2-1::CMV la=HF-E 2aw) 9 A] GAL4 AD9}2] g5 #-g-o] 25X
dTh., MV la proteine F7/19 71542 domaing 7FAth: F4 wWEE W~ ZHA (transferase) domain
MT)3} 574 &2 7}Al (helicase) domain (Hel). CMV la 2] domain ©] Tcoild} &2t st AS Aldstr]
ate], 7} domaing GAL4 BDOl §§tatQith. Teoilol W€ EM A Al domain, oS E°] (MV la Thd 9] 1-
456 o} :=AbR-9l S x e CMV-NTSE Haztgsts Aol daAFAoY, CMV la el A 714 domain
(646-993 olm|=Ab)Ql CMV-Hel = F52H&3sHA] &ddh. ol#3t A= 7]ZZHA o-nitrophenyl-B-D-
galactopyranoside (ONPG)S AF8-3}o] B-galactosidase FHEFEA o] o waFch. MV 1la ¢ Tcoil 24 %}9]
co-transformants®] B-galactosidase A& A hF (pVA3/pIDI-Dol o3 BFH A oF 449 AEE
B ). Thus, Tcoil interacted with CMV la through its MT domain. CMV-MT ¢} Tcoil co-transformants+
CMV 1a ¢} Tcoil co-transformants®th 7% U] %2 A4S Yerlth. wEbA, Teoil> CMV MT domaing 3l
A CMV Tash o288kt

AAAI 2. Tcoil DNAS 233 HE B4

900 bp Tcoil cDNA insertd] M AEAE GALA ADS} Eo)] 2 874 FEF#l 2 tho]l=9 open reading frames
Q159 ar o]2]3k cDNAZ} B3 S 2US HoJFErk. A-GEM11 N. tabacum cDNA libraries® =3¢ 3l o]
gk 900 bp @S AFEste, B WyzteE Fl9 stolHI = plaquesE FAHIIATH. Z-49] plaque™ Teoil
cDNA 250 A$3te 5UT AAFAA HES 28 e @Y insertS £33, Teoil cDNA A
AEF 7] 900 bpY BluE FA7F T F99 N-ET 456 FEE LEFI =9 Aol &S HAFULE. o]
el A7 Aot dA A, & S Aes olgd A7 ARE FHEkal, N. tabacum poly (A)E EF3h= RNARY-
B full-length Tcoil cDNAS Z23}7] ¢ cDNA ends®] 5' ¢} 3' rapid amplification® AF&3}At}. 370 of

_L4

Al Gl A S gl Ao R oA E 1,355 FFE U Qe =9 full-length cDNAE 255 AAt). o)
3k cDNAT AA3 Teoil HWY Aded 1,100 wEULE=E %339, 24 wF EﬂoE]rO]ﬁ 5 ¢
untranslated region ¥ 221 FEd 2EFo]= 3" untranslated region o 93] =% (flanked)H AT} (= 2a,
GenBank accession number AY391749).

Tcoile] MEREAE A2 TildS TYste o s E 53R &2 FAYES BoFEr, 2 oy
A+ PSI-BLAST (position-specific iterative Basic Local Alignment Search Tool)® Tcoil®] 188-345 #7]
7} ubiquin ¥} menaquinone®] AJZFAdollA ¥hA W€ 3} ¥k-g- (carbon methylation reaction)ol ¥# 1+ UbiE-
like C-methyltransferases familyol <&+ MT domaing ¥3$F3tciar oAt = 2bollA HIx]| = viel 7
o], Tcoil®l primary sequencetr E=413}¥ UbiE methyltransferases family members®] primary sequence®} &
A W @BHo] g}, o] EAFE MEL E. coli UbiE (19.8% A5A) 2 S. cerevisiae (13.6% A54), L
donovani (15.2% A%4) 2 B. subtilis (23.2% A5A)E ¥3F3Fc}.  AdoMet-dependent methyltransferases
o A5t ME A9 3719 motifs 278 (motif 11 € motif 111)+= <%+ Tcoil MT domaintfeoll A U
Ebttl (Kagan and Clarke, 1994). A%< (phylogenetic tree)™ Tcoil®} tHE UbiE methyltransferases
family members 9}9] o= &= & FABAE HAFAT (Figure 2-20).
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21 ¥ A3} 3. Genomic organization and tissue-specific expression

full-length Tcoil X~ =ZH(probe)E 743 A]33F Southern blot analysisS 9Z3 Z7(stringent
condition)slell A dlolB =¥ 4 &= 5 7] @A (fragment)S UEFHT (& 3a). o33 AxE= o) A4
AR A small gene familyZ M Tcoil F AR} EA3th= AS e, Thk3t 2 & 7] 3o A Teoil FH R
o] Al AALAl 2% (the steady state transcript level)S Al&3}7] 938, total RNAS Z=7](stems),
Z(flowers), 2 2 (roots)ZHE 77 FE38 AL Teoil 5o] Zatoln] MEZ RI-P(R 4 #3313t
Teoil 32 AAMAE F71¢F dollol] FAEFJAR, 23 Bdr= AZEA] 24Tt (= 3b).

A AT 4, MV HFlAM Teoile] ¥e 3 e] (Expression patterns of the Tcoil upon CMV inoculation)

MV FEs & ol A RT-PCR 2415 AF&3te] Teoile] WA HS RYUE AT, HE5d & A Azt 1t
AL T OWV-HFE Ao ZHE total RNAZ FE3th. 29 HF(mock inoculation) #gl& 7t vz
2 e e AT R Teoil FAA BAS AAI7]7] AT oz EFFHATE. & 4ol Ko
A wpe} o], mo-HEFHE oA Exd = & Teoil FAA F2 Wart ¢lATh. Teoil HAFA
(transcripts)® AEF 19l (dpi) FEFJZL 3 dpidll o8 FHAs7] AR, gz A8 Zo], (W
vpolgl s FAAtel wEe MV HEel Wi ¥ tER- (positive control)EA  CMV RNAs9] M=%
(conserved) 3' end®] Bxlo] oJ&) ZALE AT, S PR-1 F42F #Hd el dzT 2oz 2AEILH o
AL QMVell RIZFSkAl whg-ah= & qkell A frmglrhar o] el Barso] 9lth (Whitham et al., 2003). cDNA %
o that B EZF(internal standard)©ZX , ribosomal protein 1259 ¥»EE =A3tt. o83t Ax=
Teoil 227k CMV ZHdell g3t F=gs et

A Ay 5. MV _la_ 9 Tcoil A5z Had AstR 9ol AH (Determination of the binding regions

necessary for the CMV 1a and Tcoil interaction)

CMV 1a®ll th3F binding domain &S 3= Teoiloll Y ¥-95 B3] Y3le], o] 2E F-slo]H = A|2EH]
ol A full-length CMV 1aZ 7}A 3 259 A5 28 thdl preysZ4, full-length Tcoild} M Z t}& N- ¥
C-Zto] Avtkwl Z(truncations)S A AT (&= 5a). prey @A H A3 B4dAL western blottingel <
3 skt (diolE nx=A]), & AE (Tcoil ¥ Teoil-MT)S CMV 1a®} oI A3 Hzzhgglor) 2H Ao
H AES G5 A (Teoild2 ¢ Teoild3d)& €33 AATt. ol# g A=A E, Teoil®] NI domaine] o]~E &
—slolB = Al ="l A CMV a9t A5 2H&-317|o FEsitt 48 Wd 5 3L

CMV la ¢} Tcoil® MT domain Aleo]e]l Az 282 &3tr7] 98], & wyxl= AlF Aol A glutathione S-
transferase (GST) pull-down approachs 33} t} HHozg B wwzl= zkzk N- 9@ - g A

(truncations)< 7Fxl GST &3 ©¥dS E. coliolA Attt &4 E %] @& GST (Ao =M)2GST &
3 @A S E. coliRHE f94A AASET (dWole wXEA]). binding assayE a3, 7 TEREY
downstreams ZE3F la cDNARY-EH wwladS 24 As= JAAYPE AgA HS A2~® (translation
system)ol A 35S5-Met EAIE la @HAS ATk, ZAZe] FAE ST % I ES A xAE
(radiolabeled) CMV laZ 7FA|3 Ql5fwo]Astaith. 7] E£3&E (nixture) = W2 2%oA] =
Z H|Z(beads) 9t FE2E 0L, AIEZRE AL &FE(eluants)S SDS-PAGEZ ¥4 33 th. SFEFA -5
ol7t2 = B =0 L2 ¥ (trapped) &3 GST::Tcoil, GST::Tcoildl Z GST::Tcoil-MT €& ©WAEL CMV 1la
el AaL, ol SDS AolA EAE 371 Zzbe] wi=el s vpehdrh

GST::Tcoild3®} Q1w ol AJAS W off s Fax8% B2 &gt (= 5b, dd 1, 4 E 5). o8
A= MV la 9 Teoil & MT domaing Z3stE 2R F=A(derivatives) Alole] 217 A% A

gero], & WgAbs o] AE F-stolHe|e A AR Aol A Teoildl g binding domain H &S =
CMV 1ao] F9E A3tk = 10 BoA= upel o], Teoild CMV 1a®] MT domaind} & z-8-& sklont,
Hel domain¥= HZ2Hg 3FA] Fskoh. F7F o2, CMV MT domaine Tcoil®] MT domaind} A5 2Fg 31T},
CMV 1a ¢} Tcoilel E=% 2709 domainde] Z}7Fe] A3 &8& AldFA oA A&t T). binding assayE
&, CMV MT domain ¥} Hel domaing cell-free translated systems AF&3te] A|@ oA s, 22+
of WAL A E EPELO|=E GST::Teoil &3 @ AS 7FA 3 AFHlo]d g & SFEA-ol7t= = H]
= AFg3te] GST pull down assays F33ATF. SFER -0l 2= )=o) 2% 8% (ST::Tcoil &%
WA o 5co] Holx = upel ko] (MV NT domain¥ E&A12 AT wraxga, d9 3& 4o W=

b3

ool
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SDS Ao A EAFATE. 71 F 23 AL, GST::Teoil 8 @A Al AU HE = CMV Hel domain
FAE T FAFAT (= e, FAJ 4). o]ohs xHo=2, (MV Hel domain®] E&]FEFO] =7} GST ==
wf obfd Ao Argo] BAEA okt (X 5¢, # 2).
3}

AHAY 6. Teoile] WEHEWAH A 4 (Methyltransferase activity of Tcoil)

E oulmas Lo s AFS GST::CMV 1a MT domain ¥wF o}uz} CMV la Hel domaing 25ColA 24A7F &
PBS [pH 7.4]1°lA AAE GST::Tcoil % [3H]S-adenosylmethionine (AdoMet)9} ¢1Fwlo] A o 2x  CMV
g o] AlFFuo) A Teoildl 7IHZMN AFE 5 A=A 9 Teoile]l HIBERATH A A4S 7HA = AS
3 2 AT, Aoy, 29 713 BolAdE Hrker] Ys8l, GST: MV 2a+= Teoile] 7| 2ZH Edk A8
EH9A%, CMV 1a MT domain #} Hel domain ¥ Th& ol#{ st Z713elA wWEsts et (= 6, QL 59 6).
gy AR EE AAY, MV 2a S o] A Fel A wEstE =] ekgkow (&= 6. H<l 7), ol MV 2a+e
O|2~E F-glo| B = A|Z=HOA Teoildt A5 zhgatA] &¢k7] wlolth. & b7} GST vz o] GST-CMV
la MT domain®} WEEANAHIGA FA S 7= AE AFdPS w, 7[2F2ZH MV 1a Hel domain TE= CMV 2a
E o3t A ad®E SX A gkt AgkrE, GST::CMV 1a MT domain ¥ CMV la Hel domain &t A7-wE
Edaygd FX4S 7HA A= &gt (= 6, @9 87 9). protein arginine methyltransferases (PRMT) €}t
3| ~E (histones) (hnRNP1) 3} 242 RNA-ZA S ©uld e Az o2 AFEE Y (= 6, gl 1), o3 A}
= Teoile] CMV la @ E S wWd3lslr] ¢ MEEHH A o] &S vERAT.

—

oN & o

ol
ol
N
i
o,
¥ ool

AAA} 7. Teoil?] AZW YX=A (Subcellular localization of Tcoil)

AANANA Teoild 9IXE ZAFSH7] 9180 A], the green fluorescent protein (GFP)& AF&3}e] AAW A3}
=

ekl getelal ¥¥ A A (Arabidopsis protoplasts)ol @A AEA T, GFP @M A3} Tcoil::GFP &3 ¢
A )

2l

o

o

AE R 2R FAR9eH, 1 g AEdd wyEe $Ee e, freos Agd
o KX

wal A Z A 99 (cytoplasmic space)ollA] AZEE A},

2

A3 A3} 8. antisense-oriented Tcoil XA =% Fhafol A MV 3ol thdt 749 744

21 & (planta)oll A Teoil®] AESHA 7|5& ¢ olsisgtr] H&, &
Teoil & the] AR =¥ HulE WHEAL, 44 =9 A& AL Teoile] @Y 7F9=(single
copy)E 7Fd 5™ T0 lines® T1 AF<E(descendants)S AF&3ho] 3u2 AP AT, 4, B Adygxis
RT-PCRE AH& 224 FAA S99 A= g7 AEA RNA B8] FF& vaslth. Teoil FdAF &

ol o £ (low level) S FAASE R o AlEo| X YEROM sense Teoil FHAAE £33 42

f
)
(it of

RS
off

A= sense 2 antisense-oriented

=

3

%)
=% 2]E(sense transgenic plants)olA Wd 5L 27 AEHT ¥ 30, JEdz, g2 2 &
A BE FFES antisense FAAES TIEE FAA =9 A E(antisene transgenic plants)®EUh © Iokth

%)
3] ¢gd i BoF= AE AFsdy. =
AH line 7o} 10702] 6-leaf stage F-AAF =QH T1 A& 4719 9 2 FAASE A &Z& hEILOEHN
Samsun NN9J 1071¢] izt A ES, vlolgj Ao oA ofwst HstE &21357] 9, CMV-Kor2 5 &3}
St

T 8a). Teoil HA £¢9 g AEL ulo]g] 2~ HEo|

A, vlol#]~-#E F RNA 32 =2 &l (accumulation pattern)S HA WS A ke AE 2 Teoil 44 =
de G =] HEd doA Ak, 4F F ohge Alzd(various time points)ell A, CMV BFo] 2] 2~ RNA
391 A& RNA 3 5o] Zgtolw & 7FA Il RT-PCRell €] I ATt = 8bellA] Holx]= vk ko] CMV RNA
39] AL 3 dpiollA A FAHAD, RNA F4 52 FAHNEA &2 AEF sense T34 € A=
Atolol A= frAbstlth. Lefy}, antisense A ®=9)E A EAE, RNA 3 54 32 FAASHA &>
AEFRT G A4S Y. o2, HEHA @22 JF9 dE(non inoculated upper leaves)olA] Hlo]] -
#AdE RNAS] FAFEHE ZASFSITE. CMV RNA 39] 42 FHA AR &2 A EF sense 34 =€ A&
oA 7 dpiFoll HAHJL 2 FELS E vl HmEAT. o] gk A %, (MV RNA 32 antisense
2 24" AEAAE 7 dpiollA x2AF §AEHA ZdTh (5 8c).
4w 27

o] AW g upe} o], . WHo] wEW Qo] Ato] 7 Hlo]# 2 (Cucumber mosaic virus, CMV)e] HA| 9} o] &
of #ojst= T A(CMV 1a protein) @ FE2& st @A S IQstE Sl E FH9 Westasr FAAE



<1l>

<2>

<3>

<4>

<5>

<6>
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, QWVel S4e =4 5 Al "k, o= Vel tigh A&

12 EEA Teoil T CMV Hlo]g] 2~ Tl o] 45 285 YEfdTE. (a) S2Y-22ZE HE-F-ZFEAT
A A (colony-lift filter-P-galactosidase assays)olA] +& %A B-galactosidase &AS YERE blue
colony® Y1, -= &4 B-galactosidase FAE UEU = white colony® YeERATH. (b) 7] EH o-
nitrophenyl-B-D galactopyranosideS A}-&3lod p-galactosidase A9 Quantitative liquid assays
quantizationg YWEFHTE. ol & vl(error bars)© ZF A& W3t ¥+ HAX|(standard deviation)S A A] 3T},

T 2% Teoild] FEHQE=E ALz dild A HAE L}E}\ﬂj\:} (a)3= Tcoil cDNAS] FE @ LEfol= o}
FAE = ofu Al Jdolt). WEEWAAH A domaine UE 2017 A o]al, AdoMet-dependent W EE 23
A2 motif 1 ¥ motif 11 #H2 oldlgdA 2 FAHT. (b)—‘E = UblE—llke C-methyltransferases family
members= 7FA & Tcoil?] A5 &= ofn =it A <E o] alignmento]t}. E.coli, S. cerevisiae, L. donovani %
B. subtilis 258 IS v|wdgct. A7) alignments= PAM 250 table ¥} Jotun Hein methodZ Al-&3to =z
X DNAstar MegAlign® ZX-E] AF=3}9t}h. shaded residues®™ T units Aol X3, (¢) 3FF <
Al =4 (phylogenetic tree)= Tcoil¥ TFE UbiE methyltransferases family members €}¢] oA=& 2317 el
FATRAE HoJFT),

% 32 Southern blot ¥ A= & 7] (organ)ol A Tcoild] =& ®nE YepdY. (a) ©49 genomic DNAZ
EcoRI (E), HindIII(H), =+ Xbal(X) & AF=213L, 0.8% o}7}f== Ao H
o %7 ¥, 7 blotS P-EAF full-length Tcoil cDNA probe®} Z7+e] AAA %70 A slo]H e =A AT},
autoradiogramsE Fuji-BAS 2500 phosphor image analyzer@ 7}A|3}3}SITE. DNA size standards (M) %ol
yeldo, (h)E A2 g2 7139 A Teoil AAMA(transcripts)? F2S vediek, ddE5S @ S (£7]): F
(Z); L (2); R (¥g])olt}. ribosomal protein 1259 AALA X+ cDNA & Ao tigr YR TFo = g
A 8T

% 4% (WV-Kor HEolA Tcoil f71#ke] RT-PCR #41o]t}. total RNAE HE ¥ 0, 1,
(dpi)ellA & ZHoBRE FE3IUY. o 222 & (V- =& mock-FFTH A9 .
cDNAE total RNAsZH-E 438l v RT-P(RS gene-specific primersE 7FA 1L & HATH, AR A2l MV
RNAs®] 3 ° end 9 PR-12 CMV A Foll o &4 dix=w o= &4 53Uk, cDNA & 3

M, 1259 EEE BUESA.

¢

olr

F9it}l. Nytran Plus membrane

= 5% (NV la @A} o285k o D23 Teoile] H9 4 (identification) ¥} Al g ¥ 28 24
(interaction analysis)< YWElTE. ()& o]RE F-3to]BE|= A xHEAM Teoildkt MV la @ de] H=
e FEE Atole FEAE #4S dEhdt. Add S2E59] o5 ofv|xAke] 7 locusE ¥
Zkzy GEtATh. AeA8e] e 7[HAEHA ONPGE AF83te] liquid assaysel o8 =
Tcoile}l Al ol A HMA" MV la @99 GST conjugated truncated 29 AT GST pull down
assay® UERATH. US-Met-EAE O 1aZ GSTI(SAHE), GST::Tcoil, GST::Tcoildl, GST::Teoild2,
GST::Tcoild3 Hi= GST::Tcoil-MT 10pgo 2 FFEFX|&-op7}2= nl =7} 9l AelolA lifHolAstsint. 4%
3 EgtEgHE Ao I HES SDS-PAGEY] A Fetil, O AEES autoradiographyell & 7FA| 3E AT},
(¢)¥ GST::Tcoilm N @Iuo| A HAE CMV 1la MT T CMV la Hel® GST pull down assayE YeEbATh. @<l

=2 only GST::Tcoil; GST 9F ~S-Met-¥A® MV la Hel: GST::Tcoil ¥ ~S-Met-%AE CMV la MI;
GST::Teoil 3 “S-Met-%AE CWV la HelS vFEFWIT),
% 62 AAH Teoildl &) CMV la MT domain Z CMV la Hel domaing] wW€l3}E veldich, guld yeE Ed A~

HekA ¥4 (protein methyltransferase assay)+ [BH]SAMQI 0.25 puCiol UL ujo] RHAXE B3|
(combination) 24, AAE @A FAdHF (10 wg)oZ FY=AC. #A2: PRMT1T Z hnRNP1 (positive
control (PC)Z4); GST ¢ GST::CMV la MT; GST ¢} GST:CMV 1la Hel; GST <} GST::CMV 2a; GST::Tcoil 3}
GST::CMV la MT; GST::Tcoil ¥ GST::CMV la Hel; GST::Tcoil ¥} GST::CMV 2a; only GST::CMVla MT; only
GST::CMV la HelS ERTE, WA #ES 10% SDS-PAGES] 9ol 2% ar, autoradiographyol] ]3] *z+sh
= $ATF. hnRNAL (59 kDa), GST::DMV la MT (77 kDa) 2 GST::CMV la Hel (65 kDa) WH=E2 SAEZ F A
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<8>
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o}, A size markers= 9Zo] YeERHRIT (in kilodaltons).

= 72 Arabidopsis protoplastsolA Tcoil::GFP 9] A¥xd YAZ= vEbAc}t. control GFP (§) E+=
Tcoil::GFP &% (o}f) %A= Arabidopsis protoplastsel]l H&AAEsATH. =4 FAxe] dde 39
A& AFEEFS] 24A12F Fol AT, A% panel 2 light @V A3E HoFErh. 183 2 E% panel

GFP (green) ¥ chlorophyll (CH) (red)e W3S HolFt).

% 82 FAA =" El A EoA Teoi FAAe] 2dE 2 wild type A& FAA =L 2 =4 CMV RNA
o] FA (accumulations)s WEATH (a)© FAAS == & dx=a A&7 vluste] fFH2 =99 T1 &
v 2] Z-¢] RT-PCRS }EFWTE. cDNA <o o3k U F-F <=0l whal, L25 AAFA (transcripts)?] 5% 3 ZUES}
Ak, (et (o) ATHE Ab), HTHAA &2

A& A FHA EYH T1 2]E2] CMV RNA 3
ANEE Ag3le] RT-PCRZ RUE 3%},

w

()NA O RV 39] 54 5ol vlas e, gz
40 4% F A e relA O R 3 5ol Zete]n)

5]
EH]la
GALYE I Wecton GALE AD " Veoto His RGalaclomlase
PASZ-1 0N 18 -
& PACTZTen
PAST-11CMY 13 pACT2 -
pASE PACTZTestd -
PASZ-1CMV 1 PACTZ:Tenid ' +
PASZ AN 4 20T PRCT 2 Tewd * -
PASZ-1CMY 1a-ie’ PACTZ: Tenid -
PASZA tCMW 1 PRCTZ T e i -WT - #
2 A O 1 ahTe PACTE:Tewid.MT J
PASZ NN 1a.Hel PRCT 2T et T
Bl bineding do mmin
TAD, activation domwin
e o e e wesT o
ettt nater s domaim of CHIV 13 proten
*Hedicase donm in of CHY 9 a proien
EHIb

1a-MT+Teoil MT 1
1a-Hel+Tenil MT[_H

12+Teai1-MT I

1a-MT+Teoil =

12-Hel#Teol [

1a+Teoil H
PC }—
ne [
1] 2 4 & 8 10 12

RLUIGD " 104
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F61
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Bd1
801
661
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781
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201
961
1021
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gctogoatcaagattaacacecaaategctitcastthcagect tgacactgt gaat oo

M &4 F 5 FKE L I 22T ¥ N P12

aatttcttcaccctaactaacaatccantansangaaaccataat et bttt gt thana
NEF T LITNNPI RBRERSENTYT L G FE
ttetcaecttottcaaecaet agtegaaat ecacaaat ttcagagecatt teageaasgea
Lo Sra &% & & .89 3§ &+# 84 ¢ I8 B & E E E G
caactteaaagecctcettegacageesaraccocack thcacet ct agt tegarct ctt
g I F R PREYTG®ETT PLGEETILTY G 4L
atttecttcasacetetettetetatactcaaacttegteccagacaasttet tateagt
s BFEPRLEFS I BFEL GAEREQY LK LB
acagcteaganaactaataticeategacesagat sacaaageacat act ggaticteat
il B GRe &1 P o e ape BN O R OE OE LD i
gtttacanaeaal tagagaacat ccagaat cotaccat tetatatcetgattattatcta
ol R R LY RS T gl R a4 TR R R YL
aatcccticoacecstatsat saageraacctctoctgectegct snagctenastacas
MNoB R R T cE R NE 5. W, EE K B E T CGE
gctgcaaccatstogat ggt sagacetgoaatacctaatect totteact teaagareca
4 A TN 5 M ¥YE R AT PN AS S L BE E A
aaccazatastacecszagattzecttzaczcaatcaaaagacatcatcaacaatattca
¥ el YR &¢&H ¥ L D a1 ERKLHE® @@ T R
geagactteteaatcagagacattottgacat tegatgct ot gt tegt et aageacages
I R OOV T o O W L O = - O s S
tatcttecegacaeatatocttttactaaaetaact aetctegatct ticaccttatttt
T Qe e D BT RTF W N T BR OB L OS8R YR
cttectett ectcagtatasasaaaagasaagaasceagagaaagaatcotat cagetes
L, s W e g PR B R KR R .5 ELREGEM BOE S W
atacat gcadacescgaaaacact egct tecot tocaaat catt tgacct tet ttcaatt
T e WO RS W T 5 TR B Ko 5 CE N RN ST
gcttatetatttcataaatetoctennagaecantaaganatttagt gaageqatcattt
& ¥ Y F HECPER A& I E M L Y E E § F
ceeatacticgacct ggageaactettactataact sataactceocaaast ceaasatt
EI L.EP GBGGT VY & 1 TDNSPKE S EI
cttcagenattaceaccagtectetttacatteatgaagagcacagaaccttttetgeat
Lo g ke BBy PR R E S R R R OE A
gagtattacttgact eatcticaaasagteat cageeanact eagttt teccaatetacaa
Il e e U 52 B A o e O - I - Y e
actettctoactzat cotazacacazmactettaccectaccet toattactaattttec
B TR B R R T T & TR TE 4

11441 coccatact tactsaascat sttttett ascaatet sctcassanat tesaas azanaas
1201 aaacatataatctet taastttegracasattttttak cocatcattt agaaaa gaazaaa
1261 tecagcagcititglaaactatgaaattactatetttbtt Lttt ctt gtagtaattattt
1321aattttcttttttegaaanaaaaaasaaaaaaa
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A

(M) .E H X
127 kb . ?f

6.1kb-| B8 &8 %
5.00kb> L0 wy

4.07 kb
3.05 kb—+

2.03 kb 40 B 0

[y
g
HN

MOCK ChV
0 4 2 3 4 5 6 0 1 2 3 4 5 G (dpi)

Tcoit
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Edb5a
A
168 345 (a.3)
Tooi 1T 4 157 | Methyltransferase
Tcoild3 7
Tcoild2
345
Teald Methyitransferase -,
Teolt | I Methyltransferase 8]
Tcoil-MT: F
Teoitd3 -
Teoild2 |
Teoitd | =1
Teoit | H—
PC | }F———
Ne [F
0 2 3 6 8 10 12
RLU/OD,* 104
EH5h
B +CMV1a
l I
=
- & 8 E 2
B > 3 s
5 2 2 F & B
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EH7
GFPICH
EH8a
A 355::Teoll-5 325 Teo-AS
WT_ 12 3 4 5 1 2 3 4 8
[ —— —— — [+ reoi
|——--_—_—---‘~l—f_25
EH8h
B Aelpil Hpi Salpl
NN _ S1 52 AS1 ASZ NN 52 AS1 AS2
e h.
La5 |
EHS8¢
c Wi Teoils Tcoil-AS
3 5 i 3 5 T 3 5 T fdpi)
chv
L25
e

<110> Korea University Industry and Academy Cooperation Foundation

<120> Novel gene of methyltransferase interacting with Cucumber mosaic
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virus la protein

<160> 2

<170> KopatentIn 1.71

<210> 1
<L211> 1355
<212> DNA

<213> Nicotiana tabacum

<220>
<221> CDS

<222>  (27)..(1133)

<400> 1
gcgcectcgeat caagattaac acgcaa atg gct ttc agt ttc aag ctt gac 50

Met Ala Phe Ser Phe Lys Leu Asp

1 5
act gtg aat ccc aat ttc ttc acc cta act aac aat cca ata aga aga 98
Thr Val Asn Pro Asn Phe Phe Thr Leu Thr Asn Asn Pro Ile Arg Arg
10 15 20
agc cgt aat gtt ttg ggg ttt aaa ttg tca gct tct tca age agt agt 146
Ser Arg Asn Val Leu Gly Phe Lys Leu Ser Ala Ser Ser Ser Ser Ser
25 30 35 40
gga aat gca caa att tca gag gca ttt gag gaa gga caa ctt gaa agg 194
Gly Asn Ala Gln Ile Ser Glu Ala Phe Glu Glu Gly Gln Leu Glu Arg
45 50 55
cct cgt tgg aca ggg gaa acc cca ctt tca cgt cta gtt gga gct ctt 242
Pro Arg Trp Thr Gly Glu Thr Pro Leu Ser Arg Leu Val Gly Ala Leu
60 65 70
att tcc ttc aaa cct ctc ttc tct ata ctc aaa ctt ggt gcc aga caa 290
Ile Ser Phe Lys Pro Leu Phe Ser Ile Leu Lys Leu Gly Ala Arg Gln
75 80 85

gtt ctt atc agt aca gct gag aaa act aat att cca tgg agg gag atg 338

Val Leu Ile Ser Thr Ala Glu Lys Thr Asn Ile Pro Trp Arg Glu Met

_19_
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aca
Thr
105

cag
Gln

gcg
Ala

gct
Ala

ctt
Leu

gaa
Glu
185

ctt
Leu

aga
Arg

ctt
Leu

cct
Pro

aaa
Lys

90

aag
Lys

aat
Asn

tat
Tyr

gca
Ala

gaa
Glu
170

aaa
Lys

gac
Asp

tat
Tyr

gct
Ala

atc
Ile
250

tca

gag
Glu

cct
Pro

gat
Asp

acc
Thr
155

gaa
Glu

cat
His

att
Ile

cct
Pro

gtt
Val
235

agc
Ser

ttt

ata
Ile

gce
Ala

gaa
Glu
140

atg
Met

gca
Ala

cat
His

gga
Gly

ttt
Phe
220

gct
Ala

tgg
Trp

gac

ctg
Leu

att
Ile
125

ggc
Gly

tcg
Ser

aac
Asn

caa
Gln

tgc
Cys
205

gct
Ala

cag
Gln

ata
Ile

ctt

gat
Asp
110

gta
Val

aac
Asn

atg
Met

cag
Gln

caa
Gln
190

tct
Ser

aaa
Lys

tat
Tyr

cat
His

gtt

Ser Phe Asp Leu Val

95

tct
Ser

tat
Tyr

cte
Leu

gtg
Val

ata
Ile
175

tat
Tyr

gtt
Val

gta
Val

aaa
Lys

gca
Ala
255

tca
Ser

gat
Asp

cct
Pro

tce
Ser

aga
Arg
160

gta
Val

tca
Ser

ggt
Gly

act
Thr

gaa
Glu
240

aac
Asn

att
Ile

gtt
Val

gat
Asp

tgg
Trp
145

cgt
Arg

cgc
Arg

gga
Gly

gta
Val

ggt
Gly
225

aag
Lys

ggc
Gly

gct
Ala

tac
Tyr

tat
Tyr
130

ctg
Leu

gca
Ala

gga
Gly

gac
Asp

agc
Ser
210

ctg
Leu

aaa
Lys

gaa
Glu

tat
Tyr

aaa
Lys
115

tat
Tyr

gct
Ala

ata
Ile

aat
Asn

ttg
Leu
195

aca
Thr

gat
Asp

aga
Arg

aac
Asn

gtg
Val

100

gag
Glu

cta
Leu

gca
Ala

cct
Pro

tgg
Trp
180

tca
Ser

gga
Gly

ctt
Leu

agc
Ser

act
Thr
260

ttt
Phe

tta
Leu

aat
Asn

gct
Ala

aat
Asn
165

ctt
Leu

atc
Ile

tat
Tyr

tca
Ser

gag
Glu
245

ggc
Gly

cat
His

gag
Glu

cce
Pro

gaa
Glu
150

gct
Ala

gac
Asp

aga
Arg

ctt
Leu

cct
Pro
230

aga
Arg

ttg
Leu

gaa
Glu

_20_

agc
Ser

ttc
Phe
135

gta
Val

tct
Ser

gca
Ala

gac
Asp

gcg
Ala
215

tat
Tyr

aag
Lys

cct
Pro

tgt
Cys

atc
Ile
120

cac
His

gag
Glu

tca
Ser

atc
Ile

att
Ile
200

gac
Asp

ttt
Phe

aat
Asn

tce
Ser

cct
Pro

386

434

482

530

578

626

674

722

770

818

866
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265

gaa
Glu

cct
Pro

ctt
Leu

cct
Pro

gaa
Glu
345

aga
Arg

aga
Arg

gga
Gly

cag
Gln

ttt
Phe
330

act
Thr

act
Thr

gca
Ala

gga
Gly

gaa
Glu
315

ctg
Leu

ggt
Gly

gtt
Val

ata
Ile

act
Thr
300

tta
Leu

gat
Asp

ttt
Phe

acc
Thr

aga
Arg
285

gtt
Val

cca
Pro

gag
Glu

gce
Ala

gct
Ala
365

270

aat
Asn

gct
Ala

cca
Pro

tat
Tyr

aat
Asn
350

acc
Thr

tta
Leu

ata
Ile

gtg
Val

tac
Tyr
335

gta
Val

gtt
Val

gtg
Val

act
Thr

ctg
Leu
320

ttg
Leu

caa
Gln

cct
Pro

aag
Lys

gat
Asp
305

ttt
Phe

act
Thr

act
Thr

tac
Tyr

275

gag tca
Glu Ser
290

aac tcg
Asn Ser

aca ttg
Thr Leu

gat ctt
Asp Leu

gtt ctc
Val Leu
355

taatttt

atgttttgtt agcaatctgc tcaggaaatt ggaagagaaa

gtttggaaca gattttttat ccatcattta gaaaagaaaa

ctatgaaatt actatgtttt ttttttcttg tagtaattat

dddaaaaaaaa aaaaa

<210>

<211>

<212>

<213>

369

PRT

Nicotiana tabacum

<400> 2
Met Ala Phe Ser Phe Lys Leu Asp Thr Val Asn Pro Asn Phe Phe Thr

280

ttt cgg ata ctt cga
Phe Arg Ile Leu Arg
295

cca aag tcg aag att
Pro Lys Ser Lys Ile
310

atg aag agc aca gaa
Met Lys Ser Thr Glu
325

gaa aga gtg atg agg
Glu Arg Val Met Arg
340

act gat cct aga cac
Thr Asp Pro Arg His
360

cceccccatac ttactgaagce

aaaaacatat aatctgttaa

aatgcagcag cttttgtaaa

ttaattttct tttttggaaa

_21_
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962

1010

1058

1106

1160

1220

1280

1340
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Leu

Leu

Phe

Leu

65

Thr

Val

Asp

Trp

145

Arg

Arg

Val

Thr

Ser

50

Ser

Leu

Asn

Tyr

Tyr

130

Leu

Asp

Ser
210

Asn Asn
20

Ala Ser
35

Pro Ile Arg Arg Ser Arg Asn Val

Ser

Ser

Glu Gly Gln Leu

Arg Leu

Lys Leu

Ile Pro
100

115

Tyr Leu

Ile Pro

Asn Trp
180

Leu Ser
195

Thr Gly

Gly Leu Asp Leu

225

Val

Gly
85

Gly
70

Ala

Ser

55

Ala

Arg

Trp Arg Glu

Leu

Asn

Ala

Asn

165

Leu

Glu

Pro

Glu

150

Ala

Asp

Ser

Phe

135

Val

Ser

Ile Arg Asp

Tyr

Ser

Leu

Pro
230

Ala
215

Tyr

10

25

Ser Gly Asn Ala Gln Ile

40

Arg Pro Arg

Leu Ile Ser

Gln Val Leu
90

Met Thr Lys
105

Ile GIn Asn
120

His Ala Tyr

Ser Leu Glu
170

Ile Glu Lys
185

Ile Leu Asp
200

Asp Arg Tyr

Phe Leu Ala

Trp

Phe
75

Pro

Asp

Thr

155

His

Pro

Val
235

Thr Gly
60

Lys Pro

Ser Thr

Ile Leu

125

Glu Gly
140

Met Ser

Ala Asn

His Gln

Gly Cys
205

Phe Ala
220

Ala Gln

30

Ser

Leu

Asp

110

Val

Asn

Met

Gln

190

Ser

Lys

Tyr

_22_

15

Thr

Phe

95

Ser

Tyr

Leu

Val

Ile

175

Tyr

Val

Val

Lys

Leu Gly Phe Lys

Pro

Ser

80

Lys

Asp

Pro

Ser

Arg

160

Val

Ser

Thr

Glu
240

ZIHSd 10-2007-0117944



Lys Lys Arg Ser Glu Arg Lys
245

Gly Glu Asn Thr Gly Leu Pro
260

Ala Tyr Val Phe His Glu Cys
275

Lys Glu Ser Phe Arg Ile Leu
290 295

Asp Asn Ser Pro Lys Ser Lys
305 310

Phe Thr Leu Met Lys Ser Thr
325

Thr Asp Leu Glu Arg Val Met
340

Thr Val Leu Thr Asp Pro Arg
355

Tyr

Asn Pro Ile Ser Trp
250

Ser Lys Ser Phe Asp
265

Pro Glu Arg Ala Ile
280

Arg Pro Gly Gly Thr
300

Ile His

Leu Val
270

Ala
255

Ser

Asn

Ile

Arg Asn Leu Val

285

Val Ala Ile Thr

Ile Leu Gln Glu Leu Pro Pro Val

315

Glu Pro Phe Leu Asp
330

Arg Glu Thr Gly Phe
345

His Arg Thr Val Thr
360

Glu Tyr

Ala Asn
350

Ala Thr
365

_23_

Tyr
335

Val

Val

Leu

320

Leu

Gln

Pro
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