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EMIRL ERICESCERFREAOKRBIZESINTNS., LML
YnIAR, KREBROBEERITHL TEiERL, BAD—ED OREMERITEX
S TOHRRZITRS. EMEZFMRoND X I RRES AT LITKDEMEY
HEBIIb > TN, TNERERSTHATREFROLENS F 25T 5
TW5., WYORBA B E LT, BREMEEICH T 288U LE
(hypersensitive cell death) 23HF 51 5. Bz 2T -MII2EICHAEZE
CTZETHREREZBEUAYD, FENY D NTER T 7 MY LF I L EEHE
L THRBEARORBRPEICEF T 5. BEREMBELITERENICT OS5 L3N/
B (programmed cell death) TH 3D, TORTFANZALFEEALEHEHIN
Tz, B 70y 5 LHIETIE, HAR—Z (caspase) EMFEND T
254127077 —YEETRTETHMEEBENE SN TS, EYICE
J 5 BEEHREIC D ELLAERED DO T Y —ENEET S Z L 2RR
THREREBBEINTNS. Thid, OHIRREDBRTHAR-AESES LR
T5, QHAR—ZABEFVHREEZNH TS, RETHD. INXTEDK
HAR—ZADRBIIEHNITONTELZSNNDST, EUNSEHON
AR—ACHLETHEBLRTOEBIREINTE ST, BHEOEFRIIAHATDH
%5, IO RBEREZSTZ, ARMETEINIET A7 TAIVA (tobacco
mosaic virus, TMV) DOERIC X > THE I N2 Y /NI OBBEBRMILEZHETL,
T RET AT Ot > /BEFE (vacuolar processing enzyme, VPE) 7AMEY)
DHAR—Z-1 FHOEKRTHD, BEEMIEICEOLEELRRTHSZ
EERFHLE. ZNEEWICIIRSNRW, EMRBEORREFLETET0rT
LD RZ BRI D THNIOTRIEINE I LICOERND 5.

BEBAIEICBE D B AR— 21 EEEFDOTOF Y —EZ2 I NaD
SRIET B0, EAF UEHR LN AR—Z-1 HEHZ TMV BREITIRE
L. ZRIRK VMR THERNEERTEIHNAR—R-1 7077 —E2R
K32 EikYL, ZOo70F77—EM VPE THBH I L 2RE D, VPE
IR REL, WRABE I N REERRIRESY > X B2 E RO R
FUNVBRIEMTHIATA 7077 —ETHD. Bk &iZ, VPE O




FREXZ TMV BREICBEL-E 25, IAR—A- 1 HERZRELZBE &
B U & 3 IZdBURsEA T A 5 /.

TANREREELTF AL TICEONERD VPE B FOEBRLZM
Bl ER Lz, ERLZEDEICBITS VPE EEENAR—A-]
EHICDODWTRANSEEZS, TOMADFEENKIZETL TV, ZO#RIE,
Y BIT B AR— A1 EROEEN VPE THDH I EZRLTNS. T 5IT,
Z DMK TIE TMV ORI & 2 B BUERMAENERE M A sz, IR
R o 7057 —¥ Tdh D VPE BHEMO T 105 5 AMIREFEIC B W TEEREE
ZHOTWS I EZMMIRLTWS, ¥NIDVPEEE FOAAR—-Z-1D
73 ) BRH A LT B EEENTIZIE E A SRR WA, fRBEERAL S
BB OBRICHAERT I JBICEL TIIRERESNTVS. TORD,
VPE IZN AR—Z-1 LAFERIEREEDDIENTELLEEZI LGNS,

TMV ICER L -EOME 2 ETHEMBETHRE L LA, EITHRHENR
NBFIC, WREARSKICHBEND I ENbhok. LT A0, VPE Ein
FEYAL I LEEYETIE, BREOSRIZEI > TWAloT.
R DR S MFTEDBIMRIC D W TN S 2 9IZ, BCECF-AM &W S #EE
ETHRBERALLBREENS O NS S X NERBL, FHICHERLE. £
DR, BEUEMREAEN OO b7 5 A N T, BCECF O#EIIHRIICH
FELTWEY, FEBIIZOIENER» SHREICRNLES ZENahoTl.
BRI AR - LME s U NS T —THREIN 5D, BCECF DY
AADRHIZ R UNRS TN —TREINBENITEZ TV, 2O &M
RN DO EN R B Z &2 RLTWS, —F, VPE BiaF291L
> LM TIE, BCECF OBIIRIICBELZEETHo7. O
/5 VPE FHMEOEE THREEO S EEFIZREIL, Ihick> THllast
NESDOTIZ W hEEZ SN,

RUHAR—-AESZHOBERD, WY TILRICEEL, —7F, 89
TIIHIBE Y IVICHEET 5 & SIELAcBsREN. EYSEEMZRzT,
MR IIMIBEN D D, TOEOEMIEMERBD, ERBIHEELZSD
BHREWIETZZET, BB IMMEEELZEEAONS. 9K,
BEBHREOAL ST, BEOHERR, FRAMEOMIER kL7851
T OB DOHRICH B H\RE 550D EHFINS.
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MBI E ST, REARRENORITHTIENTERV. £OTDAE
B IR EORBREEICHZ TV D 2 2L B Eb o TS, TEYITIRER]
BISEL CRIEFRACKRBIREL AT I/ ICEBSE, FAFTAF VA, HEFE-
534, AR DA BBREL FE T 5L TIEE N D AR A MEEEHME
LTV, FREAEOBIIC LR EL, MPOLEFICL> TERMIILRVIDERS
BREBEAN AD—2>ThHD.

T IEW D LRGBS BB 272003, I B ORI
DEBRERESE TS, BN SFEFHLFEELT, MIREESLIF 77RO
FEELV ST MBI F R EYE AL ALRENRFRARERHD. ThbHD;
BEE, SMROEEDOH B OO TR B ERINMA THDELD THYE
HOERBTMELIRIZ NG, ZhETBICBRIRTUE LT NS F B HY, THUTEH L
FENBOONRND, SAEOBRAERBBT DL T, BEFH, ALENRRIGE
bh 5. BIRIIRHIESREN T BRI, VT NVERICEELRREIZRCT T
VB (salicylic acid:SA) , % AE B (jasmonic acid:JA) RT=F LU DAEEK, &b
IBALTBRBERE BB T HI2D D7 7 AT VX2 DAEE R ERR % 1o
REISEHELEND.

BAEE Bk L L COMSE

HEMIZ BT bR BRIETIR S EL T, BBURSUL (hypersensitive
response/reaction) A3#% (Goodman and Novacky, 1994) . ZO IS DBAIAIZED LW,
Bl AT MMh D30 DL DB T INEHELE N, fRA RRBERPBISHTIEH
H1541TIY (Greenberg et al., 1994; Greenberg, 1997; Pennell and Lamb, 1997), €41
HDFEBAER O BEM R 1B AR RSB IRICATh TV, Bl R Tl AR




ENSLIEE TN, RERERRCLABEFEFEIUTIORTIOCEMTS
(Goodman and Novacky, 1994) . ;BBURR S IAEDAFRIREDRA LB T DL
bEES. B 7 A BHRNICEES DL, T<RWRFISEECHRA D
SHIFIREE ~D Ca>* DI, Z2 0BV BALL Y BRLRE DY, SHIC
0% Hy0, 28 DIE MR N E R SND. ZOTEMERERTED LRI —MRANIA X
SEF AT R=AREHENBLOT, MK EICFET S NADPH FF 5 —ED
EHEIZ LA DEENTWA. ARSNGB ERIIEERNRNEEREA 572
JTIRL, HRBEDY = ALoRE S L VBB IR REL, ShIZITT 7 AT
L A SRR OE MO R R 2 RV E (PR SV 730 H
pathogenesis-related protein) {5 F D FEBUCE DD B R Ay Vv — LU THERE
LTWBIEMREN TV, e, BBUSR IS IR I TR BUR M 5E
(hypersensitive cell death) ¥FEIZH5 B R ERHIIRSEE LD Z LB TV, FEY
BB FER R Z L MBI TR R A E BACIA®, WIRE BT SR~
PEADDEIEL TS,

Y OEBBARIRFE LB DT Rh— R

SHIRAAOERT, BIEEER T2~ OMIREFOHEELEIZL>TD
HHEBFSN TOBO T, BB MRAFEIZ E > THIICHIEISN TS, 20
WbIE B LBV 2 DHBFEN T AR — R (apoptosis) THD. TR RIT, Bz
AHROZEH /R RERFRLL TADN TV R7 12— A (necrosis) L13 2729, &
IGFIZ Lo THIEIS N - BE B Ao MIRASE T D, TARM -V AMMEEFREEICR T 5
BEFEREOMIR R Ry N — 7 DFESLIT DD T2, FEBVERICRK TSR LHN Y
WRICEDIEEEOHERE, RERORIAREICEERFEEZRIZL TS, EbIZT
K= R, BCREER, TARREDYANVREISE, TN~ —R{RE
DRI B Y DRIEICE I b o TOBIENHLANT2> TS (HA,
2001). |

TRN— AT, MO EEOELLELFRELICE>TERSH




TVW5 (BT, 2001). 7RRM—LRERIL O AHRIMBOF BRI #EL T, Mk
H OWEEE DT EUTIRICRY, MRS T 5. BN TIRIa<FUREENEL, B
MW AT 5. F L CHERR B A3 A (kL T 7R b—3Z/IMa (apoptotic body) 235
REh, v /a7y —UREORMCHE T AMRICL s CTRRRESNS. BE
RAE(LFHRZEIGIT, % DNA OXILAY — LB TOWR{ETHS.

TR R, BEMIC 3 SOBRICFTTEILN TS, B, #kx
BT RN—V AL T F LB TR — L AOFHEME THD. ZTLTKRIZ, M2 H
SOIREEAR S ENTHIB L T Rb— L AD A v F & ANDREME THD. ZIT
RENGEELFEHINA R ALY S @B C, RGN ETHEICAS. TR —VAD
B LU ERE I, SV TV ORBEDDVITIROEREEREBOENIL
TEEMRHRLNDD, FITHERE I R/ —F (Caspase) & DNase (ZL D53 A
—RIZR T BEEZHND. ZOETHBICRBWTEERMBEEZ TR —EIT,
EE RNV AT AL B OV AT A T T A —E ThD. WAR—BIIMRE
(CHETEL, BBV T —BEEMLTAIL T, #% DNA Ol {EZ 53T
LB, B, Savdaysx, WILE e & FLICEEMICT RS e TR b

DT AN =X LOKRETHS (B, 2001).

BRDRFFEIC & T, M OES U RS 31T 2B BUR ML SEI A IS
SIS - IBAFE (7 2T LAFRASE ; programmed cell death) T&Y (Greenberg et al.,
1994; Greenberg, 1997; Pennell and Lamb, 1997) , Bi#MARIZI51T 57 Rh— A&
= — @A OZENRBLMTRoTE. TMV OGSV BBURMEELFHEL T
WABZAIDHIBAT, TR AEDE; DNA OB AL HEN TWS (Mittler et
al., 1995; Mittler et al., 1997) . 2O, BBUBMAASEDTERIZ LY, XTLT—ED
TEMENTHHEI NS LD (Mittler and Lam, 1995), X7V 7 —EDFEHH L DNA D
WA AL EESBMR L TOBD TR WNEZE X BN TNA. A XIZRWTE, 8L
PR DEEFESC Hy0, ALERIZ X » TR SN DM FEDBRR RO BRI AR D UL
#, % DNA OB A LB EDHE X TS (Levine et al., 1996) . F7z, FEH
FotE DE DR DRI L > CRBURMMFELZEZL TWH= 2 ROMRR T, &




DNA DXL 72— LBEALTOW A {L (Ryerson and Heath, 1996; Tada et al., 2004)
Rra<wF L DEE, RO LA S TS (Tada et al,, 2004) . IHIZ,
BRI T IR N — 3 A& FLZ T Alternaria alternata £. sp lycopersici 2SEEH T2
AAL BEFRZQAHELT- M MERRIZBW T, OB A {EICfE) DNA OFF — (L& 7 RE
— S R/MERBHEN TV (Wang et al,, 1996) . Lo, f#IZIT~raT 77—/
EOBRIENL, MR MIRELD O, BMIEZD XD IZEY DMk
IZESTEEBINIVTHILER. MEEOEERNSHIZEHOT Rh—I ALk
BT DETDBDDLDD, RApDEEDOTFENFERIN TS,

EYI B B A —PRRIE M

B0 0sT LTI, A S EHEEEREL TEREL TV, Y
(LB HANR—BIRIIFET DO THAIM. BEETIR 2 18> 7 TN THEINDHE
MOMRITE CTH A~ BEIEM @D H A —BERIUEE 2 U 55 M) 5%
HENTWA. NI Y 7RG LD HIRFE 4235 E L 7~ % /322 (del Pozo and Lam, 1998),
—BR L ER I LA AR RICLVMIREL FEL 722 v A XF X (Clarke et al.,
2000) , Isopentenyladenosine (Z XV HAARIEEFFHEL 75/ SakF B MM (Mlejnek and
Prochazka, 2002) I35\ T, A A/ 3—E-1 {EERHEN, SRAMREIHICIDMIfRSE
ZHE -2 1uA X+ X7 (Danon et al., 2000) , B avZIZXOMARFEEZFEELI-F
SRS F MM (Tian et al., 2000) (2T, AR —E3 EESREINTND. £28)
W T Rb— L REFHE T DR ONEIZLY, ML FHEL- M~ MERMR O
IAANR— BN EERBL O AN — B3 EEOT HHBFEETHIEBHESNTND
(De Jong et al., 2000) . —J5, HAX—F DOREANZL > THEY DHIRASE (del Pozo
and Lam, 1998; Clarke et al., 2000; De Jong et al., 2000; Korthout et al., 2000) I X
HARIFEIZ££54% DNA DT F L (Sun et al., 1999; Zhao et al., 1999) X 505 LD
HEINTHD. ZHOHREITEMEFRC LI OMIIZTES I 2/ —BEROTE
HIZ Lo THIFES N TNBILERRL THEL DD, Y TIIAAS—EBDFERS
DRIZIZFREEI TR, LPLBBORIT, AFEREICK Ty 7EZ AV




EBRND, HA—Y-1 FEHESHIAE T3, MIICBEL QWD IE, e, Bl
THY A XF XS ORIRT vk 7 EESR (VPE) BRAAN—E-1 {EEZH TS
ZLDSRENT (B, 2002) . BT, B LRI CILE L IR SERAE T TE T
BOH, FIAEMN IR ARSEEAE S TEIE T DOMNIBL TRV, I

T, MIBAFEOEBELAONICTAILIIEREICEETHLHEEALND.

il A A -

a7 a s/ BES (VPE) 13, PAC /)M (Hara-Nishimura et al., 1985) 124
STRIAICRES N B TIPS B O R R AU E BT DR
LL T R&h7- (Figure 1) (Hara-Nishimura et al., 1991) . VPE |3 RS> /37
B LR, M/ Maf (rough endoplasmic reticulum, rER) TH RS, PAC/Ma%
LU CHRB~LIE TS (Hiraiwa et al., 1993) . VPE (37334077 B, H, L
7Y OBERLITHRENRDONTHROLV AT A T aTAF—BLLT1 2D77
W —EFHKL TV 5 (Hara-Nishimura, 1998) . A ETIZEEDHDEM HE KD VPE
1% 2 DOZN—F14h B (Kinoshita et al., 1999) . —F DI N—TFITEFRED
APBRE CREL CWBZ L U E SRR BIETS VPE &, L5 IR CHER
PO¥FBERECREL QW ANMEEIICBET S VPE 2 EATWD. BEHEHD
2 BEOEIITENE NG R VPE BFEETLIELHLNIIESN TV,

EFABEREMEL TROSLRS A XX FD30iE 3 O VPE Rtus
(aVPE, BVPE, YVPE) D& 5 F S BEiBfES 41TV 5 (Kinoshita et al., 1995a, b) . BVPE
I3 FC, aVPE LYVPE [ZEERIRAR S DB BRE CREL TEY, RN TES
Nt BB RAICHEE TS (Kinoshita et al., 1999) .

B EEBRIR TRIL COABBVPE [XE T ITER S VB & T AT
XU ED C REATHIRTURBENZE M 3 5@ %% #F-D (Hara-Nishimura et al.,
1991). BVPE (2 LB 7 al s o I3RS v VB a R EEEL, BRONIZZER
ICTCEBAPIT L BICER TV o2 AERRE FR D) E 2 b5 (Hara-Nishimura et
al., 1995). ¥7-, BER CRESH T2~ D cbVPE OIEHE( LB DOMET 5, VPE DR




Fa/ R TIRFESN TV Cys-83, His-180, Cys-222 DFEENPTEEIZHEATHLTLE,
RIEHER O 7 o BIRTER A OIEES DRI ~DO BT B CAMERNIZEZL I
257y o T3 (Hiraiwa et al., 1997a) . —F, 73 AR IATHEEL TWSHYVPE @E
PEALHEREL, STEREZDOEM T OEE - TS C R/ a7 F IR 7 o B EIER A&
MOEREENS. ZLTKIZ, N RIEF 0T FRN 46 F B DT ANTH D C RKim
R TFakL o ENT, RBEIZRD. TARTGX L TOT v 7L, TANTF
VERREICEE R BEME - VPE B HIZXo TfTi5 (Kuroyanagi et al., 2002) .

TMV B CHE XN 55/ \aDiBBURMISE

AR L7 SO GBBUR RS IHE D SR RIR DR AL B T 52 L0 bia 5.
ZRIpbIE TMV LK T2 BARZ A REa—F TR IN B EFPRES
L TV5 (Holmes, 1938; Weststeijn, 1981). #7323 N BETFE2H->TWDIEE
323 TMV IS L TRt 2 R L, BB AFE 5. NERFAa—FT5
BB IINEIRMAIC X7 LA F RS EEBAL (nucleotide-binding site; NBS) &, CR
SR oS Y F U — (leucine-rich repeat; LRR) 2%, D& iEA L CkY, HilAE
MIZBTET 5L E 25 TV V5 (Whitham et al., 1994) . NBS /% ATPase R° GTP &%
VROEIRE DRIV A F RS IR TESN TODESITH D, EDLIeXIV |
FFRBFEE LEIFEEN TOBENRE, ZTOMBEEIIBAED LZARLINI/2> TR,
LRR |31 % B &7 I/ BESIOBRELBSFIES DR T, 2o IH-F
NG EAERICEHRL TWVB. E5IZ, NRERITE#IZIX TIR (Toll/interleukin-1
receptor) KA &% 0. TIR KA AIL a7 Pav T O EE THD Toll RCHHEL
HoAZ—u %1 LT E—(L-1R) DHFLE R AL LA RMEE A HELSIT
BV, THRADL T FNGEITHEL TOBEEXLNTND. ZOZEMD NEBisT
ETFANCH E SN BBUR R SIZEBV T Toll X IL-1R KR DOEBImEI AT —
RASTETE T B ATREME S B X LA, BAEMIZ NBETFEDNE OIS THRE
R G DB IR R o TOBINEHALMIZ 2o TR,

TMV (TR L 7o &3 a) N B FRFRNCBBUR G Z 51 SR 2R IdE
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BRI DML TR B DITEL TW5. N B TORBEII N B FEHD
MR IR B RS (F OBKEIIIRIE DL AL 2o TVVW) THD. N BI5T
11 26~28 CLLEDOEIE TIIEN T, BYL7Z IMV 2 N Bl Fablang ol
RIS T AT, 25 IR, TORBE, MITFERL, EVAVERE
23 (Figure 2A) . —F7, N BEFI3 26~28 ‘CLAT CidB%, TMV BEEEALIHESR
DINBBURMIEL B R, /INESRRHEL LTINS (Figure 2B) . TMV {35
KBB4 R LI-MBEAICHALAD LN, Y2 BE»LEND. 2O N BETFO
S FT- 1L N BIGFEMORBESRERZE CTHHILEFALT, TMV ZERS
I ZANTEERITHERFL, VAV AR TSRS 2%, £DF/ a2 KRS
T LI IV RFRICIR A FEI DTN TES (Holmes, 1938; Weststeijn,

1981).

BB 331 DR OEERE

B O (vacuole) 1%, BALECTHENT-A NIRRT THY, @ipDlY
Y — I (lysosome) (5. EWWHIRE FITIZ/NESWIRIEA S H RO 53, MR
A B LUB /NIRRT AL A L TR &2 kA (central vacuole) &72%. FRELTC
MR CITHREA T O LIS % S, EYMRE SO SMBNGE LD,
BRDOZRELL TRBEDORRE, RBTHEEDORR, EENOERE, FTEWED
SIRIRENRETOND.

WL, B ORI R E DX D7 IR BRL L 7oAl AE - Mgk
BoTWARW. EWIE, FREORRSCERICIDZEFICE 75T, RESHERIZ
HES < VBEEEML, Thil b, BCRENMERLARVES ISP E)
LY ESFOMEEEL TS, ZTOIOIREL L SV BEELT, PR EZVASIE LT
NE—BEORGEZ X EDOTFEIESN TS (Van Loon and Van Strien, 1999).
PR # - 7 BTN ETIC 14 BESRESHTRY, MM S THIKERR
BT HIAT L, RICERTDIAT 1S5, RIRIZEE TS PR-2 R PR-3 (X

HRIRBRICETE TS PR-2 ®° PR3 JVLAEEMES BN ILARESN TS

11



(Sela-Buurlage et al., 1993) . PR-2 {%B-1,3 7 /v —Ei&H%, PR-3 (3xFF—F
EELD, BYRUREEOMIREEL 5T 5LE XN TS, (Kauffmann et al.,
1987; Kombrink et al., 1988) . 7z, B RICIVRELEZ T MEIT, PR-6 BT
57 a7 7T —E¥ A e — (Pl) ZERIZERE 35 (Green and Ryan, 1972; Graham et
al., 1985b; Graham et al., 1985a) . 20 PI O &LIL BV 07T —RBIZH 15/ EE
B —Tdhb. —F, BROW(LERIT ) T uTr 7 —ER%L, EYO PLIZR R
BELEYOEOMLRIEIZ, BRROREELIHTBE1HHLEXLNT
V5 (Ryan, 1990) . SR HEZ L O BEEETH720 T, BIRED Ca™
FERL TS, BRSO ROESICIMIaRE O Ca¥ BEN LR THZL

DB THDHH, ZOLEHRMNED Ca¥ TRt NEELRS.

12




RBRBIE T

EBH)
EBIEHEL T TR 5 BEOMMZ A
Nicotiana tabacum cv. Samsun nn (nn %732, N {51 1)
N. tabacum cv. Samsun NN (NN %32, N BI5FH)
N. tabacum cv. SR1 (N B{5 T &)
N. benthamiana (N Bia+5)
35S::GFP # T & #=MaL 7= N. benthamiana(N B FH)
FNENOREMEIL 16 BEREBART, 8 RIREAT, 26 CTEFIE .. ERIZIIERE
% 10~12 ARRBL 7= IEOFER2ITRBALT-ZE (8 5~7 38) 2L

185 S 7 bR A LT FFR A2 R BERS AR

N BEFEHOZ 33, TMV ORGSR CGRMEZ =L, @RV
®B&RIT. NEBET ./ BETEDNRERSECHOMEELFIALT, BB
IR FEDFRAE L 72 IR BE % R FHRIIC T B S 72 (Ohtsubo et al., 1999) . TMV D& /3=
A~ DHEREIT, TMV (1~10 pg/mL) Z 10 mM V> B2 &R (Na-phosphate, pH 7.2) {2
BEL, h—RT & b (RILT A, 600 mesh) LELICBBEEORmMEZERETHIL
IZE0FT ol TMV 28U 2\ aDfE iz 30 CT 40 BFFE#ERL, VANV A%
RO CHYTE LRS-, IBES 23 CIZYT7MT52LT, TMV BERETNALIC
BUWURBLA AR FES T,

TuT 7 —PHERORERRIZR T HHEHER
|2 TMV 2B L2 32tk % 30 CT 40 B L-1%, BIRIES
EIlrL7-. BT U2 2, $t DWW TV R WEREEZ R W T vr 7 —ERE

13




FIZEEsY, 30 CT 1 BRIMERF L%, IRE% 23 Clov bl LUTICERL
7-FRZEHI% 757, 1 mM Ac-ESEN-CHO (Ac-Glu-Ser-Glu-Asn-aldehyde) (VPE [
%I, Peptide Institute), 0.25~1 mM Ac-YVAD-CHO (Ac-Tyr-Val-Ala-Asp-aldehyde)
(B =Z,8—¥-1 FREHI, Peptide Institute), 1 mM Ac-DEVD-CHO
(Ac-Asp-Glu-Val-Asp-aldehyde) (12, 3—+¥-3 FLEH#], Peptide Institute), 1 mM <
FREF L AT ARSGX BT a7 7 —EHEA, Peptide Institute), 1, 5 mM PMSF
(phenylmethylsulfonyl fluoride; £V> 7w 77— EH, Sigma), 1 mM E-64

[ (L-3-trans-carboxyoxirane-2-carbonyl) -L-leucyl agmatinine] (/33 A B 27 A

a7 7 —LHEH, Sigma) .

VPE ¢cDNA DEigLS —7 . RFEHT
T uAXF X} VPE O 7 /BB (Kinoshita et al., 1995a, b) ZH LI TIZ
T ARREOT AV =R — NI/~ —EERETLTC.
Fwd1: (5’-TGGGCIRTIY TIBTIGCIGG-3)
Fwd2: (5’-CAYCARGCIGAYRTITGYCAYGC-3’)
Rev3: (5>~ ARRTSIRCRTCICKYTGRTT-3’)

Rev4: (5’-CCARTCRTCIACIARIGG-3")
RNA O T RNeasy Plant Mini Kit (QIAGEN) AW CTHfF O 7 b —/LiZfE-
TiTor-. BETTMEO, 1,3,6,9, 12, 24 BFHEI O TMV EREEN LR L7242 RNA
IZ DNase [ ZLHEL, 7=/ —/ /7aui/L A HIZ D2 RNA 2Rz, 70 °C
T304y EIBULIRL 7242 RNA (1 pg) (2% L C 50 pL O K F CHERBERISZ{T o7z,
WA B i iZ Ready-To-Go RT-PCR beads (Amersham Pharmacia Biotech) &
oligo-dT Z A\, Tt DT aba— M i-> TiTo7e. HERERINMIE>TRbITE
cDNA 2% 1L T Fwdl & Revd Z I\ T PCR 24T o7. 1554172 cDNA Wi &5
FILL T Fwd2 & Rev3 Z VT nested-PCR 21TV, G547z cDNA & T4
— ; pT7Blue T-vector (Novagen) {Z7a—=7L, EEERFIZRE L. > —FT A
fiZ#T13 DNA Sequencing Kit (ABI PRISM BigDye Terminator Cycle Sequencing
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Ready Reaction, Applied Biosystems) & iV T{To7-. &H1Z, 5°-Full RACE Core Set
& 3°-Full RACE Core Set(TaKaRa) % Fi\ YT 5’RACE (Rapid amplification of cDNA
ends) 5L X 3’RACE %47\, #7322 VPE OEREFIZRELZ. RACE EiZTNL
N O T aha—iZfg->TTo 7.

RT-PCR 215 mRNA EOfZAT
RT-PCR 1% ESRFIEIZHE>TITo7=. DNase [ fAE%L7-4 RNA(2 ug) i
%t T 50 uL DR A% CHERER G2 1T, WEREMKIGIZE > THLI7-cDNA (2
pL) ZEFRIL L TR RN T I ~—% VW TPCR #1To7z. NEMELELL TET 7T
RV LTFICERE LIRS T~ — DR ARSI Z Y.
(#/32 VPE IR T T4 <—)
NtVPE-1 Fwd: (5’-GGGTGGTCTCAAAGATGAGAACATTG-3)

NtVPE-1 Rev: (5>-GTATAGAGCATCCTTGCTG-3")

NtVPE-2 Fwd: (5’-AGGGCATCATGTTACAGCC-3’)

NtVPE-2 Rev: (5-GGGAAAGAGGATCATCCATTAGCTTC-3’)
NtVPE-3 Fwd: (5’-AAGGAGTTATCATCAATAGTCCTGC-3")
NtVPE-3 Rev: (5-~GTACATGAACAGAGAATCCATACCC-3’)
(N. benthamiana VPE |28 RBY72T7 T <—)

NbVPE-1a Fwd: (5>-CAGGCGGACGTGTGCCACGCG-3)
NbVPE-1a Rev: (5’-GGCGTCGCTTTGGTTGATAGCCGTTG-3")
NbVPE-1b Fwd: (5’-CAGGCGGATATGTGTCACGCA-3)
NbVPE-1b Rev: (5’-CGGCGTCGCGCTGATTGACAGCCGTT-3")
NbVPE Fwd: (5’-CAACTGTTGAAGAAGGGTGGTCTC-3’)
NbVPE Rev: (5’-GATACTCGCAAGGAATTGTCATCC-3’)
(Z3ad PR ZU A TEIERNRT T4~ —)

acidic PR-1 Fwd: (5>>-TAGTCATGGGATTTGTTCTC-3)

acidic PR-1 Rev: (5>-TCAGATCATACATCAAGCTG-3’)
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basic PR-1 Fwd: (5°-GGGATACTCCACAACATTAG-3’)

basic PR-1 Rev: (5’-CACATACATATACACACCTC-3’)
AERaDT IF NN RNR T T~ —)

Actin Fwd: (5-ATGGCAGACGGTGAGGATATTCA-3)

Actin Rev: (5-GCCTTTGCAATCCACATCTGTTG-3)

SDS-PAGE &AL )7 vy MEST

SDS-PAGE /% Laemmli, 1970 @ F{EICHEL TiT o7z, #7334 SDS-HliHi#k
1% (100 mM Tris-HCL, (pH 6.8), 4% (w/v) SDS and 12% (v/v) 2-mercaptoethanol]
hCREREL, 3040 HE (15000 g, 20 43 [0) %, EIEZREIE LT, FUBHIERHR &R
(100 mM Tris-HCI, (pH 6.8) , 4% (w/v) SDS and 12%(v/v) 2-mercaptoethanol, 0.1 %
BPB, 10% glycerol) iZ%(#&L, 95 ‘CT 5 ML EL T o7, £D&, TI7INVTIN
FNEZIKENCHEL7-. k8%, ¥ L FDF 7B X GVHP A7 1 (0.22 pm,
Nihon Millipore) (2 EIRTA 7 1 & —3E (& (Bio Craft) Z AV TERE L.

BB DEEBESNIZ AL T VAL 5%AF AUV & E T TBST R EHR[50
mM Tris-HC, pH 7.5, 150 mM NaCl, 0.05 % (w/v) Tween 20]C 1 B§ff 7 oy 37
BT, B RFEL &t TBST BEIR T CALV T L% | BBRRISSE, —KRUE
RIsELl. ST iR RO FIREKE K. BT VPE Hi£ (1:1000, (v/v] (Toyooka
etal., 2000)), i PR-1 H14& (1:5000 (Yamakawa et al., 1998) ), $i PR-2 Hifk (1:5000
(Yamakawa et al., 1998) ), T PR-3 HifA (1:5000 (Yamakawa et al., 1998) ), #
TMV-CP H1{£ (1:5000) . —RHUARAERY, TBST BER CHEELL. ZkitELL
TTNHIT AT 7 H—BREETEHYYX 1gG Hiif (1:5000, Amersham Pharmacia
Biotech) Z& ¢ TBST T 30 IR IGE® 2. AT L% TBST BRE R THIFE,
ECL (Enhanced Chemiluminescence) detection kit (Amersham Pharmacia Biotech) % F
WTERRIUELUE T D57~V E L.
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ABIT ATV yiay

# S aFE %R A2 7K (10 mM Na-phosphate (pH 7.2), 130 mM NaCl, 1 mM
EDTA, 0.5mM X7 2&F > A, 5 mM PMSF, 0.5 mM E-64]) 1 CREREL , 15 0247 Bt
(15000 g, 20 Zyf1) %, LiEZEIE L7, 3BHIHT VPE Hifkd 4 CT—BRISSE
7-#%, Protein G Sepharose (Amersham Pharmacia Biotech) Z#/1X. TEHIZ 4 CT 4 B
IR e SH T, F0%, &3 058 (15000 g, 5 70 217V, 20 LR EEF—-
7 ay MESTIZHEL 2.

EERIRPERIE R

TEMERIEIZIL, o-(4-metyl-coumaryl-7-amide) (MCA) #7456 &7 3 D
HHEEE AV, VPE OFEEE LL T Ac-ESEN-MCA
(Acetyl-Glu-Ser-Glu-Asn-MCA) & z-AAN-MCA (Carbobenzoxy-Aln-Aln-Asn-MCA) ,
HA—F 1 DREIEFE L LT Ac-YVAD-MCA (Acetyl-Tyr-Val-Ala-Asp-MCA) &
B, HDHVNTEEA LT (Peptide Institute) . /32 DFEZ AR E K (50 mM
Na-acetate (pH 5.5), 50 mM NaCl, ImM EDTA)  CREREL , 132047 B (15000 g, 20
SR %, BiEEREe Lz, 3EHI RSS2 &R (100 mM Na-acetate (pH 5.5), 0.5
mM EDTA, 0.5 M dithiothreitol) 1 C 1 B /L AL Fa~—hL7z. FEOCEHE (&
B EE 100~500 uM) 0N Z, RISE DT, RIGICLVAELSHIEHEZ, ik
405 ¥£7-1% 360 nm, WL E 465 £721% 460 nm D FAETE IS HEIEEET (micro
plate reader, GENios %£72/% TECAN RF-500, Shimadzu) {ZZVHIEL .

BERIEMICRIETIREAORELTA 556, FEEFAZEEZMAS 1
BERIAMICINZ, RGEEIR T T 1 BT LA FaX—hU7z. EEHRE O/ HITE]
WU 7- BERTEME ORI E S LRRICAT 7. UTFIERLZEERZRY. 0.5 mM
NRFAEF A, 1,5 mM PMSF, 0.5 mM E-64, 0.5~200 uM biotin-x VAD-fik
(biotin-x-Val-Ala-Asp-fluoromethylketone) (72— HEH|, CALBIOKEM)
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AL E — T ay MEYT
(1) In vitro AT

Z e A H A2 1ETR (50 mM Na-acetate (pH 5.5), 50 mM NaCl, ImM
EDTA) f CREREL, 130047 B (15000 g, 20 43 ) %, EIEEEIEL. BEHIR K
P FE 20 UM D biotin-x VAD-fmk %1% C, K42 E#K (100 mM Na-acetate (pH 5.5),
0.5 mM EDTA, 0.5 M dithiothreitol) ' C 30 Z3# A F 2~X—hL7z. ZORKE

SDS-PAGE T4 BfL, GVHP #2712 (0.22 pum, Nihon Millipore) {ZEzF LTz, AV
Tk 5% AFRLINIT | BT ayX o J0E, BEiE%k, AN TRV R
BULETEETHE~LAX T F —F (3000 AR &30 2 RGSE . BHIZECL
detection kit Z VN TITo72.

B2 3% —biotin-xVAD-fmk OB A A RICKIETHER O ELRDOHE,
ZFREANIZ biotin-x VAD-fmk 2125 1 BFRIRNICMNZ, RIEE RS T 1 BEFE7 L
A% 2—hLT-. UBROFIETIRBRL 72 5B ST, LLTICEALZEERZ
R, 0.5mM XS REF A, 5 mM PMSF, E-64, 1,3, 5 mM Ac-YVAD-CHO, 1, 3,
5 mM Ac-DEVD-CHO, 1, 3, 5 mM Ac-ESEN-CHO
(2) In vivo fEHT

IREES 75 1 BEREIATIZ 1 mM biotin-x VAD-fmk Z 2B, 24 RFf %
2~ —hL72 TMV RELIEIT, FERETIC biotin-x VAD-fmk D3EER L G R E TR T 5
DEBETHT=IZ, SDS-HIHAEEIK + CRREL /2. EREFHEICR-T, B L7 R
D EEERELL T e ¥ — T ay MR 1T 72

ISNVAT L —NVEHF NV ERKEhE

A RaERRIEEZ THL, 10 mM Tris-HC1(pH 8.0), 0.5 M EDTA (2 f#
L, 80 1.4%IERE 541 (NeSieve GTG Agaros; TaKaRa) /1 X ET #Z & #& (10 mM
Tris-HCl (pH 8.0), 50 mM EDTA)(ZEI3BE 7=, AL 7=/ VT vy /% ESP iR ETE
#& (10 mM Tris-HC1 (pH 8.0), 0.5 M EDTA, 1% (w/~V) N-Z7aA Y a BT R
72, Img/mL Proteinase K} 1 C 55 ‘CT 18 FfEfECNTIRBI BTz, | XET &
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W CEEHT%, 0.5X TBE(44.5 mM Tris (pH 8.0), 44.5 mM boric acid, 0.001 M EDTA]
T 1% THR—27 NV ERWTERKEILT-. EXIKEIIEET Bio-Rad CHEF
Mapper apparatus (Bio-Rad) & i\, ¥kBI&MAIE, BIHOHE (6V/iem), BH DR ZE
AR (120 °C), 7UVARZA L (5.3~20.5), kBN (18 BER), B (14 °C) TITo7e.
KB DT MITTF Dy — LT v AR TYELT.

IANAERIERETF Y AL (viral-induced gene silencing; VIGS)

VIGS i
(http://www.jic.bbsrc.ac.uk/sainsbury-lab/David-Baulcombe/dcbhome.htm) (2 #E L THT
~7=. 32 VPE & N. benthamiana VPE S CIREFIN TS 2 DOFEHES LICLLT
R 4 BEO T I~ — &R LT

(#81% 1) Fwd: (5'-CCGTCGACGGAGTTATCATTAATAGCCC-3"

(f818% 1) Rev: (5-CAGTCGACCCCAGCTACTCTCTTCAGC-3")

(f81% 2) Fwd: (5-CAGTCGACGAGGGTCTTCTTCCTGAAG-3")

(fE15% 2) Rev: (5-CAGTCGACGATACTCGCAAGGAATTGTC-3"
FEI 1 LR 2 DENTND T TA~—2EFAWT, 7a—= 7 LIz NbVPE-la BX
X NBVPE-1b %8581 LT PCR 21T\, 55 417= 4 TEEHD PCR E#7% Potato virus X
(PVX) B 3RDTANARZZ— (pgR107; LA T pPVX) AL, ~/ =T FAIN
(pJIC SA_Rep) 4> 7 7 113757 I (Agrobacterium tumefaciens, GV3101) (23
ALz, ¥72, GFP 2%t 5774~ —Fwd-:
(5'-CAGTCGACCCATCTTCTTCAAGGACGAC-3") & (5-CAGTCGAC
CATCCATGCCATGTGTAATC-3) & VT, EREAFEICHEST, 358:GFP 2 HE
EZAX T~ N. benthamiana H5H4% RNA ZfHL, RT-PCR 21T\, 5517z PCR
W% pPVX IZHEAL, 77770y MNZE A LT, Rateliff 5D J5 % (Rateliff et al.,
2001) IZHEL T, L8 5~6cm <HUWMIAERE LT N. benthamiana DT 701377
T LEFHDONTORWEREZ AV TRIESEDZLIC Lo TRESE, BRI
cDNA %##E A L7 pPVX ZHEHIEALT=.
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ZATE T BN EER

B ERLT Hara-Nishimura & (1993) D FEICHEL TIT o7z,
N. benthamiana DEEX, B (4% (W) 7STHRNVLT NVTER, 1% (Wiv) 7 VI VT
JVFER, 0.05 M A2 L EERE &K (pH 7.4, TAAB Laboratories Equipment Ltd) ) (25
L, BELELIT, BERGEBICFEEIE. £01%, 2~4 R =R CTHRELE
ELT=. e a P VBB EIR CHEEL, 0.5% MUER{bA AIV LEEIR T 4 e, #%
BEEIToM-. 1% FERY T RETIC 2 BB X, Y uy s fTolz. Rete
50% (v/v) =& ) —VISTR T4, 50, 70, 80, 90, 99, 100%D=F ) — LVERIZE
BB LTz, 100% (b7 ae’L A2 @#L 7=, 50% (v/v) Epon A& (TAAB t1)
S BAL T aC VAR X R . TAEL—F— T RES, BT oL R ER
E721%, 100% TARVBIEICE#RL. 60 CT3 AMES, BilExEGI ML
7=. Z7abk—A (Leica Ultracut UCT, Leica Microsystems) CHB7EE] /i (50~80 nm) %
YERIL, 8377V R (VECO #h) iIcEE LTz, Uy R EOREHT, 1~2% (wiv) BEERY F
W (RS &7 = BERSATAIE (2.7% (w/iv) FEEESA (TAAB #1) BEY3.5% (wiv) 7=
VBT NY LADOREER) TRAL, FiRE E T B8 (1200EX, JEOL Ltd.) Zf#
FLT, 80kV THRELZIT-T-.

ZubF IR D% L BCECF O3B

Tuah 77 ANOFHEIL Yamada 5 (2001) D EEIZHEL TIT 72, N
benthamiana D%, BEFRIK (1% (w/v) cellulase Onozuka-RS (Yakult, Tokyo), 0.1%
(w/v) pectolyase Y-23 (Seishin, Tokyo), 25 mM Tris-MES (pH 5.5), 0.55 M mannitol)
IRL, BEAEEZITY, BREEEBRICRRES T2, £0%, 1 RE=ZETEREIL,
HIRRBEL SR UT-. WEBEL 7= 7 a b TANIIT/n A TIERL, iK% 050 B (700
g, 55 L7z, E¥E1X0.55 M mannitol 28 ¥ 25 mM Tris-MES (pH 5.5) #&#RIZ &
BL, 7ubrIANRKELT-. 3'-O-acetyl-2',7"-bis-(2-carboxyethyl)-4 or

20




5-carboxyfluorescein, diacetoxymethyl ester (BCECF-AM) i, IREL 745 1 BHEI
(B DDONTUVRW RS & AV CERIZIRIEEE 7. BCECF OF IR AL —
P —FAMEE (LSM510, Carl Zeiss, Germany) 2L T, 7 1/L 7 — 465-505 nm,
W T 4V & — BP500-550 (Carl Zeiss, Germany) % AV TERELT-.

N. tabacum cv. SR1 2B DR Ak

N. tabacum cv. SR1 {3 N BEFE > T e, TMV IS L TRRAET
By, BB HETHILAH RV, N BETF ARV EDICH R
RIS FESEDIEN TEEER NI EY AT AN A (ToMV, TL-CYZ BEDY
TL-27/77) (Saito et al., 1989) & IV T SR1 (CBBURMIRELFEIET-. £R
ToMV DG in vitro BE B L > THMLT RNA Wilk%E, I—H T F hLEbil
RBEDREIEETAILIZIVITo. R ToMV BEASNIZT TAIRNDD
in vitro B85 T7 RNA RY A5 —¥ (TaKaRa) & VTR D7 v ha—/WZHE-T

1T-o7=.

B-Gluculonidase (GUS) {2

GUS Befaid Jefferson 5 (1987) D IEICHEL TIT o7, ROBHI B (1
pmol/mL X-gluc, 0.5 mM K;3Fe (CN) 6, 0.5 mM K4Fe (CN), 0.3% (w/v) TritonX-100,
50 mM sodium phosphate (pH 7.0) JIZiZ2L, BWELEZITV, MRERICEEHEEZE
FHmSHT-E, 37 CT—BrA Fa—hLTz. efatk, 70 BLT100% ~F/—/LT
M Lvraa7 N EBAL, D OBEEETTo.
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TMV Bz L 21B USR5t

TMV RRTE 151 DB BRI B IR BEE L CBIR T2 TED. NE
{&F %&b D% /33 (Nicotiana tabacum cv. Samsun NN; NN #2/32) D REEEIZ TMV %
HEFEL, 30 °CT 40 BRMERELI- %, IBEE% 23 ‘CITy 7T 5Z8Iicd-> T, [RFARY
CHESNARHAEELZ. TMV BREEMICRBNT, BEYT7ME, 6 FFRIEET
IFAEER RO, 9 BEE] B EALHR 4 [ITRBES RS ILEAD, 24 FEfE B
ICIEFEELTRBE M 225 7= (Figure 3) . — 5, N BIETFELRRNZ 2 (N.
tabacum cv. Samsun nn;nn Z/371) TIE TMV & ICFREEAEEZ L TH NN X
NaTCHEINIORRBIT 2RI T, BfE% 2~3 @[ B (i Figure 2A 12
RIS, HIIFGRL, BV AIEREEL.

2,33 VPE RERZ DIa—=7

T uAXFXF VPE D73 /EEECS (Kinoshita et al., 19953, b) & thgiL, B<HR
FENTWS 4 B TT AV =R — 7T~ — (Fwdl, Fwd2, Rev3, Rev4) Z3EtL
T=. NN Z3apbi@BuR R s O1BFE THRELL T\ VPE €1/ % RT-PCR IZL-
THEESTA7-012, BETT7M20,1,3,6,9, 12, 24 R B O TMV REENLE
RNA ZHHL, WERERIGEITo7-. Bbhiz cDNA Z#58 LT Fwdl & Revd &
FAVWVTPCRZATVY, E5{ZFwd2 & Rev3 & iV Tnested-PCR 21 To7- 5 5, #7870 bp
O cDNA Wi T A EIEE 7=, 20 cDNA Wi % T-~_7¥—Zrya—=7 1, HEEL
FERELIZEZA, 4 FEHHD VPECDNA Wi 0367z, RIZ 5’RACE BL T
3’RACE %17\, 4 F@H T TP VPE DEREFIZREL, ThEH, NtVPE-la
(Figure 4-1),, NtVPE-1b (Figure 4-2) , NtVPE-2 (Figure 4-3), NtVPE-3 (Figure 4-4) &4
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fFiF7=.

NtVPE-la, NtVPE-1b, NtVPE-2, NtVPE-3 IR 1123 — RSN TWBZ " IE
X NE 4490, 489, 484, 481 7 /BN B2, HEE 4 F BIZZ T 54162, 54045,
53365, 53196 Da L FAESHIZ. Zhba-H>DF /X2 VPE BOT I/ BEERF |1 % LB 954
W7 Eh 69%LL LD I HY (Figure SA) , W MG NRIRIZEUKMET I/ BRIC
Bl 7 FNEEEL > TV, BERFCRIELS T2t~ cbVPE DOIEME(LHEHE OfFT
MHBABAMIENT= (Hiraiwa et al., 1999) TEPEIZMALL 2 DDUVAT AV FERIEL 1O
ERF UL, £33 VPE TR TUIZBWTUREESN TV (Figure 4, 7R5F) . FEY)
HED VPE 1L 2 DI N—TF (FBTHATLREBIHBEZAT)ITRTHIENTED
(Kinoshita et al., 1999) . ZNETIZ R o> QO AHEMHE RO 10 FEEHD VPE I, K
B2 CHEEL 724> D Z 321 VPE 22 TR M % 1B L7z (Figure 5B). TMV 24
HESHEBEL /- # /3 VPEIL, TR TEEREE, VUFVEBRLE CREANFESN
5L uARF XS DaVPE R°yVPE EEIUHRBERE X7 IZEL, YVPE &iX 64%LL 1k
DOFEEMED &> T= (Figure 5A) .

VPE {3 TMV ORBEIZ I - THEEIND

TMV ORI Z 32 VPE DR B EDORFZE{LE RT-PCR &2 HW T
AT, Figure 4 D FHRCRUTEFTC NtVPE-1, NtVPE-2, NtVPE-3 BinF%H
PRI R T I~ — 2Bt LTz, BRELT2T T~ — DR RELRTER,
FNFNDOTTA~—X, £ % D NWVPE BIBETIIT ==V 7 $5TED o7
(Figure 6A) . NtVPE-1a & NtVPE-1b (33 FEL ~)VCOMHBHERIERE IZES, 2 2%
KB TEBRERAR T TA~—1TEREH T DI LB RN -T2,

ZEIZ TMV 2B LW A% 30 ‘CT 40 BRREIMERFL 725, IRE% 23 Ci
T7RLTH 0, 1,3, 6,9, 12 BEF%OREEE)HE RMA ZfIHL, &EHLIZT7A
~—% AT, RT-PCR %477~ (Figure 6B) . RT-PCR IR DR EL —TEIZL,
NtVPE B TH AN %E X CTfTo72. NtVPE-1 DE1E 25 Y A7V, NtVPE-2 &
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NtVPE-3 DA 28 A2V T{T o7z, NN Z /3228, 3 T D NtVPE D3EH,
A8 B8 NtVPE-1 Bipb %772, £lc MVPE T X CORBENIRE Y 7 ME
1 BRI CRALRY, ZOBITHR 2 ICHA URE D 7 ME 12 B TIRIZLA L RS
NIRRT 7= (Figure 6B, C). —7, mock THIRE T 7ME, b IHEE
DOHEIMAHLIZ. ZOEMIT TMV BHIEW S BRI RIS S FHESN
=D TIIRVNEE Z DI, F2 nn #7327k TMV BERICHED NIVPE DFEBLED
BRI LA L BB -T2, JBIRERDOBYU LVBBUR UG FEL TOHHERE
TIE, PR 2V 7B EN S —BEOS#EIZ L RV E BB RESNHIEN O TEY
(Van Loon and Van Strien, 1999), Z® PR # VB IR RBIT o~ —I—LL
TEBLERICHWHI TV, Figure 6B, CIIRT I NN Z/32ZB1F 5 PR-1 D3
HEITIREES 7 MEICHINULAYD, 12 REE B £ TR M UELT TV e,
NtVPE D& PR-1 DFEBLOKRE(LE BT DL, NiVPE 13 PR-1 [ZF3 > TH
BB M bh o7 (Figure 6B, C) .

WIZ TMV DR LD 432 VPE DX L B BOREEE AL/ T ok
A VT2, NN 23328\, NtVPE OZ 7B &I, IRE D 7 MR
LT, 3 BRI ClRoRE e o7z, ZOBITR 2 B L, IBRES7ME 12 K B TiX
EEL~UZE TR LTz (Figure 7A, B) . NtVPE OF U VB BOE(LIX, *F
Jo 5 NtVPE B FORERBFABEOELEELIL Tz, RT-PCR DFEREFRIFRIC
NtVPE DF L 37E1X PR X 78BS THRELL T Ve, iz, NNZ/32ZR80
TRBEILIREE S 7 M 9 B[S B EAS TSNS 8 (Figure 3) , NtVPE 13/ BED AL
2SS TS THEENAZ LM b7z (Figure 6B, C). —77, mock TITIRE T 7 MR,
DO TNCEBRBEOEMBHLNN, ZOHEINIRHRL 7 RT-PCR OfEREFIHRIC
BRI ANTETTHE RIS S E SN2 TRV B b e, Ei2
Z 33 TE TMV BGLTLES NtVPE DXL G BOEAITIZEAE Hbh 0Tz,
ZNHDRERNS VPE ILBEBR RIS OIEIIFEINDZ LB LA LT,

L N EITH VPE DEE
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T mAXF X} DWPE BIZF DT uE—F—L GUS BETOXATBILTE
BALEEEHRS =2 (N tabacum cv. SR1) ZHW\T, VA NVARBYIZHED VPE &
GEFDOFBEEHMEL ~IL TR, SR1 I NEEBTE2FF> TN, TMV ISR
L CRIRIETHY, BRI FHE T DN IR, EOTDARERTIAN
BTN OBE BT FES LN TELERIMMEY ATV AL
(ToMV, TL-CYZ 38X Tr TL-27/77) (Saito et al., 1989) % A\ T SR1 (ZHEE & TERLS
7. R ToMV IZXAREEIT, HRE% 48 B B B DR 4 [T S IVERD, 72 BF
BB ICiTido xRy MRICE R SN -, SR ORBE—H% 6 KEIZ5 T, 12K
FIRIFECTL R ToMV 2L, BRI 2% GUS Yefal7z. Figure 8 /3 GUS 42
Li=—HDEDHT, HEFE 0, 36, 72 BEfE] B O 5% ERBFEME CBRELCERE
T, BERENS 72 BRI B OZETIE, RHOB N E BICREISN TOWDIDOPBERIN
7= (Figure 8) . F/-#/E% 36 Bf B OETIE, ARy MRIZHFRBINTEY
(Figure 8) , Z DI TIRHENTERLENDD TIFRV L E 2 b, 0 GUS B
DOFE BRI, WEEDERRAZ G > TWPE BT BREAL TWHIEERLTERY, it
L7- NtVPE &InFIRBEDTE RIS o THRBL TOHRERE— LT,

h A 8—P-1 FLERIB L VPE FREHIX TMV Bz LA 8 EURMRELRE S
)

DT 17T DHIRFE TII A A — PR OEEE b -T2 0T 7 — B 5
L TCWAZEIREEN TS, (del Pozo and Lam, 1998; Sun et al., 1999; Zhao et al.,
1999; Clarke et al., 2000; Danon et al., 2000; De Jong et al., 2000; Korthout et al., 2000,
Tian et al., 2000; Mlejnek and Prochazka, 2002) . £ZC TMV EE¥L CHEI N DB
RARASEDOMBAR IS WA S —BRRIEMEE L DT 0T 7 — B0 B> TN oD &L
T BT, BEUSHIRFEIZ BT DI AN — B ER O EEZT .. TMV &
HBEREL 72 NN Z =A% 30 °CC 40 ReRMERF L 7= 1%, RER 23 CIZV T D
%, Figure 9, control {25512 7 Mg 24 B CHREBIBRBE S Sz, IREE
LTS | BB A/ —F-1 AEA] (Ac-YVAD-CHO) & TMV BEAEELIZE
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BEEBLRHOTE A MZ DN BZEN DA o7 (Figure 9) . ZOFERM DY DIE
BURHIRAZEIZY, B ERRIC I R S —BROEEEL ST a7 T —EREEL T
BIENTRBINT.

HANR—BELRELS AT A T T 7 —E Thd VPE IZBILEEFEELL THEIC
AN HEa CRBLANFHE XN A (Kinoshita et al., 1999) . £/~ B R CREIE
A XF RS VPEIZH A =B 1 EERHHIEHRHALINTEI TS (BN, 2002) .
#Z TIRBEURARAIEIZ 35115 VPE BREH (Ac-ESEN-CHO) DB E T~/ IREE S
7% 1 B3fEATIZ Ac-ESEN-CHO % TMV R IZIRESE 5L Ac-YVAD-CHO
R ICRBEDTE R A3 2 DTz (Figure 9) . L)L, Ac-ESEN-CHO (ZX2BAEZIR
I Ac-YVAD-CHO (2 LB E R R LVLEE 7. Zhid, Ac-ESEN-CHO »3#iE 1
REETHHIHEEZLNT-. —F, B-64 (X 3A VB RT A T aT T —ERE
F 2o TEDIRBEO B IZ DT, HAN—E-3 HFAITHD
Ac-DEVD-CHO, T AZF > A(TARTGX U EE7 a7 7T —EHEA), PMSF (&)
7ur 7 —EREH) TIEEHmE Lo, ThbORERIT, M OBEURE
RAFEIZ I3 A S —PREIEME L VPE EHEIC Lo THIEHIS N ABE RS EE DI L0
X,

TMV BRI AES VPE fEHEE D R —F -1 {6

TMV Bl DZ AN RIT DI AN —E-1 IEMEE VPEIEWE, £ EhiZ
o BB EE (Ac-YVAD-MCA 55X Ac-ESEN-MCA) & AV THRIEL 2.
TMV Z RS H7- NN X A28 BIT B0 A —E-1 EEE, BES 7 MEREIZH
INLEE T, 3 B CRARL~IUZEL, RO EEHIZIE T LT (Figure 10A) . —
75, BLRTE\Z LT VPE {EMORBEENT, HA/—B-1 IEHEORRFRENIIIL
T, BES 7 ME 3 B TR AL ~ULZELT (Figure 10B) . (72, mock (Z8IT5
HAN—F-1 &ML VPE {EMETEBITHL, Fo TMV 2GS E T nn Z 32 8ITE
WTIE, EHL0EMEL ML) »T-. ZORRITIA/ S —E-1 FHiEE VPE &
PEABBURAIRASEIZ IS > THEINDZ LA R L TN,
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BB FE T B R 3—8 1 DO ERIX VPE THD

WRES S TRIBESN B A —E-1 EEb 2T e T 7T —BRFE T 5
WIZ, A F U AZHRL 7= FE R 7oA R — B R EH biotin-x VAD-fimk % F\ Mz A
b s —- Ty MNEZBER L. DANR—EEEEL 0T rT T —Bid xVAD ZEHE
L TR %. F-, 7uuiF iy (fmk) 137 07 7 — B OfBEERALIZIE M 0L
7 uy s T BINCHARETH. ZOWEICKY, B4 F R xVAD-fink &7
a7 —EEN 1:1 THAL, BERERRT . ZOBEE HEROESHI,
SDS-PAGE #%, A7V AZ7aybl, B4 F U ERBRNIESTT7E 0 TR
FBZENTES. Figure 11A 2R T L5912 biotin-x VAD-fimk (IREE T 75 1 K]
BTIC TMV SR8 SR ALICIR S E DI LY, Ac-YVAD-CHO RIRRITIRBED T AL Z
Z7=. TMV BB S E 72 biotin-x VAD-fmk (THEREN CTRIGAD T 077 —
VLEAL, BHE AEHOESBEERL QARSI ZOBREHRER
457912, biotin-x VAD-fmk Z{EE L 7h 35 1 REEIRTIZIZEL 24 FREA %=
NR—NLTE Y TVT L, Invivo A EE F— Ty MENT E#1To72. TOREE,
biotin-xVAD-fmk % ZHL7=3H 507453 T & 40, 38 3L 23 kDa D 3 DD/SUR
PRI T oy E TR S (Figure 11, L—21).

Invivo A B F— 7y MENT CREJENTZ 3 DDZ RIEDOWEZHDL
N B0, B FRERIOBE S BRI D8k 4 e n7 7 —ERER O
555 ~7- (Figure 12A) . 18T 7 M% 3~6 FERE B ORRGLIE) ORI U7 M b
1 biotin-xVAD-fmk ZNNZ., In vitro A ' EE ¥ — 7y Mg &1T o7, ZDFRER,
Invivo A EEZ — 7y MENT L FERRIZ 5T & 40, 38 3L 23 kDa D 3 DD/UF
N7 ayh L THEENT (Figure 12A, L— 1). biotin-x VAD-fmk ZA1Z HHTIZF
DHEEEHIEL T Ac-YVAD-CHO(1, 3, 5 mM) 2403 §5L, 40 kDa & 38 kDa D/ K
DAL (Figure 12A, L—25, 8 BLON1). ZDZEN D, 40 kDa & 38 kDa
DFRIEIE VAD B2 Ri%+5 707 7 — B ThAZENBE XLV, —77, 23
kDa D3 K% Ac-YVAD-CHO LRI L~ TR Lighyole. ZO/NURIZ 3
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Bl 27 A7 a7 7 —EOMERTHD E-64 B TREEITHRLIL. ZOTEND
23 kDa D #2737 &3, biotin-x VAD-fmk O fmk & FER; R AYIZHE S 9% (Schotte et al.,
1999) SNRAL RIS RT AT 0T T —E ThHhHEE Z iz, EBIT, 40 kDa & 38 kDa
NURDY T NVEEL VPE OFLEAITHS Ac-ESEN-CHO(1, 3, 5 mM) DALIRIZ
X0, BEERFEHINEA LT (Figure 12A, L—25,8 33X 1% 11). Ac-ESEN-CHO 3
Ac-YVAD-CHO X0t B - FREAIOE & TR A LE 3 DRI Tc. ZORE
B, Ac-YVAD-CHO 7% Ac-ESEN-CHO L4 HEE 4 58< P E L 72L& ) Figure 9 D
ERIZFELR. F2, XFREZF > A, PMSF, E-64 3L Ac-DEVD-CHO D\
FTHb2S, 40 kDa £721% 38 kDa & biotin-x VAD-fmk DS BT AL EFL /20>
Tz, AR FERICRT B FENL R Bl CRES 7= r XX VPE OFEMAIT
SO EHRITHRESNALRNIERALNITA o TS (BN, 2002) . THHDFER
I, 40 kDa & 38 kDa DXL I ENH A R—PEDEEE L > TWHIEERLTEY,
FDEIED VPE THAHZLETREL TS,

ZZC, 40 kDa & 38 kDa DX /X7’ E 1 VPE THONZHDIZHIZ, TMV
BRRYS B2 2 EN LI U R AR L, VPE HLlE2AVTAL /7 m
o MENT AT -T2, ZOFER, 40kDa & 38 kDa D/ RRMR S, /BB X —- T 1
v MEFTFCRHENTZ 2 DOF R EHRENE L VPE OFEBILERBAITHHTIL
DR ENT- (Figure 12B) (Hiraiwa et al., 1999; Kuroyanagi et al., 2002) . %7z,

A L) Ty MENT TR SN2 50 kDa 227378 1% VPE O 7 o RUHIERA TH LS AT HE
MEREZ SN, EBIZ, AL )T 4T Lo ar B ORENT Invitro AV EEZ— Ty
M 21T o745 R, Figure 12C (7R X912, 40 kDa & 38 kDa D/ RDY 7 F )L
SEENELIZEL LTz, ZBOFE RS, 40 kDa & 38 kDa DF 73 7E 13 VPE TH
0, VPE 2SBEURMIATEIC DD I A S—F-1 AL ST uTF T —F ThEIEMN
BRGEIRoTe.

TMV B THEEINS VPE BTV A S—PHERI CREEIIHZIOND
NN #3332 8115 VPE EHEITIRE S 7 MEEIIL 3 RefE] TR E7e-o7z
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(Figure 10B). Z VPE {EMICx 950 23— B R EH (biotin—YVAD-fmk) D
ZEH-LZ 5, biotin-YVAD-fink DAY 50 uM Tl VPE &R IZIT R
S, 5 uM DEE T, 36%ICETHA O (Figure 13) . ZOREICI DA EFORE
i, Bz —E-1 BSR4 2EORRE L —E L7z (Schumann et al.,
1998). —F, T AZF> A(0.5 mM), PMSF (1 8L U5 mM) BLTE-64 (0.5 mM)
i%, VPE iM% <Mz eh oz, ZhbDFERD D, Figure 10 3L O Figure 11A T
RISk 23— -1 BREFH| (Ac-YVAD-CHO KL W biotin-x VAD-fmk) (Zd&>T
TMV B LDRBEDTERR M Z DT RERIL, A AX—E-1 FAEFHIA VPE 1%
EHRELI2HTHDHEEZ LN,

}i¥) VPE L A 3—P-1 DG LB

Figure 14A {3432 VPE (NtVPE-1) LERD 7122 —E-1 (hcaspase) DAEEE
HEL7=H D THD. VPE b A —F-1 L RIEHED 7 nBITERE TE S, HiE
EHORBENIEBREIND VAT A7 T T —E CTh5 (Hara-Nishimura et al., 1995;
Cohen, 1997; Hiraiwa et al., 1997a) . VPE LW A/R—¥-1 02T /BB % HLE L T
b, MR E V. L2AD, IEHEICEERROA-FHEICEAL T, UL TR
v, &R A A L Q5 (Figure 14B) . Figure 14B i34 /32 VPEZ T2 4LE
TILHESN TOHIES H RO 10 BEORER B VPE LEDOH A —E-1 Off
EELEBLI-HOTHA. VPE OFRBEEALIIREATRULIERF DU LV AT AU TH
AZENHEEIN TS (Hiraiwa et al., 1999) . ZiLh 2 DOFRIEIT A/ —E-1 DOfh
BEERAL CTHDERF V2237 LV AT AL-285 IZRHIEL TV 5 (Cohen, 1997; Nicholson,
1999). EHIZ, HAR—P-1 OBRERF AWML T DL L 4 DOT IR,
TIX=2-179, TANFEI-283, TILX=-341, U -347 (Wilson et al., 1994;
Nicholson, 1999) %, VPE [ CIRFESI TW5 (Figure 14B, HF5F). VPE SR T 5%
BEREBIMLBIA A —E-1 OFEERFEIALLLTDEI LR, VPE BHAR/—E-1
FREANCRE ST DLV REGE L TD.
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VPE (¥ TMV B3 I 5BHBURH RO FIIEE THEEL TV

Ao F— Ty MNETHRH T&% 40 kDa & 38 kDa DF /37 &3 VPE O
R LR BV T H % (Figure 12B) . I RIBI L BEBAENI LG ITTEMRI TH D), 2R
DNUROEEE VPE OIEHRELR T, (e ¥ — T ayMNEZ RV T TMV &
Yoz ESTEMETY VPE ORI E(LATZ IRETT7ME0,1,3,6,9, 12 R B D
RRYLEE) S 30 H L7 34 HIWR I biotin-x VAD-fmk Z 1%, In vitro A EE & — T 11y
MEHT &1T 577 (Figure 15) . NN #3238\ C, &M VPE &I, RS 7 MEHEM
LT 3 BRI TR LD, £DRITEA LIz, — 5, mock TIHRE S 7 MR H
ICRBESHINLEDS, nn 2T TIREEA SN o7z, THDORERDD, 1§
PR VPE HS@HBURHREDO PIHIBRICHEEIND LD 0T

VPE I8 HUSHIASE DO M BRI N TV AIENE b, IREY T MR,
BRI 35UV THD Ac-YVAD-CHO ZAEELT-356, REEDOERDSRESIRND
DEESNT. ZORBETB-0I, BES 7N 2 1 KERAT, BES 7L ThD
0,1,3,6,9, 12 Bf#%IZ Ac-YVAD-CHO @ X, RO EBEL. D
R, TMV BRI L HRBEOFRIY, FEFIZIEE D 7ME 1| K B ETICRES
SRR EEND, BES 7R TS 3 RERICORBSEZS AT,
P HESNARRE Th-o7z (Figure 16) . 512, FAERIZIRE S 7ML T35 6
BEfE B SRR ES 2B A IR OB BRI 2 SEFS R o Tz, TRHDRER
A5, VPE iZ NN #3256 T, TMV BREIC L 2B BUSAR I FED G B AR THERE
LTCWAZEDRIBENT-.

IANRBREREBF T AL T (VIGS) 2 AW i-Bis F OS]

VPE DMEMNC I BA R S—B-1 IEMEE - TR, U2 Hl 4
BEERTOTT— Y ThAIL% inplanta TIEATH720IZ, VANV AFHERMEE
FH AL (viral-induced gene silencing; VIGS) S AT 2% FAVWVTHTEMED VPE
ELEFORBELIMFSERILEE X2, ZZTETHDICHREI VIGS 2FEIE
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Bl DFEMERELI.

FRLITZ OIEBNC R E Y72 RNA 2 BIREC 0 #F T DA 2 E A TN D,
W AN AR T B L, FRIZE > THFELLARNY AL AH KD RNA (mRNA
K2 RNA A NVADY ) 5 RNA) ISKBICAESNS. £ TR VIGS 2758
L, WAL A RNA #BRRRL LS &%, fEH RNA UA LV AIERLBRRT, VAVART )
LIZRUTHIRRZ RNA 28T 5. 20 AR RNA 2381, #E89L7% VIGS
WFEEEND. —FF, TAVAL VIGS (IZXDHEFEIHNIIL T 57012, VIGS OF
HEMR LY TV — 2 RBIED.

DX HAEXTANZ (PVX) IE VIGS 12§ 2 Y 7 Lo —2RE LRV, &
BUNIFEHIE . £72, N. benthamiana 13 PVX DBGUIR L TRIER B VIGS 275
W4 AT LNTEBEY THD. TDI20, VIGS #F| AL TREREDOEIRFOHEEE
MENSEDIHE, FOEEFE2IEALRZ PVX & N. benthamiana \ RGeS EHITHEM
BELTRY, HELEEICAOLN TN, BE T, VIGS 2ER<HFETHIENT
%% PVX BIRDT AN A~ E— (Figure 17A;pPVX) BRI TRY, EHERT
DR EFRFI AL pPVX 27 707V 5E LT, N. benthamiana {28 A\
ALz Lo THEBMNEA B IEBRE G FORRAZIH ST LT LA REEL> TV,

N. benthamiana DEEX, UV BH TIZRBWT, 7uar7 L0 B R R MIZIVIR
&I BEENS (Figure 17C, ). 35S::GFP (358 7' 2E—#—®D T il GFP &1 —F
THEEFEY B ERB L X ATERT) EEEHRL, GFP Z{EFRICEZL T
HETIIran T VOB FENE GFP O N ERVEAICBZES - (Figure 17C,
t1). —J5, GFP ZAE#H AR BL TWD N. benthamiana DYREMEDEEIZ pPVX:
GFP (Figure 17B) Z#5/EL, 21 BZICHEEELVD F3EL UV BE T TEETDL,
IR AICBIE S (Figure 17C, F). ZhUX pPVX:GFP IZxL T VIGS 25 E &
NI-Z XD GFP OEEBHRLIZER THS. VIGS (24D GFP #tREDET
i3 pPVX:GFP ¥/ 7 A B @) HEEE CHRESNAD . SOIZEMEK 14 B A
A DIX LEEDEETHEIRIZIN > T GFP EEDH K IBDHHN, 21 B BEIZR
BEFDELKT GFP HEAHE L=, EfE% 28 B HEETIZRAL TBHETIX
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ZDAET GFP 3R HEL T, LAL, 28 A BEUBICHTICRALILET
TR &Y AV T OB BREN, GFP OHENABBEINDIDITRoT. L
L+ pPVX:GFP ZHEfE L 7= N. benthamiana \Z33\F % GFP #OLDBEND, AL
T DRI ES NSRRI EER 2128 A THY, HEEEIVL 811 EL
MOBRRETEDONRNBELNILBRALNLR-T.

N. benthamiana 550 VPE €017 ¢cDNA Dra—=7L VPE B{sF®D VIGS
VIGS (29 N. benthamiana DWNTENE VPE BAZF O REBRZHHISEHI2HIZ,
N. benthamiana H>6 VPE &Eus % ua—=7 L7 (Figure 18). #3221 VPE & N.
benthamiana VPE [SJOFERIMED He#h D, NtVPE-1a & NtVPE-1b (ZHRE 57—
% FNZE I NbVPE-la 3 X8 NbVPE-1b L4 (T ERICAVW, ya—=7 LT
NbVPE-la & NbVPE-1b %8551, Z,32 VPE & N. benthamiana VPE [l TIRTES T
TW5 2 DOFERBSENE IR T IR E LI 2 BOT T A~ —xZ AT
PCR %4T~o7-. 1561724 5D PCR EMHEZNZ N pPVX ~/FZ—IZHAL (pPVX:
VPE;Figure 19A), TNEha 77 as 7y L&k LT, jll % D N. benthamiana ¢
HEMIRDIEITER L. BRELTH5 21 AEIZ, EREEIVD 8~11 E R DOEEID
1113 VPE BIEFOH AL T DRE% RT-PCR IZEVFH 7= (Figure 19B) .
¥y VPE f CIRESN COBEIBAMEIE 423K EH L/ F4 <~ — (NIVPE) BL T}
NbVPE-1a & NbVPE-1b TN IR REY2 T T A< — (NDVPE-la BL T
NBVPE-1b) % AW T RT-PCR 4T o728 25, T X COMAEDLRIZB W TEGF
I IIEE N2 o7 (Figure 19B) . ZD#ERIL, pPVX: VPE Z#EFELZ N.
benthamiana \Z3\ T, NbVPE-la & NbVPE-1b % & T2 F7% NbVPE BinF 53 AL
T ENTWAIEERT .

EPIc BT BAAN—E-1 - TWA T 7 — 8 VPE THD
VPE 2MEMIC 1T HH A R—F-1 FEMEEY T a7 7T — B ThbIl% in

32




planta TIEAT 5701, VPE BEFEV ALV T LREEE AL 7 LT
TRVEEIZ BT B VPE JEMEE I R — -1 A BIE L 7. Figure 20A [3EDAEE
(umol/mg protein/h) %257 LIz vy Lizb D ThD. VPE EHEEHN A R—E-1 &
ML, FNF I RAVE Y EE (Ac-ESEN-MCA LT Ac-YVAD-MCA) & H
WTHIEL. 2 aA XX FHIZB W TaAVPE EYVPE XV F A BROLERIZL->THE
MAFEE IS (Kinosita et al. 1999) . N. benthamiana \Z33V Th, VPE &I UF
JVER (2.5 mM HUFLEET NIT L) R B LI Ko THEINL 72 (Figure 20A) .
YUF VBRI O VPE &ML, VPE BIRFE VAL L LTI REIZRBWTES
Z BTV, VPE MK EM A TIX, B R —B-1 EHEBIEL, W& OHEEE
R HHBFELERETHER EITFS TV

WIZVPEBIGFE VAL T UL AL v 7L T RWERIZHI T
VR SVERL, JLERTE 24 BER B OFEMOHH U HREREEL T, Ak
— Ty MENTZ1T o177 (Figure 20B) . VPE B T2 ALV 7 U TWRNEEIS
U NTIL, Figure 12A FIERIZ 2 KD VPE O AURABHENT. —F, VPE BI5T
EY AV T UTIEEIZRB W TIE 2 A0 VPE ORI S igh o7z, BLED
WEEIL, N. benthamiana \ZBF B A/ 8—F -1 TEEDEREN VPE THAHZLEZRLT
WA,

VPE BT 2V ALY U T TMV B X 518 BURHIRRFE LA D
SRz Hoh5

VPE 2SEBUBMEAEHIHT2EER T a7 T —8 ThHHIL% inplanta T
FEEATB7-9IZ, VPE Bz Fa2Y AL LTz N. benthamiana DEEIZ TMV ZH%
FEL7-. VPE BIGFE VAL LI 7L TORWEIZEBW T, IRE T 7 ME 24 KR
TR IREEAST RS (Figure 21, pPVX, *). LO>UBEBRIEWNZ&IZ VPE &
BEFEFALL LT UREICBO T, WROBRIRE A6 (Figure 21,
pPVX:VPE, *). ZO#ERIZ TMV BRI L 5@ BURMAIRSEIZ VPE NEEREKEIZ
HoTNBTEERLTND.
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MO s T LK CIIRRE BRETHILICXD, BN OIK S iEEE
ERNHBEEICRETAZENEE THDHLEE X HIL TS (Groover et al., 1997,
Groover and Jones, 1999; Jones, 2001) . ZZC, 1@EURMARIEDOTEHEIZ S RIS D
FEREEALIZ DWW TE T BEMEEIC LVEEMICERE L 72, N. benthamiana Ci3Z/ =2ZH
RTBBREAIAFEDFEEL L BIRB O R AES, RET 7 Mz 12 B B EHALE]
BXNIEDD. FIT, IBEITME 0,9, 12, 24 B B ORYFEOHIR L E FRME
TEZELT- (Figure 22) . EITBHOIE RSN DRIORE S 7 Mk 9 Befl] B ORifaz#l
2458, MRIZERESBEEREIL, RIS 8 AgEL Tz (Figure 22C,
D, E). ZORMID BB IR ORI fE - TREERIZ IR, IR 7 MR 24 B
B OB TIIZE AT HEEL Tz (Figure 22B) . F-IRE T 7 M4 24 ] B O
BT, HIRAE AR EEEL, IUREL TV 7= (Figure 22B) . ZOMRIDIMEIL T TIZHR
HEINTOSIEBUSMRIE DO RERIRHEE —BL TV 7z (Levine et al., 1996; Mittler
etal., 1997; Tada et al., 2004) . LML VPE EIaTE2 VALV T UIETIE, 24 B
4% KRR D FA BRI 32K 2 » T Ve o7z (Figure 22G) . ZDFERD>D VPE (34E
Y OFRAFEBIRIZ I T, IWIEL T BRI B> TWHIENE LN,

TMV BRI F51T BIRARIE D B 88 L R SE D BIERIZ D W TR STZDIL,
BCECF Tz Yefa L/ RN D, IBET 7 ME 0 R B E 9 R BIZ7ubrT
ZNETABIL, FEMICERAT LTZ. £z, 7ub T TANDAEFRE TR DR T v
— (trypan blue) (X DYt E1T 7=, IRET 7 ME 0 KR B ORGENORELZT
mh7FANMZ, BCECF MEIZFIZBTEL TEY, NV T A —TEREINR) T
(Figure 23, 0 h, pPVX) . {BEEL 7 ME 9 Bif] B ORRRIENHIREL 7= 7 b7 T ANT,
BCECF DOHRNBTED LA TR 3202433 T = (Figure 23, 9 h, pPVX) . #A
7 1 :BCECF 2SRRI /BTEL T\ 5 (70%) , #4711 : BCECF SR B I BAEL T
%(20%), A7 :BCECF MBI BEL TRV (10%) . #4471 LT O7 1k
FIAMIN AT N —TRBESNED ST, FATMOT NS FANIN ST
N—TRBINTZ. ORI T N—REDOFRERIT, #4471 LT DOTurTTANE
HEXTWBIRETHY, FATMOT T TANIFEA TWDIRETHLHILETRT .
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ThbbZAT N OTabFTAMT, KRB L BCECF 2SR ICHRHL T
BICHLEHHT, MBEITAEZTWAIRETHS. $iz, IBRET 7 M 12 el B DR
LT -7 T AMIIIT S BCECF OHIRBNBELZ A 5L, IREY 7 ME
9 BERE B ORRENOGTHE L - uh P FAMIH R THAT T LM OFIEAHEML T
Wz ZRBORE RS, WEURMMFEOTFEEICMHE, IR AREL, TOR, M
FARFEIZ B AT LN TRBENT-. —FF, VPE VAL U P T LT R EEIZ BV T,
B 7 ME 9 R B DRYIENHFEL /-7 uh 77 AT BCECF (3EIAIZRTE
LCEY, NIRRT A—Tid v S~ 7 (Figure 23,9 h, pPVX: VPE) . ZODiE
B35 VPE XIS AR @RI - TRY, RS RET 688~ T
EBURMFEMBEEINAD TR INEE R BN,

B DT ER— A TlE, EEDNA DXZL AV — LB (BX% 180 bp) TORY
FAEDBEZY, T Ha— 2SNV ERIKENZL>TIF —bBBESND. FEFEDS
OYRE DR S > CRBURMIAFE LR 2L T AU 7l Thi% DNA 075
—{bAM &I T3 (Ryerson and Heath, 1996; Tada et al., 2004) . LixL—75T,
TMV B L0 @B AR ZL TOBZ AT TIEXI LAY — LB OB AL
TR ZHF, ~50 kbp DR EZRMT AL IHZEBHESN TV (Levine et al.,
1996; Mittler et al., 1997) . Bz 1T BT RI— A Th, FH72~50 kbp TORTH
(L34S TVVS (Oberhammer et al., 1993) . TMV DRI Lo TREBURAERRITE
EFRZLUTWBIREES 7 M% 24 B8 B O N. benthamiana DREGIEN LI DNA ZHlitH
L, BEOTHu—AF VERIKENEITol2Llh, XIVAY — LB OB LT
HENien otz FEROBEI T/ VAT 4= VR VERIKBIEITo7e Ll 5, ~50
kbp DT A LA & H7= (Figure 24, 24 h, pPVX). LU, VPEERTZEY 1L
ST U BRI DR DNA 2N & 25, X7 LAY — LB ORA 1L
H~50 kbp DT L bR SNz o7z (Figure 24,24 h, pPVX : VPE) . TN XK
TR7OY S5 A K> TRIANO X 7 L7 —EERR LR T2 I &M
MEXNTPHD (ones, 2001) , VPE 241 L7z iKIBE D AAEEA L DNA OB AL
ICELEbD> TS Z EARE I /. £ DNA DO~50 kbp DR A {LITIRES 7
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% 12B5R B 959 TITRR IV THY (Figure 24, 12 h, pPVX), IRIIEDHH RN R
BES 7 M4 9 B B DA ZVEEEA T & (Figure 22C, D, E) hHH#EZEL T, VPE 2471
L CIRBEAS AL, WM SHIBRE R ICI L= XL 7 — B2 Lo T DNA 23
Wr L ENAO TRV EE 2 BT (Figure 27) .

VPE OFEZ &4 5L TMV OBFEMMEEEND

VPE BIGF %Y AL 7 Uiz N. benthamiana DFETIE, TMV REUTK
BIBERITEA I Z HNDZEMND, TMV IR CHEFELGT 2L T
&=, #Z T VPE BT AL 7 LB TMV 2L, IEV7MED
TMV OHEFE B DAL IR TH T, UANVADEIITVANADINGES R IE
DEBAEEIZTHDIENTES. EIZTMV ZHEREL, IRET7MR0, 8, 24 B D
RRYEENLLRH LRI R ZREIEL T, TMV OAMEZ LRI B IR 8%
BT, A7 0y MEN &#1T -7~ (Figure 25A) . VPE BIRT 2V AL 7L T
RWEEIZRITBSMESL E RO, BES T ME 8 Fefi B U0
(Figure 25A, B). — 75, VPE @I FE VAL v 7 UTBICRIT DMEZ 08
BT, IRELT7ME 8 B B THLEIAONDZ MUK 7. £L T 24 B
Bi2iX, Y AL 7L TORWERIZEEART 2 fZLL EICHL Tz (Figure 25A,
B). U EORERNS, FRALLBVBUEMRIELIMZ DL TMV LGS 52 L03
Dot

BB FISIZ BT BT LAY L B RBIIMSIL B R THD
REREORYU O BBRCEFEL QDM TIT, PR 27 H L
ITNA—BEDOBEZ L /7B 3K &5 (Van Loon and Van Strien, 1999) . VPE &
BFEPAL VT TEHIECEY TMV BRI DEEURMRIES MO THD
N. benthamiana \Z3\ T, PRZV RIBIIERINDDTHAIH. TOEMIZEZD
79I, VPE BB TEV ALV 7T UREEIC TMV L, BET7MRO PRV

36




NG EDEALE BRI, BICTMV 28HEL, IRETT7M20, 6, 12 B
DRBRGZENDHH U R EZREIEL T, PR AUV EITH DB AV TA
27y MENE1T T (Figure 26) . VPE BEFEFAL LU T L TORWEICE
i35 PR-1 & PR-2 Z /0B DR, BES7ME 12 Bl B STIEMLELI 7. —
¥, VPE Bt a AL 7 URETE, BBUEHRRZES IS TODHIZHE
H5F PR-1 & PR2 XU RV EDEIFTH AL T L TORWELFRILEIZIEMNL
#6213 7= (Figure 26) . LA EDFE RS, @EURSISICI T DMFaZEL RS 7B D
REIL, FRFMSL LB SRER RIS Lo THIEZ N TR EATRIRENTE.
Z1LT, VPE 3B OB ORBARICIIE ST, Miafto@R2HlEL <
WABZENEZ BN, BiflZ L RGN ERIN TODDICHEDL T, TANVAD
BAFEAS N Z DI h > T LIRS RIT, P ORTHERIS 31T DB BURN AL SED
MR EHIORL NS,
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5

DI R —E-1 FEHDEEIL VPE THD
ARFZETIE, BBRAIATEOBRE CHEINDL D A/ —E-1 FEEOREN

VPE THHZEZASLMIZL, VPE MBBURHITEIZ 1T SRR E L THRREL T
BZEHFEALT-. 2000 FEIZS A XF X FOES ) LEFIDRESNIZH, £ DOELF
DT BB S SLEHES N A I A — B DORER S IIFEEET, EPHHIER
PIZHAR—BORERS (TEBESN TR, LLERE, D7 1r T Ll
FEASH A S —BREIEMEZ S DRI Lo THIEIS N TV DI L& R 5 R R 03
ZEEE SN T 5 (Lam and del Pozo, 2000; Lam et al., 2001; Woltering et al.,
2002) . ABFFEHERIT, ZNHHAS—BRRIEHIC L > TRIEISh S 2< D7 s 7 A
HIBAFEIZ VPE 258> QOB ATEEME 2 RIBL TVD. FE, A XX FDyVPE
IEH DT 07T LAHSE THHE LB E OB TR THILBHES
A TUV5 (Kinoshita et al., 1999) . $£7z, #OBRRMARSE TIIIEH D RLRITLE- THE
RADSBEIS, B Z MR T AZEBHBINTNDD, ZORHDERKHES THLYVPE
DL FEHR T BT LDBASANT 2o TS (Kinoshita et al., 1999). VPE I A A/ S—E L
RCL AT AL T uT 7 —ETHY, EEICEERRONERICBEL TR —8
LT 5H DD (Figure 14B), 73 /BEECS AL L COMRMEITRL TELRW.
HAR—VIIT ANRGH B EA R RICERHEL, 20 C RinflzYllr§ DR
T&5 (Stennicke and Salvesen, 1998; Earnshaw et al., 1999). —75, VPE T A/ 7%
VIR EE AR TE O CRIBAA YT $ 5B Tdh572" (Hara-Nishimura et al., 1991;
Hara-Nishimura, 1998) , ABFFEEIZEITHINETOFFEAD VPE (ZH A —E[F
BRI T ARG B L IR T A2 LGN o T D (Becker et al., 1995;
Hiraiwa et al., 1999) . A —¥-1 ORERE S AL ER TADIZLERT I/ B
VPE TIEFEESNLTEY (Figure 14B), VPE DR T HEE B AL OEED T AN
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— P LEITTWAZERHEERINS. ZHIZ DWW T VPE O EEERIT 21T 241
JVROLMIIRDEE LS.

1412t VPE OFRERSZ BNFELEL, L7 <A (legumain) L LI TS, 2D
LI A NEH Al O BEAICIEENZ P REENDL DD, HA/R—E-1 D
HEEAIZLALTIWT 52 L3 TE22V (Rozman-Pungercar et al., 2003) . ZOFEFE)>
5, FE#TIX, VPE S A S—BREMEZ Y, MRaSEL HIE 50 EEL T2
FIEBHBRIND. TE, T I ARBICE S THAAN—BRI T H (A
IR—BRAMPRESNTOD) ELT, BAEBY TIITHAN—E, Y IE,
FEABY TIIAZ D A S—EREIESNIZ (Uren et al., 2000) . BEREDAZ I A/ —E
IZIT A AR — PR HY, Hy0, REICE > CHESNAMIAFERIAF A S—E
DRABEBREIZBO IR ISR IENHEZ TV D (Madeo et al., 2002) . L2
LB A 12— B 2 — RSl B E DB B AN ST T,
ABZ T AR —E PHEARRFEIZEEL QOBANIARATHS. BERROET / LELFID
3T I BEERRFINOE#EENS VPE AT BI A A S—BRERT PBIFEEL
RNZEDBS o TS, ZOEEPOERNTBOTIAZ I AR —BIZH A — Bk
EMWENRHBT-, VPE FERS BILOH A= RE T I IMLBERD ST O TR
MEEZ NS, —F, BT H A S—B o A — BB L, 28 %F
YUH—BEMEED S TOBIENAWEIN TS (Zhou, et al., Nature AOP, 24
December 2003) . ZHHDIEMD, B, M, BERHZRWT, AA—8 (%) &l
WNF0TT LR FEIL COAZEITIEBL WD, ZOEELZEY 70T 7 —
PIIELOBE THEVTON TERILSHREIND.

BBV TR IS 5 SR T BEERINIRTTHD

VPE [3HEMIZI31T D0 A/ —EHRiE L > TRY, %D VPE L DA
A=, T 2 DDV AT A7 aT 7 —EBITHRAN CTRICLS 2L B> T
AEREMENTRIBINS. L LS, B A —F L VPE DHIIAMNIZIIT 5 BEIZ 2L
BipoTBD. HA—BIIHIFLE THRET 5B THY (Cohen, 1997), UL
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VPE |37 H CHEBE T 2B%38 Ch 5 (Hiraiwa et al., 1993; Kinoshita et al., 1999;
Hara-Nishimura and Maeshima, 2000) . Bi#iZ B\ TTRh—T A& I L7-HikalX
D W L L TT A R—3 2/ME (apoptotic body) ZFERK L, EDH~I/aT77—
RIFPERAR L DA BRI I - TR FEENS (Figure 28) (Franc, 2002; Geske et al.,
2002) . FAUTKL T, ST A MBS, MRS HRE TEDIL TV,
FOT-HREYHIL B LHRNE D E SRR ITR5m0. FEIZRBVTHRIC
W HRADI S RSN ABIRIL, BRI HIBBLITRAY, Y B OB FE
THIENEZOND. HWHIREEA ORI« eIk S RBEREZ S A THHIL
AEL &SN T Y (Nishimura and Beevers, 1979) , B0 EEMIAD I RER
HBATRET DD OEMEFREZ TS, RIS, EYITEMERRY, K
MIZBTETS VPE 2L CERR D RBER 2 S LIRS REE T 520128, BO%E
ISPRT BB A (LS TEZEASRERENT (Figure 28) . VPE ASRDIE A
LR IERT R TUTEMESE DLV D LWOMRENDIRHEL T, VPEIISEIC
WSHBIDIERATY, Kk % IR 55 fREER DIEMALICE b TV BT LD E X HID.
VPE I2&o TIEMAL L= B, $7-13 VPE B &, IRIEOBEELZOL, SHITI
MABE RN T oL > CHIBIISEIZE S L E 2 T (Figure 27).

T 1T HHIRAFE TIX, IO RREN LB LR THHZ L RS T
W5, RO AR, RN OIMK SRR S MEEE ISR T2, AL
HRIDOFHELFIERIL, BRI CHIREMEESNDLEE Z 5T (Groover
et al., 1997; Groover and Jones, 1999; Jones, 2001) . % SARM OB E - BB L1E
A3 B R E 3 (tracheary elements) i3, 53{b (K#6531k ; xylem differentiation) i
B CHIRN A E S IRLTRICESD. ZOMBFEORKEER, MMITZER2oToNE
ZARBELTHIAL TS, RESLOEITIC - TV T =005 (k1L
lignification) 233620, EEMMIL, HRE2 ZRMIREELFT-ICEHTD. exyI/=F
V7 (Zinnia elegans) DIENMIE W CEIRER S LRI RO SMARTEDE
RAFEMICTEDZLICEY, IR .LLRo TSR HEFEDT R A L)
IZEHTUVS (Groover et al., 1997; Fukuda, 2000; Obara et al., 2001) . ZALHDAEHTIC
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EBEVT = ik E ORISR L TR OBRENEIY, £DRELITEEFHL T
BEELANTXTERBRABRHOEEPEIS. EORICTRE—V ATHLNDE
HIREDEERECREDOWT LI DT, IRAEASRREEL THy ISHEREN OFEREZAL
(27> THE DNA OBt F LRI AZENPREN TS, A XF X FYWPEHE IR
EROMLOBE CHIEB T DI EAREN TV S (Kinoshita et al., 1999) . VPE (X
ERER O LOBRE RN OMRBEE IR 757 17 7 — (Minami and
Fukuda, 1995) ®°X27L- 7 —¥ (Obara et al., 2001) DIEMEAIZBH o> TOD ATEEMEDS
HEIND.

—77, BRI SICAED 7 0T L RSE GREUSAMARZE) 1T, BIRERRE
DISHEDOBRIZ REND T 0T LHBIFEL I LE S C, B LR RIS 5T D1
FELLTHREL TEXLOTHY, REEOIEHER B #ZH > TV% (Goodman
and Novacky, 1994) . & OHIFRIED B ENI R/ > TODAS, ZDAL =R LTERE
L CWAFTREMEDE 2 HiLs. AFFFRICIVIBBURMALSEIZ W THIRI O RN E
BETHHIENALN LR, WIOREERRIZ VPE 238bo TSI LIRS
7-.

B, BB W TUY Y — Ak R ALL THEIND T 1y T AHIESE
B OFIENBRONICEN D25 (Ferri and Kroemer, 2001; Turk et al., 2002) . UY
Y — KRR ERIC S E T pH ZBEMERINCH ST 7L B DR % TR INK 5 AR
FEEATEY, AT 7R 7528128 T, AAR—EREHEL
ENBILENBEINTWD., BREARN RZEATRM—V AFERRZIL, I R)T
MWD Rrab e DFHIZEITL THT 72 DRIV Y —Lhbi S5 (Kagedal
etal., 2001). £/~ 557> B % TNF (tumor necrosis factor) {IZLDT R M— R
ETHhY (Foghsgaard et al., 2001), HA—F 11 ZIEHALL T, XTVLAY —LEAL
TOX; DNA OB k& 5 &I 32038 E S TS (Schotte et al., 1998) . E61Z,
AT Ty LOT7IV—53F0, TRV AREO EREF THHRESEO Bid
EEMRICTBILT, TRV RIZBEE T2 LDRSI TS (Stoka et al., 2001).
LNLARRS, Y —LRE DI TR Rl % E D IHZL TREEL T DD,
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D FEFIXIIEA LRI TR0,

HEH L DT vy T LB HIkE M

5iF, 8D VPE 7~RE1S Th% asparaginyl endopeptidase (AEP) /L7 <A
NIHT TV B H, L ORBUL SIS o> TW A I ERHLICE T
(Shirahama-Noda et al., 2003) . fE#12 3 T VPE (ZX > TREVL /1M LSz
BT T RROBER DB IR Eh, M OMIBFEEZEIEEL T haZE
MHEZRTED. F1256IC VPE 2 Uiz 2 E AR O a S D EE B R LI,
BREURHREFEDBFE THT 7L R OBER 21T T72< VPE bR OB E 21K
HEh, MRS CEE T HHMEHRE LS T D RN E 2015, VPE [3ER
PERINCE i pH 20 DI IAEER THY, BE OMIE M (pH 7.5) TIATEEZ FE#
FTAHZEMNH AR, LH LR LIGBEURK SOOIV T, Mlgrs—
BRROICERME L T A 2 E SN TV 5 (Mathieu et al., 1996; Kuchitsu et al., 1997;
Pugin et al., 1997; Yamaoka et al., 2000) . ZALiZ MRS DT b ASHIRRPIZHTA Y
B-OITRIBELTHY, MINSERME LT 52 LIRS ANEM LS NS D
EMERE &I TVA (Hagendoorn et al., 1991; He et al., 1998; Lapous et al., 1998;
Schaller and Oecking, 1999) . ZDOEEHIMAND pH I 6.5 ICETIR T 5LV H#ED
&Y, pH 6.5 DEAIZISNT VPE 13X 70%D{E 4% 548 T& % (Hara-Nishimura et al.,
1991; Hiraiwa et al., 1997b) . ZDZEN5, VPE MRS HIR H LB (L L 7= AR
B CHREL QWD THEEML 2B, il VY Y — bk L E LT IR SERS R I A
LB O HIZIHRBL THODDNE LRV,

LB L CEMEERY T uT 7T —BIXR RN, MEOT 0T LR
3H R —F (R TEHEIC L THIE S QOB BB LA Lo T, FEY LB D
BOFEIT BB A X OB AR B 2 HND. LB DT s T LRESE
BRI B IE M RIR T A ERE RNV ONFEIN TV, BV TBax i
TRIN—=L ZBAEF THD Bel-2 77V —IZBL, IharRUT b hab ¢ D
T AT MR T L U TEREL CWOBZEN LIV TS, Bax 24/ 33 TH
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BHEXE AL, B8R IEIZ - RZE N FEE IS (Lacomme and Santa Cruz,
1999). E£7=, BT Bax LITFIZHIHIE F &L TEIK Bel-XL =2, #RE T Ced-4 DOF
PEALZEMZ TS Ced-9 &4\ CHRELSE DL, EBBUBMRIEAMFIZND
(Mitsuhara et al., 1999) . ZD XS, I TE Bel-2 773U —DBInFH5HE R
SRR BB\ TRIBRCHEREZ L DT ENE X ONDH, W 6IT Bel-2 773U —#k
DBEBEFILRDOD > TRV,

BB T, BT RE— ADEE THEIa~wF L DEFE M
MVE - B OINFENBEEIN D603 (Levine et al., 1996; Mittler et al., 1997; Tada et
al., 2004), ¥/ AE(LFHLEETHDHEE DNA OFF —(Lb KON DR THRES
TV 5 (Ryerson and Heath, 1996; Tada et al., 2004) . T HDHEET T 07T AHIFTSE
DEENZ A EDLEEL, ERFESNTWDLIEERRLTVNS. L)
L—7, AT HEEER DY, T BMBENTFEELRZD, TR AN
EHAE RSN ABRINDIORBRITEARNICE 2. EDNA DT Z —{Lb g
TOWEM T 1T LT CBERINS DI Tid/ed, Figure 24 TRL72L572~50
kbp DR &2l (L NBRSN BRI D720 . Er@BURMRAZED Picidrru
— 3 AR DOHIRATE DA B DL OL B X TV D (Bestwick et al., 1997). L7z
o THEYO T 1rT LKL TIE, BT hE@T 5801355600, B
TEHEINT R AL REFOFEERLRLDT TIIRWnEEZLND.

BRSO THIBISE DB IZEE DNA O3 EE Z 670 ThHIfasEIL5E
FETBZEITREN TS (Sakahira et al., 1998) . ZOZLITMAIFEITE: DNA DR A
{EBMATITIRNZEERL TS, BIICRBWTC, BPEAEDEEITITEN D
LI L7z DNA 23 MG L T 22 L3 8 E S TV % (Hemmi et al., 2000).
ZO7HBHFLILE & D DNA 2 T 0T 5Z8128-> T, ME D DNA LiR>T
BRI E LR ITIEEHNTWDEE 2B S. EBE, DNase K<V A (Kawane
et al., 2003) X°/ > (Mukae et al., 2002) TIXRBE RICERELETZTLVOHRELHD.
SR HRE o VRV TIY, £% DNA O A LiTHERBSEIC 428 Tidis
WISIZE b5,
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R EEGHIC B A MRFEDO R E
Figure 25 TRUIZEINC, MIBRFESMEIZILT- N. benthamiana TIiZ TMV D¥
FEOSPAESNDZ LR HFELFRIT 1. AFFTLAMNIS, NFanT A NVADT RE—
&N 2 OB THDp35 HEA LT E Er#as /32 (del Pozo and Lam, 2003) XA
R Bel-Xy, Ced-9 T HEEr#al /-4 /32 (Mitsuhara et al., 1999) TH, VA /L ARG
(2L BHBAZE A HNHI SN D LT ANV AT T AR PIE S TN R DT RS T
WA,

LOL, ZRBOBFILIEHC, AN BEREELTOREEDOEEIE,
W OB DO LTI AL THEL TWAIELRBEINTWA. RilRD p35 &b~
NCEA LT BICI, 2 O EEREIL dlternaria alternata £. sp lycopersici 7SEEH
T3 AAL ERITEFIME 2R T I T, AEBEORGEICHEGMEICZ
ST ZEDREN TS (Lincoln et al., 2002) . 7= Fusarium moniliforme SEH %
7=y BlLIZEMMSEY O T IC T 0l T SRR EFE TS, 7E=V Y BLIC
ERMZMRLE R uAXF X FTiE, 7E=V ' Bl THEINLAMRRFE I IHIS,
A B ORI H IR 2 o 72 2803 4TS (Stone et al., 2000) . 7z, L
LT X RNE DG aa— R T HIEBRALNEIR 0T a AR F AT D Dadl
i, FEEFMED Pseudomonas syringae DG CHIRIZEIZ AR =72V s gL
%717 (defense with not death) £ RELL TRIEESNTEY, LT ULIEFMEICHAR
FEAMBEIRNT L ZTREEL TV V5 (Clough et al., 2000) . < OFEEDOHEY) - HIRIAED
B4 T, S@BURMBLIE I IR PIEICAT REL TROONE. TALRRMER T AEBED LD
(I8 EMBROATFAEIEICLE THHBEITIT, MIRFESETIEICEZIE<IE
BEZLND.
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M

VPE |3 OB FEAEE L HIET 57 07 7T — B LU TRFFRIZLVHID T
RIESNTEZSFTHDL. BIZIIH A —E 2N LTI MBRE T S kR FE#E s
FETADIZHL, HMIZIZ VPE 2/t LIk = R OB SERE AN T E - O W HE
MARIREND. 5%, VPEZ F.INIRIT B LIC IV DHIRRSED A — R T
BT Fo2— 2T OBHLNIL VK IENS B OBBETHD. BRF R TIIELER
B2 E N AT T A IBBUIRAMFE D A = X B BADNC T DT84, HI DT
HHEEL AT ETEETHLEEZ DS,
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Vacuolar Processing System
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VPE, Vacuolar Processing Enzyme

Figure 1. A schematic model for vacuolar processing system.

The VPE precursor is synthesized as an inactive form on the endoplasmic reticulum in the
cells and then transported to the vacuoles. The inactive precursor is converted into the
mature active VPE after arrival at the vacuoles. The active VPE might be involved in the
maturation and activation of vacuolar proteins.



NN tobacco

Figure 2. Typical chlorotic lesion (mosaic disease symptom) and necrotic lesion
(hypersensitive cell death) in tobacco leaves.

A, In tobacco cultivars lacking the N resistance gene (nn tobacco), TMV multiplies i
and spreads systemically, causing reduced growth and mosaic disease symptoms,
characterized by intermingled areas of light and dark green leaf tissue.

B, In tobacco cultivars carrying the N resistance gene (NN tobacco), TMV infection
causes rapid and localized cell death at the infected sites, and virus particles are
restricted to the region immediately surrounding the necrotic lesions.
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N gene OFF N gene ON

TMV infection Multiplication of TMV Lesion formation
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Time after temperature shift

Figure 3. Synchronous lesion formation by using temperature shift system in TMV-
Infected NN tobacco leaf.

After the TMV infection, plants were maintained at 30 °C for 40 h to multiply the virus, and
cooled them to 23 °C to cause the synchronous formation of lesions in the infected regions. The
visible lesions started to form at approximately 9 h after the temperature shift and then clearly
developed at 24 h after the temperature shift.



atataaatttacataatccattteccecccctacctttgatataacagcttcttecattttttttccttgtatcaccggagctgata 88
ATGATTCGTCACATTGCCGGTACTCTGTTCATAATTGGACTCGCACTTAACGTCGCCGTTTCAGAGAGCCGTAATGTTTTGAAACTTCCG 177

M| R HI AGTLFIIGLALNUYAVSESRNYLHKLEP 30
TCAGAAGTTTCTAGATTCTTCGGTGCCGATAAGAGTAATGTCGGCGATGATCATGATGACGACTCCGTCGGTACCAGATGGGCTATCCTG 267
S EVY SRFFGADKSNYGDDHDDDSVYLGETRWAIL 60
CTAGCCGGATCTAACGGTTATTGGAATTACCGTCACCAGGCTGATATATGCCACGCATATCAACTGTTGAAGAAGGGTGGTCTCAAAGAT 357
LAGSNGYWNYRHAQADICHAYQLLIKEKSGGLIEK?D a0
hGAACﬁTi GTTGTGTTTATGTACGATGACATTGCTAACAATGAAGAGAATCCAAGACCAGGAGTTATCATTAATAGCCCTCATGGTGAG 447
VVFMYDDIAMNNEENPRPGY I I NSPHGE 120

EhTGTTTACAnhGGAGTTCCTA#GG#TTACACTGGEGATGATGTTEETGTTAAGAAGTTTTTTGGTGGTGTCGTTGEGﬁﬁChAAhCTGCT 537
D VY KGYPKDYTGDDVYTVYNNTFFAALLGNIEKTA 150
CTTAGTGGAGGCAGCGGAAAGGTGGTGAATAGTGGTCCGAATGATCATATCCTCATCTTCTATAGTGATCATGGCGGCCCTGGAGTGETT 627
L $SGGSGKVY VNS SGPNTDHILIFYSDHGOGEPGVL 180
GGGATGCCTACCGATCCTTACCTCTATGCAAACGATCTGATTGACGTGTTGAAGAAGAAGCATGCTTCCGGAACATATAAAAGCTTGGTA 717
GMPTDPYLYANTDLIODVYLEKEKHEKHASGTYEKT SLYV 210
TTTTACCTTGAAGCTTGTGAGTCTGGTAGTATATTTGAGGGTCTTCTTCCTGAAGGT TTAAATATCTATGCCACAACAGCATCARATGCT 807
E Y ECE A CHE S G 3k R B G L Sl P B G L N e A T A SN A 240
GAAGAGAGTAGCTGGGGAACCTATTGTCCTGGAGAGTATCCCAGTCCTCCTATTGAATATGAGACTTGCCTGGGTGACTTGTACAGTATT 897
EESSN¥GLGTYCPGEYPSPPIEYETG GCLSGDLY S I 270
TCCTGGATGGAGGACAGTGAATTACACAACCTGCGGACTGAAAGTCTGAAGCAGCAGTATCACCTGGTCAGAGAGAGAACTGCTACTGGE 987
S WMEDNSELHNLPRTESLKEKGAGYHLVYRERTAT G 300
AATCCTGTTTATGGTTCACATGTCATGCAATATGGTGATCTACATCT CAGCAAGGATGCTCTATACTTATATATGGGTACAAATCCTGET 1077
NPVYGSHVY MAQY G DLHL K DAL Y LY WGTN:P A 330
AATGATAATTATACTTTTATGGATGACAATTCCTTGCGAGTATCAAAGGCCGTTAACCAGCGTGATGCAGATCTTCTGCATTTTTGGTAC — 1167
NDNYTFMDIDNSLRYSKAVYNAQRDADLTLUHTEWY 360
AAGTTCCGCAAGGCTCCTGAGGGCTCTGTGAGGAAAATTGAGGCTCAGAAACAGT TAAATGAAGCAATATCACATAGAGTGCACTTGGAC 1257
K FRKAPETGSVRIEKIEHAQEKI QLNEAISHRYUHLTD 390
AACAGCATAGCCCTTGTCGGTAAACTTCTATTTGGAATTAAAAAAGGTCCAGAGGTGCTAAGTAGTGTCCGCCCTGCTGGTCAGCCTCTT 1347
N S 1 ALVGKLLTFGIKKGPEVLSSVYRPAGATPL 420
GTTGATGACTGGGACTGCCTTAAATCCTTTGTAAGAACATTTGAGACACATTGTGGATCGTTATCCCAGTATGGAATGAAACATATGCGE 1437
YV DDWODCLKS ST FEFVYRTTE EETHTCGSLSAQYGMWMEKTHMR 450
TCCATTGCTAACATATGCAACGTTGGAATTAAGATGGEGEAGATGGT GGAGGCATCAGCACAAGCTTGTCCCAGCTTTGCATCCAATACT 1527
S 1 ANI CNVGI KMWNWAQMYEH ASAQACPSTFASNT 480
TGGAGTTCCCTCCAGAGGGGTTTTAGTGCATGAT Tgecatotaatectcaatatetcgagattatcagtacgaagatteatatagteatt 1617
WS SR G RSy 491
gtaagatgettcttaagcataattecttccttetaaatacagettagaagcecatcattattgagtteaaatetacteeaageagatate 1707
ttattgtaactattettatagttcetcatcattetatagaactectactatgcaaaagcttteccteaacaaactatetttegaageeaa 1797
tataagcttgactttcttttraattagaaaadaaaaaaaaadaadaaaaadaaaaaaaadaaaaaaaaaaaaaa 1871

Figure 4-1. cDNA and deduced amino acid sequences of tobacco NtVPE-1a.

The nucleotide sequence of the putative coding region is shown in uppercase letters and the 5’
and 3’-noncoding region are shown in lowercase letters. The potential essential residues for the
VPE activity (two-cysteine and one-histidine) are marked with red color. Sequences
corresponding to a pair of primers for RT-PCR in figure 7 are underlined with direction. The
nucleotide sequence of the isolated tobacco NtVPE-1a has been submitted to DDBJ/GenBank
with the accession number AB075947.



taacaectcctecatttatttettttttettetatcacegragccgata 49
ATGATTCGTTACGTCGCCGGTACTCTGTTCCTAATTGGACTCGCACTTAACGTCGCCGTTTCAGAGAGCCGTAATGTTTTGAAACTTCCG  —139

MRy VNG T EE L] Gl LNV AV SES RINY LIKELP 30
TCAGAAGTTTCTAGATTCTTCGGTGCCGATCAGAGTAACGCCGRCGATCATGATGACGACTCCGTCOGTACTAGATGGGCTATTCTGCTA 229
SEVSRFFGADESNAGDHDDDSVYVGTRWALILL 60
GCCGGATCAAACGGTTATTGGAATTACCGCCACCAGGCTGATATATGCCACGCATATCAACTGTTGAAGAAGGGTGGTCTGAAAGATGAG 318
KGN GY NN YRHEQADICHAYQLLKKGGLEDE 90
M:hTTGII GTGTTCATGTACGATGACATTGCAAACAACGAAGAGAACCCAAGACGAGGAGTTATCATTAATAGCCCTCATGGTGAGGAT 409

VVFMYDDIANNEENPRRGV I I NSPHGED 120

GTTTACA#AGGAETCCCT#AGGATTAC#CTGGGG#TGATGTTAETGTTG#CA#ETTTTTTGCTGTTATCCTTEGGAAﬁhAﬁACTGCCCTT 499
¥YY KGVPKDYTOGDDVYTVYDNTFTFAYILGNIEKTAL 150
AGT GGAGGCAGCGGAAAGGTGGTGAATAGT GGTCCAAATGATCATATCTTCATCTTCTATAGTGATCATGGAGGTCCTGGAGTGCTTGGE 589
S 66 S5 GKYYNSGPNDHIFI FYSDHGGPGY LG 180
ATGCCTACCGATCCATACCTCTATGCAAACGATCTTATTGACGTGT TGAAGAAGAAGCATGCTTCCGGTACATATAAMAGCTTGGTATTT 679
M PTDPYLY ANDLTIDVYLIEKIEKI KHASGTYE KT SLVYEF 210
TACCTTGAAGCTTGCGAGTCTGGTAGTATATTTGAGGGTCTTCTTCCTGAAGGTTTAAATATCTATGCCACAACAGCATCAAATGCTGAA 769
Y LLE A GE S G S8 I FE G P EG LN I Y AT T A SN A E 240
GAGAGTAGCTGGGGAACCTATTGCCCAGGAGAGTATCCCAGTCCTCCTATTGAATACAT GACCTGCCTTGGTGACTTGTACAGTATTTCE 859
E S S ¥ GEGTYCPGEY RBESPEPEILEYMNTELGDLYS LS 210
TGGATGGAGGACAGT GAATTACACAACCTGCGGACTGAAAGTCTGAAGCAGCAATATCACCTGGTCAAAGAGAGAACTGCTACT GGGAAT 949
¥MEDSELHNLGRTETSLIEKA® Q@AQYHLVYKETRTA ATTGN 300
CCTGTTTATGGTTCACATGTCATGCAATATGGTGATCTACATCTCAGCAAGGATGCTCTATACTTATATATGGGTACAAATCCTGCAAAT 1039
PV Y G S HVY MAQYGDLMHL KDALYLYMGTNTPAN 330
GATAATTATACTTTTATGGATGACAATTCATTGCGAGTATCAAAGGCTGTCAACCAGCGTGATGCAGATCTTCTGCATTTCTGGCACAAG 1129
0DNYTFMDDNTGSLERY S KAVYNAQRDADLTLAHTEUWHK ~360
TTCCGCACGGCTCCTGAAGGCTCTGTTAGGAAAATTGAGGCT CAAAAACAGTTAAATGAAGCAATATCACATAGAGTGCACTTGGACAAC 1219
FRTAPEGSVYRIKIEA QKO QLNE- BALI SHRYHLTDN 390
AGCGTAGCCCTTGTCGGTAAACTTCTGTTTGGAATT GAAAAAGGT CCAGAGGT GCTGAGTGGCGTCCGCCCTGCTGGTCAGCCTCTTGTT 1309
S YALVYGKLLTFGIEKGPEVYLSGYRPAGAQEPLY 420
GATGACTGGGACTGCCTTAAATCCTTTGTAAGAACGTTTGAGACACATTGTGGATCGTTATCCCAGTATGGAATGAAACATATGCGCTCT 1399
DDWDCLIKSFVRTFETHTCGSLSQYGMEKTHME RS 450
ATTGCTAACATATGCAACGCTGGAATTAAGAAGGAGCAGATGGTGGAGGCATCAGCACAAGCTTGCCCCAGCGTTCCATCCAATACTTGG 1489
I A NI € NAG | KK EQMVYEASARALCPSVPSNTHW 480
AGTTCCCTCCACAGGGGTTTTAGTGCATGAtteecatctaatectcaatatetcgagattatcagtaceaagatteatatagteatteta 1579
S SLHRGTF S A ¢ 490
agatggttcttaagcataattegcttecttgtaaatacagettagaagegeatcattattgagttgaaatetactagaageagatatetta 1669
ttgtaactattgttatagttcetcatcattgtatataactcttactatgcaaaagctctecctgaacaaactatetttegaagagaatgt 1759
aagctteactttcctttegaattaaaaaaaa 1789

Figure 4-2. cDNA and deduced amino acid sequences of tobacco NtVPE-1b,

The nucleotide sequence of the putative coding region 1s shown in uppercase letters and the 5°
and 3’-noncoding region are shown in lowercase letters. The potential essential residues for the
VPE activity (two-cysteine and one-histidine) are marked with red color. Sequences
corresponding to a pair of primers for RT-PCR in figure 7 are underlined with direction. The
nucleotide sequence of the isolated tobacco NtVPE-1b has been submitted to DDBJ/GenBank
with the accession number AB075948.



gaagcattgaagegtaatcatetcattaatigactageatt 41
agaaactgasaatgaagatatcgtcaaceaaacttttttttttttetttctaacteteatatactagettteatttaccttgtttgaaca 13
ATGATTGTTCGCTACGTTGTGAGTGCTATCTTGATCATTGGACTGTCAGTTGTCGCCGCOGTTGACGGCAGLGATGTGCTGARAATTACCA 22

T A A W [ B ] [ R G R e N e T R B S an
TCGGAAGCATCAACGTTTTTCAGTGGTAATTATGATGATGATTCAATTGGTACTAAATGGGCTGTGTTGGTTGCTGGATCARGAGGCTAC 311
S EAST FEFS & NY DS I GTKNYAYLYAGSRESGY ~ 60
TGGAATTACAGGCACCAGGCAGATGTTTGTCACGCATATCAGCTGTTGAAGAAAGGT GGCCTCAAGGATGAGAATATTATTGTGTTTATG 401
W NYRHQADYCHAYQLLKKGGLEXKDEHWNIIVYFM an
TATGATGACATTGCTCATAATTTTGAAAATCCTAGGCCAGGAGTCATCATAAATAGCCCTAATGGTGACGATGTCTATAMAGGAGTTCCA 491
Yom-p LK W NFE N PR PGND DN S PR GD O 8T K GV CR 120

MGMTTATACAGEGCATCATGTTAC.!G@MMITH:TTI}CTGTT.I.TEETTG&GMCAHGEEEETEH!GTGEAGGHGTGGM 581
KDY TGHHYTANNTELAY I LGNEKEALMALSGE GS GK 150
GTGGTGGARAGTGGRTCCARATGATCATATCTTCATCTTCTACAGT GATCATGETGGTCCTGGAGTGCTTGGGATGCCTAGTGGCCCTTAT 671
¥ Y ESBPNDHIFIFYSDRGEPPGYLGNESGEPY 180
CTCTATGET AT GATTTAATTGAT GTCTTCAAAAGGAAGCATGCTTCAGGGACAT ACAAAGETTAGTCTTTTACATTCAGGCT TCTGAA 761
LYoo B B DY LK R K H- A5 T Yo Ks L YE Yl EANEE 210
TCTCGGAGTATATTTGAGGGLCTTCTACCTCAAGGT CTTAATATCTATGCAACAACAGCATCARATGCTGAAGAGRACAGTTGGCGRACE 851
SES LEFEGL P EGL NN YATLTALSNENLEEDSNGT 240
TACTGTCCAGGAGACTATCCAGGT CCTCCTCCAGAATACCAGACCTGCTTGOGTGACTTGTACGCTGTATCTTRGATGOAAGATAGTGAA 841
Y& PGDOYPGPPPEYQTCLGEDLY AN SYHEDSE 270
AAACACAATCTOLGAAGAGAAACTTTAGGAATGCAATATGAGCTGGT TAAAAGGAGAACTGCTAACTCATTTCCOTATGCARGTTCGCAT 103
KH HLRRETTLSGHMNGYELYKRRTAHNSTFZPY ASSEH 300
GTCATGCAATATGGTGATCT CTAATGGATGATCCTCTTTCCCTTTATATGGGCACCAATCOCGCAAATGATAATTACACTTTICTG 1121
¥ a3 Y 6GD0L LM DDPFLSLYMOLGTNREAHNDHKYTEIL 330
GACGAGAATTCCTCACTGCTCTCCGCAMAGCCTGTTAACCAACGTGATGCAGATCTTTTGCATTTCTGGGACAAGT TCCTCAAGGCTCCT 1211
BEN S S5LLS AKPYNOQRDAMDLLHFEYDKFLEATP 360
CAMGOTTCTRTTAGGAAAGTTGAAGCCCAGAAGCAGCTCAGT GAAGCTATGTCACACAGAATGCACATAGATGACAGCATTECTCTTGTT 1301
@ CSVYREEYEAQGEKAQAQLSEALANSHRRHEI DD SI1 ALY 390
GOGAGGCTTCTATTCGGAATTGAGAAAGGTCCTGACGTGCTGAT TAGAGTCCGACCTACTGGCCAGCCTCTTGTTGATGATTGGAATTGT  T391
R LLFGIEKSPDBDYLIRYEPFPTGEPEL YDDDYUHN:IL 420
CTTAMATCCTTTGTAAGAACAT TTGAGACACGTTGTGGATCATTGTCCCAGTATGGAATGAACATATGCGTGCTGTTGCTAACATATGE 1481
L KSFYERTFETRCGCGS LS QYL WEKHUMERAYANIE 450
AACTCTTGTATAACAATGEAGCAGATAGCCAAAGCATCAGCACAAGCTTGTGTGAGTATTCCTTCCAACTCTTGGAGTTCGCTCGACGAG 15T
NS G BTN E @ 1 & KA S A YSs FPSNESYS &L D0 E 4580
GGATTTAGTGCATAGgacacaczaattcteatctotcggegtatgateticttggtateattgactteatgtatatetttatgtaaaate 1661

G F § A & 485
attgtaaatatgccttttcttaaaaataaattaatetacattgettattagaaaaadaadanaaadsnasandaaaaasasaaazaaasa 1751
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Figure 4-3. cDNA and deduced amino acid sequences of tobacco NtVPE-2.

The nucleotide sequence of the putative coding region is shown in uppercase letters and the 5
and 3'-noncoding region are shown in lowercase letters. The potential essential residues for the
VPE activity (two-cysteine and one-histidine) are marked with red color. Sequences
corresponding to a pair of primers for RT-PCR in figure 7 are underlined with direction. The
nucleotide sequence of the isolated tobacco NtVPE-2 has been submitted to DDBJ/GenBank
with the accession number AB(075949.
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gaacctttacecttaccctttttaattactcogtaccagttgata 45
ATGATTTCGTACGCTGCCGGAATATTCTTCCTCCTAGGATTCTCCATCGCCGLOGCCGLCGACLGACGT AATGTTTTGAAACTTCCGTCG 135

M I S YAAGIFFLYGFSI AAAADGRHNYLIEKLTEPS a0
GAAGCTTCCAGATTCTTCGATGAAGCCGATGACTCTGTTGGAACCAGATGRLCCETCCTTCTTGCCGGATCARATGGTTATTGRAATTAT 225
EASRFFDEADD S YVGETRNEAYLLAGSNGYWNY 60
AGACATCAGGCTGATGTATGCCACGCGTATCAGCTGTTGAGAAAAGGTGGTCTCAAAGATGAGAATATTATCATGTTCATGTATGATGAC 315
RHOADVYCHAYQLLREKGGLE KIDEHNILIMFMWNYDZD a0
ATTGCTTATAATCAAGAGAACCCAAGACAAGGAGTTATCATCAATAGTCCTGCTRGEGAGCATGTCTACAAAGGAGTCCCTARGRATTAT 405
I A Y HEENPEPRAGY I I N 5P GEDYYKGYP KDY 120
ACTGGAGATGATGTTAATGTGEACAACTTTTTGGCCGTTCTCCTTGGTAACAARACTGCTCTTACTGRAGGTAGTGRARAGGTGETGGAT 495
TGDDVMNYDNFLAYLLGHNKTALTGGS SGKYVD 150
AGTGGTCCAAATCATCATATTTTCATATTCTATAGTGATCATGGTGGCCCTGGEGTGCTTGGGATGCCTACCAATCCTTATCTCTATGCA 585
S G FENDHIFIFY3IDHEGEGEPGYLEGERPT NPT LYA 180

AGTGATCTGATTGATGTGT TCARAAAGAAGCATGCCTCTOGAACAT ATARAAGCTTGGTACTGTACATTGAAGCTTGTGAGTCCGRAAGT 675
bl YLK KK H ASGT YRl YL YL EAEE S G-S 210
ATCTTTGAGGGTCTTCTTCCTAAAGGTCTAAATATTTATGCCACAACAGCATCALACGETGTAGAGAGCAGLT GLGGCACCTATTGTCCT 765
I'FE&LLPEKSGLIHNKIYAT T ASNHALYESSYETNYLEP 240
GOAGACTATCCTAGTCTTCCT O T G LCTAT GAGACC TGO TOGGTGACT TATATGCTGTTTCCTGGATGGAGGACAGT GAAATGCACAAT 455
G bDYPSLPPGYETC CLOGDLYADYSWMETDTSTETMIHN 2
TTGCGGACTGAAAATTTGAGGCAACAGTATCACCTGGT CAAAGAGAGAALTGCTAAT GLAAATTCTGCTTATGGTTCCCATGTCTTGCAA 945
LRETEMNLROGGY HL YEERTANGHNKSAYGSHYLAQG 300
TTTGGTGATCTACKACT GLGTATGCATTCTCTGTTCAT CTACAT GGGTACAAATCCTGCAMATGATAACTACACCTATCTAGATGATAAT 1035
F 6D L QL MDSLFMYMET HPANDNYTYVYDDN 330
TCCTTGEGGGCATCATCAAAGGCT GTCAACCAGLGT GATGCAGATCTTTTGCATTTCTGGGACAAGT TCCGCAAGGLTCCTGARGGETET 1125
S LRASSEAVYNOQRDADLLHFNYDEKEKFREKEATPETG?SS 360
GOTCGGAAAGT TGAAGCTCAGAAGCAATTCACTCAAGCTATGTCACACAGAATGCACCTAGACAACAGCATGGCTCTTGTTGGTAAGCTT 1215
ARKYEALDQKOQFTEALMNSHPRMHLDNSEMMALUYGI KL 350
CTGTTTGGAATTCAAAAAGGTCCT GAGGTGCT GAAGCGTGTTCGACCTGTAGGTCAACCTCTTGTTGATGACTGGACCTGCCTGAAGTAC 1306
L FGI O KGPEVYLEZRDYRPYGOILPLYDDWTCLEKSH/Y 420
TTTGTAAGAACATTTGAGACACACTGTGGATCATTATCCCAATATGGANTGARACACATGCGATCCATCGCCAATATCTGTAATGCTGRA 1305
FYRTFETHCECGSLS QY6 MEHRMRS! ANICHNARG ~A50
ATTAAGATGGAGCAGATGGTGOAGGCAT CAACACAAGCTTGTCCCAGCATCCCGACCAATATTTGOAGTTCCCTCCACAGRGGTTTTAGT 1485
Il KN EQMYEASTRACGCPSYPTHNIYSSLHRGT FS 430
GCATAAacgccatggaatgtgcagtcteacactctgatgetgegtat tagtgatgctaccet tatcaatatecaatattcatgtectgtete 1575
Aot 482
taaatagtgatttpatectegtattagtgaagtttaccettattegtatcaagattcatatecteettetaattattectetattegcat 1665
aatgecttctotgtazatacagcteaaaagcacacatatattgtotggaatatattgagageacatticteattgtaaasaaanaaaaaa 1755
dadaaadaassasaadsazaaa 1777

Figure 4-4. cDNA and deduced amino acid sequences of tobacco NtVPE-3.

The nucleotide sequence of the putative coding region is shown in uppercase letters and the 5°
and 3'-noncoding region are shown in lowercase letters. The potential essential residues for the
VPE activity (two-cysteine and one-histidine) are marked with red color. Sequences
corresponding to a pair of primers for RT-PCR in figure 7 are underlined with direction. The
nucleotide sequence of the isolated tobacco NtVPE-3 has been submitted to DDBJ/GenBank
with the accession number AB075950.



NtVPE-1a NtVPE-1b NtVPE-2 NtVPE-3 yVPE
NtVPE-1a — 94.0 69.0 76.1 68.5
NtVPE-1b — —_— 70.3 77.5 69.7
NtVPE-2 — — — 70.3 64.3
NtVPE-3 — — o — 68.8
B
Vegetative type

NtVPE-2
Citrus

NtVPE-3

NtVPE-1a
NtVPE-1b

Black gram

Figure 5. Comparison of four tobacco NtVPEs with other VPE homologs.

A, Comparison of tobacco NtVPEs with Arabidopsis yVPE. The numbers show
amino-acid sequence identity (%).

B, A phylogenetic tree of VPE homologs drawing with the Clustal W and TreeView
programs. The scale represents evolutionary distance expressed in the number of

substitutions per amino acid. VPE homologs are separated into two types, vegetative type
and seed type. References to the published sequences are as follows; NtVPE-1a, NtVPE-1b,
NtVPE-2 and N1V PE-3 (this study), Arabidopsis aVPE and fVPE (Kinoshita, et al., 1995a), Arabidopsis
vWPE (Kinoshita, et al., 1995h), castor bean VPE (Hara-Nishimura, 1., et al., 1993a), soybean VPE (Shimada,
T., etal., 1994), pumpkin V PE (unpublished data), black gram VmPE-1 (Okamoto, T. and Minamikawa, T.,
1999), jack bean VPE (Takeda, O, et al., 1994), veich VPE (Becker, C., etal., 1995) and citrus WPE (Alonso,
JM. and Granell, A., 1995).
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Figure 6. Developmental changes in the levels of NeVPE mRNAs during TMV-induced
HR in tobacco leaves.

A, To show specificity of each designed primer set for tobacco VPEs, PCR was carmied out
using the specific primer sets and a plasmid having each of NtVPE-/ (lane 1), NtVPE-2 (lane 2)
and NtVPE-3 (lane 3) cDNAs or the mixture of these three plasmids (lane 4) as a template.

B, RT-PCR showing changes in the mRNA levels of NtVPEs and PR-/s in tobacco leaves
after the temperature shift: TMV -infected NN tobacco leaves (TMV/NN), mock-infected NN
tobacco leaves (Mock/VN) and TMV -infected nn tobacco leaves (TMV/nn). Actin is an
intemal standard. RT-PCR was performed with 25 amplification cycles for NtVPE-1, acidic ~
PR-1, basic PR-! and actin and with 28 cycles for NtVPE-2 and NtVPE-3.

C, The levels of mRNAs of NtVPE-I and basic PR-1 in TMV-infected NN tobacco leaves
were densitometrically determined. The relative amount is given as a percentage of the
maximum value for NtVPE-I at | h and for basic PR-1at 12 h.
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Figure 7. Developmental changes in the levels of the NtVPE protein during TMV-
induced HR in tobacco leaves.

A, Immunoblots showing changes in the protein levels of NtVPE and PR proteins in
tobacco leaves after the temperature shift: TMV -infected NN tobacco leaves
(TMV/NN), mock-infected NN tobacco leaves (Mock/NN) and TMV-infected nn
tobacco leaves (TMV/nn).

B, The levels of NtVPE and PR-1 in TMV-infected NN tobacco leaves were
densitometrically determined. The relative amount is given as a percentage of the
maximum value for NtVPE at 3 h and for PR-1 at 12 h.



Figure 8. f-gluculonidase (GUS) staining of a transgenic tobacco leaf harboring
YVPE promoter/GUS gene after virus infection.

Transgenic tobacco (SR1) leaf with the chimeric YV PE promoter/GUS gene was
inoculated with RNA of mutated ToMV. SR1 can induce visible lesion after mutated
ToMYV infection. The leaf that had been incubated for 0, 36 and 72 h after inoculation
was used for the GUS staining.
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Figure 9. TMV-induced hypersensitive cell death in an NN tobacco leaf is
abolished by a caspase-1-specific inhibitor and a VPE-specific inhibitor.
The TMV-infected sites of the NN tobacco leaf were infiltrated with each
proteinase inhibitor at 1 h before the temperature shift or with 1% DMSO

or 5% methanol as controls. The proteinase inhibitors used were 1 mM
Ac-YVAD-CHO (a caspase-1-specific inhibitor), 1 mM Ac-ESEN-CHO

(a VPE-specific inhibitor), 1 mM Ac-DEVD-CHO (a caspase-3-specific
inhibitor), 1 mM pepstatin A, and 1 mM E-64 dissolved in 1% DMSO.

Both 1| mM PMSF in 1% methanol and 5 mM PMSF in 5% methanol were
also used. The photograph was taken 24 h after the infiltration.
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Figure 10. Comparison of caspase-l-like activity and VPE activity.

A, B, Change in the levels of caspase-1-like activity (A) and VPE activity (B) in tobacco leaves
at the indicated times after the temperature shift: TMV -infected NN tobacco leaves (TMV/NN),
mock-infected NN tobacco leaves (Mock/NN) and TMV -infected nn tobacco leaves (TMV/nn).
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Figure 11. Visualization of proteins that bound to a biotinylated inhibitor of caspase _

in the TMV-infected NN tobacco leaves.

A, The TMV-infected sites of the NN tobacco leaf were infiltrated with 1 mM biotin-
xVAD-fmk or with 1% DMSO as a control. Biotin-xVAD-fmk abolished the lesion
formation. The molecular masses are indicated in kDa.

B, A biotinylated-inhibitor blot with biotin-xV AD-fmk-infiltrated leaves (lane 1) and

DMSO-infiltrated leaves (lane 2). Asterisks indicate non-specific signals.
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Figure 12. Identification of proteinase exhibiting caspase-1-like activity in TMV-infected

NN tobacco leaves as VPE.

A, A biotinylated-inhibitor blot of the extract from TMV-infected leaves that were pre- =
incubated with each proteinase inhibitor before further incubation with biotin-xVAD-fmk
(lanes 1-13).

B, An immunoblot of the leaf extracts with anti-V PE antibodies.

C, A biotinylated-inhibitor blot of the supernatant of the leaf extract after immunoprecipitation
with (+) or without (-) anti-VPE antibodies.
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Figure 13. Effects of various inhibitors on VPE activity in TMV-infected leaves 3 h
after the temperature shift.

Each experiment was repeated three times and the standard errors were represented as
the lengths of the vertical bars.
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Figure 14. The essential amino acids for caspase-1-like activity are conserved in VPE
homologs from various plants including tobacco.

A, Both caspase-1 (Cohen 1997) and plant VPEs (Kuroyanagi et al. 2002) are synthesized as
a proprotein precursor and then converted into the respective mature form (open boxes) after
removal of propeptides (closed boxes) and linker peptides (gray boxes). The essential amino
acids of hcaspase-1 and the corresponding amino acids of tobacco VPE (NtVPE-1a) are
shown in open boxes. Each experiment was repeated three times and the standard errors
were represented as the lengths of the vertical bars.

B, His-237 and Cys-285 (red colored) form a catalytic dyad in human caspase-1 (hcaspase-
1), while His-174 and Cys-216 (red colored) form a catalytic dyad of NtVPE-1a. A
pentapeptide of the active site of hcaspase-1 is similar to those of VPEs from various plants
(underlined in region 3). Three essential amino acids, Arg-179, Arg-341 and Ser-347 (blue
colored) form the substrate pocket of hcaspase-1. The corresponding amino acids are -
conserved among plant VPEs. References to the published sequences are as follows:
hcaspase-1 , tobacco VPEs (NtVPE-1a, NtVPE-1b, NtVPE-2 and NtVPE-3; this study),
Arabidopsis aVPE , Arabidopsis YVPE , black gram VmPE-1 , citrus VPE , sweet potato
VPE (accession number, AF260827-1) and vetch VPE .
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Figure 15. Developmental changes in the levels of the active forms of NtVPE that
bound to a biotinylated inhibitor of VPE/caspase during TMV-induced HR in tobacco
leaves.

A, Biotinylated-inhibitor blots showing changes in the protein levels of the active forms of
NtVPE that bound to biotin-xVAD-fmk in tobacco leaves after the temperature shift: TMV-
infected NN tobacco leaves (TMV/NN), mock-infected NN tobacco leaves (Mock/NN) and
TMV-infected nn tobacco leaves (TMV/nn).

B, The levels of NtVPE that bound to biotin-xVAD-fmk in (A) were densitometrically
determined. The relative amount is given as a percentage of the maximum value for
NtVPE/NN at 3 h.




Figure 16. VPE functions in the early process of TMV-induced hypersensitive

cell death.

A TMV-infected NN tobacco leaf was infiltrated with 1 mM Ac-YVAD-CHO

(a VPE/caspase-1-specific inhibitor) at the indicated times after the temperature shift.”
The photograph was taken 24 h after the temperature shift. control, no infiltration of
Ac-YVAD-CHO.
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Figure 17. Virus-induced gene silencing of GFP in N. benthamiana carrying a GFP gene.
A, The structure of pPVX (Potato virus X Vector). LB, Left border; 35s, 355 promoter;
RdRp, RNA dependent RNA polymerase; MP, movement protein; CP, coat protein;

Nos, Nos terminator; RB, Right border.
B, The structure of pPVX:GFP. GFP ¢cDNA was ligated into the Sal | sites of pPVX
C, Plans were inoculated with pPVX (vector) or pPVX:GFP by agroinfiltration.
The photographs of the plants and the leaves were taken under normal light or UV illumination
at 21 days after the inoculation.



CACCAGGCGGACGTGTGCCACGCGTATCAACTGTTGAAGAAGGGTGGTCTCAAAGATGAG &0

HQADVYCHAYQLLIKTEKTGGLIEKT?DE 20
AATATTGTTGTGTTCATGTACGATGACATTGCTAACAATGAAGAGAATCCAATACCAGGA 120
NI ¥YVYFMYDDI ANNEENPIPG 40
GITATCATTAATAGCCCTCATGGTGAGGATGTTTACAAAGGAGTACCTAAGGATTACACT 180
Y1 | NSPHGEDVYYKGVYPKDYT 60

ATGATGTTACTGTTGATAACTTT TGTTATCCTT AAAACTGCTCTT 240
G DDYTVDNTFFAYILGNEKTA AL 80

AGTGGAGGCAGCGGAAAGGTGGTGAATAGTGGTCCAAATGATCATATTTTCATCTTCTAT 300
S G6 S GKYVYNSGPNDRKIF I FY 100

AGTGATCATGGCGGTCCTGGAGTGCTCGGGATGCCTACCGATCCGTACCTCTATGCAAAC 360
SO P Y LM ET NP Y LY AN 120
GATCTGATTGACGTGTTGAAGAAGAAGCATGCTTCCGGAACATATAAAAGCTTGGTATTT 420
DL T DY KRN S 6T Y kS EVF 140
TACCTTGAAGCTTGTGAGTCTGGTAGTATATTT TCTTCTTCCT TTTARAT 480
T e T T ] i o v ) I T 160
ATCTACGCCACAACAGCATCAAATGCTGAAGAGAGTAGCTGGGGAACCTATTGCCCAGGA 540
FY kbt 1 A 0N AKAEESSETET YC PG 180
GAGTATCCCAGTCCTCCTATTGAATATATGACCTGCCTTGGTGACTTGTACAGTATTTCC 600
EYPESPFPETEYRTLCEGDL TS T 5 200
TGGATGGAGGACAGT GAATTACACAACCTGOGGACTGAAAGTCTGAAGCAGCAATATCAC B&0
WWED S ELHNLETET STLIEKGQTYH 220
CTGGTCAAAGAGAGAACTGCTACTGGGAATCCTGTTTATGGTTCACATGTCATGCAATAT 720
CYKEERTATGCHNFP VY GS HV MNQY 240
GGTGATCTACATCTCAGCAAGGATGCTCTATACTTATATATGGGTACAAATCCTGCARAT T80
COLCHL SKDALTYLTYWNGTHRPEIN 260
GATAATTATACTTTTATGGATGACAATTCCTTGCGAGTATCAACGGCTATCAACCAAAGE 840
DN Y TFMHDDNGSLREYSTAINGAGS 280
GACGCCCACCT 851 3
D A H 284

Figure 18-1. Partial cDNA and deduced amino acid sequences of N. benthamiana
VPEs (NbVPE-1a).

The potential essential residues for the VPE activity (two-cysteine and one-histidine) are
marked with red color. Two regions used for VIGS are shown by underlines with a red and
blue color. The nucleotide sequence of the isolated NbVPE-Ia has been submitted to
DDBJ/GenBank with the accession number AB181187.



CACCAGGCGGATGTGTGTCATGCATATCAACTGT TGAAGAAGGGTGGTCTCAAAGATGAG 60

HQADYCHAYQLLIEKEKESGGLIEKTLDE 20
AACATTGTAGTGTTCATGTACGATGACATTGCAAACAATGTAGAGAATCCAAGACCAGGA 120
NI VYFMYDDIANNVYENPRPSG 40
GTTATCATTAATAGCCCTCATGGTGAGGATGTTTACAAAGGAGTCCCTAAGGATTACACT 180
¥ 1 NS P R GE DY YK G X P KB YT 60
GGGGATGATGTTACTGTTGATAACTTTTTTGCTGTTATCCTTGGGAATAAAACTGCTGTT 240
GDDYTVDMNFFAVILGNIEKTA ALY 80

AGTGGAGGCAGTGGAAAGGTGGTGAATAGTGGTCCAAATGATCATATCTTCATCTTCTAT 300
RS O NS RN DL IR Y 100
TGATCATGGAGGTCCTGGAGTGCTTGGGATGCCTACCAATCCTTACCTCTACGCAAA 360
SDHGGPGVYLGMPTHNPRPYLYAN 120
AATCTGATTGACGTGTTGAAGAAGAAGCATGCTTCCGGAACATATAAAAGCTTGGTATTT 420
L E T VLK RN SISGT YK S LY F 140 -
TACCTGGAAGCTTGTGAGTCTGGTAGTATATTTGAGGGTCTTCTTCCTGAAGGTTTAAAT 480
YLEKXKCESGCGSLEEGCTPEEGL N 16
ATTTATGCCACAACAGCATCAAATGCTGAAGAGAGTAGCTGGGGGACTTATTGCCCAGGA 540
YAl ok 50 K EE S st e G 180
GAGTATCCCAGTCCTCCAATTGAATACATGACCTGCCTTGGTGACTTGTACAGTATTTCC 600
i s e T Y I A | [ G e R | A R (T 200
TGGATGGAGGACAGTGAATTACACAACCTGCGGACTGAAAGCTTGAAGCAGCAGTATCAC 660
WWEDSELHAHNLRTETSLEKUQGTYH 220
CTGGTCAAAGAGAGAACTGCTACTGGGAATCCTGTTTATGGTTCACATGTCATGCAATAT 720
CVKEPRTATGNTPVYG S HVYWQTY 240
GGTAATCTACATCTCAGCGAGGATGCTCTATACTTGTATATGGGTACAAATCCTGCAAAT 780
ENLHALSEDXILYLYRGTHNPFAN 20
GATTATTATACTTTTATGGATGACAATTCCTTGCGAGTATCAACGGCTGTCAACCAGAGC 840
O Y Y TFWNDDNSLREYSTANVNQS 280
GACGCCCACCT 851
D A H 284

Figure 18-2. Partial cDNA and deduced amino acid sequences of N. benthamiana
VPEs (NbVPE-1b).

The potential essential residues for the VPE activity (two-cysteine and one-histidine) are
marked with red color. Two regions used for VIGS are shown by underlines with a red and
blue color. The nucleotide sequence of the isolated NbVPE-1b has been submitted to
DDBJ/GenBank with the accession number AB181188.
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Figure 19. Virus-induced gene silencing of VPEs in N. benthamiana.

A, The structure of pPVX:VPE. LB, Left border; 355, 355 promoter; RdRp, RNA
dependent RNA polymerase; MP, movement protein; CP, coat protein; Nos, Nos
terminator; RB, Right border.

B, RT-PCR shows the degree of silencing of VPE genes in pPV X-inoculated (lane

1) and four independent pPV X:VPE-inoculated (lanes 2-5) N. benthamiana plants.

At 21 days after the inoculation, the fourth or fifth leave above the inoculated
leaves of each plant were analyzed for transcript levels of VPEs. PCR was carried
out using a primer set for the conserved region of plant VPEs (NbVPE) and a
specific primer set for each of the abundant NbVPE-Ia and NbVPE-1b. Actin is an
internal standard.
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Figure 20. VPE-gene silencing demonstrates that the proteinase exhibiting caspase-1-
like activity is VPE.

A, Both the VPE and caspase-1-like activities were measured with the leaves that had been
treated with (closed circles) or without (open circles) salicylic acid (SA) for 24 h using the
VPE-silenced plants (pPVX:VPE, red ) and VPE-non-silenced plants including pPVX-
inoculated plants (pPV X, blue) and non-inoculated plants (no pPV X, green).

B, A biotinylated-inhibitor blot of the leaves of VPE-non-silenced plants (indicated by an
closed triangle in A; pPVX, lane 1) and VPE-silenced plants (indicated by an open triangle
in A; pPVX:VPE, lane 2).



Figure 21. VPE deficiency stops the TMV-induced hypersensitive cell death.
The VPE-non-silenced (pPVX) and VPE-silenced (pPVX:VPE) N. benthamiana
plants were infected with TMV on halves of their leaves (indicated by asterisks).
The photographs of the plants (left) and the leaves (right) were taken 24 h after

the temperature shift.
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Figure 22. VPE deficiency suppresses the vacoolar collapse leading to the TMYV-
induced hypersensitive cell death.

Morphological changes of the TMV-infected regions of the non-silenced leaves
(pPVX) at 0 (A), 9 (C to E) and 24 (B) hours after the temperature shift, and of the
VPE-silenced leaves (pPVX:VPE) at 0 (F) and 24 (G) hours, under the electron
microscope. (D) shows a higher magnificated view of the boxed area in (C).
Bars=5 pum for Ato C,Fand G, and 1 pm for D and E. cw, cell wall; pm, plasma
membrane; vm, vacuolar membrane; v, vacuole; ch, chloroplast; sg, starch granule.
Red triangles indicate the disintegrated region of vacuolar membranes.
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Figure 23. VPE deficiency suppresses distribution of the vacuolar components
throughout the cells from the vacuoles undergoing the TMV-induced hypersensitive
cell death.

The TMV-infected leaves of the non-silenced (pPVX) and VPE-silenced (pPVX:VPE)
plants were infiltrated with a vital dye BCECF-AM. Protoplasts were prepared from the
leaves at 0 and 9 hr after the temperature shifi, and then stained with trypan blue. The
BCECF fluorescent images (BCECF) and differential interference contrast images after
staining with trypan blue (DIC / TB) of the protoplasts were inspected.
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Figure 24. DNA fragmentation associated with hypersensitive cell death is
suppressed in VPE-silenced plants.

Pulsed-field gel electrophoresis of total DNA from TMV-infected leaves of the non-
silenced (pPVX) and VPE-silenced (pPVX:VPE) plants after the temperature shift.
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Figure 25. TMV was proliferated more abundantly in the VPE-silenced plants than in the
non-silenced plants.

A, Immunoblots showing changes in the protein levels of TMV-coat protein (CP) in TMV-
infected leaves of the VPE-non-silenced (pPVX) and VPE-silenced (pPVX:VPE) plants after
the temperature shift. RuBisCO is a loading control of the immunoblot.

B, The levels of TMV -coat protein in (A) were densitometrically determined. Each experiment
with a control was repeated with three independent samples, and the standard errors are
represented as the lengths of the vertical bars. The relative abundance is given as a percentage
of the maximum value.
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Figure 26. VPE deficiency does not affect induction of PR proteins.
Immunoblots show changes in the protein levels of NbVPE, PR-1, and PR-2 in
TMV -infected leaves of the VPE-non-silenced (pPV X) and VPE-silenced

(pPVX:VPE) plants after the temperature shift.



Figure 27, VPE is a Key Molecule in Vacuolar-Mediated PCD.

VPE exhibiting caspase-1 activity is responsible for activation of vacuolar enzymes in plant cells
undergoing PCD. The active vacuolar enzymes and VPE degrade vacuolar membranes following
distribution of the enzymes, which degrade the cytoplasmic structures and lead to cell death,
throughout the cells.
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Figure 28. Plants have evolved a VPE-mediated vacuolar system of PCD, in contrast to the

caspase-mediated cytosolic system in animals.

Animal cells undergoing PCD are fractionated and packaged into apoptotic bodies. They are
engulfed by phagocytes such as macrophages. In contrast, in plants, which do not have phagocytes,
cells surrounded by rigid cell walls are degraded their materials by vacuolar enzymes following

VPE-mediated vacuolar collapse.



