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YAARFXFICEFZ 70V S RMROMERET
TEMA. EWRE
(AR - £REE - GeLEd. | TAK - & - ALY

YAOARFTXFTTRREDE ZATERERICBT I EEF
DEZE - BN EADDOH DM, KHEORKIELELZEH
TWEW, BLREFEOEFFRICENT. 7HH* (AS5Y
F) O7AVT VIR RGEBETVRERZICEARLES
BARTAERVWTWRERB TR TS LICERILAEZ E
ZRELE, FFETRI O XFIFITDOVWTRBOSEE
PRTLAERWTZAVS VBMHEOBERITZIT o LER
ERETS.

KBRAEL LTI, 04 XFXFDColumbiaz Vi,
Eil% 2 D AMEARET (1065 - 14E5RIREH) T
BTEHOICML, RALE (1685RAHA - 8 BFREREHA)
Z7AMBYERLAEBODEEASRM (8L - 16K/
i) T7TERMETAbOOOEY FREFNFNIERLT
iU, HPLCTHREL /=%, UVIRIERR (250 L1280
nm) THRELELDZHELR, TORR. SHERETHEM
THNKDOOOMKERARGTHENT 22 HOMEERY
L7,

EXFRTIE, gagantea, ft, feaDBIERFHEELTREKIC
DVWTOERHGEETIFETH .
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ACC BREEFEBIET CS-ACS2 13F a7V IEF DT WE
ETHET 3.

i —BR, KRR, KESHE '\ RERT ' EHE
B (BEKX &% 'Wh—52)

RENPOF T DEHIT. #HTWEHETVWO@E
Hz2RHFL, 0%, —HFOREORENBILTEH I &IC
&0, BIEERIZIMILCHET . FaU U OEENE
BIFL L DFHEEIN.ACC ARBERBIRT CS-4CS2
BHIEMEEZRETAIIFLOARICEETE 2 &0
RREINTNVWS, £TT. RRZEIF27) OMEIERRIC
BIBIFL O OREEZHSNIZTEENT. Favl)
DIEFEICBT B CS-ACS2 DFEFZE in situ N TVF1YE
—2a BB Lz, TOE, BENHOEE
WML T BIEFITBNT, CS-4CS2 RETWEETOH
RELTWE., SSICREQEAFLIEEFTIZ. CS-4CS2
ORBEIIFBETRIENZ. LEOKRED. HESE
BWT, IFLVVRETHWORE, BRICFEOREIC
ERLTWB ZENRRENE, £, EFOIFL >
REZ, ETFWOREERT &I, BTWHEEORE
BIICERT BN, CS-4CS2 DREBIIHTWEETII®R
HEnshorkz. LED#ERLD, TF LV IEZ#HTVE
HEOBZEECEENIERATZOTIIRL, HTWE
HEBETVWEEXOBOII A=y —a  OkE, #7
WEREDOREIME LT ZAREENE 2 Sz,
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IFLicE3dFa0) OMIEHERICRENGEI N
2 {ZF ERAF17 DEB O BIEFHT
LR, LHEHE, BHEET GEX - £

Fav ) IERIEEKREN THD, TOERE/NS
—VRIF VL & o THEFE R Z(RIET B A I il i
THhTWAZEBHIBENT WS, BREBINETIK, T
FL o DOREHITHS Ethephon 2F 2 VJ DEEEIC
MET B LKL REFEL, TOEEBLD
BEEFREOELT Z2EETFORAIV -2 %
Differential Display $&IZ & > TIT o 72 TDHER, METEH
FREFEEICHBEEOBWRENY -2 RTHEEBEFEL
T ERAF17 2Bl J=. ¥£7=. ERAFI7 {3 MADS-box i#
EFEI—RLTWE,

SEIDIFFETIL ERAF17 OBEEZHRIT 5201, £
OB 2 MR L=, £9, Northern EIZEL D
. BTEROEICBI 2 RETAL 2R NIzER, HBIED /I
TERTHEFEICHBLSEEHL TWB I Moz, ik,
KTV THHEIEL D B FTFVRNS B/NEMRITRERD
CHRELTWAZENHS M ERSE. SHIREVRE
BT DFEI % in situ hybridization &% AW THRNRz &
ZA, RIIVHEED/NERE S THRSERLTNWSZ &
Mooz, FauY O/NERITHETE S HETE S THRER
ICRIRB T EMS, ERAFI7 DYNERDREZE O FIH % 18
U THETESMEICBEE L TW B AT R X Nk,
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TRAB1 % 4t L 7-ABAIGE MR R T R B SIS R
MEAEE, REHEAL, HHESR, RERE
(ZEK - BZF. 1 B - YT TFEY)

TRABLIZ, RN LEEFEE{CETFOsVP1EH
HEERT 245 08 LT u—v{t EnbZIPRER
ERFTHH. ABAILEHEFI(ABRE) ICHFRIICHE
¥4, &5IZGBD (GAL4 DNA-binding domain)::
TRAB1BEA ¥ ¥ /87 BHS. GALAEAHMNZ b DL R—
¥ —BIZFICABAIGER XM 22 LAtTc&B L
i3, TRABIMABAILE Rt % EHEENT 2 HHRF T
% 5k %ﬁ\‘ LTw5 o

40, ABAY 7+ W ERZIZ BT 52TRABLDO/ERKEE
TN LR BE T 5, TRAB1®Ddeletion®point
mutationZ WRER. NEGHEBRICHFET 2558
DSer¥# Alall B3 % L GBD::GALADABAILE M
fFmaskbhnriz, & 6124 FAEEMBOCKZ AV Tin
vivoT D) VEBIERER*1To & 25, TRABLA®
ABARLEFZI5FLAICY) B b Eh s Z LRV ER
Too E MBS E OEERD S IITRABLIZABAD S 5 72
LICEDSPEICHBRSICEERS 2 EARWEE
hiz, ThonZ kb, ABAD—RY 7 F VIEEDK
RERIIT TIBICHEET 2TRABLOKE DSerBED
ABARTFEN ) VEMLTH D L EZ b,
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EXVUHRITELEONADBRIRBEREI V1) —=
PTILERA—F 2, Y1 bhH A= U ERBIBEBEA DB
FEAOFR A

BEEANE'. B FERA2, Piero Carnincid, ISR 3. £
—#2, REESNFE4 (BRER - AL 2. 238H - 4840
DF. BB - £FS FHEE. 4B - SRR

FT—=FI YA MASZid, EWHOME. REICD
RADFIVELTHY ., TOEREEN . EFHTFHEN: B
WTHARNICHARENATWVS, LA LBRICHE24EEER
DI-HLPMORFRAICIIZT LS OBR#EN FHEEINSZ, 241
MOEXY)AXIFIZEWNTH, —F>>, 44 bhHA
o MRMECDATHBEEISNTVS, #—F% 3
. RIRPBFEDEBFMMEOMEIC, /2941 bhHT1=
Tk, BREDPSERFICEZNY K (F) OFRICEET
H3, ThEDMISMEHRRICEETEZET,. ThZFhD
FIWECIEEICRDIRATREDI V) - T HBHIC
TA%, &8I, EXVYUHRTIHIE, REFE2—FvT 1
SUNBRELE—DENTH B,

Bz, SOLIBEAVYH2IrDOEMEEVILT.
ChSFRIVECDERBIBEMRATS 20, EX YD) HxT
TRATRFEOER. XVV—Z T 8RATVD, ThE
Tio. W=FERARBRZ 278 L 2 RE TR, -
INY— bS5y THOEREREL TE o RICHEL I,
ChOERENDI I —Z I BHTIHDELT., &=
FRRARBERREREDEREMBAL -, XV UHxTHT
DELRCDNAT AL TS ) —%ER L. B4 DcDNADIERE
S RER. IBR. HEMERZEFAL 25 DBFEERIEF
BCa—Fy bEe, ARRBEEELZILVWIHDTHSB, &
KETIE., ThoBEOEM. 45 TICESTERRDOZRB YR
LB
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VXY ARAEVBAF NI RT NI X B Bryophyllum
calycinum (2331} 5 _IRBEB AL HH

Marian Saniewski', F#E HEA% EA & tH
#i—? (F—7F v FEMLEME - TEHAFFIEF. 2 K
RAFSIR, %EFRE)

BT, ®&E biX. Bryophyllum calycinum D EiEY)
FHERBIZV Y AEVBAF LT RT L (JAMe,
0.5%, w/w)&E50%2F K7 /Y _—2R K& LTHERK
ICBMTHE NEE456 B BIZAEED LTIC
BT, FHES _KROICBEMRICOLT 28
(ZRBEBR) 2RHE L, ZO_KBEBFRIZ
JA-MeDfh, =F L U REKITH S 7 K> (Ethrel,
2-chloroethyl phosphonic acid, 1%, w/Ww)IZX>T%
FHINT, JAMeDHDWIIZT R & B ZREEE
R, 1R OEERAI~DA—F 2 0 (IA) B EI1Z
Lo THEENE, TR V2 LB LEBEESOXEDH
POREY ¥ ZEVBE(JAs) R, BLUJA-MeZ 4L
BLIEBEOZTFVURARIX. 7/ ) DR ELE
LR EIZERIBE TH o7z, ULEDBEREMNS,
JAsE = F L i, IMEHEERZR LoD, 2/
T ZIRHICEEBMR A~ b SR B Z ERB E T,
Flo, JAsE = F LoD ZIRBEBT RS MITE M TR
MThHDHEHBRINTE,
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BT EOTAERS &7 —F 2 L OBEEE
RSt YRR (BX EYnFeEmRt$-)

A, RO OREICHETH—+2 O EE/T
BEEES> TS EHTEEINTIVD, SDF—+ OEtmR%E
185 FSUAR=F—E LT, YOARFZF TN DHD PIN iBHE
FHERENTEY. EONFREFERIAICEL U RFIEBOTNERZ
FRICHIT DA —F ABERROBRE R4 (RSN DDH S, —A.
F—F2 D OBERIRIR< B5 T 5 LB X SN T\ SHERDER®
BICBIFB/39 —FRICBNT, R ETRgTl. K&
Ko TWBICHDDO T, BFRENICHITHA—+ O
R T RDBGEIC DN TIIF L ALRRREN TV,

BeFTNETIC, ARICHNVTHE 3B L7 BEDED DNA
SA TS =5 4DD PIN-fanily [JRT ZBRFORSR ON £
RELE, CHODBETERAVWTHE /P ATVI(E—2a
*® in situ N TS HE— a VL DEHITRIMRA. TERe
IC&D PIN & /8O ROMITARTEDORRNT. RNAL RIC K DHBERRE/T
EEFT>TNVD, ThoDEREDLIC. BTFFENICHT SRR
IPOEDROMMIRLICET54 —+> L OIEREDREICDNTE
513,
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GUS MEBETEZRWEA—F O BELRET
MSG2/IAAI9 DFREBERA DT
AARE - IUABKE] (LEX - HEREREE)

F—F T MREERERERIBEEHRRERE
msg2 DERBLEFTHEA—F HELEBERT
IAAI9 o7 OE—¥—Eif & GUS OMEEBET
ZHWT, IAA19 ORBHZHBLEIZHN=,
BILFEZTIE GUS ORENREDOHEFROE
TOMERRIIBWTRESH, BOMEERRTHD
TOREENERI N~ £ AREETY GUS
DRENBEENSZ, A7O—ZAZHEML BT
EITHLE GUS REIIHERRICMATEETHA
S5NBHEDITIRoTz. BLFEXICENRE>—F
NS OERARF Z 2RHEEXZBE, Ar0—
ADFITBEFRR S, RUEFRE THRE I N/ EHIR
T GUS ENEIML 7z, KtHEEL-#LFEEZ
IZ 50uM 2,4-D % 2 4R T 5 &, HEh AR
DA THERRD GUS REEmMMNR SN,
GUS REARZIEZETHHEFEBROE T TREIN-
N, Oty NEDSEMETRRE SN, TEH0E
DIEERR, HLROEREDHRICBNTHRAN
#\HEmani,
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KATRICHT B4 —F DR

B R - E T
EREEEAY - £

F—F T OEBERIZDOVTIIREL OWEN
ENTEED, KABRICHTIEEICHTSREIT
CNETIEFEAERN., BRLIIZ, FaVVOKMER
RICBWT, [ALERBERIAEF —F ko T
EILLEEEZUBRIELEZRHELEOTHETS.

IAALEIZ X D, K[ILREE ICIIEERELITRD
Shahofe. ULhL, FLAMRRIC 8RB Bk
BEmINT, EREORRBIRSNZDBOD, D
R 2L, EEAEDFAMIT AR > ZFBRO B
BTEDOBRNMEELTWE, Fi=, FLIFHED S
WEDOHRBBRFTELEL TSRO NBEEI L.
DEEHRNET TELE L TWAMIR OFR O T
N5, MBEKOERICBWT, Fii 2R B4 i
RS T, ETEERMACHBRL TEESN,
ISICHBELT, FHBEOEXEMOMBELHMET S
EWS BEIEMAH B ZENASMITRERLTZ. THS
DEAOHRBRICNT B4 —F> VOERZMNE
EDEDLDENSBANSHRTS.
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SOARFAFOEREBRRERAERKEZR L
FEIRFABIEDBIEFIIRRE
INFEEEF, ZILRE GRKR - 2 - {§YR)

04 XRFXFORMES—F> ESURIRES
WIEM TIERTHE, REBRVBELCS. TEERC
DBEICREDRESONIEEBRIMHRAEREE
- 2HER L= —XRY ) - TIL 8003
BED M2 NS 985 DIERFZEREIEL, “RA
b)) ==V T 473 D M3 RN 5 60 DERRK
B, ChOoDEREE, FIREETTOXRR
BhHS, ALLTERZELCEZVDD, (B)EERH
[CHIREREELCDDHD, COX<KEVWRELIRZ
U320, D)ESHLITTRLS, BE2EN5
EEELELZDHD, O 4 DDIN—TICKELH
Hanr.

BE, A—F 2 OZBHORERREDHAKE
WBICEZBELREFGICRETEHHIC, A
DRARERFZRFORITETOTNS. BBHSD
RERERICIIBEMEETNICHESBIEE D 2
DDEBEENHY, MADEBRRECEVWTA—F
DBULETHIEZZIONDN, ERARERDER
EECNOOBREBFEIIZLEZLEBOBE
ELTHS.
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EOWREE LEWEOEBEZORLNERT VT

A X F X+ RINERB ORI

BHERKF, WA (BH) #F, WHEHEF, WOk, BE
ﬁ—JBW%ﬁE(Eﬁt'ﬂﬁ?u‘%%@ﬁ#ﬁﬁ%ﬁm'
AR

ABA X BEFOMHEELZ7UT T 4 VOB
Y AWHIC & o TEKS NAERRHM 20-15 13,
#—Yefa{kD ANGUSTIFOLIA (AN) BIZF DI IS
vy TENT, 20-15 Fkkid, an BRELFERKICIE
DRNEZFEL, P4 a-LDOFEI2RIZE -
TWAIEDRL.an DT LVIVTH A EEMNE VY,
20-15 FHIIHEAT CTAE S 7ol & RO KEMR
PEEZ QLN TEY, EEIC TAERE® L
TEBFSELLMPFENFML Y ARICTRTHRE
T 5, BHIZ ABA X 2L, COHEHENOMH
RIAESN, RIBEEFEICHET 5, 20-15 &
BAM. ABA BT 3BZHICEDHERE,
BLU, RUNERE spr V- THBROME S M
& ABA L OBRIZDOWTIRET L 720
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7 T ERT T ZADRMES % MK L RRERAEDBRE & AT
RTE|, MEBWED, EBES EREK - £%, 17K - E9)

BEEMOFRERE CUBOTRICIT. EH 3 WIIREZ N
THIERXEVY D OMETORDOERIFERESNERENR
5N, EFESICMNSIET NEMES) LRI LT3,
ZORFITIIW EMO SR I N A —F 2 U0 EFSENME
LTWBZERASNTNASA, B (B MNKoEHMICH
FAROWREEFTIVRELEET DI EICED, BOBRK
ZHBLTWAIRREDTRIN TS, TOHBEYROERS
ELTRAIZ. ARF v RETRICRERFREEEENEE
THIERRLTERN BRTAREINZ YA bh1=2%
BUDMOEROBE %D EORMAERIEIIREZEITY
BRVWONBHRTH 3.

FITERETIR. 75 RTLRITBVWTIRRES ML
LR RAREREOEMR ST OMITERA /=, EMSUEIZLD
RAZREFELATHSRILET o2 ET 5, BOKEZ
L ZNIZ Db 5T, RERPABOFRIEL Aoh
BRRERErot302, ar-L14, ar-C12, ar-C220B 5N 7=,
rot302B3BOHEINEL . BOXENEEICRS N, — TR
EROERD RSN, ar-LIBRENREL. FREROERD
< RONZ. ar-CI2AMBHRIIFER EENRSNRN
2K, FEBOEERNE LMo, INSOLERETIIRHRS S
HBORBRIRSNEM -z, ar-C223FERORENRD THE
kL. BIEEL<HERLBVWRDDICERICHETARERD
ERBELSRS5NE. TNSORAZEREIL. [MShDEOH
BEOREIDERESEBELERIOL S RERYERT
AEEENEZ SND, BE. TNSORRKREREOHMIRER
2, REENRITETOTVWREIATH S,
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IRV 2K > TREANFER S NDAIGAURZEET
DFEHT

SHEE, BFHER, HARS (EBEK - H - £,
PN TR R L))

FAFDOLEREED PRV Y 2 &Ko TmRNADE
BOWMT 28 ETELTT4a 77 Loy VAT Y —
Z I X DEREL & GAUR2 (GA up-regulated
gene) BHFHROBEGEFTHD. ZOBET DOHEEEITR
HMTHBHDT, BETFOWEEZRARILY COER &
DOEERZRFTIENT. BEEHEDEROAS
a4 X+ XFEDGAUR2E 7 2 JBEEFI LNV T XK
Pz BEEF (AtGAUR2) ZRT—PCREKICKDE
BEL7z. > 01 XF XF 2B WTAIGAURZ MRNAD ¥
HMEBEIZEYEICORV Y AR ERLEEZ B
DAL, PRV Bz o®EmLz, £Z°T,
AtGAUR2DY v Ft > ARNAZMHRER S B Bl
BIEMOERZR A, RNATO—T2RAWE/H>70
v MEITIZ X DAIGAURZBR I F ORBRES B LT
HIENERINEMENRE N, BE. 50D
BEWEDOBEP IR ) MBI X 2RO BT 2T -
TWhw3,
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EOEHEZTSZF F 7 OAP450IZDWVT

£ B F|, WEE=2 WEFEH3, TEES2. FEH—1 (W
WS E ST S FIRAIEHEHE - AL A 25207 - AR, 3 LBEHE
X - {L5)

EOREOHEEEEZMATE I &IT, EHOH. BR{LOHL
MAOERICUATH S, CNETICARBIR, REREFENF
EEHAL. 7IERTVADEDEHA, MlaL L ToMmtE
BEREC., AT EAREDTHEMIIIC, filzZTTn
BT EEBSMILTES (Tsukaya et al. 1994; Tsuge et al. 1996).
DS BRAGEOHEET B ROTBETFEMOMERIT. BHIHRSE
(Kim et al. 1998, 1999)L 72X 512, P45SOBEETFHEDO—FETH ST
EMBASMTIEo. ROT3IXT 5/ AT 01 FERRDBET
EERELIL TV AN, RREORBEBNSATENS LIRS,
FHROEERERICHEDIbOEHTEIND, T I TTOHER
WERLLABED, 752/ AF04 REARPRIEZ AW
EEERCERONTEITR /2. E/ZROTELBET ZBEREL.
NS AT L =y ZHEWE R WZIRAT & D ROTHRLLRE T OHAE
BT EEDTVS, S5, T3/ X701 RIZ& B ROTSEE
FREOHEZH B/, ROT3pro:GUSERAWEREIT BITR o7z,
F/-. ROTEGTFIRL-THIEEINZ2RAFEYA/O07 L—&T
BHREFTFROT. PHEOHR. ROTIIFHOAT O RESH
RICHB<SAEEED LRI ST/ AT 01 REARTRIGEER
ELUTHAET A REMENTR I NI,

LLEO#RESDSEIT, HRNICEBINTVSH, £EE
HEBZHSNTES> TUARNEDE S HRANOHED AT =X A
D56, FROATOA REIVESOERICESHIEICDONTE
gLz,
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HA bhA SV REERET (cig) DWBERT
AAIEREE 2. STRFTL S hEFHER]. HHXS!
(LEEWF - HEVIHRAE. 2HIEX - BITAIERN 393AK - B

B MhA Z MRS REE. ERESMLRESOEYE
DOREWHERERBERAZHE TIN5 TVSA, &
NEOEMEERO LRICMET DU bhA =V inE R E
FIZDWTOHRRERIZDRN, FITRLIT. FNTREAE
EEMRICBWTY A M1 = ABER OB S L <134
HIBR L EEI NS F BB 2RI TRENFE SN 28BET
# %, Differantial DisplayixZH W THRBL, cig (cytokinin
inducible gene) 1~3& &L 2. TNSCigBEETFHICONT
DEEHECDNADEBEL . 5] Z # £ homology search 217 -
TefER. cig2 BT3B RBALEREIC ribosome/tRNA & & &
WS %elF212% 93 GDP/GTP exchange factor (GEF)
TH2elF2B77 I —EEWHRKEZRL . SEWTED
FHMRITERIT V., g3V A MAA S RIBB2RE LN I
REZEERTDZ L, EYERICBWT, DEAHIIBWTH
HSEWRENRONDZ EMEAMNE oz, BIE. X DEFMIC
CIg2DIBBEMRIT 21T D 72D, cig2e A, 7oF 2 AHN2
R REDEOEH, BEXUGFPZE AW cig2#tin T O
NBREORHTRE ZIT> TS, FciglitfzTFidproline
dehydrogenase& & WH R 2R LUk, BHEBESRGFRE
WERAWEH#BERERS TS,
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v ARHEY c AZFXF— b DEDOT LY —

REREE, BEFEEAE L. ILA/NVETR L NERERE 3. BANE
Bl 2 GRERBE - B - IS4k, ' BAE - REBH. 23EX -
BEL, SEBESERA BT - %)

HEHXELDOBBILL - TERODH2EXDH LN TE
kD, EXONEBEICESEL, B oL£Wicst LT
IXB5HTR . A H D VLB E X THEZTY,
BOERZEE > TS, HMlH» bYW - HHEh B{LEY
B, b LTI L 0EBE2E X384, h
E7vany—Ltnd, vAREY - AX¥— MX, VU
TTIFET, TAVAEGRE, A FEIHMHL, BV
BB B EZIZL VEWVNI T LAY —RNREBENT
W3, ThETIE, Bk, ZOFATRLAET L aX
V—EERELSALTEBRL, LR, A XEZOHRBRO
ARMEYE & LT L-Tryptophan % Biflf, REL~, &
biZ, ZO7T7 vrasy—iZ L-Tryptophan A3ELBEELT
WBHZ L EZALMI LM, L-Tryptophan LSO AR
BEAOEEFNHONCRoE, FI T, AHETHE L
Tryptophan SSAD L F R A X EZOGRORERAFHIHE
DEEE, FEZIT2DT, TOR/ERIZHOVWTHET S,
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ERRBIICE LY A M4 = VUHRE OB
EARH. WY | RAFAER, BHOEE, BIEX (&
HRAK - £fRF, B - B Y 5 )

Fr ik b vEO I OERIMA L O EIEERE M
CBWTHRTHA P4 =Y (CK) VRVAHEMT S
CEEHLPIILTVWS, LA L, EOBRZERICE
N ZOEMAEI ZPIZHLPIZER TRV, K
KT, ERRBEICCE L CK LRVEBOHIERE
IOV T CKUEREEICEE L TRE L7,

CK Oft#HZbH A8 F (adenosine kinase, adenine
phosphoribosyltransferase, CK oxidase, /3 -glucosidase) O
ERMHECL2BEFREAVANVORLEZR L
%, f-glucosidase mRNA DEFREDADHEIZHEML
720 j3-Glucosidase I3 zeatin-O-glucoside (AIEME) %
t-zeatin (FEHENNEEBTIBETH D, SO LI
CK BHMO—MITEER D L ORBHERICLS
Z L ERML T, BFE B -glucosidase LA ZER L,
5Ny BEVNRVTOREFEICL 2 BBAMKK, B
UEFEIHE» S 0EBEBARICE T 5 T EHEE & EHEE
D CK VRVOEBZBITFTH L, BiT, HEERD
O FRIEMEIAN & ZEH#$ B zeatin-O-xylosyltransferase & 1
FEE2EORIEFE I VETIVRLERELTVID
TIOFMIZOVWTHELETHET 5,
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Alaska TUFOFEANRFRBICHAETIARR
R

RMCTE., WWE/ANRY L ERRE L URER
2 BRANER "(FHRAR R, HEKX &L, ?
WEERX-BT -

RFOFELMUFORE - HLENHTIRARKETRFE
BLWS, MFEORERERFIrOHBINDIA—FUICE
UHHENTWBEEZ SN TLSHN, TOREFEMTIE
BOWERHNID, B 39 BXRSICHENT. TUFIDTEFE
BUCIX, A—F POHA MM BOEMBILE EXR
2%. (EFOREREZHI#ETIHRHAMELTWDICEETRL
Tzo TCCAMBETIRIEFERTIECLVALRAE
B 3RERRL. TOYWRFEOWELFRBEDOR
BAExBHEL=

I FODOTRFER-M 5T SMZF AR R SR O #28H
ZEMELT. RFZEH TS explant. HFEHRRL
explant RUTRSFIRREIC IAA 25U 7= explant HOEX
RICEHLTE/-PR%E HPLC ZRVWTRIAL=LCA. TR
FER T Sexplant RUTRSFIBREIC IAA Z#5 L 7= explant
HhoDRHMEEEBL T, EFERTILICLVERN
EWT3RH RSN REChSOMROERE - FER
VSO R RSSOV TOREZEH TS, Chd
DR FEDOWEHNESHCENDEICE-> T, THFES
DAN= X LORAICHT-FT- RN EGEES NS,
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ACCEREEERED ) v BALEAIDRE
YA ER F LCE (BB - £aR)

ACCERBERIZT F L o AR D1t 2 Bl
ST 3 BET, B2 RRIBICISE UEERR
TRAMVHEAIN TN, LI L. ACCAHBER
DOVEMEIE EEREIE» ) Tk 2, BREIC
I TV AP TRRI TV, /A
IXACCERBERDFBAT) VBT hTWnwaZ
&. invitro TACCERBRZM ) VBT 5 L&tk
PEDLTEZ L ZBASHICL, BIRSTHREL =,
BB 2ED. P MEELSHHBLAME
kinase[E|2 Z FiV). KB EICRIRZ ¥ ZACCARL
R %, inviro TCa?HKERIC) VBIEZ RS
CICHNIUTze T DassayRZEAWT. V) VEEES
fOREEHEAT. CEMRBEREK £V V&
HEMEREK SEARARTF F2HEEL LT
vitro ') VBR{LRERZ1T o =¥ R, LE-ACS2D460
BHOY®) VRERED) VBEHALTH B Z LA
Bb‘ttﬁ?to
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75 2504 RRIBIFEZEL RAED Bk
FPEFEER]. KHMT. WHEA FHES. REELS (&)

75 ) X704 RRBRWFICBNTHFRRESF S BElY
ICRHL5N D DEBERR bL I TERETREEE D
B 1 773 25704 RN EEOED HIHERT
H20HI5T, ERERERAGICBN TRADERTH 3
AREME R T 5L EZA SN S. FWEIL. ZOTFP /X
TO4 ROMMERGEERZFEXND ITLES FREEN
FHIZES T, 79/ A5701 REREERCHEDS®E
FOWERTEFATERAD CLEENETSE, 799/ A
70 A NHEE R EH](brassinazole) FE1E T 12 81T 5 BERET AL
ERTEREDOR 7)) —= ¥ 7 %4F v, bil (brassinazole
insensitive long hypocotyl) . bih (brassinazole insensitive hooked
hypocotyD % HBEL 720 $IC ZOH TR HED RWbIILIZ.
REORHE. KMOfER., AMRELOLETIIBNT
brassinazole kB ZH Z R L. ULHLBHEOERH I
brassinazole@E AR ITEKFLANWI EM B, TS5V AT
O1 RESHRBETIRRS T I/ A5 01 REREEE R
LOMNBOFEEIERTHZETFRL TS,
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HE, 1 XOEHMIC CA KRBT BERME (slender
rice) sir DERBETFNEBEIN, FOI—RT35 )X
VENTSERTVRITBITS GA HHREERREOHNHRK
FLUTHBEIN GAI/RGA EELLTWBZ LA S
helrbD, TSERTVRACBNWTIE GAI/RGA R Y~
¥ NTHEEL GA YV FNVEBEELTWADIINL, 1
XTI SLR OATREINTWB ZENRBEINE, &5
2. 7SERTVAD gal & N RHfID 17 73 JBRR
RTBZETRIFUNRAT A TR NV B EEET
DTEITEDEED CGA FRBRUBEERT DI L., shr
IBEERZICE > TERMIZENK GA RISHEERER
FTZEMND, GAI/RGA/SLR O#MIFIHEIT CGA Ik 3 BE
HECEETHEEEZONTWAMN, O GA ¥V F)b
BECRETEBEBIHS AR TWARY, SEIRX T,

13X SLR @ GA Y7 FNicB T 2GS EMIAT 20
L\ SIR:GFP FURIF U hXHF4 TRER SIR
(ADELLA SLR):GFP 2 &8 7 % WHIG# 1 X & ER L=,
INSOBETFEEALEREGRREIIEEZRL. ma
AIZBIF S SLR.GFP 5uzwmmu%vcw—
NS OBEEMRA RITH LT GA UBEfTo= &
SLR:GFP T, #icBi}5 GFP @:-&%L;tmaebﬁﬁﬁﬁ&
&zt E L=, —4. ADELLA SLR:GFP TiZI&h 5 D%
HOBEEIRISTHEYEZEBEDOEETH o=, 2D
Li3, SLR EBICEET 22 & T GA HHREERE %N
LTWBZ EERLTEYD., GA S&IZED SLR A5
HEIRDZLETHARNRB I EEBELXZO N, £k,
DELLA fE11Z GA /) &BZ LT SLR ORI DHE
ZRERITIEDICEETHS Z ENRRINE.
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AXDOIRV) VIEBRZEEERME. GAinsensitive
dwarf1 QBN (2)

L0 (HS) E%HF, #HET. MMEF!, LFEE.
WEE (BK - EMHTFREL >y —. ERB%E. "EHH)

A4 X DBEEE BRIK, GA insensitive dwarf 1 (gidl) 1.
GA EBMRBLERE dI8 DBWT V)L EEBIL 2
BE2RT. —H. NEGAIIHITHERD 100 FLLLE
WWEBLTBD., GA B> THERERE O EE D
AOENBNI ENS, gidl BREIZ. GA >V F s
ERICEEZRLTWAbBDEEZON, F=,
ZDZ EiX, GIDI REFEYH OWEN. GA > U+
NVOEBEICBIZEDRFTHDAELEERBT S,
SENT, gidl EREOBICHEMAMIFZENEL T,
GA Y7 FIVEREICHSTI2RBETFP. TOTHROR
BFD gid]l TBTHREEZRRDELEDIT, GA T
FIVEEROAOHGRTEZRBLEEERZERE
B, slr-l EOTERI T4 v I aHEITo .
FORER., BERIZBWTIX, GA BMIZEKD SLR-
1,GAMYB, a —7 2 5—YREBETFTHRREFEINZD
XU, gidi EREABEIIBWTIRFEEN2< HAENR
Molze —H. GA XV RBEMHFI T NS GA200x #
BFIZ. gidi NTRENERKL TWik, £k, gidl
ATFOKE sir-] NTFTOKZHITEDEES BRI
BWTEHHFERZHED sir-] HICHEND AT
T EMS, gidl/sir-l ZBSHHEREORBERNT sir-
1 BMTHY. GA VT FINVEERIZBWT SLR-1 O L
T GIDI NEELTWAZ ENRBINZ. LD
HWENS, 1% GA YT FIVEERIIBYS GIDI ©
WELERTBLELEDIZ, GID]I BEFORI v aF
Woo—=—CI7DERBRELEN,
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Y4 A TERMOXBERGICRET S0 F—¥
WHEANER, RSB, EE-RAEM, mR—', HREEA,
RENBE) (JBK - IGE(L, 'BokE - £WHFH)

=0y F—+ (B-thioglucoside glucohydrolase) {£7 757
HEmcE<8ENTVNB A SV aRBEEOFA /IO
RESEMKSMRTIBRTH D, ChETICY1aY
(Raphanus sativus var. hortensis f. gigantissimus Makino)
THEBOXBMECHO, RAUEEICHFET S4-methyithio-
3-butenyl glucosinolate (MTBG. FEMENMFEI L. 4-
methylthio—3-butenyl isothiocyanate (MTBI. E1EE) AN
L. BICS773XY= (BR) BERENhDZLEHS
DU THABEFBMAMTBGH SMTBINOEREHEHEL T
WA ATREEMRBRENT VD, COMTBGH SMTBINDE
BMEMBTIEEAONDIOLF—EONRMICHD FE
DEALZEBARIECE, KL S DOXRBHRTHPODICHRN
HMBTHATILERELE. —F. EEERMBTI
KEQEWMIRSNEN 2. CHEDERNSTERRD
MTBGAS S OYF—FICLYMTBICERL., BICEFD—H
WERRDS 77 XY UAEE(LLEER. XRENER
TORRNENEL, XEESBEINDIEMNTREEH
e ERETRIAIAVTHRRICEETIINF—HiRE
FOEL DHFRET TOXRBERMRICKHE LERR/NS —

IZDOVWTERET S,
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ABAYABRICBEET 204X+ XFNCEDRBREFOYE
Z b U RSB BT BHEEERRT
HNE, AKIEE., BE—i# (B - Yo F)

2P F VAR (NCED) GABADKEARIS
WTREERDIRISEMET 2. RLITHYEY—LDNCED
BIZF (VWNCEDI) 70— L., B2 L RIIHE
LT VuNCEDI DREHDBBRI N D L ZBHSDICL7=. (Tuchi
et al. (2000) Plant Physiol. 123: 553-562)

—H. YOALXFZXFT ) LF—FR—ZLICIENCED
CHEMDOD ZEERTIBDRL LS IEEET . 22TV
04 XFXFIZOHEBA ML RISE L TRREXBHAINBN
CEDBEFVEETIDPEDIES MIZT 3 =DEBIF T,
AINCED3 DR RIVDHERRA ML RIZLIDEFICLRET 3
ZEBHESMPIT UM, $WT AINCED3 a—K$ 38280
DOMEERRITEITW, NCEDEMZHERLE. 5ICREER
EWERWERIFICE D, AINCED3 ORERICHELTRE
ABAL RV EEBTHERELT I L 2HALDIC L. BE
DOfER. ABADEREN L CERMM2EEFT 2E8RICBL
T AINCED3 DOREFIHPEBEREFZ2E>TVW B I L BTRE
Ihiz,.
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7Y N T EHERT Vv EEBEE OEES L
ICEbAT I BRENFEE

BEZH, MECKE)ETF!. Hb B, AFEE!
Eatkis RKZEEW., 19> b — - BT

7Y VEEBBEAD) Y OB TEE LB
HoTBY, TSERTYRADOYF ) A3+
¥—hbtEZOLNTWS, AT773IV—IZBTA
TV N T ERET Y VEGREZAAT)IZ.
TYv NI TV OERGFICERTERET VNVELERT
ARICZEMEBL, 7Y M7 o VHEDSHILIZ X
AREBOELICEbDo TWA, LTV VY FY D
AAT 2 #E & LT, LB ERP A R E
W& o TEREZEBERCRICHOICELET I /B
BREDFEZ A AT,

1) ¥ K AAT O H# 2 K13 AL 745 6 # O NEM R
DEPCIZ Lo TIEEPSHEI NI L H 6, Cysk
HisBREDAATOERICEE TH D Z L IR E iz,
AATIZI13His-X-X-X-AspL W) AT 7 7 3 V) — 23k 8
LTREENTVAEF— 725 W EREHLTH S
EEZONTWD P, EILFENEMTIIR W, /2,
Asp-Phe-Gly-Trp-Gly-Lys DIEH ICRFE S Nz 7 X /
FRECH SEIEASAATICIIFIET A%, TOREEICDOW
TidFE o7 KAMTHB, LEDAATIERICERE L
FHIENDT IV BRETZELARCERL QLR
FEEHRL, AATIEHICEETH L7 I/ Bk %
W oREzE L7,
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752/ 2704 FESROMBBEICET 2MR
FISETF . BEE=". APFF2 SEFF 2 FH
XS (BH - -HEYRERRt> - 2 LHHELRF -
£%)

7527 2704 FESHRERRICH T 30812 %
BASPICT A0, YAOMXFXF, 2NIDKRE, =
FoFYUIOEEMRERWT, EXETERL L
cholesterol % 7z 1% campestanol DIXHEER £ TL. X
HEME GC-MS THI L7z, ZDFER. cholesterol
PS5ORKHEY E L T cholest-4-en-3-one &
cholestanol »"FEEB & /-, ¥ 7/-. campestanol »* 5 28
BIDBE* FIAEFF Y . cholestanol NE#RT 3 Z &
LS PICHE o YAMXFXF, 2N TR
campestanol 7 5 cholestanol ANDZE# & »*.cholesterol
»5NEHE L) H% < .campestanol * 5 cholestanol
ANOBRBDIEINEETCHIAEER O REEI Nz &5
I, ARE TR, D F-FVUIEERREARK. 00
X+ X F I v T . campestanol » 5 6-
oxocampestanol N\DERHNH I DI EZBAS HIC L 7=,
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YO4 XFXFDAIRVFZNVII VAT 25— ¥RIEF
)X '3

RHIFKXE. ME ¥ 2lUEER (BHEARK - £6RE.
'HRRR - R E Y Y )

FHRHOF A ML= VERDERBERIZ
dimethylallylpyrophosphate (DMAPP) &5-AMPH» 5
isopentenyladenosine-5'-monophosphate ¥ £ 53 % KJE T
D, Ch2fRTIBERZIYRVTFIVII VAT 25—
£ (IPT) THHrEEZLNTWVS, RETI T, WYHERH
ROIPTERIZFREEESN TV 05, #P»SOBEIX 2 Eh
Tll‘t;'bxﬁf:o

FAIZOAXFAFPLDIPTRIEFOHBEZBME L
T N2 F)TOIPTT I /BEEFNN %D LIZT ) AF—F R—
ARBREBELALE I AHRBEOHEARETFOFENRE S h
oo TRLDBIZFOHRT, tRNADT ¥ F I F D3 AICEE
BLAETT/ ¥ VREICDMAPPD A YRy F o VER AT
ABETHARNAMIYRVYFENVINFI VAT 25 —F
(tRNAIPT) ¢ ERTWIREFOI v B2 KBE
TRBEELEZ A, BET CI4BEDEREFEDICOVT
IPTIEMDHER SNz, BIE, IPTE L TOBEEOEKRM 2
B & LIIRNAIPTEROFEICOWVTORIT., /204 X
FAFIZBITEINLORIEFORBBITEZED TS,
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CHARACTERIZATION OF THE SPERMIDINE
SYNTHASE GENE FAMILY IN ARABIDOPSIS
THALIANA.
Yoshie HANZAWAL2, Akihiro IMAIL, Taku
TAKAHASHI!, Marina FRANCESCHETTIZ2,
Anthony MICHAEL?2 and Yoshibumi KOMEDAI;
IDjvision of Biological Sciences, Hokkaido
University, 060-0810, Japan, 2Institute of Food
Research, NR4 7UA, UK

We recently showed that the Arabidopsis
ACAULISS (ACLS5) gene, whose inactivation causes a
severe defect in the elongation of stem internodes
encodes a polyamine biosynthetic enzyme, spermine
synthase (EMBO journal (2000) vol. 19, pp4248). In
order to clarify further the function of polyamines in
plant development, we have isolated three Arabidopsis
cDNA clones with a high sequence similarity to known
spermidine synthases. Their enzyme activity was
examined in yeast cell line defective in spermidine
synthase and E. coli cells. In addition, a series of site-
directed mutations in ACLS5 were produced. Here we
report these results and expression patterns of these
genes in plants and discuss the function of the
spermidine and spermine in plants.
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rd29A RIEFOER. EH LU ABABEERER

ICREPELCATERGOBKR & BT

R, SHITF. KARKATF. BB BE0T
(EREMEF - £MRE. IIF - WODFED)

Hald, BB IBIA ML BLTEBICHT S T FHIVEE
i EmEAT 5 2 L # BMIC. X ML ASEMRIEFORBIC
BEFRONBERGOHBEBITET > TWV3, ThDS,
iR, 18, KR, LU ABASEMRIZTF TH 3 rd29A &ix
FOTAE—4—ENTYTIT—E (LUC) BIEFEMELT
SOMRFAFICHMALE CNICTITFaR=—Y 3 8%y
J N9 & — pPCVICEN4HPT & %\ )& pSKIO15 D7 Y
ONIFUILEBREEBZEICEN . TIT4RX—Ya>
TDNA 2754 &fER L7, BONLERGBNSIEX L
ZRUTTHRETIERE. H3V\HEE. 15, ABA JIE
BHIC LUC ORBHIBEICLZ2TRBEX VU —=2T U s,
ZDRER. WL DDPDFT A UICHWT rd29A:LUC BIZFDR
BLERERNIRONE, BONATREND S 5#1986 RiEIL I
ZAPLABICHEVWTHE WV LUC EMERL ., BE. B850
EERBOERSEN . SFENFEN. & JURIEFHBRT %
T-oTW3,
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A XEMECBITBTY o9 —BEMEREFOHEMTRN
RUSRTIyoRRR

HE % BE AR, W R—, &y EA

BokE - MIEMRRH A

A XERMRRTIE, WEYAZXLULOFFoFUIM (N -7
TFIFRAUTM 55, TULI—LLTBLDEAKBBRGE
3lZRZT. CHETICIORICENT, TV -RBEHEAT
RPHSHBE N, BBMTRALAUSETTZEND —BEOR
BNRY -2 RTNMGESRETF, EL2, EL3NMBMEN TS,
ESICPALEDEGHERGICHMEL TWSEBAONIREFS
IVII—CL>THEZINS. ChHDI L 9—-EMRETF
DA XEOEICETE2RRAE /Y94, insitu NATVITAE—
LavRBRICE D TRIFL RN S, BEBTHIML(GICNAC)7kK
BT VIMTERAL (CALER U 7o XM TIE, EL2, ELIDTIRIT R4
RRELABORR/ASI—->THY, hoOMASEREFH, 4
FHEPEICHE VTHHEMBREAREA N XAICL > THEE
NTWBZENTHRENTINS. FTEMETIR, 1290 b2
A X DIBIC(GICNAC)TALIR £ FTL\, EL2 SPALORAERMA. 0D
R, EL2(Z, 1BTI35 R LIRT HRMMAEEE D ICHE R0 ) D—ifh
HORRETR LAY, MTRIVSI—-ICLEBBIEEZhLED
oft. —7#, PALIE, BTRRALTESY, MTREAL T\
12515 AL U7=(GIcNAC) £ 1RERICAME L TS, MADBITREDHS
nNghok. TNOSDERNS, A XEMEICE T, EL2ORR
X, TUSY —EEMTDILIRERITERLABLATOHHBE
N, PALORRIE, TUSI—([CL>TELBLRTFIVvIRLY
FIEE>THRBEINTVNSBDLEHENES K. E5ICTOEF
BEIEDUBET>EBOINSORGEFOEMICONT HHET
WETS.
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A POSSIBLE INVOLVEMENT OF SUPEROXIDE
GENERATION IN SALICYLIC ACID-INDUCED
STOMATAL CLOSURE IN VICIA FABA
Ilzumi  C. MORI, BelnhaLd_EINEQNIQAN‘,
Tomonori KAWANO? Shoshi MUTO'?, 'Nagoya
University Bioscisence Center, 2Graduate School
of Bioagricultural Sciences, Nagoya University,

Nagoya 464-8601

The known mediator of systemic acquired
resistance salicylic acid (SA) induced stomatal
closure of Vicia faba L. Application of SA to the
epidermal peels evoked an elevation of CLA-
chemiluminescence, suggesting the generation of
superoxide (O,"). Pharmacological studies by using
inhibitors showed that SA-induced O, -generation
was inhibited by both O,"-specific scavengers
superoxide dismutase (SOD) and 4,5-dihydroxy-
1,3-benzenedisulfonic  acid (tiron), and a
peroxidase inhibitor salicylhydroxamic (SHAM).
Moreover, either SOD, tiron or SHAM could
suppress the SA-induced stomatal closure. On the
other hand, application of superoxide-generating
system also induced stomatal closure. These
results support the invoivement of reactive oxygen
species on signal transduction in SA-induced
stomatal closure.
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A4 X F X7 DNA BEISERIZT D FIERIRDRER
HEEE. ERESF. SHMX. FiEMZ
(RREWK /N1 1)

204 X+ X+ D AtRAD51:B{5F 13 #8# 2 BF RecA
RN IEEDI—F L., &% DNA OERERZ P
BRICEBETHEEAS5 N TVW3, AtRADS] RIZF &
DNA BEXCHBAMICLUVHBEINS I ENMRENT
WBH, ZOHEIEEIEEET 3EBEERICEALTI
BFULHBALATEV, ZIT. SFHEMICEH TS DNA
BECEERIEZFREOHIB LIRS BAOT. AtRADST
BEFOTOE—2—BHERA. ThETIC. TATA
Ky 72 EFEFECAE T 558D DNA BELBHE L
ZEEEMELASLIDICLETHEI I EEMSLICL
Too AN, HBERAERR S L UMBERERRICL - T,
4 AREMO Y XGIEHBBRERET S EPHELDT
ZORERICOVWTHRET 3,
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04 XF X FATSRPKIBIEZTF D REE B L UHHE A
FL A, ABAIZ X AEEEDOEAL

AT, BEAMN EHRER., XEF, RHEA (M
KB - BIRFIERFFERL)

HEEYWOSNFIEEZT T £ »FF—+F (SnRK) &,
Ba2B088 L UER ML RICKHT MBS IS
LTWB EHMENTBY .. SnRKL, 2, 3 D3 D2DH T
773 —P oINS,

4 ESRK3 ICAFHE A 2EHM15kb OF L0 A
2FXFDONFIMETOF A4+ —¥RETF

(ATSRPK1) %FE L7 (2000EEEELEE) -

SENIATSRPKIBZFRIEEREA ML AL DO ME I

DVTHET 5,
Ch EIR. RiR. R BREELZEORAZREA ML
AB L UABA, BAZR EDHEY & IVE VHATSRPKIEE &
2525 HBIIOVWTRIELLER, BREEX ML A
EVERERITHML., ¥HERA ML 2B LPABARINZ & -
THEEROEEIRD SNz,

ATSRPK1iZ7 I / BBEE5iZ BV T Ii2F USnRK3 IZE T
A/NEDWPKA & BTG b D ThH B, SRR I
LAEERDELIIWPKA LIZRZ o TV, 2T,
ATSRPK1D Z 16 ORBIZISIRKI T 7773 ) —iZB W
THRZODTHABEEZLND,
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ARXFF AV YV I—REEEAROHEEER
ZO®EFOERR

BREITI ER— . BAEAN(BXKE -£9B)

Baid . INET WL HLEMIEOHK S B ThD

#?/@%Uﬁﬁ(clcm\c)s-a BYVF—E LT . AXD
AR RIS 25 M T 5oL, S5IC. A X5 3 MK 0
RREMES CHENMEOTY I— S B QRN
BETAIE. 74T 74=2TA—FRNVEEIZLIYVZDE
VRIBFEFRBELIEIEIEOWTHE L, ZOXF U4
VaIRERAE E’E(EBP)(DFE’JLE@L‘CH ZhETD
LA INED Ex%Ehbru—=v/Ch BERERY

75 B CThole, AL TR, EMNBEEEZR
Lizky VU E— FAEEI'Ewﬁi'J%kWE
R LERATLNTELDOT, FOREREZRE

EBP DX B, Triton X-100 THBE{L LI H B
M 4y % (GlcNAc) g-APEA-CH-Sepharose U7 AIZHEL,
buffer R OFETVI4—BECHEER. BRI RIE
%, Bt buffer (pH 2.30ICXVE H L7, EBP OEMH D
Hi 1. 1251-APEA-(GIcNAc) ¢ R IFIE /-t . SDS-&E
TKENIZ LI T,

RERVT74= TA—TRXNVDERPO.TH 5
K5 5 5 FATIEIZ2ADENVFERELE, 20
VEANDITRLEOE A, Wbz s —
HET5FF o AVIICIVBERNICEEFIN

ERLET74=TA—HhT LIBT3 EBP D
Z. INET. HEALTWEATZLHEEOLDIZ
118{%54»%@1%07‘:0 Z® EBP DAY R DI

AR L
NS o
ﬁ.HS

Fo RO A
RS ﬁ?%%
HE R 2

=

FOEBRIZE VT, EBPOBEB FORREITRoTH

o

Nick9.EBP O N KRIE 7T/ BLEC I AR AT D3 /T BE 12420,
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Dy ALY DY) O F—FEEMAPF S —tF
INEEFE. (LHEEML. SFMIBX. EXRLE, I
— N (BKB - £@RY¥E - BIREYHEEE. 1MLE
FHEHT)

Ty M4 EEYOFE BRI TOT1 >
FF—tHREETEEEISNT NS, FHET
3. BREERERS T Y —UBLESYH
1 EREIIBNT, P FEENS1 kDa 7054
>FF—+F (p51-PK) MNEHEELINZ L&
T EENY N VEEREELET IR
BLiEZAWVWTRWSE L, pS1-PKO#MEHEIC
DNWTHKRHLAEZEZ A, p51-PKIZMAPFF—+
T77IY—ICETHEEZ BN, pS1-PKOK
BE&BEHSLZOR NI T T4 =X DEA
& Z A, pbl-PKIZMA THFHEEK46 kDad
PK (p46-PK) MILEH Nz, mEIEZT VKB
KEWTFHRINE YA XDOMBIZHILICET
L. ThZThEEEELTHEETIEEZISN
e MEDRTFRIVEVBLXUHNRKT I/
EEER S —3 L. p46-PKIIp51-PKD RS43R4
ThdEEZLN,
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A XBRA M ABHREFICHEET IRER
FPLRASERFR A-T LAV
FHEEA2, RKERX, FEFHHEF. HAHE2,
HPEMN 12 ( ZHEX - B - £/, 2ZREFRRE
»éy—)

L ZINETICAIRICENT, BEX MLRAOBHE
CHET3#BRBR—1—FFL RF1 RAY—F,
HBREFALVRFO Y, JWIVRFIVDENREN
DOBIGFDE- LIS, 28bph SEDHEREAMOEE
FIMLEWICHFET I ELEBAOMICLTNDS, 43
DOHBEFIML Ry I AFHICHEETEIRA-T LAY
NTHDATREMEZRET L.

ZD28bpEcFl&#CaMV 35S TOE—9—¢ TS5
—EOMEREFOLAICEEZLALVAR—F—aV X b
SOMERWTIRSUPI M Ty 2A %2707 FD
BR. NSO-PMEICLYINS7zS5—EEFRDLR
BESN, CORENBERRAMVALCKEET S X-T
LAV BRELTHREELTWAZEMBELOMNER S, £
ECDORIICEAT I VNI RDBFENT IV T M
TyAICLVEREINE, ThoDERMNS. BRR
FURABHEICEDZEROBEFEEEZTL Ry o RE
HEZRITTWAEMASHEL .
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iR 1 KIBTES Y AL XY F DRE (2463 % DREBL £ 2
— FLTWARIEFHD 7O E— 5 — i

meE e, B, Zabta K. Shinwari!, fEISFIF', 76 —it?
(EIRRREF - £&IF, B - B STFED)

Wi -3 BEBEREFTHELOM XFXF D rd29A RIETFD T
OE—F — RS8R -1 - BB P LAGEICEET S AL
A v b DRE(TACCGACAT)SHFIEL. SHILZDMERICHEET 2R
ERF DREB OHAELB L I Lz 4EIMERICEIIMES T 58S
K ¥ DREBI ;&B{z¥7 7 3 —(DREBIA® 70 € — ¥ — @& %47 >
7

3HENEIRA ML X558 DREB] RIZF O 5B Lk 7O0E—% —
ERE BT S L 3OS OE— ¥ —HITREFESN/FER. BOX T »
5 IXAHFEEL TV, 22T, Ihs 3#0 DREBL BEFORES
h-EBEEL S ERERE p-s Vv o=y —¥(GUS) LF-%
—RIEFEBESELF A TRIEFLARL, >0/ 2 FXFIZEA
L7ze BOoNARRERY O( X F X2 KEQCREL, /—F >
B L) EARETFORBAMBTELITo7. TOMR. 3HETRTO
DREBl BEFO 70 E— ¥ — %W/ HE T GUS ) K— ¥ —RIZF
DIKRFEATRENS, —F. DREBIA REFD 70 E— 5 —HiR%
Bwis) —v 3 YBITOER, -313~-TL OFBUC Y AL AV b
DHEENFTRBE SN, E5IZ3MOTOE— 5 —HTRESWIZHEE
ICREER*#MATDREBIAB LU IC 70 E— ¥ —HBE AV TH
BICBIRT 2L, WCODDFERIZBWT GUS BIZFOREANEL
CAET L. RIBIEEREY AT A Y FOFEEI TR IR,
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COMPARATIVE ANALYSIS IN BIOCHEMICAL
CHARACTERISTICS OF OSRAB7 WITH ITS MUTANS
JD BAHK, MY NAHM; Div. Appl. Life Sci., Grad. Sch.
Gyeongsang Natl. Univ., Jinju 660-701 Korea

Low temperature is a major environmental stress affecting
plant growth and crop productivity. OsRab7 was screened
from a cDNA library of cold-acclimated etiolated seedlings
of rice. Deduced amino acid sequences from OsRab7 and
other homologues are very same as much as 60-70%. It
also conserved all the known functional domains of other
small G-proteins. Its specific binding in a saturable manner
and intrinsic GTPase activity although low, revealed directly
that OsRab7 is indeed a GTP-binding protein. A phosphate
binding domain mutant(Q67L) showed very lower GTPase
activity and a gamma phosphate interaction region mutant
(T22N) showed no GTP binding activity. Western blot
analysis proved its wide distribution on various tissues.
Tryptic proteolysis experiment for the confirmation of the
binding state of T22N and Q67L mutants with guanine
nucleotides exhibited different cleavage patterns.

[This work was supported by the Brain Korea 21 Project,
the Ministry of Education, Korea]
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YO XFAFREBIBY—NT 47 ) XLMEBRET
BAPRR1/TOC17 7 S U—OfEHT (1) 1 BWBILARI R
VoL —F—ORBEES—ATF4 70T T
WEFERt, HEERAL NBIER. KEF &

(BREE - £l

2 O4 XFXFIZid, His—Asp) VBV L —i#HEEI
BMETALFal—F—BARR)EEMULABULFa L
— & —BE(APRRS) W ETET 5., TN HAPRRSICIET 5%
BEIZEBRELS, NKHOBUUL Fa b —F—RALiZm
A TCHRIMRICCONSTANSEF—7HD, &, ThHoH
B DODAPRRELT# (APRR1. APRR3. APRRS5,
APRR7, APRRY9) OFEE LBEEZITV. TNSDOHME LR
Bz L. BOPREKBEVARI, 2 TREFOEK
BERBANBMOBY—HTFT 47OV XLERTIETH
oo 5T, BRSO RR TAPRRI—>APRR7—APRRS
—APRR3—APRRIDJEICHRAEL L BREMERL, £DV
ALBEEREELLTOREERE (BR) KEAIhBZ
ERHENBZTERERVELE, CORKEVERSRE
Y—hFa7>0xzA7] LT k. ZOHFEDBR
T, MOHABECL DRI BEFOFHBEHELTEES
NTWVWATOCIBEETFAMRE TN, APRRIEF—TH5Z
ENMoTe. TNLDREREHDE, APRRL/TOC17 7
I —BEFHEN O XFIFRBOTREASNT
WRWE ARt AL b @EEZL, —AF47
x4 T EWSEHSBREELD D TAD XL EEL
BIELTWBEVWIHLWETII (N—a—KRrav 7 E
FI) ERET 5.
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204X FXFIIBFBZH—hT 47 XLBERE TR
APRR1/TOCL17 7 2 U —0fEH (1) :falFEnkSicL
TH—AF4 7T —T3BBTEIN?
FARERAR, 5B Pith, ANEIEth, KE &
(FiKBE - i)

O4 X F AT IHALNBEHBIBRY—HATA T )AL
TH2 APRRsY—HF 4+ 7 >0 IT—7 13, B MHEREH
EHELSBEELTWR EFRINSE, TIT, ZONFYICH
AN ALEHHELZEEMENE TR EOBRFET
MLz, THIERH) CTEFSELEMEATIZ. BRI
BH D <APRRIDIEFEIZEREITEEDICABMIZERL
Joo BEEREFTEEIT-EEDEZATIE Myx—7) 138
BaINMhol. UL, BEXIZHEYT & AMITAPRRID
REAGEE SN, ThCREINBLDIZL T TAPRR7—
APRR5—APRR3—APRRIHY—HhT 4 7 > U L—7 ] MNiEi
TNz, TOFEM) XA REICKE LRV EBREEE
(Free-Running) 2R L. EHEXRH T TIHMEEL
2o Efow H—AF4T7oUI—7) 2583201} K
&X (660nm) Z2HHRBHFTHET T THo7=. 2D
ZLid, APRRODEFEEFDY XLDFHE (ROHREL
TO H—hTF4 7T —TDERE] ) 1&. DiaiLdbE
D--EA, T4 b O—LBEONT T IV A SRR KE
ENTVWBIZEERELTNWS, ZOKREE TASI R
BRENME] EWDIEFO—MERREN SHNT ST,
FIIRBLE IN—O—RZO0v IV ETIV) ZHET 5.



F313

7 EBH NS SHis- ¥+ —E L AR
THVARVAVF 2L —F —DIEE & BRERT
B ME! HREHZ. ZRART! EHEL
AEEH2, KH E! (BARR - VEGR. 2E4)

5 ./ P Synechococcus sp.PCC 79420 # H R T2 B

L TCit. kaiABCGRIGFRMNY XL 2HAE (4
L—%—) THALELIONS, B, Bl&L o
BIZE Y. kaiABOEETOIRMHBIENI RO AHEFL L
TSasA * His-FF—UHEIEIN. TOBEEIMT
AETIVHAREINT, His—>Asp!) VEEY L—%D
BEABLI 2L, SasAHis-FF—HitkEmOL
Fal—H—bR7—-TCHREEL TWALHEINS

(ETIVTCHEINZRR-X) . 40T, AXBEO
His—Asp! VB L—R%FHL- M) v 72 H0
T, SasALMHEVER L THRR-XICHST AL ED
nNaL¥al—¥— (SasRe&&) 2FEL:.
SasRIZEDHEN S, THHEHD T I AF FITHR
FINADNAKASIEERTF YA JTOL ¥l —¥—
LHEINS, £Z TSasROME L BERICBILTC.
His—>Asp!) VEBAY L —IZHIT A8, RU. 5%
WBITABE ) XLOHIEN BT 2B EOFEE D S
BIFL7:. ThoOKERE. 9RO A =X
LOMHIEETIVE DM#E SO TERT 5.
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DNAF v 7 &RV EBE 27 / )N 5 1) 7 Synechocystis
sp. PCC 6803z 17 6{8XA$§SII1 6268 = TR Bk D ARAT
R/IET. BREET | KEE, HMNEE Ok - &% 4%
¥, WEK- B - 2TEY

BN CIEEBRIC K BDNADEB I ENRERT. £
MR T NITHIET 272D DRk A IRDNABHBE 2> T35,
TN T TR, BERAR A RENOER L
DNADHS LEHIZERICEEELEX SNE B0 BBON
HMIRIZFEAERAINTVAREN, FHETIIRBETLA
S5NTVBSOSRETFHDEEY 7Ly —THBLexALE
B2 HFEE 2R 9 Synechocystis sp. PCC 6803D sll1626& s
FIREBL, ZORGFHEEKODNA chipffii 2177257,

KBEIC BN TLexAIZ K> TREAMH I N BSOSHETF
B (recA. umuC. sulAtt) OFEOS OREL Vi34
BRERRTHEBRZIMRBINEN S =, —F ., sll1626iEE
FEHHEZSUKBEOMERDNBRET (s11009, slr0179,
sll1765f) ORBEBMN7 —10FBMLTWE, EEEED
Y721y hEIA—RT 55111694 (pilAl) R°sIrl667,
slr1668. slr2015. slr2016. slr2017, slr20187:1 & OBEF
DRERIIBWD LT, SlI694DREL )OO WHDIE) —
PFIONA TV~ a ThbHBINE. ZhetiELT
sl1626 BIEFHBKRILEBMEZ RETHIRRBERLE, &
NS DKRIE, sllI626BEFIIARBEDLexAE TR, &
BIEICBIR L R BRSO RETFREORE A WG TAE
LEADHS DEERTOMEZ FOMBERFTH B = 2R
LTWwW3,
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EBE 7 /N2 5 ) 7 Synechocystis sp. PCC 68031231}

%Ser/Thrid 705 1 > F F— (SpkA) OB REfeHT Rk UE H

¥ NI BEDORE

T BREE. KR, Kk, FESE. WREEZ
(K - #3% - %)

B4 1220005 DA A LITBWT Synechocystis  sp. PCC
6803iBWV TSer/Thr 7051 > F F—EREBEETFOFENS
SpkADEBIEIZEE L TWB I L 2HE L.

spkA BB EOBEEZFMICHS 0. BEOY T
—v b 23— RT3 pillAl DRB L RNV KRUBREDHR 2R
LERBHREOBEWIR SNk, TS5 DOHKERIZ,
SpRAILEB) PREDERROBHARFTII BN E&2REL
w3, Nﬂiﬁ#ltkﬁs—tag’&‘ogkméy >INV H® & LUTSpkA
ZRBETAEBREIYE, NI 7I74=F+—20vbJ5
T4 —THRELE, BB ZSpkAZ AW Tin vitro)) »ELE
BETo R B2 UBUEMEESer/Thr 7O 51 ¥ F—
FYO—REEEZELTHLNTWAHES >, I 1) UHHE
Y NI ER, EXAPAD) BN ERINE, IO
SpkA% > /N7 BIZ & B Synechocystis sp. PCC 6803 D#flifiah
HEEDIn vitrol) VEMLERX D, EXROBES > /X7 BASpkA
&> TYU VRBEI NI ENHSMITR 7. THNEDOHKER
I3SPRAIRER AR DSer /Thr R 7 OF 1 > F F—HETHD.
Synechocystis sp. PCC 6803 DMIRRBEICEET 5 EMHEE S
LBV FIVEERBORS ) VBILT S Z Eick > TH
JROEBMEZHAG L TR EEZ2REBLTNS,
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BERRE OB X 2 RIZFRAOHE

Silvia FRANCESCHELLI', %5 %, $ARHIR’, Balazs
SZALONTAT, 3% &, Dimitry A. LOS', Bruno MARESCA®,
HHEZEK FEER, 'Univ. Salerno, Italy, #aRF A 4 aEH2,
‘Inst. Biophys., Biol. Res. Center, Szeged, Hungary, ‘Inst. Plant
Physiol., Russian Academy of Sciences, Moscow, Russia, ‘Int.
Inst. Genet. Biophys., Naples, Italy)

AERINRBEOEILICIE L TEETFRBO/NY — 2%
fbse, HLOBEICHEET 5, K43, EEECYHEIY
KOBARERDOBEICHE L TWALEL TV,
Synechocystis sp. PCC 6803 1 4 DDA BFILEER ORIZTF %
oM, KBTTIZFD) B desA, desB, desD DRBAFHM
N, SMABAEEEANT 5, —F. BRIZTFHEK
desA-desDr 3 —fliASaFORRIARE L 245709, (RIRBSHTH
%, MIREKEOBEO ] 2 RTHEELTTAFLE
DHTARBOIRE % FTIR SHiEEHCTREIT LI L 25,
desAdesD FROBERE R IZBF ok & D HEL . 2O ZEIIFICEIR
THETH o7 DNATA 20T LABITICE D, desAr
desD ¥R TlE, B 3 v 2 ¥ 37 DBIEF (hspA, hipG,
dnaK2, htrA, dnajd) DOFBHIEIRA b L ALGT CHEICH
BENDIEPRVWHE SN, BFEKRTIE, Sho0RIETF
DEIRFESIZIER ISE V. D EORERIZ. £l -E
OREBEEDET KB FH e LTHRAL., BEFERE
fl L TVWE I L 2RIET S,
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A REBFERDOPICHEZINS RNA ([CBT SR
HSE!, HOED!, KWLEBE', Mg #
B2 C EABE - &, °PRESTO, JST)

HEIZZ DML DIBRE THEMHEELT 20, BHER
FIZ1E RNA WNEET S, oEEhs0a2 4 2
F—a YOBROBDPRBRVEHEROREETH LT >
7 R —H Ik TREREZEDERICHN
. BERPOBEBOBEZHNET % &,
18-44ng/WRETHD, DNA &L RNARXB L ZE
EHTOGENTN . EFEL THTLS 2@ERIC
BWTHREBOBIIROLIZNWI ENS, BHEAD
KR OB IMEN I IThbhTwa EEZ 6N 5,
HERNOHHE LEBEBOERKEZITD &
100-200 R— A HEWCT ZF Vit cn, 20
3%+ )i RNase LT K-> TiH%L L, DNase 4L
BTN 2ho 7=, BERMNS cDNA library
ZEBIL, SOFAIH200D70—-212D0WT
HERFZRELZEZS, 20 RX—ZAFOrO—
UL ESN, tRNA ® rRNA, $ 25 WIIHEER
HDA %D EST DWiF E—KTHdDAFSN

F318

4 XD RING-H2 finger 23— K33 cONA DOHREE. FZE
ETDRR

EF X BB R'.W R—'. K& &RF
e EA' (RK - RPOBRKE - EWMEL R
K - IB&EAL)

A RIBRBRBIIN-TEFIF FFY JHEET Y S
—ELTEBL., ENBERER. BREFRAFOBER
BEEMT3. CORBRICEBVWTHREZNFRBE
FELS . ShETORENS. TV 908 45
NEE—SLELT—BNRAZTIE, RBRCIK de
novo ¥ RO REREVEELIENWZ EEZBLMCIL
T&l, EARICBWTIZ ELS 270-7 LU THEREL
7=. RING-H2 finger EF—T7 %8BT 54 cDNA. RRF1
BRUY/ AEDSHEZ N7 S / HECS] BAATS746. 1
[CDWT., FO—RIBELOBHEELB L, TOER.
ZhS5DWWFNITH NKERARSLIC transmembrane domain.
EENT7 I/ BEE. (ZFPREEEIC RING-H2 finger
EF-ODBRWNEZHh, FTSERTLATHREENTL
BATL family CRITZBEFHTHD LHEES N, ATL
family DWW DMNITY 9 —FORER bV RICIEE
THIENMONTEY, ME. RRF, EL5S DR ML RIC
BEULERBICONVWTHA RiEM&E. ERAERZANT
FICRITL TS,
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7 7 ¥ F7 ¥ A28} 2ERFIEE R FOBEERIT
mAR %, KHE E. Dongyun HAO, #1FH
(THebt - &=4nHF - W 5TF)

ERF% /3783, ERFFN X A4 Y L&D -8B %
DNAE KA A Y 2 b OBERFTHS, TZ7E NS
YATIX, H100MEDORIZFAS. ERFF X A ¥ 2§D
FUNRIEREI—FLTWAILEN, F—F—~—2X
DEFPSCHLPIZRoTWDE, A IE, ThTTIC
¥ J)NJERF3, 7 5 ¥ F 7Y AAERF3, AtERF47%5, #)
flgE2 /2 T L= LTHEETAZ L 2EHE L
72o ERFRFIZ & o TGREI SN A RIZFERICY 7L
I —=DBEDEHIIEE LTV B EHELAIZT S
72, U7y ary AL yDEEEBI 2V, 30
T3/ EEREOHEEI) STy avy AL ELT
BEETAZEZBHOLMIZ L, SRLDEBIZIZ, £
F— 7 Td» ADFDLNFx)PAS, #@BLTHEEL, &5
2, ERFIZD ) TiL, TR-AZ A 7DV 2 74 &~
H—%F2F YRV ERFICHDBRFEEINR TS Z LA
O holze COEF—TDT I/ BEBHRT S
EN T oyt —-E LTOBREREF S EHE, VT
vya BERICLELRERTHAZ b hrol, &
DEAL Y EBEVERT S % Y52 BRF L OBED
5, VTV —#EEICOWTHERT %0
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MRBBEREICES Y a A XFXF RNA RYAS—P 1 #
BT DORBFRMT

APIMEE |, BARA Y, AONE L, RRY % FEEE S
KEAE |, BILER ' L EHBKEE - £0RE, DEF - Y
B 7 —, SKIRKFK - BEL)

Bxil 2 BROBBEERLBEET S, 34 A= FN
LI-ZRFEREERB VoA X T XFRCHBFEET I L 2T
LT&7k, £LT, ZOFREEROENBETOMRME L
T rRNA B=F (rDVA) KEZB L, EXRUOYA b IA=
IZIE LT rDNA OBEEREE{LINDZ &, TOBEEY
DD & —EBIL RNA polymerase | DRBHKIZL D
L ETRRT AEREBEOARSTRE L,

YA bA = TR EERET 2EAE b2 &0 b,
AFRTIIMBEE L YA A =20 L BREREE
FRIZX D rDNA EEFHELOHEBMEIC W T L, v
A XFXF OEBABERNT, EEEHOFRALET UM
& UT- M A #IBITRFD RNA polymerase | K¥ 7 2=y
LT (AtRPA190) &k UMHE AR /A #A B9 8 = F (cyeD3,
histoneH3) DHEBMEB 2 W 1=, TDORER, AtRPAIIO DF
BAMBSBOEN LRI E-THRTIZ LE2TRBT 5
B2/, £, VA4 b IA =020 L ERERMZEICHE
bELEZLNDALARV AL L—F —BETF (ARR)
DRBES L MESEEE L ORIZLEOHBA A LN,
ULDREREZSEZ, VM b IA =0 2N LI EREREE
F LR OISOV TERTHTFETH B,
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7 JIN2 5T Synechocystis sp. PCC 6803 DiE
%ﬁ®ﬁ§§Wt%ﬁ¥kﬁ5Téﬁﬁﬁﬁ?ﬁ
EEEE. AAMET. BHEE | KEE, WHNES
A - B AL - £MBE, &K - bl - 44)

ELDOTTINITITIIBEEHEEZ DS, B
B ANBECHELELTWS, ZOEBMHICDONT
100 ELLED DD NWERFERNINTERD, AZE
PHEED AN =X L, KR EESRE I Z D
TrFVGEERDDTFEREIZIZEAEASHITINT
Whaw, BEERE 7 IONIIFU T
Synechocystis sp. PCC 6803 b XL — LT
EXEERTEMASNTVS, bhtbidd T
I, pilM BETFE® pilBl RENI—RKTB IV
BRERENRAVBEDZRWI T INITIUTIT
BUIIZEHEBTHD L DI, BEEBHRICHEE
TREEELTWAIEERLTER, AHFETI.
Synechocystis sp. PCC 6803 0% J AMERICH &
TWTHERR U =B O BITIC K > TRIE L= EX
HICBIE T A RIEFIOVWTHRE TS, EQEKM
ERTHEBRNS sl0038 B THOMBEMKEEH
TBrE, ADENXMEZRLE. INSOBRETEIT
FECHEREE T D cheY. cheA \THREMEZRL, &
51T sl004]1 BEETFEWMIIT + b7 OLARDBRKE
E 8L % B D MCP (methyl-accepting chemotaxis
protein) ICHFEMEZRTZENS, T INTTY
T DIEDENMEDREG N, 74 M7 OLRDOKSZE
f£ &, CheA/CheY IZRI/2S VF I EERIZKST
FHENTWBERBEINS,
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YOA4XFXFD SNF1 REZNRIRFF—F
AtSR1 BANS I LSS /87K CBL2 LHE®
BT3

BEY. JRLE. ERRIE. £HE (RREBRPERFAY
fRk% - RIEFHERR > 2—)

KERENTHIBIENICE>STIXNXE—BETHD L
REFC, BELE T FIVEAFTH 3, HEMFERADOHEL M
ROESTFNICLNFREATVWS, WOV TFILEEIC
BN ILFBETIZEBREENATWVWAY, ZZICME
TEIRFHEORMIITATH S,

#m%zv/nfxfxfxuﬁnbfAﬁmuxmml&
EaNIRFF—ENDHY T 77 3I1)—3 (SnRK3) LB
B3R NIREI-FTHREFTH S, MI. AtSR1 LR
#I(C SnRK3 (ICB7 3 CIPK1 & SOS2 #', hILI LS
2 NNIRTHS CBL1 LU CBL4 (SOS3) &2 hZhif
BEBT3CerfEEhi, I T. AtSR1 & CBL 7
7IV—EDNHEEERE. BBO two-hybrid system #%Hu
TRELE, ZOFR. AtSR1 FEBARICH VT CBL2 &
BENCHEERTICEBAL L ELE o, £ T Y
YrTyAIC&Y) in vitro TH AtSR1 & CBL2 #HHE
EETBZE. ALY ILICEY FDOBRERBAYEEEZLS
ZENRENSE, /Y UBHOFER., CBL2 BEXFEICESL
THOFMC LW EEEHOBFRBHMML T, MED
ERH» S, AtSRI/CBL2 AN I LENLE-EDS TFI
ZERICBES T 2 RIEEM N RE N i,
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KA RRMED DMSO FRRRETFO RAFARICLIIRE
e
FEES B, IWKE (KB BB APRYE)

X &R ME Rhodobacter sphaeroides £ sp. denitrificans
IL106 DY AF N AN T % F (DMSO) R RITHAFRH T T
DMSO Z&k>THEHSh, TOREGT dmsCBA A~ DEEE
LI ZR 2 FI#R O DNA AL AR AL Fal —F—ThD
DmsR ##<, AR T, TOXEL2DEAY —%)—F¥ DmsS %
a—FTA3&ET dmsS #7u—{bL, TORGETFRIRRE ERL
T dmsCBAF ~_urDERHB~DOBEEBNLE,

sa—AbLl dmsS DEERIIZRELIER. EOTFREND
TI/BESS PAS, M UARIyF—1, Lir—r3—1, FFUARIYH
—2, D4DDFAVRREHEN, DmsS B FRA L 2 OEY
Y—3F—ETHDHILIHFALL, IL106 Y /A DNA IZQ kY
PERRAL. dmsS BT Rk HAS214 2{ERLLTA, dmsA
jca—F&hs DMSO B iR S RASBRIEh {7, Fe,
Z7 HAS214 i dmsSBIG T & >77AIF pDMS175 2 H4H
AFTHILickY DMSO BBROSRIIEIHLE, EbIZ,
HAS214 I dmsRBEF 2§27 7 AIF pDMS149 2458 MAL
DmsR OBFBRIEAILICINMDY BENF—0F B2 R
L7as, ZOHRIZISVYTH DMSO BT#ERORROBHTIT R b2
ol, ZOZEH 6, DmsS/DmsR 226825 Z 54y i # % 23
dmsCBA A ~a OEEIFELIC &L TSI R Eh ik,
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o4 XFXFDHis>Asp ) VB L —FREFAHKs
& AHPs D RERRAT

BAREE, AT ZWAEF. KBFE

(BKRBE - )

His=>Asp ) V) L —RIXWEW IV E L 2 E~DIS
BB T2EERBHREERTHILEZI NS,
RLIIThETIZ, YA X FIFITBVTIOER
CEREHERT 5% KEF (AHKs>AHPs—>ARRs) %
ZWBIFTEILT. 202K 7L —LT—V 2
FLTEE. L L. BENEEMEECBEL T, —
HERNTTHTH S, SHIEX. L BEBLEEY
Y —His- ¥ F—ETHIAHK B FHLHPIRFCH
ZAHPEGTFEHICERZRD., THhSRFOLEEMEE
CHOWOREMICBEIL TRET L=, ZOER. AHKSIZ
BILTIERBE RV A RERDHIs—>Asp) V) L —
BREERZFA LS FEEFN RO E RN
IZE b, AHPIZBE U T AR R R ERREEY 215
B BT 2 BEENBIFICE D, MRAFOHZHD
M LB TNVEVOZALIBEICED> TV
CLERLITBTIERBEON=. ChOHDHERZ
F L. HICAHK L AHPOEBEMEEDE AN S, BRA
MBI EED TV BAHKs—>AHPs—>ARRsIEHREE
29 M= O2EBORIHBMITTERT 3.
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04 XF X+ DHis—Aspl) VB L —RHAF
ARRs D B BE A7 4t
Af k. HYFHEF. LREMS*, KE &
(FrRBE - £, * 8K - L9

His—Aspl) EU L —RIIEM TN E V2 EADE
BGEICEYTI2EEREREERTHDIEEZLDS
nad, BLRBhETR. 014X FXFIEBWTT
DI RCEREHRT H#KE T (AHKs—AHPs—
ARRs) ZZEINE - I TAHIET, TOTL—LAY
—JEBELTER, SEHIE,. LFal—%—R T8
THO. A/B - D0¥1 FITKAENBARRE 1-#1T
HRlZiD, TNSETOHE EHEEICBE L TILER
itl7z., SGFPAMEGELETFEHRBEL TITIRFORK
il ZE AW THIEBNBEEZRG LR, 1 7-A
(ARR6 ARR7) ®RU'¥ 1 7-B (ARR10&£ARRI11)
EBHITHKICHEM L., AHPOYHIRREICTEET 20 & 5t
WThol. £, BEBITI I I (NLS) 1% %
nNENHELRE. Y1 7-BIZBEF—7 (Myb-k) #
FHMLTRHDODIEDEHTHEN, UEoLSITkE
SNAENLShNUDNA#EGEEZ2HDBEF — 7
(ARRIOHI k) D= R EZNMRZEHWTIREL
7. TN5DHi%E%E, AHKs—>AHPs—ARRs1S 8 (£
Fy T =T O REBOFIMBMTTERT S,
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AT A 2T 5 MOKUR A RFAF DL - B,
VBRI A 72C (PP2C) B=TFOIRERT
RELSE, TUrRN, BRERY2, Bl (HURL
K B - BT 27 VYR

B BRI A 72C PP20) 1R m
ARXFA) (Arabidopsis thaliana) WA A KL
AEED T IMBETIE L QOB EWRENT S, &
g TR IT T A ST URERR B e
BPP2C%a—R{T3ABI 1, ABI 2@EFISELLHF
RENTWVWD, RABFEAEYWT AR TSF Vb
(Mesembryanthemum aystallinum) 751 1{EDOPP 2
Cl#fnt (Mpcl~11) #B#EL, Fiz, ThoBET LR
{250 52D XFRFDP P 2 GEEF (Apel~H)
AT QNG

AEFER T i vilro DFRT, ThoDBETFDY It
Fo N BER Yz, TBA VB LXUNEMAPN TR
L2 5 %5 RO A TERABIEORERE . TA A
T5r NiKARRE C32%% CAM ~-3EG 5 & %D Key
Enzyme THBABRART) —ENELBIIVRELF5—E
PEPC) %#a— R 58cF (Boel) DA M AIGEE L
FEER N5 Mpeg568 DR cobombardment %
FTRET LTS 55
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Y04 XFITORBHEMTRERE T 22BFE X 7 — tiltfz
F IMK3 &£ 2 h EHBEERTY 3 AGL24 RIZTF DREMR
%R, BEFH. WEAN. AREZ (RRERLK - /N
1%)

WHOER - WREHRIE. EEL S VICIRKRICHERET S
FHEROMEICL > THDIT VWS, SIS TH 5HEY
ICHVWTIR, FREBADMRRIIEVCIBEALT. ThE¥h
DBBEERA-LTVWBEEAS N3, BREHEHXF—illE
FiR. Z0LH5-MBEMII 1=/ —-2a IlBELME %
LTWBHNDD—DTH 3, Held, YOIXFXF+DIEF
DTHEMEBE CDNA ST TS5 U —» 5, BRHFEXF— ik
EF IMK3 BREL. ZORBTET->TWV3, ThETIC,
IMK3 p"IRFEERD 5, WEMO—E %80 TERE 5 VIR
ABHEBTRBLTWAZ ENFBAS S ELE -, 2D ED
5. IMK3 BEFIIHEMDOREICE > THEICERN L ZE %
LTWBZ ENTRIRE N, IMK3 DHEEEX IMK3 D #1< > 7
FINGERREMATSDIC, IMK3 $F—H KX 1L &4
EEATIEFERRL . TOER. ROHTEEMI SR
ZF & LT. MADS-box EREF AGL24 # Bl L /-, B
AT S . AGL24 RIZFISTERBINDETRICRE L. TEREI
FICERETEZLCRBLTWVWBZ EN Do, SDT LR,
IMK3 & AGL24 PIERBIZDETBSREMRIC SV THEER
LTWBHAEEM R L T3, 7. AGL24 & IMK3 &£
HEERBUORERX 2T 51 > % Bui- AGL24 DHEHEERRHT
BEEFT-THY. ThiIOVWTHHhETHRET 3,
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Synechocystis sp. PCC 68034k D )V —7 2 ¥ 7 < HFi’
{=FsigD (s112012) DHSREREIT
Z. WAGHR. NHEfX. HHE. BEHX
WK - S EE)

YPINIDFIVPEI—RICEREDO I N—T2 7~
RF (FBRCIUVHT) 2/b5. 2hooMExy 7
INVTV)FOMEBATLEL BREINTVS, o
T, ChSOEERFIEZENhZN, @5hOEERERE
HEEICIE T2 L FEINE D, ZOEKIZLLASH
TWRW, S 3 2 XSynechocystis sp. PCC 6803 D sigD
RIGF(s112012) D L FMEERAE 2 B L CRIT 21T o /=
DT, CTIWET 3,

CNETODNAYA 707 L 4 ZHWE@ITIC L
b, sigDEEEVRIIERS 7 Mok higNg s b
MINTW B, sigDDFEBRE L D FMICHAR S =1,
sigDD 7’0 E— 4% — @I I luciferasei’ iz F 2 B S X &,
REE EICHARAAZREER U, CORZRWE
luciferase assayl— & . {KiR. H&REE. DCMURINE
DA MLV RIZE D, sigDEEMFEELEIhTNE I LM
B5PCR o7z BED T sigDIXBHRZ ML R
(General Stress)iC Xt U 7= @1 FRBICED 2 EERF
THHAEMDH 5. WIS, sigDHIEATICH 2 RIEFHE
DORZEZBM L LT, sigDRBHEAWE=IA 2071
’f ﬁ*ﬁéﬁ? 7‘:0 ZD %\ %{b?%lg&ﬁ@iﬂﬁi;\
HIRBHEDBETEDORE D, sigDRBICLDETFTLT
WBZEZRWELE, BE. MlRADZX ML 2EZH
5DRIGFORBROEHEIIONTRITEED TV S,
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EAHEY Atriplex lentiformis 1281} % GSK3/shaggy 7
o751 >FF—tREFORE

iBMnth, AR, ®EF, KHRE @Xk -8R
PR

L 4EHEY Atriplex lentiformis 12 BT 2 EHIZE DAREA %
BBE LT, FiIRRTO071 > FF—HOREERASIZ.
ZLT. 220 CDPK &£EALNSBREFHRE, 120
GSK3/SGG(GSK3/shaggy 7051 > FF—t) £EX 5
NHBIZFMRHE SN,

EEMHEM D GSK3/SGG X, £DFF—HERAAL N
Drosophila SGG ®HELIED glycogen synthase kinase-3
DHEDEBVHEREERL, INFIO—2T7IU—%
Y%, LML, O350 —MOBEFCRBREIBALRE
MHEESNTVEHOD, H4 D GSK3/SGG OHHA L
IZDOWTIRIBEAETRHATH S,

4@, ®E ST Atriplex lentiformis D2EKEHK 1.9kb @
GSK3/SGG rEO—V2RE L/, FBE. 2L T, BE
FEENTWSHEY. BiH0 GSK3/SGG rEO—SDF
FT—ERAMCEDEICKMBITEIT o/, TOHKR, H#
HD GSK3/SGG FEO—/1E 3 DT/ =) FiIpiFsh
Hh, KBEFIT Arabidopsis thaliana @ ASK kappa &3
BT, LR3I /N—TIIRERBVWDHDTHB I EAHEBAL
1&s

)=HINATNF1E1 a2 ickd, SBROER
T3, ETERELTWA ZEMHBALKE, BIE, B
ROERMEHEI-RT2EBEZKBENTRASE, &
HORE., EEEHOBITZIT->-TW5S,
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1 X 3BEGY NI K a7y MBEFORBRKRR
BEmCT. B R KR R B E BETXZ
(BHRIK - EHER

1 X 3BREGHY VNNV Ead T2y FRETFRGANEZREBL
ERE. KR d1Z. BE Bh. REEREHMOH DRE
BERT, TOTENS, 3REGY NI ERIEFIZ, HiH
ECHETEROMAICEERRBZL TS I LNFHREINS,
FIT, 3BRAEGHYINVEN PREINSZMEMIIBNT,
RBELTWAMENE, GUSEE2BRICRIMLE. BUDIC
¥ 900 HEDN T OE—Y —HiREZ SV LM E RGAL R T & BiE
L7ze RiZ, CORGETFERRIIICHEALREDS, FERIC
BB THZEEHBLI. ZORBRIT, K00ERED TOE—H
—EIRI. RS RMHBEERESATVWSZEERLE,
GUS BiEF%. 28E RGAIBETFOEI LYY VICHEREL,
FASHREFEEHMLE. 77ONIFIILAEERAWT. F4E
BA RCRETEAL, HHRERE (T3 HRETF) © GUSEHE
BRI L. RIBICBWTRT Y 2a—0 8. 8 M.
EHYIC QUS ORBABRI N, BENSEAZKY TIXHBES
M. HEATIRAEENE HEZTIIRIALECEE S
GUS BRI E N, 1 X 3BEGHY NIHIE, IXLVY >
WREZFICHESLTWADT, 7)a—OYETORRIIEEN
THA5. KBRd1II, B BHORBRRERTOT, ¥ &
BHE, S8 NEICEREA SN0 EENTHS. FRE
BAIR S ERTD 3 BEG Y /87 BOMEEMRAICEKN B -N
5,
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IoA Y BAEYGERNLE
AN DL F Y > T BIBDBYT

Hndth', REHE"
(REEX; RESREFRE, EYHTFHERR L5 )

4 2BECCRTUERNREARIIAY Y EHAL
o4 XFXFEMEICENT, RBRICKEELT
[Ca”]., LRMEZD L. Zm[Ca*],, LRHsHERRS
S5DCaAAICLDBDTHDLEMALL, 2.
PE/H X (C & U MR R ICHESS IR VA E N B BRICIERE
RBPAKE<RAET 5T & Ao I Bk AR Ca”™
Fr RIVDBBEETHENREESNTINS,

SE. R4 FEREBMOZL LMD SnCa™ R
ADEBICONTHAZMREB5BMT. LSV
K- —ORBMIFET o7z, £z, HEREBCHEAIKC
RURAEN BB ICHREOBRZELNE U SHNO, 202
LEsOq4 RFXFHEMEICDNTHRERICHERITZT
V. RREBBLOZ & M s S OCa HAN BRI
BARICcHD L EBLMICLE.
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1 XPRIBETF#H ORI OMHT
aitEp2, BUBT, ELXARER, Kil#hT
;%*ﬂz%ﬁiﬁﬂ%ﬁ? + 2JST/CREST - 3EHREZ=E

PR1Z NI R, @BEBRIE (HR) L2HEEE
itk (SAR) O —H—EL L THL DEYTIIHES
NTW3B, BREIZ. T RXVHERBEHIMEOAN=X L%
BT BT, 1 RESTL D #)NaPR1ay U NV K
RETF EAHRR3EEOMREGF (OsPR1.1, OsPR1.2,
OsPR1.3) %®kLURBRMELZMAE. hbid, 73
J BEFITH/NIPRlak FNEN59. 54, 42%DHFE
&KL, OsPR1.2, 1.313&/\aHEEHPR] EFRRICC
KRIIKRPDET I/ BBREEZELTWE. ZhHlE
FIRRITRTHTREL TV, 1113858, #TH.
12I3IETHEENICRIAL T, £ 1EFR
HERREl X REICEMET5 L3H BN S ERTRNK
NERIN, SHEIRIEISETFOERNRBOSH, 11X
PRIBETFORBRIIZHENSBONICHEE TN, B
O AEE TIE2~3A BICBBERHEAEREN. 1
FRPRIBETFORRIIZ~4AEETICAFICHEA I N~
DEPPTBHZ LNk, ULEOKRIIZERET
BEBRT 21 XPRIBETFIE. TNTNRZ-E=HE
BRENREDA EFREBIDETHZ LN o k.
4. TINS5 XPRIMETIE. WHBHFEREADZ
ALBHDDDIT—hH—ELTHERTEEELI SN
60
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AXR3BAEGHT I NIE YTy b OEERRET
HAEE, 1B K. B E. AETX @HEKX - EHE
#

3BMEG YNV HEIL GTP 2#&Likad 72w b
EBrYTazy NZEBELER. THRORTFICIHERZE
T5, ary/azy b 1 7IBBRT. EENICESE
RERTEFANREINTWS, Zhid. 7I/BERICEK
DIEERLImaYTaz v hdY, GTP Z2#ETZ5H.
GTP ZMAKDRTERNIEIZLZHDEEZLSNT NS,
A ZR3BEGIINIE eV T2y FRGALIZ. B E<
DOHDEMFEENRD D, 1T, GTPHEEERIL. BEICRE
INTW3, SEIL, B THEITSNEZERETMNESSICL
T AXRIBHEGHY NIV E ab T2y FRGANZEEH
WIEHRICKETEDI N MR Uiz, ERMIE. 223 %8
DINY I RO ITEBRLEQ223L)HDEAWE,
In vitro mutagenesis %2 W T, RGALICERZEA L
#%. His-tag 2H T HRENRT Y — @QE3OITHAL, KIE
BICTRMEY NV EZRR U, BEY 2808, Nizt
TI4LZFA4HT5, Mono QU T 5740—%ANT
BT, [a-2P]GTP ZHWT GTP #8&8E%., [ -*?P]GTP
ZHWT GTPase iEEZRE Lz, Q223L 1L, GTP#6&
ZRTHOD, GTPaseFEERA L TWRN -z, ZOHR
X, BEEYO YTy bbb, B EEROERT, 1B
HFRICESERZRD S5 2 &2RLUE,

S303

4 X 0 PKABA & € O — 7:{EF SAPK1 Ok & MRE DAY
HREE. ARTX. RIS IR CEA - AT, Rk
SR, MK - T - STFE

PKABAT 1, JLFICHWTT IS U LB (BN ISk REEENEh3 0
T L AF-OBEFE LTEME N, FAL¥0OT7Y1—OVECIh
BERROCRIREEBEIANLY Y @) ICLENE NS a—T 35—
CHEFORENSEIRIShBI LD, MBAICLS A BBRETOR
BYBUATEL TVBEEZ SN TS, LL. CORETFD MBA >
FIURSBM - ETDTORBICOVTIITBATS B, Fald. 1XDE
PRI bO MS L ZR 2 Tos17 TEFSEFIFR L TIENE h/-5SRerRte
i 5 FKaBA FEO— 7 BI=TF K1 (Stress and/or ABA regulated
Protein Kinase) D/HERSAEBREL 7=, K1 (381 > FOAZHETE
h-9TFV TRENTEY., I-REhTWB LN IRIEOLY
PKABAT & OUDHERIEETRU =, sapkl-1 BRI TIIE—TH/ M1 2
EEDIEEOHC Tos17 PEALIFER. BT S1 I AE-TR
ZIXVHREL I ENGEEEL) b 7 8IS wNA 1R E h
TV, COBSUAFMDEROEHEAT TOEH L, FHRILFRRTa ).
KREDERIRT T GA 33\ V3 ABA DR DV VT HilTEfaT CEER il
133D S o T, /— Y ABRORER. K1 IR B TR
(2, IRTISEAERU ABA AR &> TRNINB VIS BT
BRI HRIETO rabl6a. salT. 1ipl9. wsil8 HEMDX bL-Z/ABA
BRI ETORBIERM OV TOHOE TERET S,
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TAIFIY 161 RFIC BT 2REFRICK DIERFEAD
NF- k B #EEE R T OB 5 O TREtE:

S, MERE—, PIEI$L, MoTR L, BE Y, BN
BR FRREL - BT, 'FEX -2

EHFBRIERBINVECIVFEHI N TWSEEIASN
TWBM, FORERZFASHICThTWEN, BRLIE. TR
FEO T FIVRERE ORI S ZOBBRAEZEATY
5, YOFINEBEIT FTUF 7V ORRBRITENIYED—
DTHBIN. TOERABEIRERHTH 2, —FH., BT
1. B FINENEERT NF-«kB OFEECENHHTIED
WMERDBDZ NS, T FIINBEICKZTERFEAD NF-k
B B OWREEEMES L. EBMENTIE, siBZERED
TAUF Y 151 FEER W, U FIVBOEREAMT
B BEEERIT L DIERFENERFIC NF-kB OEHLICE
B RETHL OEAEHES LU THERNOREERAN, T
DR, NF-kB OFEMELHAGRFTH S 1B HROHEA
®. NF-« B OIEME(LEEARZ EOFRMIC X D IERITHH =
N, EHEBRORAEICELD NF-kB BEHEEAET THREE
BOFEET THIERVGERINE. ZhS ORIZ, BB
FRICXZIEHBHITBIT S NF-kB RIEERFOBEE 2R
®I¥sbnLEbha,

S305
AINDK1 & HEER TS KT @ Two-hybrid system {Z Xk 5

TR
BT KRB ERME BRTARE BB,
ARIRADD

WIHRETIET SAHIY R7icBNWT, RENERE
RBEMICY CBEREES NS 18kDa 0¥ VB %
BnHLUE, 7 287 B ORI ORSE, NDK (
Nucl-eoside Diphosphate Kinase ) T# % Z &A% L
NDK-P1 @ &7z, NDK {INDK JF#: I Tin ¥
NNV BFF—EEY, DNA #amEiEzEL. ol
FLOMEERICK DV EREERORTFELLTH &&
ABNTVS, OA4 XFXFITHBNT NDK #BEFIZ
HHBEEIN TS, Bo &b NDK-P1 [ZHR%EN®
<MHhDOEERDH LN AINDKL oA FXFiTBiT3
NDK-P1 ) #HifBEEFTHS LHfEEINE. €T
AINDK1 OHZIFUH & LERIHERTORFZHS
MT T 3 7= HEERE Two-hybrid system % Fj 'y AINDK1 &

HEERT3RTERRT &L, #1.0X100 2
O—>2 222U —=FL., BREESZ70—2iIIKo k&
NEERSONREENRN =, EEEHIZTBWTNDK
116 BEZHRUERGREES L THBH 2ENA5NT
W3, £ 2 TAINDKIEA&DOHEER ICHERERZ
Two-hybrid system {2 & D #§-~R7=& T AN RIgH O,
(1~89 BE) RLAMEIERT S Z RSN,
DEERT 6 BRIEZFERT D &N SN, €T
AINDK1(D N KEFIDOFEE, (1~89%%) &C RKufilo
fHIR (90~150RE) THMITAIU—=UT%
T, FROBEMIESNEOTHMZRETS.
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04 XF XFNDKBEF77 IV —HRk#EETH
D B & @R

BmAK. KM% mExEl Mgzl #Ee

B (R AR - RATEY - KE4H. 123 2DNA
BF3ERT)

UFRBIZBWTTY SAH T RUPNDKINKSE
BB ETA I ENREINE. YO XFXFT
13BEIC 4 B D NDK(AINDK1, 1a, 2, HDBEEEEZNTW
A0, ﬁ%#nﬁ#vwﬂﬁ/ﬂﬁkxb HiCRE
FOEENRBEINORKBEEZ2T- ft:éﬁﬁ@
NDKM&Z FAINDK4ZEL S ) I vy
AINDK6M Bk Nz, ET I / &!E
AtNDKIVIKIf® . AtNDK1a, 2 N
SRR EED LIt % T :E&ET% EHER

ns

E{tﬁfﬂqmﬁéﬁﬂéﬂﬂ SMITT D7D IT5HEDOA M
AZAINDKY U NV B2 HHABBREARTREIE,
# 8. NDK, protein kinase, DN A biding & D {FE# I
SWTOHEREERT> TWa, FrheEmErigiEs
BETE-DICNT EDNAFEFTDT-DNAY &/ 51
HEFIASATANS ENDKREFHFARBER
ORI —= 7 2FW, 5S'AIHEBHK1IkbZSDHE
BICT-DNAOA SN =BREBEHEZ/BTND. RE.
RLEMEToBERZAVRL REBRIKICHTS
WREREORBEMMTEZTo>-TVS, MIRABEICHE
L Tid. AINDK:sGFPAREF2 01 X+ X
HHE~NBAL -BHERBICXOBFEIT>THD,
CNSDEHMITONVTRET S,
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4 % > 77 ENDK-125 B ¥ ndk- 17727% il /= NDK- 1486
2}

o AT, RERME. EEME (SRR - A
& - KRR

NDK-1D 4 M2 AE % BRI T 5720 7 18N> A EZE
RERMLZ N v XLONDK-10 ) VRIEMMET L TWS
#:psp (phosphorylation of small protein) % ¥WEEL /=, F0
REBITOW TR U2 & & A TEREY QIR IFNEE
FFiEDRSE, BRTTOERHEOETEZRLE. psp
HIINDK-10728B 070 O MEXAF I BB
REREBRETHHTENRD ., iR ORBERMLICH
£ Rindk-LR{EZF OEAIC L VHBEIN=Z &M Sndk-1
PERBETFTH B EMWREINE. LEpspik% ndk-
wAHLF 3, RBERORTHS LERT LU TEERE
STEOBEENRRIN., EHRE R T H SParaquat

(methyl viologen) %°Bleomycin% 4§\ iz #5 L /=154
DHBEHR L. TORKR. WAL BICHBRZMEER
Lize 5 ORBRZUENTKREKZDNARY > )\ B
BARLVRIZEBHONEEBRS) TFREOEBENIZE
ICEB2bONEHHT ZDBE. BBLAKRDUV,
HEBEOHEEZA TN, HFEBRRRERRTHS
superoxide dismutase (Cu,Zn-SOD) D/RIE#:T & 3 sod-1
& ndk-IPPHQ R O BRFURZ Y ORBBMNE
PILTWB ZENSsod-1DYIERIDZHE L. *
DREF, ndk-172 1[5 % T PR OYCKFFHIEL FRitic
RENBD S Nz, ZOT EH S TFEREMEDICREFR
BFEICEANOEERRD TN 57 5 rTAEEN%E
AbN5, BFE, SODEkCcatalaseFk ORIE R —EH
ERKIZE BNDK-1& D AL FHEZRB LTINS,
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¥ N 2EEWNFHIEF ERF3 EHEERT A EFF
v A BEE NtUBC2 DT
AU ', FES ' LEERA L BAES
EEFHS, EEXE " ((HKE - B, *RITE
STHbE - £, ‘HKRE - £afE)

IF L V&M EE RF ERF (EREBP)IE GCC box
%4 L T—H# D PR (Pathogenesis-related) E{nF P
Bz 5, BEMHIETF ¥ /Y2 ERF3 Of{x
FREBIEALADAPLRAIZE DFEZINS DT, PR
BEFORBFEICIE ERF3 OEENHIES 2 &5
BLUNRVTRICHEHT 2BBILETH 5,

EERFDEL LNy v BEMEARRE LT
HH%%TA, #Z T, ERF3 LHEEHT A%~
7B % 3— N 5BIEF % B two-hybrid system
WKEWHEEL, 2¥FF U EEBE (UBC, E2
enzyme) x I — F¥ 5 &{EZF % /Y3 NtUBCI &
NtUBC2 % il L 7-, NtUBC2 ix ERF3 4RI 7%
B EAHEIER L7122, BEESILEF ERF2 L i
MHEMER L2 o7, ERF3 & DR AR
76, NtUBC2 & ERF3 D¥nE#IH]IE M D Fil# % A
LCPREBIEZFORBAFEICHES T L WREME DD S,
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YOA X FAFREMBIIBITIIEREERED Y 7TV
R I R A K N—¥CDORERIT

BARIERI" 2. Frimee', PR, BWAT, mm—iEh 2
(CEERE - ¥EMS-F. BUEK - £WRbE, ERRK - AWERF)

BEHEYIIBWTA /Y b=V YIRERH PIASH 34
ORI & D IERLT A Z EBBEESNT WS, BHF%E
TIREFIL, Y04 XFXFHERMRICB T2 EEREER ML
AT B AR AR 28— EC (PLC) DIFHRE IOV THITZ AT
ST EICEY, BEER ML RAISEOERIZERMICBITAPI
RBOEHEZALMITLIILRZENELTV S,

TR7TRBMBLIC BT B4 7 ¥ F—v3) VB (IP,) EIENaCl, ¥

= b= VOREE KA L TLEZI0 LA — B ERT
o CHO—B ERIZ, PLCRHEFICLVHEES W LR Y
P OPLCOEBR ERIZEI 2D DTHAEZ LT ok, BERE
A PUASEBRBICBITAPLCOREZHS 2T 5729, PLC
FELEEH# % ALHE L 7= MR 12 BT A RIS E M RIZTF O RFEFHIC
DWTENZITok. TOKR, 244, U7312212X D
rd29A% D REFREFEPFREICHH SN TVRE Z EXHL
Mhekol, BEER P LVAREIZBITAPLCOMER S 612
EENICENT 2720, T7EEMROTEERRELHELL.
TR7THEMBIIBVWTEHICREDBMWPLCOKRET S TH S
AtPLCls. AtPLC2Dt Y R, 7 v F+ v AWREHRMI % VEHK

LN 24T 0720 FOMR. PLCEERREOTEERMRICE
WTERBER M VAT DIPDELER, rd20ADREFRER
FENERBICEALTWAZ L Gh o7,
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FAANES 2 Y VREFROMBER L ACE

LI PeER1.2.3, SR —B32.3, Gl ET2.5, MR W1, KA 44
F2.3 (LHBK - EWMRE, 200KE - EWEF - 5 TRE,
3JST + CREST)

HYIFERIC LD REZEOHEC, REAICIDIBRIC
MUTHDREBTHIZTo TN &5 NTNS
M. TNBEAMVABEDOT T FIVETFELTCAZTORE
AWRENTVD, —F. BWERRLY., EWIROERO
HRENERIERONIIVEY 2 Y (CaM) 2FEEZH-
THBY, ThENNRZIWBERAL TWH I EAFREN
TW3, I TRXIE, REWRCaZHS I FNRET N
URTHBCaMiZHEEL., EFBLVINIETI U1
A (TMV) BHRILDERLECDNAS AT —513
EEOCaMB{ET (NtCaM1~13) %HMEL=. Th5RT
I /BEFNOREH4EENCaMEI—-FL TS, BAD
34T TRTDOEYICaMEHMT D EXNFTEL, b
%, NtCaM1/2idR 7 h®OPCM1&, NtCaM3/4/5/6/7/
8/11/12&NtCaM9/10IR E X XML D BB TW
3CaM&, NtCaM13i3# 1 XSCaM4 & EhEhE W HE K
Z2RUEk. 2035, NtCaMl, 2, IFITMVERRIC X 28K
BEISIZE > T, NtCaMl, 2, 3, 4, 133HEITE>TEN
FHREEYOERSH SN, ThEORRIE, ¥R
BEEETBWTHEEROAINEY 2 U OBHRICHIEL T
WBZEERRT S, BE. BRNFGZERL. F180
RUANVOFT2{To TV,
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FRMRER NI AEEY /0 RRETF0sSURL
DRIAFE

AHES. RFR. KEME L0FEZ (8K
EYISEES—. 1 (Bk) FY /)

HEYARICENT, MEIAMENE L TEETHSI(E
MYTEL, REFRAMBOL/FIEFELT
HIFEEN TS, HICE > TRATEZR(T5RE
FHEBARWICKBTA/-0IC, MOBLAAS BB
BEAIARLY EBEL7=mRNAZ 7O—TELT, M4
OF7 LARIFET o/, CORE. BRREDORKEAI
RACBWTRAVSBRE NI /o0—-082D
(0sSUR1,2 sugar up-regulation) . {E¥ERBEREH I
ATRNTSHo0—205D (0sSDRI~5 sugar down-
regulation) RIES iz, HEERMIZ NS DREF
EMEEF—T7BRFELULEBR. 0sSUIR1Y /SO R,
A9 AREEF—7 THAHEF-hand%® 2 HFERTFD
CEMBESEMERo e, KBEICRIRE H/20sSURLY
YIRORIIHAINS D LAEEAREERLI, 0sSURIDFIR
HlE A, WA, EASNBERLAENIIZZERE
J—YUBIRLY, WTFhHEEELACRIAD L
B, NSRBI, 0sSRIDRERBEEZMITLE
LA, HBEROBICBVWTRRALTINAZENHAS
MEEo=, ThEDT EMD, 0sSURLZIBIZEDNR
EHRBEICBW\T. BEANWSDADI I FIVGEIC
BELTWBRZ EMNREBENE, COMRKE. Bk
gﬁi*-ﬁ/A7n910hm&nw)®ﬂM§
( -0
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8312

k7 1 o U EhIERE O SRS R 2 AR TEHERE & SESREIRR
THESNOMWEFTEICRDLD Y LV EX T —E
i #, R. Kaldenhoff!, AREFEF| (KFRTTAX - B -
£ EK, 'Julius-von-Sachs-Institut fir Biowissen-
schaften, Univ. Wiirzburg)

rvEvay (Zea maysL.) SEEREDOIIRMIA—F
VHERE, RUNEMY 7 FTAZEDE S Z—E LTHW
TEY, INbOEEMBEEITIRE IR L7 hIEHIC
EETAIEBMLNTVD, ZNODHREZ S LIT,
et (5mm) ZEIBR L7403 O AR TRERIC
34 5 #{nF% suppression subtractive hybridization
ECHBET AL 2RBT-E A, HET I/ BEFIN
B, ZuRVExRT—E EHRENE b OFHL DNA A3
Bohiz, ZORETO mRNA [IHEER SR TRREMN
KHEBELTBY, £ 0 5mm UTOHEEHTEIFL
AEBRH SN2, UL, BiRECIRTDE, %
BHEIT3 05435 9 047 DOMIC EH 5 mm DT EH
THIERGhotz, TRHOERND, FELLERE
FOEURIEE, A—FUKEE, HHVIEEY
TFIVRER L RRERR I AETIME, ROEOBER
BIZEDBHDTH D LEESIND,
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PAEREBEARLAXF V3 TR VI -
HEEBB O OB

BEER, FELF, BHEF®, BREA
( BKBEWRR, *HEK BRAEWLER)

1 XOERMBRIZBNYT, FF4) IV 4
—E L TRARBHERE 2 HET5, INETIBI SN
WUEFF o4 IHEF R IR ABER 2T
WHRICEBTAZERES T . ZOFF IV V%R
EEBEINBHK 75kDa ORI F o4 TEES
BHOBFENRESNE, Y

IO ULEERIZBNT, NS IR E L BB RRDE
BHiIZ& o Tid, 7€k D 75kDa DB L F 2 EDHFRDAL
Bicb oINS EBEEMRE SN 20 2 BERY O
N2 R, FFoT) oy —pEEERL, £ 8O
FFOF) IEEEEL OFENER S Nt oEY ©
BEICbRWESNE, £, ARNEES & B TR
HelAtbREERNOH. I Y —REABHEEE
ETHETIEELTFRERBINTVS ZENTHEIN
T CNHDERNTY V¥ -t & 22840 2 BikLE
RTHONEINESIRHNPTH B,
1 Y.Itoet al., Plant J., 12:347-356 (1997)
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FF AN T2 FERMBCERT S
MRAEE DR

BKAETE, KEER KGEH, REME REH
A, BER— (Bok# - RIEMRRGT)

FFOAVIR -4 XBREBICERZES
&, —EZDNBEEERTREFRACTI 74T
LF O VEREOHHIEENBRREIND. EHRT
X ZNhoDOEMBEETHIAF 7590 R
&, EMBRENR REFRREOBRFRICOVTR
WL BBHOSAINSDAAFA LV ERETHEN
HISETHINUDAAF D, MEREEL
BLUREFRASOE A, HBEREMELEPT
Yoy —EERGCTFORREEET S92 /OK
Y OB LB EANK-252al, hUDALSLF KT
ZHELAEDN, CHhE5ZE2TYSI—-LRZLTHHET
B9 NRORMRY L EERBEERICalyculinAlE, &
DOAAXDBEERERBLEM . LEDER
LV, AUDAA TV OREICBDLBIEFITHILY
DAICK>THEEN, MHDCalyculinADERAD L
HRICHBTA2HDEMERBENE. £7=, CalyculinAl
AWV DAZEERVEMPTHHBRBELCES
WU RE, WO ANRGEFRIROEHBE
SRICRIZFTERESSICRIFTPTHY, TOBR
HHETHETS.
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ORI EBHETY I —ICEXD BRI NS /NOEE
MRS D BBBRAITEICBIT B A A > F ¥ RV DBE
FIHEEEL, FHEKE, EREN, PRE—!, R#EHNE?,
PEfnE (RRERK - BT - JSREYRE, 'BEX -
BT AHEBK - EMHTFINEHREL > 5 —)

FNDEEMEEY NV EHRTY S — (Y
TRTANERBL. BEEMETEFET S, 1
F BN BECC R MRAY RV EERAN
THEITLE#ER TV Y —UBERIC—BED
Ca MARHBMBH RAZIZILD ET DHE L1
FT7I9IANFEIND ZENHSMERS T,
—%. BEEMEEIL. B1 A4 F v RIVEER
(DIDS, A9C)IZ & N5E£IZ, La** (Ca®*F v RIVEHE
B X D EAICHE SN, E-MEEENLE
H'7 5 v Z A%, DIDS, La*, BAPTA (Ca**¥F L — k
&), K-252a (FOF1 >FF—FHEEANICE VEE
SNz, DLENS F)NO BRI BV S B 8UEE
FAZE DIE MmER MBI £ DCa® F v )b, RaA
FoFrRI. FONRNVEY) VEBENESELTWS
AIREMEINRB S NS,
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IFBEMRICBNTAHITREL) & —IcX0iEHE
fesnz o7 1> FF—EoHE

RFE—, MRET |, BBEAN |, FEfnE
CRAEEMK-EBL R EMRE, ' BKE - EWH)

AFRIBRMIRE V-7 EF )V FA) TR REL .
—EOLEBHHERIEZEE TS, RLTREHETT IV
WU BRACEZRAI2ET S, AT 7 — il
KEOIEED LR T8 HEOTOT 1>+ F—HE(PK)
ZRRHUIZ, STUEREMS NV EMBP) 2K HE
T2 F& 44kDa O MBP FFH—EDiEHII T
—HLEER § SLANIC ERL. 60 £ T BEFRIEEE
TRALIZ LA T-S ZEBETDHI I MER
D PK EHDFTV S —FIMOEENRDEN
feo 2, PK FAERI K-252a i3 TV —ic ki x
NINSD PK DIFEEEZIHILIZEMS, TU
S—RIRITAESIINSD PK OIEHALICIZRID PK A8
MELTNBIENEZISNz, L EDFERED, Zh
52 BEOTOT>FF—ENT) ¥ —E g
ENBEETHIENRBIND,

5317

FFOFVIFETLY Uy —ICEDFEHEINS
A REEHBROAF > T 5 v 7 2D FHEOR
iy
FIE RS, ERNRA, FRKRE, BREAN, HiEfsE
(RFERA - BT - ISRAEWRE, BKE - W)
FFoA)TELY > —ITK 01 REEEME
O—EHOEKBERENFEINDBETIE, >
FVGRZEOANRKEE L TREN D—BtEOBE
MOBRIBEMBEENLEAF 2T Ty 7 AN
HEIND(1-3]), ZOFFEBEZRAT L0, 1
FBIREBEBIVFF v RIVERFEHEIS 27 A
EREELUMBITLZHER HORACHRE OB
IR > TCIOMEMNFBEIND I ENHSNE
20, BB WO ERE &72> TS ATREMEMN
EZz 50, HO—@MOHRAR. Ca¥'F L — M
(BAPTA). 70751 »F F—HHEHI(K-252a) IZ&
DELIMA SNz, CrOFHH & BB,
H OWMALBRHEEE)BRICEES T4 F
T RNRAF R T OREEF DFEEEICD
WTERT S,
(3Z#K] 1. Kuchitsu et al. Protoplasma 174: 79- (1993);

2. Kikuyama et al. Plant Cell Physiol. 38: 902- (1997);
3. Kuchitsu et al. Plant Cell Physiol. 38: 1012- (1997)
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1 XEEMROFF O YL AENEERE
FR O il 48 D AR 4T

WORE AEAET BBEA (BKE BEAE
Y &EIRVFFFT)

FFUORLY F I3 REEMEICH L TRV
oy —ERERLY, FOMHRIGE L TEEE
FE2ERT 5?2, Dihexanoylglycerol (6:0-DG).
Dioctanoylglycerol(8:0-DG) Dioctanoyl
phosphatidate (8:0-PA) HV5& U iE 1 Bk 55 4 pRIE M
ERL. SSCFFURIY P13~ RERMR
IZX LT DG & PA OKIE/REMEFEL = &M
5. DG & PA IEHEBROERIINTHEZHIR
AvtE Y —THBZ EMNRREIN, BEME
@ phospholipase &M 2T L =R, HESICT
)7 —InEHD PLD EHEDKIER ERNRBD S
N, ZOFEMIL protein tyrosine kinase DFHZEH
SLER L 7= MR S U 7= RE S TIRKRIBICED L
TWEIENS, FFURIIVI—ZFENS
PLD @ & ¥ {£ ® R I protein tyrisine
phosphorylation 2385 L TW5 Z AR E N7z,

Y A.Yamada et al., (1993) Biosci.Biotech.Biochem.

57, 405
2 K.Kuchitsu et al.(1995) Protoplasma, 188,138
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EFXF AT T2 B RWKILILDMED
ABA ¥ E LD AR

s R, MNERESF, RREH1, HHKH L
g GRRERK - BT - ISHEWRE, 1 E -
e AE)

K[FLEASRBRICBISFLIMED Y 7P U
(ABA) > FIVmEICIR, ¥ /X2 B Y) B/ TRY)
CEBAEEN U AT O F v RIVOIEEHIHNEE
BREZRLTWBD, ABA ZBEEOHTFRIEEIT
FEINTHST. REBMLBHSL TR, &
ZTEFF AL 7= ABA(bioABA) Z& L. KFLTL
WHRIZ 3BT S ABA fEEEAL DO RIRIE 2R ATz, vV
IIAEIOALRXRFZXFIZTBNT, bioABA IZEFLD
BASH., FLIOMIRR 7O R 75 2 b DUHESIC, 5
WSS ABA LRIBROEMEZRLEZ. VITAD
FLIOMRE 7O N 75 2 b % bioABA. BEERLT E
DT U=, BABEMBECHERL —Y -8
METRELIEZ A, MRRERRBIC/Ny FROBOKL
NEEIN., ZOBMNITEEFRO ABA OFMICLD
BAUz, Ev0—HA MA—Y—FZHNTH
HEREERBIEIT L, 25 L-#ERIIEILILT
MR DM ZEIZ ABA A5 S ERALAFEIET 2 AIREME 2
TETDEEILND,
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VI ALUMALN S OSNFIM#E SOF4 > FF—F
CDNAD B & F F—E D E AL FAIR

EkEFEK, TAMT. KTFEAL ISR

UK - BE3E - EHFE)

K[ALMLIZ. A XL > TERIZEBEH -ATPase A% 1+
b, ZORRELCH270b > OBELLFHNLIEHERE
ERO>THEBEEINS, BIORLDMET, TDHOH -
ATPase DIEHE(LIIC KRB CHEFEEDO U S EEkick D 3 &
EIINBZENHENMIR- 2. LALUHEBHSEERNS
B EEH -ATPase £ TD Y 7 FIVEEICDWTIZ RB
RN, FRETRECAO L VIV EECHEETS SO
T4 2FF—tEDCDNAZ BT 2 HMNTERZITVWUTD
FEREERE, VI AILOMIBCDNAZSER & L THEANOF
F—HE RAAL & EITHE U /zdegenerate 751 <v— %
WT, RT-PCRZ{T27/= & T A8DDcDNAKIENES N,
FORTHRD O— 2 EDBZWNWVIPKLIZE L T3'RACE,
5RACERICE DELECDNAD S — VT AR RE L=,
VIPKIBEFIZLELTIbpOFHHEDO 051 > FF—Hik
LFTL557 2 JBEREDY )2 22— RLTHD., FF4—
T RAS D OEFIN SHEYSNFIEE S OF 1 > FF—+FD
SnRK3Z )V—TZ@T B £ Mo 1=, viIPKIBRIGFRE
DHBKEREEZ ) —Y T 0y T4 D VETHANEKR, 7L
DO THZ S RENR Sk, KITVIPK1 %2 KB
BEANTREIEREE%. Jo51 o FF—tFEHRZRAIETS
&, Z0FF—EIRES) VELEEEHE, AYTORAR
U OTHEXNE. SSRFF—ERACVIRKERZ AN
TEHE, FF—UCEENE RS I ENRREINE,
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KILILDMRAICRRT I AN >0 LKFETOT
1 FF—EDRH

AT - KT#A - BEH—B (WX - fRE -
EWMEE)

FSHLFBs CRRBEACKETIL8M5N
T3, FTHEEXSRILPAILICEIBTHTH S,
BEX(CL> TH-ATPaseds;Et{tch, TDHE
REL370 b OARSKRILAILORER N L
3LEZ25NTIVS, BEBXICEKELETO MY
BERBEOFF—CHEERICL>THRHZNS
ZENS. |ILRFLICEANS DA/ ANED DY
MEENI A UBHF - (MLCK)., £&EH
oD AMEKTES. DVED Y VEERTOT
A% F—¥(COPK)EDFF—EDBBENEZ S
hi=, #ZT. SILALICHASET S +F—EDH
BMEZEMNELT, YSIAILDBRICHFET 5
BoFFr—rIcHLTO/O—ZV %70, €
DER. 4HBDOCDPKAILIMBICTFEL. ED
55300 FLBHRICE<RIBL TS Z B89 D>
7=, 3DMCDPKisoform(VFCDPK1,3,4)IcBdL
T. ¥#MDcDNA sequence. #ilBRNEE. €L T.
FF—EEHICDOVWTHRET 3.
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No72z25—¥ - LR=I—BEFICLBIRF2ZT
S0 74 o H-REF2PT2-3DA PLVABETOT 7
4 DR

L, WHIER, WilE (MKkE - £980)

RFAZTFDOU 74 v H—(ZF)REF (EPF7 7 =2
=) ®>55, MED 274 H-BzFREFH. #4
BAMVRICL>TRABBER(TDLEZBASMICL
T!te ‘FTBZPTZ-ﬂis “\ ﬁiﬂ\ Eﬂ\ anaaa
DAPLVARLEICH LU TREN DM BEL., £
FIERPYRELTHASNBIF LV, S+ AEVE.
EMBECLOTHRARBER(TS, SE. zrT2-3R
FBEFOR MV RAGEERABREBOZMMISFEY TILY
AALICEZI—FTBZLICL>THFREFOA M LRI
EiICBIT2EREHRTE0D, zr12-370E—~9 —1R
BN 72 5—EWORGEFEOMERCFEEBAL
SRy O EMEEBEL. 20-VE/ A5 —
ICLBMBrETo, TORER. ER. EEXMLRIC
LV, BEILCGEHDERMR SN, TORSITLIATR
LI ZPT2- 2L VB BRWVEETHD &b ho e, ¥
7=, PT2-37O0E—9 —(3BLEBICHLTHEEL. &
BRDOAHIZO TEULEBORICENTHLUGERD ERHLE
VI, DATIVIREENSEI D EMBSNIC
Bok, COEIBLEENS =T, HEYRIVE > ICH
FTARRMISEEESIC, AMERKICHETIREFD
RAGELLTBY., zrr2-30/RBIBERECBAELTWL
AUHEMETRE LTS, BBEAEHMZPT2-30RX LR
BESICRIEFTHRICOVTHEE TS,

- 8323

5 ¥ Synechocystis sp. PCC6803 D {&iB RN
DB
SAAMR, F®ER', HELR (ZEEH, BFK)

EYIRIBEREOELTRML, REFOREE
FHLTHEEDL, EFLTWS, F4I1ZT VE
Synechocystis PCC6803 @, RIBRENETIC &
5 RRRFERAS AL BE R BT F DO R FERE O AT
o, 3EDLRAF IV FF—EFEUITDH B
Hik33L & D372 AF T/ FF—ED, EHDE
BRAEUREZETFORBZAHTAEKEL VY —Tdh
HZEERHLMNIZLTWA,

SynechocystisD B &1k & HIk33DERERRRIZ D
T, BBEEGETICBIT2RIZFORBE L BRENICHE
L7z BEHKTIR, BEFOEBELHRICEDLS
Y UNZEDOREFIMERICE VBEEICHFEI N,
743 =L HER ] OHRSY VN7 BiE
ZFORBEMERICE VIFI S iz, 6 DIER
FEMBEFIZ. OHIK33DZERIZ X Y ERFEMS
LK) BRETH, ORRFENIEI T 5E
ZF8., OEREBFEMIFEE Y T 2V RIZFEE.
DIDDTN—TIIGREIND I ENbRhro7z, &
NOSDOFEEDS, HIKI3DIE» AR ED DD 1
DDk —BLURGEFREARAGRVFET S
LR E Nz, B, 8§ 2 DRBRIBEORE
ERATWS,
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AXDER - MA PV AKHETITBIFS 0sCOPK7 > F
IWROBBERTEITDNT

ATEBT. FfEMT, AlBE, RIHEE!. HEH,
MEE. WWAMIT!. RHE GUKBE - £®Ft¥E. 'HiL
Kbt - B8 - INERD

A1 RICBIT DR - HA ML AFEME DI AMEERE
7054 >FF—¥ (CDPK). OsCDPK7 ILBEIRBIHEY
DFEFMS., LA L RICHT BMEORKRICTFEL
TWBZ EMREN (PlantJ. 23, 319-327(2000))
AERMBEL TVWIHMZBHASHNITHENT,
NoBERBAKEFAERICB T, 0sCOPK7 EFDTF
HTHELTWS EHEIND rab16A DREIREAL DM
Zinstu/N1T TUFM Y= 3 > BIUGERB LS
BAEEAWTEN Uiz, FORE. OsCOPK7. rab16A &%
I EERTIZMEE R R, BTIRHOE - EBRAERE - B
DERBICBNTRENCRERL TWA ZENHRIN
7. BREIRERFKICBNTD, 1ZIEFE CHE T OsCDPKT.
rab16A DX D BVWREANHER I N/ZDO T, BEFREER R
Tl CaMV358 T OE—F—NT NS DAL TD OsCOPK7
DRBEEARL THEERCE>LEEX 5N,

iz, YT FIVEEBBERASMNITS0. Hikz
AN SRR b REEITP TH 5,
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FYVICEVBBEINAIWMOTAREIIFL >

ERICEYREZND
ERBE, MUK, PIMER ARFIA FEXT. &K
(ERHBFE, | HTRBBHRE)

TS BHACEAF T FDERSTH D, HEMICE
DAFNZZEICKDEERFRZELCSE, BIZHER
EBERIT. LHALENES, TV OEYANDHFLA
WWTOHERBIEIZI X< DbhoTwia\w, ZRETIIRE3
TV URMERRT S O4 XF XFEBRCol EWsZ2 N
MEERERET 3.

0.20pm®DFY > RBIZ L O WsTIZIColic L REE R D
BT, BOESENEFICHNZ, O ENSWsIE
COllTHARTY VU BEHTH S Z EMFRE N, /—H
INATUTAE—a DR, AV RBICEDWsIZ
BOWTIF L > F#MERET (PR-3b, PR-4. PDF1.2) ®
REAKV, B U FIEBEERET (PR-1. PR-5) ORE
MCol& DHFHEIZE L Lo TWE, TS DBREFORE
ERRRICHENREZAWSIIBIT A ZF L U FUMERET
OB LRIV FIBFEMEREFORALRLDERL
BIoTWe. £, TV RBIIIOWsTIIRER 35
BIBICCOlDKI2EDITF L > 2RE L=,

REQZENS, AV RBIZXBIFL VEREDHE
K&, B FIVERIC K B BBUKSIR 2 RET 5 T EAHURE
Ehiz,
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RISD2o07usA 2 —BORELEBEREE
BOf. AREEE  (BKE - FAHKRH)

BMADOEERH L. BEERIIIFELRTaT A v
FF—EREELTNELEIOND, B4 VBEEE
ELTHE Uiz, X7 T (Populus nigravar. italica)
DIEZFENL 7 u—="7 L7z PnPK1 (405 7 3 / Bi%
E), PnPK2 (406 7 X /B E) 12, 7uTA v FF
—FR—R—T 7 IV —IEFERINL XL ETOYT
RAL U &FD, BEVWHEMEOR (88%) a7
AvFF—ETHbB, 4D mRNA X, /—HF A
TVEAB—Vavizky, RFF701|R, £, 8, F
THRE I, KBE CERLZHEBR L PnPK1,
PnPK2 #Z "7 EI1ZEC Y VB LEMZ R LT, &Y
Zix, ZeRA A2 LEE L, Mn2, Mg?, Zn*
TU UVBBERR O, Ca*DHMTIL Y ER{LEE
ERE oz, VUEBMET I BAICLY. BB
VUBIEENABRERZEY VERLA=UTHB I L
D5y hote, MMz PnPK2 # VN2 B FAWT U F
L., B 575 PnPK2 Hilli#iX, PnPK2 721}
T7< PnPK1 ¢ b RE LT,
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HEEMCBI2FRZAGC R TOT1 U FF—FDORIE
'\ MRS FFREETE] ' RYEA KHERF
(‘fK - B KRR - BRARHEERD

s (1
43 EL]

AGC R70F74 >FF—Hid, EELL T, BfL
NHELZDHDMREIEINTED, MENEREERICS
WTEERBREZELTWVWS, RENLZBDELT.
PKAPKGPKC 2 EDTO5 41 >FF—+ (PK) »dH 5.
EIAN, BEEYTRINS=ZDDXII—TD PK &
WESNTE 5T, S6K & PVPK %D PK AHEMIcBN
TiE. AGCRODOPK ELTHREEINTWS,

SE O XFXFLD. AGC FF—HIZETHHR
2 PK BEGFERELE. TZTERGEFOHRBMERTR
Eiiokk &l A, OBHREICBNTHHRARRTIE
ETHIENHEAL, SHICINSOBREFEEAD
AGC % PK OfitiEFERORMATZ2ITo/2E T A, Bl
MABICFEETOIFRBRIIAI—EERLTNE I L
MEALSMERD T, TITHBEFHE PKX &&FTT7,

BE, FRETFOSEBPOHRLBA N AL ZEE
BOZ{COBITEITD LAMKFIC. GST IAERHBEELT
RBEANTRRIE, TOBREEOREZT> TS,
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204 XFAFOERAF P FF—H¥ ATHK1 @ dominant
negative B ZEEBETF ZMWA Uz W RERIEY OBAT
HERE. FIEBHET, BHF—E 1, BETT

(Bk4E - ERRBRI - £WRE. EH - EY L T4EY)

BR&IHEY DIEREZEICHVT S Two-Component System
DRENEBITTHT LEEWNELT, YO XFXF05 N
KON 2@BFAOBEER AL &2FINTIT )y RBEEZXF
PUFF—¥ ATHK1 22— RT% cDNA 22 o0—=>FL
oo BT, BEROBEEREERKEZRANWT ATHKL 298
BOFTEBEL Y —E L THZEE2RLTEE,

RiZ ATHK]1 OEHITBT 2WEZ\|ITT 01,
ATHK1 OIEEZRELCERBLGT 28A L WHRERE
WOEHZERKA, TTODIC, BERO sinl RIEEHZEHNT
B4R ATHK1 OEMZEET S L5772 6 EED dominant
negative ATHK1 Z£2{& (ATHKI1-1~6) ZHEREEL~. ¥h
5 OEERFI 2R/ HER, ATHKI-2 12 N RKEID 641 73
JBNREUERME, ATHK1-6 13 ATP #& B0 s #E X
N3 726 BEDO Gly 07 X VBEROLRETH B 0D
Mole, LT, TNEDERBERTEEA L ZHEIGHEY
EERLEETA, BHRE, BOMERE, 2EHBE, &8
DOHEL, FEOEK., 72 b 7oV EREORENED S
NEBPEORMN D o7z, £z, THD ORFKICPIT 58425
HUERETFORBAEZFARTLEZ S, W ONDBEFOREE
MEABEOEHETTHIREL TV,
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7 I E RTI RIS HI#EFREF ATRR1I/ARR4/IBCT
B LU ATRRI/ARRS D RIGREEMEKICE S, 1 bAh
A TF ) TICBITHBEERIT

MEEET . HRER . SS—i . Samy!’
(CBokE. ERRE. 2EH. EYSF)

7S5 B2 R ATRRI/ARR4/IBCT & U ATRR3/ARRS (£,
KBEEORBNLZ VT EEBIBTHY. REEYT

BEBRICEITIREEHE. EYOIFL SRR

DEIZEPHARICEEND. VARV ALVFalL—9—

(RR) DHERAREFTH D, B4 (FZNETATRRI 5

ATRR4 D 4 D RR [CDWTHERIRZT o=, Chb

CIMERCERA NV REREIY A PAM=ZVICL> TR

ROEBEEINIBREFHEIENTNS, FRETEF NS

BEFOBRRERERTSE RSO EERLE, T2 H#
RZRA V=R TIZ. ATRRI BRER&ZIY FO-ILERY
ATRR3 BRIRE LB U VARV, WREFEDIC
FERKIIRohEho /. o a— MoLigih ETOEE

Tl&. ATRR1 BRBEEKEI YA PAAZVFETT a2 —b
SMEDSEIEEICTTHON. ATRR3 BREEICDWTIZAILR
BERUS a— baEbsiBE i, CO%METTATRRI
MRIVE(L cyeDI B LY cab REFORRBOSWALTEY,
ATRR3 BRERETIWFEN TV E, ERI ML RCHD
B rd29A BLY erd REEFORBRITSNR SNz o /=,
FRETEESIC, TSERTZARRDBEEICD I\ TER
ZI5FETH S,
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oO4XF+XF MYC RS > /37 B rd22BP1 & MYB 48[
M2 INTHATMYB2 D ABA S 7+ ) L JICH 1 BHE
LR, HRER. EWH—d . BHMNF

(MKE - ERRMER - EMER. 1B - ST

ERA ML RCK B RIZFRBAERIBEEAS »ICT 5 1
. Y094 XFXIFOERBMERIZTF rd22 RIZFOEER
EBIC OWTHRET > TV, rd22 RIZFIEFHERZ ML
ko THMU kMR VELD T T T DEB(ABA) &N
LTHEBEND, rd22 BREFOTOE—2—ICI13 ABA
Responsive Element( ABRE) #*TF#E¥ 3 MYC EBMECHI R O°
MYB EBFRECTIH" ABA BN L -REIRICEMD S XTI L X b E
LTBWTWABERASHICUE, £/, ThHD Y XEFIC
&8T5 MYC ) HBRM%EF rd22BP1 & MYB HREMEF
ATMYB2 % Bij U 7=, % 7= rd22BP1 R UF ATMYB2 (3 3£(C rd22
WIEFOGRICEMD D XFEHEN L - BEES{LEEEH L
TWBRIERERASHIC LT &L, SEH~ X, 22BP1 R
Atmyb2 %&BRIRE S € MR ERiENH ABA (3T 3 BR
MDY &, rd22 BIEFIBRICRR T L E#BS HIC
ULho UEDHREH EICIhSRIZFEND ABA 5 FV
STICE T BRENCOVWTERT S,

S331

rYOEOIVHEHREAF O FF—HEDNADIO—=
g

HEEF. RNBTFL ZILEX2 ( LBMFT | MRS

( VERRR- R, (EHERR S RE, CHILXRE-R)

EE. MEHEMCEOTE, REELEPLHRILEGEIC
B9 BT F ILEEIS His-Asp') B L—RABESL T
BIEMNBABNIERDDHD. MILEMD His-Asp!) VERY
L—% 1%, EERBIZILsensory His—kinase (HK), His—
phosphotransfer protein (HPt), response regulator (RR)?)3
BFHoMBEEShTOSEEALND, FoEDIVIZENT
1Z. 3 TIZ2OHPHR{EF(ZmHP1, 2), SEEDORRBIEF
(ZmRRI-8) Bl . TORBHXCHEEFRAOHRYE
BEIZDVTHRTIEADDH I, ARNEDITFIL
FZEERETIHHKITHT IR EIZOFELLESh TG,

SEFELIE, FYEOIVHSERF O FF+—H cDNAYE
(ZmHK1-4)Zo0—=2J Lfz, ED5HZmHK4IZ SO (RS
X+ OETR2L AT H =Y MULVEREIEZRLT=. ZmHK1-
322UV T, SEMTIIMOERMEZERLZAOD, TFL
LT a—0REELY—, FCKILEERMDEDE
MR EESL SO THREN B, -z RELRID—
DEBE, WEERIT . BLURB/NF—2 OV TRITEE
HDDH B, FRETIE, ChoFRBEFORE TN
KEDLITHRET D,

176
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HICLKDT74 b/ OLBHBABREZELDAAZ
ZAlLDWNT
WTEE. FAMH. REHES (FK-H -EY)

BYOEBOXAZBETHS 70 U DOAB
(phyB)& GFP MRAEEH K phyB-GFP (IREFI T3
HMEZECHTT I, BATIEBEANERL.
ZITHRNROBEBERERT S LD T &5
BRCHEBDO I IV —THh 5 BESN TS (Kircher et
al.,,1999; Yamaguchi et al.,1999)e LD LRSS,
phyB-GFP D Z D X 3 XX EKFH /ZMAAN B ELE
ZHBETAIAHAZXALCDODVWTIEAHSH>T
Wiz, SE., 7«4 b OADNEETHIEERF
T# 5 PIF3 (Ni et al,,1998,1999)& DHEEER (CE
BETHHEEZZ2H6NTIVS phyB D FHRDEEED
TI/BREETS_VICERLELEZS, D
TR % phyB-GFP #F(IBARRICE W\ THHMRK &%
RICH—CHH L. BRATOERRESEERRK(E
Renmmor. LM > T, phyB-GFP HSBAFR
TRITBEAANDER(L, phyB MHEKFHI(C PIF3
BREDGEERFLERTILICL>TRIBD
TlERWhEEZOE5ND, £/, phyB-GFP DS#%
ATERT 2B sak . KEEEREFD
TOE—9—fABLICEELE NS RAEFOHE
BRERBRLTVWADOTIEARNDE WD ATREMED
TEEN5,

F402

BRET 4 N7 O ADE(LEBNHE
WHREZE. FHER'. ZAHEN. BEaHES (KK
Bt - B - R, 'EEK - REREYESE)

204 XFXFIZBNWT phyB-GFP BAE S /%Y
HITHEFERIIEBIT L. AT GFP 80t ERER
ICHRBRIND T LEFARENREZLL ( Yamaguchi
etal,1999) . FHETIZ BRHROBAMTGE ( LA
% PHYB-body ) ZHBIL. £t ET>2
EEEMELE,

EEERNBHRZITO00RE O XFX
TTREHESNRBWED, £TH/NIT phyB-GFP
ZRBEIV/Z, phyB-GFP 1 NITIZBNTHHK
ERICEBITL. BRTERRICBEIN-,
phyB-GFP ZHEBH I /=& /NODH¥E 250g "5 3x
10° [l ZEN— IV BEELARE L BEHEIC L DB
BEL7-D5. PHYB-body @ GFP #itZ%£bE3Z
ERLBEEBEHTHRHGEZREL. 6x10°ED
PHYB-body ZHMEH L /-, FTOBEMIHNL. #H
phyB Fifk& Cy-3 £ 2 kHilk2AVWTRERER
Ty, GFP #AKRE Cy-3 HHABE—HKTHI L%
R L. HTE. ¥FiphyB FifkZE HAT PHYB-body
EEEICHEBML., BREICXDYCNIVEDOHRER
HTWDB, F/=. PHYB-body ZEIZDWTH 2/
IRBRERNY CEBERIEZRANTVS,
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F403
STRUCTURAL FEATURES OF BILIN CHROMOPHORES
NECESSARY FOR PHYTOCHROME-B  MEDIATED

REGULATION OF HYPOCOTYL GROWTH IN ARABIDOPSIS.
Hiroko HANZAWA, Katsuhiko INOMATA', Tomoko SHINOMURA,
Takashi KAKIUCHI®, Krishanthi Padmarani JAYASUNDERA®, Hideki
KINOSHITA', Keishiro WADA', Masaki FURUYA

Hitachi Adv. Res. Lab, Saitama, 950-0395, Japan; ‘Fac. Sci., Kanazawa
Univ., Ishikawa 920-1192, Japan

Phytochromes have an open-chain tetrapyrrole, phytochromobilin
(P®B) as a chromophore. We have synthesized phycocyanobilin
(PCB), P®B, and their analogs by preparing each pyrrole ring
separately and then coupling them'*. To analyze the structural
features of each pyrrole ring required for biological function, we
examined in vivo assay system using chromophore-deficient Ay/ and
hy2 mutants in Arabidopsis. Seedlings were grown on media
containing bilins under a 4-hour cycle of red light pulse irradiation®,
and hypocotyl length was measured. Inhibition of elongation in
seedlings grown with PCB or POB was similar to that of the wild-
type. If the methyl group of PCB at the C17- or C18-position was
replaced with longer side-chains, such as n-propyl, n-pentyl or n-
octyl group, the extent of the hypocotyl elongation inhibition
decreased with the length. These results suggested that the side-
chains of the D-ring of the chromophore is structurally important for
biological activity of phytochrome-B under red light induced HIR.

|. Masukawa, T., Kato, H., Kakiuchi, T., Jayasundera, K. P, Kinoshita, H., and Inomata, K.
(1998) Chem Lett, 455-456. 2. Jayasundera, K. P., Kinoshita, H., and Inomata, K. (1998)
Chem lert, 1227-1228. 3. Kakiuchi, T., Kato, H., Jayasundera, K. P, Higashi, T., Watabe, K.,
S . D., Kinoshita, H., and ta, K. (1998) Chem Lett, 1001-1002. 4. Kakiuchi, T,
Kinoshita, H., and Inomata, K. (1999) Synlert, 901-904. 5. Shinomura, T., Uchida, K., and
Furuya, M. (2000) Plant Physiol. 122, 147-156.
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DIFFERENTIAL INTERACTIONS OF PHYTOCHROME A IN Pr
AND Pfr FORMS WITH DIVERSE ANTI-PHYTOCHROME A
MONOCLONALS

Chihoko Natori*®, Seong Hee Bhoo, Pill-Soon Song® and Masaki Furuya ®

“Hitachi Instruments Service Co., Shinjuku, Tokyo 160-0004, Japan;
"Hitachi Advanced Research Lab, Saitama 350-0395, Japan; ¢
University of Nebraska, Lincoln, NE, USA and Kumho Life &
Environmental Science Laboratory, Kwangju, Korea

Surface properties of proteins are crucial for the function of
phytochrome molecules'. Using IAsys surface plasmon resonance
spectroscopy, we measured the dissociation constants for oat
phytochrome A (PhyA, 98% pure, Kumho Petrochem. Co., Korca)
and anti-PHYA monoclonal antibodies. Prior to this study, the
epitopes of diverse anti-PHYA monoclonals in our stock were
determined by using variously engineered recombinant PhyA genes.
First, PhyA was immobilized to the corboxymethyl dextran matrix in
cuvette, and the interaction of a chosen monoclonal with PhyA in
either Pr or Pfr form was monitored at different concentrations. The
binding profiles were analyzed by using FAST fitting procedure.
The resultant values of dissociation constants clearly indicated that
the affinity between the PHYA and the monoclonals varied
depending upon 1) Pr or Pfr form of PhyA, and 2) the epitopes of the
monoclonals tested. This preliminary study on a model system
indicated that the present approach to measure quantitatively the
binding affinity between PhyA and differently interacting
monoclonals would open a new way for the study of phytochrome’s
surface properties and PhyA:protein interactions.

" Song, P. S (2000) Seminar Cell Dev.Biol.
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INTRACELLURAR DISTRIBUTION OF ENDOGENOUS
PHYTOCHROME A IN RICE SEEDLINGS

Sam-Geun Kong, Akiko Hisada, Makoto Takano‘, and Masaki
Furuya; Hitachi Advanced Research Laboratory, Hatoyama,

Saitama 350-0395, Japan; 1Department of Plant Physiology,
National Institute of Agrobiological Resources, Tsukuba,
Ibaraki 305-8602, Japan

Endogenous rice phytochrome A apoprotein (PHYA) in
cryosections of etiolated rice seedlings was visualized by
immuno-labeling techniques, using a phyA deficient mutant* as
a negative control. Strong PHYA immuno-signal was observed
in epidermal cells of the coleoptile, in young developing cells of
the first, second, and third leaves, and in cortex cells of the root
tip. Nuclear translocation of PHYA in the coleoptile and the first
leaf of 3-day-old rice seedlings occurred within a few minutes
under continuous red light illumination, but was clearly
observed after 6 hours under continuous far-red light
illumination. The immuno-labeling of PHYA in the tissues of the
coleoptile and the first leaf of 3-day-old rice seedlings was no
longer detectable after continuous red light illumination for 6
hours, but detectable in young developing tissues of the
second and third leaves under the same condition. However
the level of PHYA immuno-signal was not changed by
continuous far-red light illumination. We conclude that the
effects of light on rice phytochrome A distribution may differ
depending on the cell type, tissue and/or organ.

* Takano et al., (2000) Plant Cell, in press.
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LIGHT-INDUCED INTRACELLULAR REDISTRIBUTION OF
ENDOGENOUS PEA PHYTOCHROMEB

Akiko HISADA, James L. WELLER', James B. REID' Masaki
FURUYA, Hitachi Adv. Res. Lab., Saitama 350-0395, 'School
of Plant Science, Univ. of Tasmania, Tasmania 7001,
Australia

We have established a method for detecting phytochrome
B apoprotein  (PHYB)-specific  immuno-labeling in
cryosections of etiolated pea seedlings, using PHYB-null /v5
mutant (Weller et al., 1995) as a negative control. In etiolated
apical hook cells, immuno-label of PHYB was diffusely
distributed in the cytosol. However, when etiolated seedlings
were exposed to continuous red light (cR), nuclear
accumulation was first clearly detectable after 4.5 hr and
continued gradually over the next 1.5 hr. Furthermore, to
investigate the effects of various light conditions on both
phytochrome A (PHYA) and PHYB distribution in single
cells, we have established multiple labeling using each PHYA
and PHYB specific antibodies conjugated to a differently
colored fluorescent label. Results confirm cytosolic
distribution under darkness, and the distinct kinetics for
nuclear redistribution observed using single labeling.
Weller, J.L., Nagatani, A., Kendrick, R.E., Murfet, [.C., and Reid,

J.B. (1995). Plant Physiol. 108, 525-532.
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AUTOMATED DEVICE FOR CRYOFIXATION OF
ELECTRON MICROSCOPIC SPECIMEN AT LIQUID
HELIUM TEMPERATURE

Akiko Hisada, Tomoko Yoshida ', Shigeo Kubota ?, Naoko K.
Nishizawa °, Masaki Furuya, Hitachi Adv. Res. Lab., Saitama
350-0395," Hitachi Instruments Service Co., Tokyo 160-0004,
? Kubota Techno, Saitama 350-1255, * The Univ. of Tokyo,
Tokyo 113-8657

Metal-contact rapid freezing method using liquid helium is
potentially best to preserve the fine structure of living cells for
electron microscopy. This method, however, has not been
used so often as expected, because of its technical difficulty
and low reproducibility. We have designed and custom-
constructed an automatic device for this method, so that any
non-specialists can now prepare for very short time as many
specimen of high quality as we want. We tested this new
device as to how well the ultrastructure of specimens is
conserved in terms of the distance from the contacted metal,
finding that the region of 10 pum on shorter distance from the
metal-contact plane was fixed in the best quality. We applied
this device to observe quickly changing phenomena by rapid
freezing and freeze-substitution methods, like the active
subcellular movement of the papillar cells in stigma.
Considering the importance of understanding in the subcellular
events of living cells in molecular and cell biological
approaches, this device will open a new field in biotechnology
in future.
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IMMUNOCYTOCHEMICAL ANALYSIS OF PHYTOCHROME A
LOCALIZATION BY ELECTRON MICROSCOPY USING

RAPID FREEZING TECHNIQUE

Tomoko YOSHIDA, Akiko HISADA ', Sumiko YABE' 5
Masaki FURUYA ' ., Hitachi Instruments Service Co., Tokyo
160-0004, 'Hitachi Adv. Res. Lab., Saitama 350-0395

We recently charactrised reported the rapid light-induced
subcellular translocation of phytochrome A apoprotein (PHYA)
using light microscopy(“. To investigate rapid redistribution
under electron microscope, we have applied the rapid freezing
method at liquid helium temperature using a newly developed
automatic device for cryofixation. After freeze substitution,
endogenous pea PHYA was visualized by
immunogold-labeling  in  ultrathin  sections, using a
PHYA-deficient mutant funl-1? as a negative control.

In etiolated hook cells of 5-day-old seedlings,
immunolabelled PHYA was diffusely distributed in the cytosol.
When etiolated seedlings were exposed to continuous red light
(cR) for 30 min, immunolabel appeared in the nucleus, as
small aggregations, whereas remaining sytosolic diffused
immunolabel. We consider that these aggregates may
corresponds to the previously reported speckled distribution of
PHYA immunofluorescence in the nucleus under cR"’.

(1) Hisada et al., 2000, Plant Cell, 12, 1063-1078
(2) Weller et al., 1997, Plant Physiol., 114, 1225-1236
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VERY RAPID REGULATION OF CYTOPLASMIC AGITATION

BY TYPE Il PHYTOCHROME IN Vallisneria EPIDERMIS CELLS

Shingo Takagi," Sam-Geun Kong,” Yoshinobu Mineyuki,® and Masaki

Furuya®

* Department of Biology, Graduate School of Science, Osaka University,
Toyonaka, Osaka 560-0043, Japan, ® Hitachi Advanced Research Laboratory,
Hatoyama, Saitama 350-0395, Japan, ¢ Department of Biological Science,
Graduate School of Science, Hiroshima University, Higashi-Hiroshima,
Hiroshima 739-8526, Japan

Using a custom-made, dynamic image-analyzer, we examined
quantitatively effects of light on the actin-dependent cytoplasmic
agitation in epidermal cells of green leaves of the aquatic monocot
Vallisneria_gigantea. We found that a type II phytochrome regulates
photoreversibly the randomly oriented, short-distance movement of
cytoplasmic particles. The phytochrome-dependent cytoplasmic
agitation was induced not uniformly in the cytoplasm but as scattered
patches where no specific cell organelles, such as the nuclei and
chloroplasts, existed. The induction was first detectable around three
seconds after the start of red light irradiation. The cytoplasmic
agitation was accelerated only in the microbeam light-exposed area of
cytoplasm, but no such acceleration was observed in non-irradiated
areas. This photoinduced agitation disappeared within minutes and
was never transmitted from an irradiated cell to its neighbors.
Cryosections of the epidermal cells showed immunocytochemically
positive signals when anti-phytochrome B antibodies, mBAO1 and
mBTO01, were used. But no specific signal was detectable when anti-
phytochrome A antibodies, mAR07 and mAR14, were used. This is
consistent with the results that the effect of type I phytochrome on the
cytoplasmic agitation was not detectable in the present material.
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PHYSIOLOGICAL ROLES OF AN EARLY-
PHYTOCHROME-RESPONSIVE GENE EN-
CODING A NOVEL MYB-RELATED PROTEIN
IN ARABIDOPSIS
Norihito KUNO!, Simon Geir M@LLER?, Tomoko
I Nam-Hai CHUA? and Masaki
FURUYA!; !Hitachi Advanced Research Laboratory, Saitama 350-
0395, JAPAN, 2The Rockefeller Univ., New York, NY 10021, USA

We used a fluorescent differential display (FDD) technique
(Kuno et al., 2000, Plant Physiol. 122: 15-24) to screen early-
phytochrome-responsive genes and isolated one inducible
cDNA encodes a novel MYB-related protein of 346 amino
acids harboring a single N-terminal MYB-domain in
Arabidopsis. We transformed Arabidopsis with sense- and
antisense-construct to probe the functionality of the isolated
gene product. Under continuous red and far-red light, the
antisense-transgenic  plants showed reduced cotyledon
opening than the wild-type plants. When plants were grown
under long days (LD; 16h-white light/8h-dark) or short days
(8h-white light/16-dark), one of the sense-transgenic lines
(OX-19) showed elongated hypocotyls than the wild-type.
Under LD, the OX-19 line flowered 5 days later (27.4£4.0
days) than the wild-type Arabidopsis (22.0£2.0 days). The
0X-19 line flowered when they developed 15 leaves, whereas
the wild-type plants did when they developed 12 leaves. The
0X-19 line showed elongated leaves (average length of the 8"
to 10" leaves was 56.4+4.1 mm) than the wild-type (45.6+3.7
mm) under LD for 4 weeks. These results suggest a function
for this myb-related gene in the phytochrome-signal
transduction pathway.
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COORDINATE GENE RESPONSE TO SALT-STRESS IN RICE

(Oryza sativaL.)

M. Arumugam PILLAI !, S. YANAGIHARAZ, H. FUNATSUKI!,
T. AKIYAMA!

lDepartmem of Low Temperature Science, Hokkaido National
Agricultural Experiment Station, 1 Hitsujigaoka, Sapporo, Hokkaido
062-8555, Japan, 2Japxm International Research Centre for
Agricultural Sciences Okinawa subtropical Station, Ishigaki, Okinawa
907-0002, Japan

Differential screening was performed by using the ¢DNA library
constructed from the seedlings of rice variety TSA 1, grown in water
culture either without or with osmotic shock (150 mM NacCl) for 3h.
Sixteen clones were isolated and based on the sequencing analysis three
clones encoding salt responsive protein were selected for further study.
One of the clones OSINP represented a gene that is expressed at high
levels during 24h NaCl treatment. The DNA sequence analysis of
OSINP indicated a similarity between the deduced amino acid sequence
of inositol phosphate kinase like protein of Arabidopsis thaliana.
Another clone OSSRII showed identity to the photosystem II w
protein.The clone OSSRIII was highly similar to cysteine proteinase
inhibitor which is strongly associated with chilling inducible and
drought tolerant protein of rice. Hybridization of the clone OSINP to
genomic DNA digested with EcoR1, EcoRV, Hind 111, and Sall
indicated that a single copy of gene encoded the salt inducible
transcript. RNA blot hybridization showed the corresponding mRNA
accumulation of 1.3, 1.0, 0.9 kb for the clones OSINP, OSSRII and
OSSRIII respectively which increasingly accumulated over time.
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PROMOTER ANALYSIS OF AREB GENES IN THE REGULATION
OF DEHYDRATION- AND ABA-RESPONSIVE GENE
EXPRESSION OF rd298 IN ARABIDOPSIS

Mohammad Masud PARVEZ', Takashi FURIHATA'!, Kazuo
Shinozaki® & Kazuko Yamaguchi-Shinozaki'. 'Japan International
Research Center for Agricultural Sciences (JIRCAS), 1-2 Ohwashi,
Tsukuba City, 305-8686, Japan, 2RIKEN Tsukuba Institute, 3-1-1
Koyadai, Tsukuba City 305-0074, Japan.

The induction of dehydration-responsive gene rd29B is mediated by
abscisic acid (ABA) in Arabidopsis. Previously we have reported
that AREB1 and AREB2 proteins function as transcriptional
activators in the ABA-inducible expression of the rd298 gene under
dehydration condition. In this study, we isolated Arabidopsis
genomic DNAs of AREB1 and AREB2, and carried out promoter
analysis of these genes. We found an intron having 321bp in the
genomic DNA sequence of §' upstream promoter region of AREB1.
Under dry condition, AREB1 construct containing the 321bp intron
had a significantly higher GUS activity than that of control in
transgenic toabcco. High GUS activity was also found in transgenic
Arabidopsis seedlings with this construct while were treated with
dry, exogenous ABA and NaCl. Histochemical analysis of
Arabidopsis seedlings showed a high correlation with its GUS
activity. In Arabidopsis plants having AREB1 construct containing
the 321bp intron showed that GUS stained strongly in leaf, stem
and root under dry, exogenous ABA and NaCl conditions. Detetion
analysis of AREB1 construct is underway and will be discussed.
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Hypertonic treatment induces a transient Ca**-dependent cessation of
cytoplasmic streaming in Vallisneria gigantea mesophyll cells
Teruyuki HAYASHI and Shingo TAKAGI; Dept. Biol., Grad. Sch.
Sci., Osaka Univ., Toyonaka 560-0043, Japan

Plant cells respond to various kinds of mechanical stimuli,
including touch and extracellular changes in osmotic pressure. In
mesophyll cells of Vallisneria gigantea, an aquatic angiosperm,
actin-dependent rotational streaming of the cytoplasm is observed in
lightt We found that hypertonic treatment with 0.5M sorbitol
induced, within a few minutes, a transient cessation of the cytoplasmic
streaming. The response depends on the presence of extracellular
Ca®, and was substantially inhibited, even in the presence of Ca”,
after treatment of cells with Ca®*~channel blockers, such as LaCls,
GdCls, and nifedipine. Hypertonic treatment seems to induce Ca®*
influx across the plasma membrane through Ca®* channels to produce
a transient cessation of the cytoplasmic streaming. Once cells were
plasmolyzed, those cells hardly responded to the second hypertonic
treatment until 12 to 24 hours after deplasmolysis. We used
Arg-Gly-Asp (RGD) hexapeptide, which is known to inhibit a
binding of animal cells to extracellular matrices, to examine whether
the intact adhesion of plasma membrane to cell wall is necessary to
respond to hypertonic treatment. RGD peptide markedly disturbed
the arrangement of bundles of actin filaments, however, it had no
effect on the response to hypertonic treatment.  This result indicated
that an RGD-sensitive adhesion is probably not involved in the
response. Monitoring of [Ca™]y, level during the response to
h ic treatment in mesophyll cells loaded with a ratiometric
Ca” -sensitive fluorescent dye fura-2 is under investigation.
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THE HIGH THROUGHPUT SCREEN FOR THE ISOLATION
OF NOVEL CLOCK MUTANTS IN ARABIDOPSIS

Shigeru Hanano', Anthony Hall',Ruth Bastow?, Lazslo Kozma
Bognar?, Ferenc Nagy? and Andrew J. Millar'. 'Dept. Biological
Science, Warwick University, Coventry, CV4 7AL, UK. ?Biological
Research Institute, Hungarian Academy of Science, Szeged, Hungary.

Like many other organisms, plants use an endogenous 24-hour clock
to synchronize development and metabolism to the day/night cycle.
Genetic screens for clock mutant have identified long- and short-
period mutants in Arabidopsis and other organisms, such as mice,
flies and cyanobacteria. Although some of these mutants have
identified central components of the clock mechanism in other
species, it is not clear that any such genes have yet been identified in
plants.

In Arabidopsis the expression of the chlorophyll a/b binding protein
(CAB) gene has been shown to be regulated by the circadian clock.
Here, to isolate mutants in novel aspects of clock function such as a
circadian gating, we generated an EMS-mutagenised population of
Arabidopsis plants carrying the cab2 promoter-luciferase gene fusion.
Using a Packard Topcount we assayed the luminescence of 1000
seedlings once every hour for 36 hours in constant darkness. The
resulting expression patterns for each seedling were compared with
those of non-mutagenised plants (wt.). 18 mutants have been isolated
from approximately 15, 000 seedlings screened. Six and nine of them
show a short- and long-period phenotype, respectively. We have also
found mutants with similarity to the gating mutant early-flowering 3.
These mutants may be involved in the circadian gating of light-
activated CAB expression.
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DIFFERENTIAL RESPONSE OF THE H'-ATPase ACTIVITY
AND PM SURFACE POTENTIALS IN ES8 AND ET8 ROOTS
OF WHEAT AFFECTED BY ALUMINUM

Sung Ju AHN" Hideaki MATSUMOTO', Res. Inst.
'Bioresources, Okayama Univ., Kurashiki, Okayama 710-0046,
2Dept. Hort., College of Agri., Chonnam Univ., Kwangju 500-
757, Korea.

Here we report the H'-ATPase activity and surface potentials
(zeta potentials) of plasma membrane (PM) vesicles isolated
from tip (lcm) and tip-less roots in Al-sensitive (ES8) and Al-
tolerant (ET8) of wheat by Al Al (2.6 pM) inhibited the H'-
ATPase activity of PM vesicles of ES8 prepared from only tip
roots after 4h treatment. Congruent with H'-ATPase activity, the
zeta potential depolarized only in the PM vesicles isolated from
Al-treated tip roots of ES8 and different resting potentials were
observed between ES8 and ETS8. Interestingly, H'-ATPase
activity increased and zeta potentials hyperpolarized slightly
after Al treatment in only tip-less roots of ES8 and in both root
portions of ET8. H'-transport rate of inside-out PM vesicles was
monitored by acridine orange and a similar result of activity as
H'-ATPase was obtained. The H'-ATPase activity of tip root
vesicles of ES8 was sensitive to Al (0 to 10 uM) in vitro but tip-
less root vesicles sustained the activity. However, H'-ATPase
activity of ET8 PM vesicles of tip root increased, though tip-less
root sustained the activity. The zeta potential measured under in
vitro Al treatment showed a similar result. Immunolocalization
of H'-ATPase revealed a dcreases in the intensity of apical cells
as well as matured cells in ES8 but not in ET8 after 4h Al
treatment in vivo.
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BEF— 1 - /RN 12 - ST 2 1 - MEKRE 1 - lOFT
S« PR 2 FINET 2 - K 23 (LRPHHEHPE, 2.

HARELEMPI%E, 3.CREST)
FALFEVERMLUEHGRZEEEEEFO—D2OTHS
Ids2 i3, BiIELAFREOESRICEES T2 ENHSMCE

htwad, ZhETI/ —FINT TSI E—arick
2T, Ids2 DHRZIEEME LRITBI 2 RENREAVRI N
TW3M, ZOBEFIAGKRINEEERICT2EMICBNT
HEARORBHZRTON Tk, EOEFINZORFRNORR
ZHOTWBOME. BHSEMITEINTWREW, £I T, FiH
KT 1ds2 @ 5 EWEFIZ RES BN DONOERKE
GUS BT ELHIZINIICHEAL.. EORBITDODWTHITE
fiolz. TOHR, Ids2id. INTITBNTHAFLF LM
BRIC—EDHRZICE > TREAVNFHEINDZ Z LNHASH

EfRolz. £, REERBOSBEBENDD (-272/47)

KBNTHRARIIBO TS D00, HEAMREICEHL TR
EeABED oY, BERBELEICBITHEIICRHRORER

RHET2EENEFETDIOOEEA SN
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ERZTEORERRLEFORBMICII=2FTF
I 8% (NA-Fe) BETHS

BEEET, et BEEE®, FA%T
:, RS, EHRNERC, EEET, HEGC
(1.CREST, 2.¥KBz- &, 3.EFEAPLK-H)

ZOFTFIDT I ) HEBEER (NAAT) 13AF
IBESREELELOBRTHD, GRSZA VAR
Ko TRENFEINS, NAATIIRFEICIIFER
A XBDORIHEET D, D1 XFHEMICRERA
BEERNAATZ R TFEEY TRIAI VL EESRHOM
EWSEBENS, ZOBEFDO—D (naat-A) ZiEFE
BT HHEER Y /)NT (naat-tobacco) ZERRL
7=. naat-tobaccoD¥EIIFEE L ERM /DO X%
2L, fE3RERBRERLARTHo =, 0
b O EE XRET OB S RORIEIC &L D naat-
tobaccoMHTSRERRIC R 2R L TN1B Z &athdh o
7z. FEiznaat-tobaccoTIINAYRRH E el =
AF7F I MNA) EFOBEIC L > TEIRF OO
ZIIEE L. NARHEESR (NAS) ZiEFIRE T3S
NJTHEERT B Z ETIEHBENERIN, TR
EfE L=, L L7AtS, WT tobaccoNDREEARTIE
BTOERLIIN oz, INSOENSZaFTF
I 28k (NA-Fe) IBIEEBIEDHR EBEF DRI
BTHBD T ENDMoT=,
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UTILIZATION OF N-FERTILIZERS BY TRANSGENIC
JAPONICA RICE EXPRESSING CUCUMBER NITRITE
TRANSPORTER (CsNitr1)

Sustiprijatno, Miwa Sugiura, and Masaaki Takahashi; Dept.
Applied Biol. Chem., Osaka Pref. Univ.,1-1 Gakuen-cho,
Sakai, Osaka 599-8531

In the nitrate (NO3; ) assimilation of higher
plants, nitrate is firstly reduced by cytoplasmic
nitrate reductase to nitrite (NO7), which is then
reduced to ammonium by nitrite reductase in
chloroplast. Rapid transfer of NO;" from cytosol to
chloroplast is necessary to support the efficiency of
NOj assimilation and to lower the concentration of
toxic NO2. Although rice plant can absorp NOj
and reduces it to NO2, rice utilizes NH," better than
NO;". We consider that NO2™ transfer might be slow
in rice plant distinct from general higher plants.

We have cloned a NO; transporter gene,
Nitr1, transcript of which localizes on chloroplast
envelope membranes. Agrobacterium tumefaciens
cells that contain T-DNA harbouring cucumber Nitr?
infected into rice calli and we got the transgenic
Japonica rice plants. Phenotypic observation
indicated that the transgenic plants were
hydroponically grown well with 40 ppm NO3 as sole
N source, while the growth of untransformed control
was inhibited.
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204 XFXFDZIF T F I AR (ANAS) #ET
O LA (1D
BA—K", PEHC, ERET, HEKC

(' CREST, "HURK ¥R £ R ML M)

T TP 5 Arabidopsis thalianaM > D=1F 7 F
I VA REERE (NAS) D3DDEIEF(AINASI-DIFFNEN
B3 /ue—¥y—EEEFE->TWS, 9E. Zh5D LK
B DOWTEICHEARET 2T o 0TI Z2HET 5,
AtNASL @ EFRIZBWTIL, Fe, Cu,Zn DRZE&HET
GUSEHD ERNASNZHDD, Mn DRZERHETIE
GUSHED ERIZA S Moz, ZOBRZITHREIC
B3 EEBXSNBEMICONTESIHNS T — 3>
V) —XEHBEL. BREBIR-o TS, AtNAS2D L
RADETTIL. HRARBEOELOT TS GUSEHRICE
fEixHsNBhoiz. AtNAS3ID EHRicB\WTITh—%—
ar® GST-1BEFOLEFREITHASNBIFL VIEE
BT AN K< UeNBEET R 08007z, DR
FICEREANZEZS, IF L IIHNTARIREN LR
D, ZORFINTFL O OBREICEETIRINTHZ LM
bholz, TOTENBAINASI ELF L2 EDBEENRE
= gt
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CO2REL LPHEMRAD TS  BROMRICER S
R
BA#X (TR - £&H)

1FEAES B Synechococcus elongatus [30.04
%N 5100% (2N =B [EWCO2BERMTTEET
%, FECBVCO2RETCIIEFTEESETT
B0, ChiFCO2(C L VIFMMDpHBET TS &
ICkdbDEEBZ SN, RIEHCOZRETTAE
BLES VREABMEROSEOXAESRBEN
RIZ-> T,

SEITEHRECO2ICLYET H{EPHORZ A
RBEHIC, EBRECO2TRDEPHEMGTTEE
LIS EOR<IGHEREZE4« DCO2RETEE
LieSEELtB& U, (ECO2{EpHTER LS
EMRONESRBRREFKEIL, HCO2{EpHD
1BE L(ECO2BPHDIBEE D P ERI/ZEZERL /=08,
EEDPHEFEIFHCOAEPHDIH S [T L /=
HERERLE.
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gxbvxm;b%ﬁﬁmﬁén64$®ﬁﬁ%
HYEZ, BEHEE, 1PHBTF. (BKkE -4
Y. 158EX - £9F%)

A XD, T ELRLICBWTHEX ML RIZE
VEAVWMEINIREFE~A 70T LS EER
W THEBRAICERIT LTz,

A3 (B ZABECLY 7 HIMETES®
7=DH, NaClZEIN UEERAGIZIR I L UL RE
L, 7= /——SDSEBIZLVHHHL7ZRNA

PORYA+RNAZAM L, ThEHEITcys

IZE VL 7=—F S DNAZ AR L, ATA4 RV
Z A EIZREY D) 7-Rice Genome Research

Program®ESTZ 0 — HEDDNAL NA T Y FA
T—ar2fTofkt, WHEBIILIIBEEKSE
HEARDL, BVEREEZRLEOTEAR Y
MZEITH0HE - BUBIZBIT 5 RBEROELE

BEMEERHTED LR L, 0.2M NaClAHRIZ

SV ERFEINIZI0O~20BD 7 o — U BBIRL, A&
HIZWA Uiz, —FHEAEIZ L D NI RBEN

mlEn37e—rbRNWEENRE, 50mM NaCl4L

BIZIVLVBRONIIHERIN, TOLVL R
FHOIVIIRBICEHRTH 7o —rBRRVWEER
o
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BEARITBIT BT MUY L ORI

BAAXRT, HE B CREKRER - SR -
HEYHRE)

KEF14H 8 (3.58) O *(IR36)I2100mM NaCl
SRERBREG5A 5 EFHI0OHTHETS. Z0&
EHIRNBT2R R £ TEENa TR E I EHRAIT N
Uk, EHNaTREOHEMEEIINRGITHEZN
2o Tz. L UEHIpHM6M S4IETFLAED, 1
HCa2tEEH0.5mM» 50.05mMICIE T3 5 &Nat
B EEIIN 2 FIcEmL 2. F—REBTTT XE
ZCalcoflour THRET B &, MBXTIIREINEG
WA D SRR, HENEENEIET TR RaE
N, TINS5 OFERIINaTEHEN S TR T 5 A
FERHL THEEICRATSIREEEZRT. J0OE
BRAEZRWTKI A RONat R IUTHET BLEY
ERRLIEEZA, TFL2F) a—-)VEEIEEG)
ICERERDRZRD . HEMLE (40 mmol
NaCl /kg) THEE U1 Rid1sr A THIEL 7228,
SgDEGZF - IBHM T B TIIA RIIBRE TERE
ULMIBRD30%DEINEEZZE T, ZORBRITT
FRICBATBANG™T N TR T IA M ERZEBHLTS

0D, ZOESEEMT S ETNat RN ZME L
EZRBTEXHAREEEZRLTNS,
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INEBT BT NI =Y AOSF, BB REY
h £F K B& (FIK - REH)

YARRBBEOT NI =AM ERICEE L THENES
RERVWTAI =T ATRMEED TH B, BRLIZY RADT LI
= AEEBEEZHONICTB DI, Y MENIZBITAT
NI=Y LD, ENTOEBEIRUHKAOREEICS
WTRR L7, 28 BEI7 VI =4 (S0uM) LHE L7 YN
WZBITBTAI =Y AOSHERESILLZ D, FLI=DA
BEIZEVEDNOHF LWOEICEH > TRIZED L, L,
—BEFTAI=0AFAE LY SIZBWTIRIES L BT
IR HETR LI B 4 BEBHRE =LAy /TH
SWMERTBHE, FOEDOT NI = ABEITNR L2
TEDAFDITHo I, CNODERIITLI= T ADM E
B~OAMHIIBBRICL>Taryta—AshTWa D L%
TELTWS ERICBITA3TAI =Y A0EBEIIT LS
=D AR —ESRAB L THL 7 I =7 AD RV
TBL, BRB3EOTAI =V LAOEMBRRHETI - LIT
Lo THRMLE. ZORR, HLLBRL-ETOTLI=
LABEIIEBDTEL, FEHTVEOTAI=Y AEREITE
DR, ZTNLDRERIIT NI = AN—BERTS
&, EVEDPLH LVEA~OFEBHN 2N LERLTVS,
THI=YLUBLIEEDOTD F 7S5 A b Lkl BEEEL,
TAI=Y LADOMBANOREEEZRARILLE A, TRTOT
NI =Y AFHRIAIZBE L TWE, T2 =9 AZRIBAAIIC
Va Bl 1:3 OEEOMBTEEL TV Z LT TICH
ENMZENTNAENDT, ZOEEDEBRAN~DBIEIIERE
DTNI=YAEEMETE ETEETHILEZONS,
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< ¥ Synechococcus sp. PCC 7942 DERBFEES /%
7 B SmtA DOEWHEHT

ZREZA, BEEM, AVMEEFS ILGHER, FURIFE?

gﬁqu <ET - WEE RK - BE BHL

< ¥ ¥ Synechococcus sp. PCC 7942 @ SmtA XA
DELBATVHEED LRICHN., ZORBELVFRXINL
BAIOFZFRA Y VNI ETH Do LB L,
SmtA IZEZEYDOA Y OF T XA DT I ) BOME
FESENC Eh 5, SmtA ICBITF 2 ELEHEARRI
HBEYDOA I OFZF XA L EIERR D LTS,
AR TIX, REFMIABAFHREZOEA L% RT NMR
DIHEIZ L D SmtA DAEWBRIEHEZITV. SmtA O&E
CREARAZMEHET AL 2BANE L=,
RKBEICL D ABRBERZHNT, "N Xid *C R
N CRERMBER L. SmtAER2ER L=, Zn*
LS L7z SmtA @ H - "N HSQC X~ %Z b )V & HIE
L. E5IC. ZWITTNMR A7 b sBshi=87
O boREOEMERED LIS, Y2IV—F Y RP=—
YU THEICE D, SmA OBRWEREET o0 D
BEDS, SmtA PICIXESB L EAT 2HEN 2 FFT
PN THEETAC L, SEBEREZLVFY TN
vh—ickboRrdb3zI e, BROEVIS, —HKIXES
BAZVH2EEE L. X1 EEE&TsZ 28
SMPI U, UBEEIHONTWRAYOFF RS
DHEY. ERBLEATIHEN 22 FCabhTE
L. BEBIZZFhZFNMIUTEET D, SmtA @
BENRBEIRRoTHED, SmtA FEZENO R &
ODFZ 24 VOMERBORETCHIEELION 5,

F450
Y04 XF X ELRISERET O BRE S fRT

R, MRS, FEFAE. (EEHE GRREMK -
BREFEREHRE> )

YL 2ESRMIERTHOWLE (Phytoremediation) %#BKERIC. ES
ROEMIEZ2HEENTLINTHNE, BYfE LT 01 XF X% B
SMTHKELTHRIDA (Cd) 2R, 500«M. 2 BWOH RIUAZ LA
Tk DFRANCEREI NSH 150 O mRNA H3k0D PCR MK 2807+ 77 L >
S NTA AT LB L OBRE LI, S5IC/) — > MHf& BLAST Ick 24R
HEMRROFER. Cd R bL Ik D ERRHHEITT 54 30 OMET R IR TE =,

HSP 28®H v RO EBDLNZ4B@ORET. INIFA> S bS5
27—t B/ FAF IS F—EDOLIBA L ASERET. HEABICEDS Y
T IR ARG TR ENH ol e, BEERADBDEEHT
4 MOEERTE 3 M0 SEBLER, SI5ITIIVEY A L EfEEINS Y LS
J%3—RTIBEFHEENTHED, T HURRICHOS EEX ShDE8D
BFOFENHIETE 2. UL, M¥IMERAOIMET ThH o1z,

BREL-RETDOSS 1313 H,0, A LA HBEL, The0®ETICd
IZEo TEULEBERR b L RAICBIE L TWATTREAE X S -, BEERTCV
CEMEBRO—EL. Cd ITMATAZ Y OARY S OFMICED mRNA OB
BIEOLIz, ZOZEE Cd AR LVAIRED ST FINOIRRITY SRRt
BIELTWA I EERWT S, ] (Ag). # (Cu). Bt (Zn) 1A KHT D
INSORGEFOREER/zEZ S, TNENITDONT mRNA ZHRRIINZ0
B2, MYAOKBISREICL> THVRDED &R N, #EYIcEX
5 Cd ORBELT, YONTEDT A=) T 1 VRECBILAA b L RTRENS
¥Fo5hs, SEOFERTRE N HSPMRNA ZHEBOMITD. W< DHOiltE
FD Hy0p A b VAADIGEIL Z DR AT 5,

Stk TSITHMIZIIERITI & & B, MEERQOBEGTOMRTHIEDS =
ETESRICHT 2EYOEERMEERL, ERNRINMUEY O/IHIZD
WreneBz TN, ’
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3L F  Phosphoethanolamine Cytidyltransferase (ET)
D ¢DNA 7 O—=J L {KRSEBRICE T 2 REHSE
FLERED " E LS5HRES " (BRKE - LiEERK,
JLipEREX - I)

KBIMLBETERINZIEEABIEED—DICHE
JEEDEBBEIEND D, ZHETICIENIEE DAL
1T K BIERE M ICB LTI F LIV TR
WHRHFEINTWEN, U VIEELNXIVOEFHIZDNT
[Z &N b= 2B

F&1E cDNA X207 LAMIFICE D, JLF KR
SHLARLICHRL ET 23— K92 cDNA WECTI %
&7z, ET 13 phosphatidylethanolamine (PtdEtn) D4
FRIZHBVT B 8kE%FE T 0 . phosphoethanolamine K& X CTP
75 CDP-ethanolamine 49 5. WECTI &z T3
1266bp L0785 ORF 2k, 46.7kD DY NI E%
d—RLTHD, #EF WECTI ¥V HEIE, e bD
hET RUHHEERD ECT1 EFNTN 43% & 34% D
HEMEZERLUE., ET IZHERARGEEIOED R L
EIX WECTI IZbRWHEI NN, NRmD407 3/
& D2 BBUKEBE. BIHRUEERO ET I3RS
NixnaA=—r2lE& TH o7z, WECTI OFRBIT4C,
2 M ORI EEHMD 1 K DEHFICHEES
N3HAKE—VERVLUBLI4ABEETENW LN
THeRrs iz,

B, (KRB H D PdENn BOLEEIZDOWTHIEZ
FToTHBD, TOMBIZDODVWTHHRET 3,
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HBRAES NI EO-Ea—OFF =V BETFIE
BI{LEETHEEIND
HA&S, GHFT= (BKE - LiEREARS)

BEHOBLICIITHEEELATHHEEOEELEE
TH3, ALFITBVWTREETOCEETECZS
ERFOBRPIIRERBEEL RO TWVS, FFH= >
13778 5kD @ 6-8 D Cys BEEHDHHEY N
VPETH?, BROWHEERZ>/aLFTlidal, a2,
B, TBELU typev BHISN TS, R&IZEEIL
ILFERICB T2 EEFARETEIZOTLA
HEIZK DML, Petunia @ 7 -thionin & & WHEMH %
REZO—CERWELRE, HEERFINAS THEEH
27 3/ BEFIH 5 3 LFO 7 -purcthionin &3 E7R
58 L WH A T DF A= (6 -purothionin) TH 5 HEAHS
REN/z, BELEOREHELT N RHEICIZI VL
BFzbDZ &, o, BEAFELIIRARD C RKWHD
BHERAS REFELRVWCE, £-24T 8 @F
ETEVATAVBREIEBECEILSREILNVWSE T
EnHTFeohns, REFELEZOLXD ) —F U8R
FTi, ALIEH% 24 BRI THRWREBANRRE ST,
Fh—ATPYAECE., ) FIVEBUETIIRER
FEINT, E<DFA = THASNTWBRLE
BIZEBRBAHEAIZIRVWEEZ SN, BET
TOMREBRIIRPICEL IR BETEZS
ZEMTRBE N,
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04 RFIXFORBICE Y EALT 3 RIS 1ERE
CERBIMEREICD T

EAXE', PHIER'", WiEE°, BEEER' (X
K- BREE - R, TR, A - TR - [5&E1L)

o4 RXRFXFonty FEIE, ERBI{EL. ¥
DHEEHEEEH2, O¥y FROPLEOSHEIC
SUBMWERBINANS, BELOOKL VWVREE
HTTERAZSUVEVEBZRENICRET S
CIIEENMTH S, B4 2, RuUBSBCOEyY bR
ZOBMUTIT o ABRRREZHERE Lo RE T
DAET, MUSBVEE)REFEERBHES LV
{ERBLEENSKENCLEZRWVELE, 51270
JoaR - BEEENELE. ChSIEEDRE

MEOHEY LRICLATILBNENTNSD.

SE., RUSBENVEZTOLABENSKEN EZ2HS
ML, UL, WS, CholEMER
EENICHBLSELS. TOROERLERTILE
BH3, EEFENREFOEEENRE. EEARIC
BELTEARTEIENMENZ N DOODERIC
DOWTHRAUZDITTHRITL. BWETEIFETHS.

| F454
(BB RIEFropAlIDYET (Ccis(CH < BEFID

B4
BEZM" 2, KABHEZ? EHEs (BEX-2 -
SFEY, EKX - B - RAYL)

S % Anabaena variabilis M3% T, %%
BENETICEHBLZWVTRBDORNABEY YNV RE
a— RT3 BEF (rbpBEF) ORREFB/BEN
3, TORADVEDTHArbpAllt, EBTOR
RBENMSFICHEETHY, TOEGEEEYICIZ158E
B EBRMABMSFET 5. O IFBERMAZRD
iy, TDMhDOEREEMEDrbpREF THR?T
EhTW3, ¥ICRBS (5'-TTYGGAGA-3') ,
BOX I (A'-TCTCCGAA-3') , BOX II (5'-
TTGTTTTNAGT-3') & & ' BOX III (5'-
TTCGGYGA-3') L&fHT/=45sFRDBEFIDRF
HAEBICE ., ChS4BEDOREFERTICEFNEN
TREBAL, FOEBCBIFIRREZENDOEE
ZlacZBMESBREFZEZRVTRIALE, TOER,
RBSHBZZERI I LERICEITIEEEND
EMBRONG< Lo, EEEYVOREMZAN
3¢&, IEBRFEEAELODEEEY, EERICHWL
THEICRETHH. —F5, RBSTHABIICER%
AN EBREZEEZ DG DODHD T, EBICTERTE
ERHO>TWAI ENHASMER >, RBSHREKIC
LAEEEMOREILD, rbpAIDEETODER
ICEBLRBRBZRETEMTBINE,
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YTV VBB LB AV ) A RT T Ofite

LR ERETRER

ER%. BE®. MERE. RIER BIE=
(AR - ERBF. HERBE - &)

K TIE, BREFERBICXDEEDRET DL
BRI TED LAYV HRITY (Physcomitrella
patens) ZRAWV, MREOHFHR EHEYORERTERAD
MG ERARD LTz, EAV ) HRITDOEA
FEEY OTREFEEBEEOH BT TP VB
(ABA) BELWMER TUE L =15, MitEME LTso) % ERE
HRHEECKOREL . ROAEOFRETIE LTsold
-1.8CTHo7=DIIxt L, 10pM D ABA T 1 AMUET
% &-8.0C, 4 HREMLEET 2 &-10.0CICETLER L=,
—7%. FHEK2.0CTRAGZERBUEL =8B, WE
HIFEAE LR LIzholz. ET5ITABA L{ERRNE
X BDBEFREOELERBITTZ L. JLAFDOEERS
HEMRIRF WCOR 413 EHRIMED & 2 RIZT DREEMN
ABASLERIZ X DERRITHML 72, FHITH L. (KL
B2HBEBT - TH ZORETFORREITH TN
ICEEEo, INEORENS, EAVIHRIFD
MR _EF & ABA BEERETORREOBD DR
®Xxhs=,

F456

Oy HA TREOEBRTEIC BT D WAL B
BT, R, FoE (RKE - tisERR)

Ur A4 ERBMEEITRE T S & —RICE TSNS S
M, HWMBECIREMELD D, KMETE, BOEEL
MEETIRHP, BUBETRRIVIAEZEROICERTS
miE%, 6MEEZAWVWT, IrEd (20°C/4°C, BEI0%, K
) ODREBMAN=ZXLEBIFL TV, ThETIZ20°CH
BEWTHORED I NI-R, 7990k, VI-IRE KRBT
305, 4ACHETI, BESHIOE TN, OMREHE
B, QUI-AEMED3F A TIcadbhE I L, CORDE
TERED B IXBME A W DEM D EENES T2 L %
oIS LT ER (EYERFR, 2000) o

S, EMEAAN-tEE O FETHEHE ZBA S S T B =9I,
RT-PCRIZEIC K W I O EICBIF 2 AXBEDRZFRR
WDWTHIT Lzo ZORE, ODBchEnE R Tl
CHRECABRORGFRELIFHINIDICHL, QO
DRETIIERTORENRFRIDRDshAL ok ITF
BRETHEZ4CH»L20°C, HDNIF20CH54CICHBITEE
EHEICDODVWTRAPTH D, BEBOHIEA =X LD
WTEERT 3,
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> Y ¥Anabaena variabilis M3ORNAESY VNV B
RbpA 1D ¥4 & AT

. RHEB A, LERK, CHREM, FEREFIEY,
MFH) (BEKMR - HL-HEE, B BHW. BEX-
- HFEYR. BHIEKR - IV)

> > ¥ Anabaena variabilis M3DRNAKE S Y VNV B

RbpAlIKERIRE T CHBE I . mRNA L DOE2HIHE
MEEIMEBRZ PL A > TER LA 2R =T
SLU—ABEDS Y F L4 VRICETZ L TmRNAD Y
UNVBAOBRMEOE T EZPHINTNEILEZI SN
%, F7=. RopAlIZMDFRZEM D 5 BEHEM R EDE
B S C MR R 8 1L 5 R AT C 5 HRNA
recognition motif(RRM) 1 D t%lycine-rich domain (GD)
1O MEiEh3Z &d»5RbpALTELNICE D ER
Ky N VBETHIEEIOND. AAETIX. TV
b S EEY E THENICHEE T A RIREEC S
ZRET AL 2ENE L. RERMMSIZREZHEH L
7= % WITNMRS ¥ 8 % FI U\ /= Rbp A1 D YAV R AR AT %
1TV, RbpAliZ & ZmRNADEGEER FE D> FHiE
ZRIT UT=o "NOHDH B WIENB L UCT L E R
183 U /=RbpA1 2 AV =S WTTNMRZ X7 D)V ORIE
CEhEosn~870 b EOEREEREZD LIS, V2
IV—Fv R7=—1) Y 7¥HIC X D RopAlDBEWBREER
BRI FOFER., RRMIZZADa~NV v R &
—BOD LY — b SRR I 3. GDIZRbpA1AFEH
THMICEET ARG T CIIAE2BEEZ L RN L
B olt. BEE. RbpA1B L UGDEE B2
RbpAl& ZARBAR L 7= €7 )VRNA & O R ittE % ik
TAHI LT, ZDOOMERE. RICGDD &K Z AL
L7-RNADZBPHEZITI < LOBRETCRETHREIDRF
EERAATNS,
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ALF TN 5 ERBETFORBEERRRS
FOTOE—5—DRE T FIVIEE
#EHHAED, Lin Dingbo, JII L8 (K&, JtigEsER)

IV H IR A=A 7T h—ANEE L=F)
THERUSE T, A LARBSNEHN TEE 2R
ZIIZL TR EINTNS, JLAFTRIN-R=>JH#
DING Y o OERBENT O G & FSRFEFMEICHRS
BEhHo T3, BLIZ, 2LAFMSTINI S O ERICED
%2 DO0#fzF. 1-SST (sucrose: sucrose 1-
fructosyltrasferase) &6-SFT (sucrose: fructan 6-
fructosyltransferase) ZHERL ., TORKEEILFD
N=RZVIHDT IV & D EREOBICEWHEN S 5
ZEEHLSMI U EMEEES, 2000). TD2DD
BETDS’ LSZEZHEEEL-E 23R, YDV T TIVE
BRIV A SR EET B ESENRENSEZ. £I T,
L R—5 —BEFE LU TSGFPS65T) 2 AW, I ALAFET
BIFZ—@GRBF LY TOT—5 —@EFTE2fTo7=. 1-SST
E6-SFTO 7 OE—¥ — & BGFPORBUIAITEL > TH
FiFE NN, BETRBERAME SN, 705
VEMIIOWTIIEHEMENTRRIN TS, 1-SST
D7 OE—F =DV THLE ZWMER, JILa—
A I b—A, A7 0—RA Lo TGFPOFIRNHY
mUl7. BUBETOI-SSTRETRELAKROERES
7. EHITI-SSTT/OE—F —NOEINE B 2l
R, TATA-boxM 5250bpHiZ,. ANFYV - IHET
HEBETOREEHET 2EROEENRREI N,
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= % Synechococcus sp. PCC 7002 D EiRRZM % Rk
KBWTHRNICHDT 25 V37 BOBN
AHBF. REBA. K BRI (BEAR - BL - B/
)

= ¥ Synechococcus sp. PCC 7002 7* 5 insertional
mutagenesis ¥IC & o THEIRBAZIMEE R (SHT1%) %
HELI-e 23, CORRKTRAEMTSZIF
PAQL D orf B ICERPEET W, TOTFRXI FIC
BIZERLBRMMEOE(LOBEEZES »ICT 2 EH
TY YNNI ERROERIZ DOV TR L7z,

SHT1#k L BFAERD Y VU B Z RV VEBKIKE
ZRAVWTEITL, METCSHARORELRRZY VW)
HD1DIZ oW/ O—=V T84T oke 2DFVIY
HiZ1927 2 VBBEDP 52D orf93 DEBOEY T
BB, HEDY—RRIZ X 2T Synechocystis sp.
PCC 6803 @ hypothetical protein T % Slr 0006 & #7140
%OEEMESEEBE N, FERMOR NS V8
VRO  BIFMMMERRO D TH ol eh b,
CDZ NV BRBRBICNULTRETH S, HHVWIEE
BAEICBIS LTV B HREMDH 2.

BECOY UNIHEI—FLTWAREFERIRS
TEERKEZERL. COY UNIEEBRMEONHS
EDOWT ORI ZED TN S,
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FHUMEMD SO a v 2 ¥ VNI BEREFO
20—z 7B L UEOREME DM

WimEEl,  BUZEBE. ZEABA. A& FHI
(BBABE - BT - EE, LK - HhBREEEE)

PSEYIE. —ROEYERRVERIETEET 2 (BlLE
HRE0~20C) « COLSREYD—DTH 25 HEAIE
Colwellia maris sp. nov. iZ5~15°CTAEE T 3720, HBKERD
5CRETR av IV UNIBEERBATIILBFRTN D, &
DEIRBEBRTRET M a3 v 7P U7 AOBREDREMIE D
BNERBASDIZT B EMRT, Colwellia maris sp. nov. 5> a v
DY UNRYBRO—DTHbgroELBEZFREML., ZDHERT|OD
RT3 L U RBEMM ORI 21T 0z,

Colwellia maris sp. nov. DERFHEZ BT $ 2 L. 30°C 1RED
NETEEORIEPBHM L. £z, BOPRF[avIEE5XD
Zkitdh, TH5RIFMRICKHTIMECERIR SN, ZD”
DIFMEEYITOMS 3V I VST EPHEEL T WS = L DSHEH
N, Colwellia maris sp. nov. DgroELMzFE /70 —=V7L
rLlA HEIhDZ7I/BEFIO0%FPKBHED DL —BL
TWize £/, groESLA ROV EMELTH Y. ZOLRICEK
BECRSNZ L5 2MYay s 70—y —DEERI . —
7. FEREBICHY T2 LT hIBAOATERIFEEICHE
Bolze TDED, rpoHRIZFHEEDRBERKAFM S L UIEBRFUS
DIFEERFI PSR- B 2HENRRBRICBBR LTS L
fHlxhz,

B, groEZARD YD) —F U 3B L rpoHRIGFO 7 O —
=V T EfToTWVW5,
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cDNA R4 A7 VAL AT LEZRWNEARD sp/

RALRBORETCFRIARIT

MBI RN WALAT IRERE e K
AR T KIRT R RERT  RisR s

CERAED FHhHE L HBE (MK BR-2-

EMEE, RAHOKEXRXWHATR, " RokE - R

HEYMR BT

A X DRIRZE Rk splspotted leaf)ld. ESHTHE
BlLiLE ROOREZRILEERRBRNMSIES
RXEHLLBIABOHALZECELS, CNETR
EFEDORITS 11 RHED sp/ZERE(spN ~spl11)
HEBINTEY., WThHHBEOEFTRRTT
BB EE AT . FHARTIE. BARE
FORBNS =V ODARBIFDIDHDY—ILEL
TEDNTIVS cDNA ?AoO7 VAL AT LEF
RL. sp/ RAZERKICEITHREFRRANG—
OLEEMS. HBELTHHSH LT BFRAL TN
HRGFHERRTILEEBAMELT. BEKE
20°CE/I3 30°CTEBLI=#RDOD D sp/ ERMZE
RIFL. TOERERET S,
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ER-ER - BAMVATRLEIFZ04RXRFXFTELBEDNAT A
07 b4 £RAWVEREFRARE
IRIEINERT, BAORER, WIRAE 2, MEXA ), REMTF, MmERT, &
BS—, ¥, Piero Carninci3, ¥ B33, BEM—4E"

OBH - 4/ LRSSt - @95/ A, 23RO, 3BH -4/ A
e RETFIRE)

200004 RFTXFTDLY ) ARFIMBREE NI, Sk,
BEFLY 1O ROWIERITERD S (CITTLRDNAZANS S
LBV THDIEHIOND,

B4 (ZERCERR FLRACLYBEBZ NS RETFOMEEPRRIC
DWTHREEHTI\D, TLT. EMBLUERLEEZ LA OA
RFXFHEMEZEEHRHAECA. EXF s{kcap trapperi&(c
FUFRLRONASA TS —2E-LEN2), ThdLYUcDNASY
O-2 %ML, ChETICH400000 O—-> D3 MIEERTIERE
L. 955U TETo#ER. ThS(E¥14000@DMRI L
cDNAZ V=T (o hic. ChETICH1300@DcDNAS O—
28URLRONATA 207 VA 2RANTER. EEX ML ABN
P EEEFDREB1ADtargetBEFOEEZ Bk L THREZEDH T
#7:3), SEHF/ICH7SO00RMMDIRII L /=522 RcONAZELCDNAT
4007 A &ERLE, NE, ERLUEELRCONATIZOT L
AZRAVTER. ERSLUVER ML AGERGFORREED T
%. SEIORETIZI7S00@NELECDNAI Q- 28T o07

LAERWERIRICKY ChETICAONAHERCOVTHET 3.
1) Seki et al. (1998) Plant J. 15: 707-720

2) Seki et al. (2001) Plant Physiol. Biochem. (in press)

3) Seki et al. Plant Cell (revision)
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AEH I EMEBROKZFEMR

BEX E .AB) it
(TN, MoK % - £

HESERTREEEAFRED RS RET TH
REFORVEET 5. AR EREROCEFD
INEFELIZHEREESELRVDGRHET D). —A.
EHEBAORBERT—S5CRETHRIBEMNICEY,
BES A OCHBNERETS. REOKRFERIC
FMBHLERBZBOROBRLELIDR (KZEFHE
MR)MNEETIEEALNDH, TOREOEMT
HEYELD > TULVEW, FST.KEZFEDRO
FEZEMICHEL . L TiEMOH-K-R-1E
FITOVWTKREFHZANELI-ESA, BRITHULEE
MRS, EOMOKRBICTFENBOHLONAT,
PREREZSOMBICH UV FEENEEL TV, —
7. BB ERER I FEEE RS0,
MRS EETCEERBES ICOH, MUVFEELER
Hoh, ELS—EERIFF—ERBIZKYBEREL
TEEPRICBONEFENR LA, RE., @R
BESHNSKZEFEDROTUBIEITOVTRIIL,
BAERHECOVTOREEEDHTIND,
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DAV N OEREERETNA R L OREREDR
R, FBEE. ARHE ®@EKX-B)

bhbhid, D 9a23hrOTFNA BY
(CuCOR19) McDNAZ QO —= H LERRAMLRICE D
mMRNAB D @M% HWEL /=, & ZTid. CuCOR19% /%4
RO ZEE., R BECOWTEETS, Va
DIAVOERERDL, KR (4°C) . ABA (0.1~10u
M) . NaCl (50~200 mM) . @D BNBEHEL 1, /
YU BLUDTIRY VTt TCUCORTIDMRNAL S /%4
EFRELAELZA, BRUBILEL>TOAHmEOEREMNR S
hiz, pETRY ¥ — 2L 5 KIBE RN R TH/CuCOR19%
IROICDOVWTH & MTET>/=&Z 5. CuCOR19®D
WiElE, 10mM SDSEMASZ&LICKY . S9AT4MN
Do a-NY I RANELRTEIZ EMbhok, Zhit.
CuCOR19%48, F/N\A R YIT—HREICR ShAmBEMEAN
Dy o REHDEERLTIVS, CUCORIOIZE, h¥5—
CLABBKRMRORERTEREL. TOMRIEES
HWPOBSALYH BN 7=, CUCORIOICBWNS ¥ ATA I
3. KOBEEPRI R IVROBERBFEDHLESLOHDT,
CuCOR19I3, ERA ML XD S DEMHBROREERE S
DEEDHNS,
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I bav P T7E HSP *BERHE S HEER
% N3 DRI

Ishwar SINGH"%,  JianLIU®, =F—%"4 L&
HHET ' (' BKk4 - EBREM - WM. ’Indian Inst.
Sugarcane Res.., *[LIRAT&IA - PE. AERHEHE)

bbb —=ov LI ba Y FYTE
SHSP sB{EF % CaMV35S 77U E— ¥ —HIHIC L D@
BRPE RS- REERI N ZHVT, ZORBED
ﬁgﬁ%ﬁﬂ f:o

SHSP LR EEH & N2 IZTERICB VT D sHSP 2%
BICRBELTBY., 20MEKiEar bu—)v ki
LTERMEEE I PO LR o7z, FEIR
ERX (2 8C), miBER (3 77C) {iCHEER
iz, 2 b=V ERBRLTEICHVIFRE, X
ERE. BHEZR L. —F., FEREX TON
REIHT 2 EHBAEX CONRREL LBTRT &
sHSP FEEmMKIZ T v Pu— vk B L TR W E
%R U7z, sHSP FRHEEM 7 N 3 AR L Vit B v
THAY ho—VERELTRVWERFEEZR L.

KR O—ERIZ. ETFRBEAREESEEOBRTITDL
e
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¥ )83 ERF3 BEFOY 70AF LI FIZ L 2EBFEOH
HHEHE D AT

BAA 15, #LHEH, HA %

(THibE - A A5HF - WS FEW)

%33 ERF BPHREFOEEHECHET 28EERTT
» 5, ERFEBEFEHBRLI) V5 =1 Thl s VI EE
BEAEH :LTHLATWwWEYZ70AF Y3 F
(cycloheximide, CHX) SAHIZ X » T, BF CHE = BHICE
2RT. LUy Y2 BEARBER 7=V~ 1V
(anisomycin) BUF¥ 2 —T<4 ¥~ (puromycin) ZLIRIZi,
CDL) BBEELREIRE 2V, BRI 5 —TiEHI
T 5O ERIZTFNOE P, CHX ISR ERT I L2 5
NTHH,CHX L 2 BIZTRHEEBEL BT T2 L
IZKEERE, ERFEBIZFOTOE— 7 —HIREL GUS @
BAEIETF % 78 ICEA L THRIT 217 - 72858, CHX A
124 2T, ERFRIZFDEEEHLIEI 5 Z LRk
o O BEE RIS R RT ERFIBRIZT O CHX & HEE
IOV T & SIS % 1T > 72 ERF3 BETFOTTE—
7 —FEBD deletion AT DR, BIRFMERH,H-163bp I T
DRI CHX IBEBIL AV MEETNTVBE I E2HL
MLz, LI DEBFOIFENRY EFRHICKHST
BEY Ny ENEEL, CHX WEIC & o TZ DRGNS
PEEICHMT A E2HALNIT L,
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AT URASOEEBS VNV RBREFOBELEER
ROBR
FEERFIE, MRS, B)IBEE, LAXE (EIIXER -
| - &)

AT UIASOIES /80" (PSP) (F'&E®'(TNA
BEVE - FEOLORBEBELCEN\THEMEI N, BT
BEANLVACKHEELTERENS ZEMREETICRE
EhTW%, §E, 4L, ECHITS PSP OBERE
HRRCOVTHRIFET .

ECEENEEEZD L. 48EBEMEICHIM/METIC
PSP OEMBEHSEIML, PSP mRNA BHENICHIEL
THEMULE, $ER—EMEOHERELATHPSP BE
FORBHBYEN, HVELBORETHB I ENR
BXNnz., HECENOMESHESNTOS@MFRIL
EVEEEICTMTHE, PSP OERBIIAFILS ¥R
EVE# (MeJA) [C&oTHEMULAA, B UFILEE (SA) &
ACC [ZBE® MelA [CLD PSP DEgmEIHI LA, =
NSO ENSBEEICLD PSP BEFRRD L FHIVE
BRI Y RAEVBEABRBBRSNEL. TOTHE
SARIF L UOMEIT 2 EMHEREEINE, T5(C,
PSP BIEFEHEL., T0 5-LfS0ERRIIZRE
Licbl 3, TV =&Y TTGACTHARE S,
CORINPEEREICHEETIEHEREINE,
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EMRARERER L 1 T VR RBRLRE
BHEY) D E RIS

ELARBE, FORE, GHEMER, KBRX, ILIRHE
B, HbE (REUK - & - EYHET)

B0 _BItRBEREIIERBRA T V20 DL R
BICER T 2EMBRIC L 2MENDH 2. EYODSOXm
MEEDZEOICIEEBRREERERLT I I LA
MTH DT LIFFITHE LT ER, L b EICS OXiHE
EEDDICIE, EHBRREEREISICERIAI RS
L LA, YD1 A URERERD S, B LFE
T2 MBI E X 2EmMBREBRE®RET S
CLHEBETHILBEDbND, KFATEING T
BITEER(Arabidopsis), PAIVEVERY VT X
V¥ —¥(Arabidopsis)ys A—NN—FFY FORLE—
¥ (4 3) . ATP-sulfurylasc(Arabidopsis). FRRREREE
t##% (5 v MTE) OcDNARBEYEHRETZ X3 K
Ry — (BKEYMRFFOAE. HRAEEL K D IH
LTWiEEWE) 2FIA U, Arabidopsis DAL T
VE F IV BTBROERGY T FIVARTTF FBIEFR
HETZILICLD, BRETERIAS . The0
FREs S /Y2 QBRI DV TRE LR 2R
&5 2
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FAAL v PO ERICHTHBEBUDRERY
HEES (ERIK -2 - &)

HEMED—SrEEER(ID L. EOHEMIIEL
BNEREERT. BECHTIHBORER.
£7. FEALHBICHEL AMEBICENTITbh
3LEZOND, HilANKELS., HEBSHEMTH
BEVND Y DO EHORMEFIBT A LICE
U, COBYORBBIEERHRT D LHATEEIC
Bole AL+ POEERNWT. ZODHME
RSO B EER LA, —FOMREY]
HdL, £XZRoEGS—HDHAT 10 5L
LHH< o< YV ELERMBE EMEMSRE
THILEBHOMICL, BXEEPMELE6GIEK
& (#\) CBVWTHELE, SEIEE. BURR
RERANT, TSICHRITEEDE, TOBR. @
2< Y ELEBRSEREHBADA CIER (TEN
MAMBICENBHDEE2POMICLE, £,
NS DBASEDREA DX AICDWNTORF
1o,
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YOAXFXFO UV-B BHICLDEDIBIFICHT
BIEMWICEML = aBOBHR

BERRE. TRB— ' IWARKE (dtEEX - #
TRIMIE - £ETRIE, ' tBERBA - T - £9HI)

WD UV-B IRINEFEROIEMNN T OERKERIC
£-oT UVB BBEBBTIVNERN HIHE S LR
N37=HIC, UW-B BNEESHRREENREF DY
SEERMUAEBBRTEELA>OMIXFIFD
UvB BSHICS 21818 %. L VWBHLTLK 2B
HETERTAZEICLHTEMAL /2, EHIC 2%
SEERMLUTEBELAYOS XFIFOE(EWR
EET) RV, 24 B8 UV-B & RI4RK % RBF
B LAEBE. ELS50THRHEDBHIZ 05%> 3
FERIMBHWOBE LW D hE D ol BHADS aFE
DOFMCE->TED UV-B BICRINEHF>DEFNE
(31U A=, £/, UVB ICLWESEEE N 3 DNA 18
1% T & % cyclobutane-pyrimidine dimer (CPD)& & B 12 .2%
DYaBEFMLTEFTLAHEMOE» VLD 5
oo EHIC, UV-B BRICE > TRET HEMME
ERRETIBEOVEDTHEINLEXIFI—ED
EMED S I EORMICHE -, THMU /2, BHADY
SEOFRMD UV-B BRICLIBBE2ERTIDE
2. CPD EHEBOETHRET S UV-B IRINEFE(IC
&3 UVB ERMR L. BMMEREBERDEM
WIMEWIZODERDBRTHDEEZS5N B,
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ronAdy=aF VEEHEEICL 2T ERERLES
HICET AR
ZHELT FHETF M T IR, 11 058 )

FWEICK T 5 02 HWBESE (SAR) DOF
BB, Y FVBOESRENALTWEZ LHH
LRI oTWA, ZORKEEELYT 2B FLE
¥ benzoisothiadiazole (BTH). probenazole(PBZ)iX, %
FRYVFVEBOTHS X CLFHEIC/EA L. SAR %
DEMLZGFTa—T Lo Twh, N-cyanomethyl-2-
chloroisonicotinamide (NCI)id 4 % (2\ b b fikHiHE 2 1
5524 ThHh, F0EAOFEMIBLI TR D
ol INABIVTIEFTVYRERAWT, NCI DfE
FRBICET AR 2T o 2D THET %,

NCI iZZ NI I2BNWTHZNIEYF AL 274 VAIZKT
THEAEZFEL, RTFEEYITLTHHETD
AILEPRENL, FXo NCILITFEFT Y RICBW
T SAR DY — % —RIEFTHAH PR-1 BREFORER
FUL7, COFMIY)FNVESBEBEEZLEAL
TIERNTVATERBDON 2 ho72Z 05, NCI i
) FNVEBESREMNLT SAR 2FH L TWAH I LS
Bohkil, PBZ LEMOEAMBTS 2 2 LAR
Bahi,
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Potential Symbiotic and Protective Activities of
Compounds from the Water Fern Azolla
Michael F, COHEN, Yojiro TAKAGI, Mami KAINUMA,
Hideo YAMASAKTI; Fac. Sci., Univ. the Ryukyus,
Nishihara, Okinawa 903-0213

Species of the water fern Azolla retain symbiotic
cyanobacteria that provide fixed nitrogen to the plant.
Here we report on two components that may be involved in
maintaining the symbiosis. Nostoc punctiforme, a model
symbiotically competent cyanobacterium, upregulates
expression of a symbiotic-related ArmA gene in response to
naringin, a flavonoid found in many plant species
including some ferns [1,2]. We have characterized a
component in extract of Azolla imbricata that shows
significantly higher hrmA-luxAB inducing activity than
naringin. A red flavonoid pigment common in Azolla
species does not induce hrmA but was found to have potent
antimicrobial activity, especially against cyanobacteria,
gram-positive bacteria and fungi. We hypothesize that
these components may act in concert to limit the
cyanobacterium to the leaf cavity.

[1] Cohen, MF & Yamasaki, H (2000) J. Bacteriol 182:
4644-4646.

[2] Cohen, MF et. al. (2000) In Recent Res. Developments
Plant Physiol., Research Signpost, in press.
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GENETIC TRANSFORMATION OF ORIENTAL CYMBIDIUM
BY A MODIFIED AGROBACTERIUM INFECTION METHOD
Hye-Jounp KIM, Sang-Hyun SHIN, Young-Soo CHUNG, Jong-
Suk LEE’; Dept. Bioresources, Dong-A Uni., Pusan 604-714,
Korea, 'Dept. Hort, Seoul Women's Univ., Seoul 139-744,
Korea

Genetic transformation of Oriental Cymbidiums (C. lanciforlium
and C. kanran) was performed to create high value of variants.
An expression vector (pATBK) containing a transposable
element was used for genetic transformation with a modified
transformation method. In the method, rhizomes were
precultured for 3 days or 7 days in MS liquid media. For efficient
wounding, seasands were added into the precultured rhizomes
in flask and wounding has been proceeded for 0, 2, or 4 days,
respectively. GUS expression was analyzed to confirm
appropriate genetic transformation. In the experiment to
optimize preculture condition, 7 days preculture period showed
higher frequency or transformation (42%) than 3 days
preculture (22%). In the wounding analysis, 67%, 30%, and 17%
of rhizomes were identified as GUS positives for 4 days, 2 days,
and 0 day wounding treatment, respectively.
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T RVBBIRELY &5 —TEHL SN DBIETF OBRE
EEFE e, AERERE > HYEREEP IR, 2BRRE
ST, HEMDE S 2T LB

VW& BIRE(Magnaparhe grisea)li3k L 70 R
25 —THIEMEE 51 2R(Oryza sativa cv. Akitakomachi)
DBEEFZEmMRNA T4 77 L v VT4 AT VA
TR DEREL =, .

B@EL 7= cDNA 7 O0—>D>B, Z 10— No.Blx
A2-700 IFF I THEEMAEICRER T B T EASRE I N T
WHEL U LSS >/ (SBP) LBV HEEEZ R L
7z C4xAS-800 I3KHREER(LICRE S5 2 U wF
& > \T &, B2xB1-650 13 1, 3-27 )V A1 H— AR
ERLE. 2207 10—> (C4xA5-750 & B2xAS5-700)
I IFHRE T ORIREEAVRE Tz, £/ B1xA2-700,
C4xAS5-750 B LU B2xA5-700 BT RV H BIRED
BERICE > TOREMNFHEIN, E<ITBIxA2-700 B&L
X C4xAS-750 B FIIIEBANTER 031 BEIC BV TEM
HE 007 ITHLTLD, B<REBEET S 005
7%
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SYASYOI/OEREFHOLEMEDBR(C
HTIRAKE

REEHEE THER K GHET MEHE, HARE),
PSR T, 3 AR (BREK - B - £f{b¥, 'BREK
Bz - BT)

M DI OE S E LTS AREY ORRINICKBICHE
FTBLIANEZ/OESBAISNTNEH, < ARSI OME
MITHIEL DECOBFEENHASNER > TER. LI
E/OEC OO MENEDEICEET S /OEY %
symbiotic globin, A< MK EET B /O %
nonsymbiotic globin& K A TW5. REMIEAICBITS Y
DEVBETFORRUZABRREME, KU #EYCHT
%nonsymbiotic globin DHEEEIZ DWW TIZRBR DK 5 &
ZATHS.

2 v 2 7/ ¥ (Lotus japonicus) iZ 1X, 3 & @ symbiotic
globini&{=F & 1 @ nonsymbiotic globiniB i F M S
%. symbiotic globini&{&Fid, MFE& TITERIMIED
HFTHREMICREL T, BREZEREL THRLY)
Y THREIEL TW=. nonsymbiotic globini#=TFit, ##
MESETREL TWE, B TIREHESHMLTY
Je. LAL, BRENERELEIETIE, RBEANELINH
IhTWE.

F476

F RN BY-2 57—+ (TBC) OBigEL
fiEHT

FEEME, AAB, F#EEF, REZEH GO
BIK- I A£6I%¥)

5 /% 2 S AIM BY-2 % 5 — B I BT 5 —ED
MEEZIT-oTEYD ., ThE TIT Alternaria
alternata D& LIFZEA ISR, MIRNS
WZRBWT, BROXFFF—EBENEL b OBERNHN
ENAZLEZEERLTWS, BANFFF—+F

(TBC-I1, 2. 3) IZHBWTIXEA% 3 BT,
fask (TBC-S1) 2B TIixfER® 12 R TREMEDS
BRIZRoT-, FRNFNOBETEFF—F 2
L. TBCI1~3 oW T, agAf FLFF 77
A=T 4= BAA R} Iu~ b TF7T7 44— B
4 Z > %H HPLC %, TBC-S1 13, BA A4
R~ b7 74—V THBERBI -
Tro TORR, FhENOXFF—FPOHTFELE
BRI, TBC-I1~8 % 15~20kDa. pl=4.0 {3k,
TBC-S1 ¥ 18~25kDa. pl=4.0~4.5 LH#EEINT=,
BET I ) BESIOFRIT21ToTE Y, fFETHE
35,
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JLAFKRAEREO NV AT, 913 bFT N8
YO EETRUHBEERICRIETERIIONT
AR, ARE, ILOB

GERf - Wt - LAT 4 T—3 )

ALFENRAERBEICBRT S L, BRPRESLEETT
B, FENELATA M NIATECEOITIAMF I UIRE
2T, ARPKENFBERZEITIENS, HAMITAE
BREEEIR->TVWS, BIWMRETIR. M aFe I NERE
BROEEFEPTRIN—VA2FETHIENASNTVS,
—%. Y TIE. NaFEUNBEERRENERELTO
LAFADBIBETERTZ M5 TWB A, FOER
BEICIOVWTROEVMEINTVRY, PUIFEIOHE
MEBRADEEBIZIOVWTHEANSE®DIC. T2 toxin, DON
(deoxynivalenol), & % \id DAS (diacetoxyscirpenol)% ®
N OS2 EICIAXERI O XF T2
L, £HSEELEZS, WFho b aFEBREFI
SEEREEYRIZES RN 248 1-10 uM @ DON® DAS
BEOBEZEEFICHEL., £, YO XFXTOETIX
TR T OOERMBR SN, ~1 uM @ T2 toxin &, &
O14XFXFOEOHBERICREEZIERIT I ENGH
ok, —H. BEEHARBEAELTLELASNTWEY Y
OAFT I RiZ, REREFICHEELEYN NJaFEYT
RohESRERIMRBTERN SR, TH5 ORI,
MNaFtEUNERARARBEEZECIMAT. BRETHDOE
BEVOWRBERICHEERIFTIEE2REL TS,
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Sy HAEWMECBITAIL) ¥ —FEMERET
BOYT NS5 a3  EIRE R

HFEHE, MEAE, FHABX EREE. L
—A (&BKBz - £dnE¥ - BIREYHEAEE

EYBNBREEOBAICH L THHERKRIEZE R
BT 5. BErxoENMEERGTFORBEEZMED
EEZoNS, §H, BEHitNEEERTZEHET
5%, BHREEEERS (HWC) T & —FKA
BRXUUEEI, 6RFODy M ERELDLZ
RNAZHIH L. SubtractioniEZ W=7 O0—=2%
iTo7z. 1207 0— 2 OEHEEEFIZREL
EZA. 6370 NG TEMEREEETR
L. PRRANVER, FIWIFF-S-bFT R
7 x.9—E, KFFwi—P, hFs—¥, 7
) oaFansANRIBAFIY—F0E
BRFOGUEZEHAECZFISEN TV,
HWC® Y SF RUBUBIIRE LIS BETF
DORBOEMN ) —F U @BTICX0BD 5Nz,
Ez, DY A ERFRAEEBEROREEZRN
LA, BIHEECHEBRRIHEOBEICKDER
HRBNY — O ERTREGFIMEEEL .
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TV IIATUAL FICXAREBERMFTEICHT L
7

MTEEME FHEF. RREE, THES T, ERAR
=, FHES., LO5 (GEH)

TV A7Tuq FREYOREEREICES 2 2%
RiZoWTHRE LA #8227V /54 FBL%S
BB LB NIEFA 794 VALERLLE
25, N BEFEMNLIERERICOERE C2HHED
¥4 XANEL Y, BL MEBIEREZHEAL TV
T RBE SN, FCT, MOKEEICOWVWTD
e L 7ok R, ¥ 2% 3 B K% (Pseudomonas syringae pv.
tabaci)s 9 ¥ A¥¥R(Oidium lycopersici YI1Zx+ L T b #H
HERLI, 86, HFEEWTHE S 2 i2onT
bME L722EZ A, BL 24 %\ b b (Magnaporthe
grisea). H ¥EM WK (Xanthomonas oryzae pv. oryzae)lZxt
LTHOEMEEHFH L2, 1 2V BHICH LT, BL
HEEAT 0.001 mg/pot 2 HIEMMBEIEDO LN, h
LOKERD G, BL DSWFEMY & BFFEREY OWH I
BWTTA VA, fIE., KRB IS L CERNY 2 FE
FTAHILDPHLRERY, 75V A5F04 FHESE
WY OEGEFEICEDIEPEANVES THD I LN
k=¥ (A
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BREICBT 2 FHRICEY DSBS T e
EOW%

FOEE, BiEERE, HhE (LB - 2 - &
HoFHEmHEY)

BAFRIZBEEN 241 F+FT % PCB % i
SR SREERIEZRILEWDOEM R IZOWVTIE,
B, KBk, BIIRZEICHS T 2MEMBEES L
BRI T3, L2L, HYEEICOWVWTIE
RIZFFEELI L, £2T, AFEIR, HEPHIRHE
B c s h, FERICEMOSTHRICBEE T 54
YBEEOMELTHW L LTiTo 7. ZREBKILE
Yt % (Remazol brilliant blue RO EZIRIEL L
T, HYBEDOR 7 ) —= v 727w, FVFY
(Rumex crispus L)DSEWHREE R HDO 2 L 2 AD
e EHII, FUFYOEEBIBBILAEZR
myse, BESBORENSBEIN:, ZOEE
WEME LG E I IBETBIEEIEL 2ol
NS DFERDPS, BESRREFEITED OB A
LRWEINIBRERBEFLARVEFF I F—E)IZL
HbDELHEEINI, BE BERPOCE LT
FTBYUNRIBIZOVWTETZED TV,
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In vivo ESR IEIZ L DREH DA R G2 0D FEREE FHE]
ZEEFE' BRER KKIEIEY FILER", BR®
(B ISR ER AT O, P IR - B T)

AR TIL, FEHDOAN R (SHEBRIE) 1209505
B OMRBAEZ BAILL T, in vivo BF AL LB
(ESR) #&IZ &5 EREREHAIZ R4,

HHANTIX, REaANVEISLIRSS (SCR) #RdBEL K
JA# (700 MHz) ESR #@# BRLAV =, #EUHESIZ
A AR BV, BERIIBIIAY S Ta—T#|
(Glucosyl-TEMPO, GT) i&#kZ2 810 ALEGAER,
SBHEAZERI (5 cmX 5cmX 30 cm) IZAAKEH-4R
RETRIFLTZ, SCR OBRHERTHBN—7 (BrHZERT:
14 mm® X 4 mm)ZEORERNBHNNICEESYE
7o FF D GT E52HEEL, BH, BE0RBITLS
ESR 18 B34 B (SI) OIRFFE{LE BTz,

GT I3 F TRITLIN, £D ESR (EEZ2HRTD
2, BMLZNAEBF O ESR 1§58 L THRIEHENS, GH]
REIZ Lo T SHIZABIZIEANL, £ 4 4 TRERTOK
3 FEOL~ITELT, EHRIETIE, ST IZARCDNTHE
INURIE# 20 43T 1.5~2 {ZI28ML 7=, Zh b0k
BiX, OB E > TEATOBRLE T/ TR
DOBITNRE—UPRRBERTT, FFHBEICLS
T, TOBAT2 ERER TR LN TmREL 2o T,

F482

%) ESR EHRIAA E > Oo—T7Fl

BARgEX' FHEE FIUEREY KKiEmE 2
(B LIRS REE R ERAEE, Y5
J1VEHZERR)

R IIBFAE HARBESREFHANC L 2EMDA h L
ZNERHEENELT, BYORRINEL =AY T
O—7HIZERL TE iz, I, BRLEyA 7o
—THIOWDAH « Z b LV AERRERET LTz,

— &Iz A E ALEWTEMPO, PROXYLIZ glucose &
¥A 38/ 7 0—75 Glucosyl- TEMPO (GT), Glucosyl-
PROXYL (GP)2 &R L7z, HEMIRAELE L TIMIATN - 1%
2RV, BABBRIIEOKMEKOESRAIEIZL DR
Biz. EROTO—THIOESRIEFIL. BIFESDHEY)
SRRV ERWTEENRGE T TRE L.

GT, GPOEADEABLEIT, IMTATNOZENSELD
RAEREHS. glucose Z#5 S L T WXV 4-hydroxy-
TEMPO, 3-carbamoyl-PROXYLDS5fELA ETH o7z, 113
W DAEN/ZGTIE, FEFTCTIRITE ., paraquatiFiE
TONRBEHIC L > TEOMTEREL., LD FEE
EORE TETINE, —F,. EHOGPOESRESIL.
KI55> DBIERF R AR RITARONITHA L., HEHED
BELLBMN> . GTISMEA X TIRDA ZNERLET
23217, GPIZEHRICE DA N/ bMM A R—Z
WIEE> TV EHEEIND,
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BAREDo-F27z0—)L- PRONEVBERDFEHLTL
EREH DERE NEHDAH EHB(EEAEE-Y
®I%)

BADAC ABZHEDORNERLHIZTH=0Z5E M
BERENERSICHETEIES FREBEYRTHLHT AT
IWEVBE(ASA). TEROZ ZO/LE VBDAsA). o-ba7x0
— )W e-Toe)l TEB L. Cho D FHMNAERNSETLEFHIC
HIEMZEOREE T o= BRIGESH V(22 (Laurus
nobilis) . BEHILER - X' (Paulownia tomentosa) K D
AsA+DASA B R (L. 9~11 BIThITTERERA ML T
Y. BIZHTIXEABRMIZ 48 EORELFEERLE Y
A4S aDa-Toc BEIL 7~11 BIZEMLTL=AS, FU
TREEEAIZARGELERLEZ. COKS%G. OO
AsA+DAsA EIENIE, FIZ DAsA EMIZ&DEDTHOT =
e, RBDEBTERICERTRETIEHRFDH
12 AsA BAVLIT-#ER. DAsA HiEmLzEEZLbN
%, AsA/DAsA LEDETEHRIZ, ERNo-Toc SEAEML
TW=lehn, EREFADEATRELEMHBREEIC
a-Toc HEILVTHY., E5IZa-Toc BEDT=HIZ AsA H5
DAsA ~DEIEHIMBESh TNBIEATREREINT =, Chb
DHERT. ENRBEODENHAROETERETHLENE
BROHEECHENTHY . BRBIEPREOBERGIZE
UShEBEMIZEUL TS EZEETRIELTINS,
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BARDOFHALTHOF U HERREIL
MEHRH, PREF BRHY, *ER(REERE-
MEIF)

BARDRAFL RHEREL EEBEEERENORELME
AFRBIEMELOBBREBRLNMNITHI=HIZ 20 &
DHERERMRELT. 2l BOEARBEDESEROFH
FTEEHAR, FODTRICEECEHELZRLED
OF 2 (CanlZ DWW THREEITHS,

FRREBHICETFTIHREARELTER A
BEMEE 1998 ££ 7 A ~2000 £ 12 BD 30 »AM.
BIEETHES-HER, ZLOBHMEICBOVTEREDOD
ERICIRIFEAERON W a-DBF2 (a-Can)Z B KR
EICRHLE. 208 74)L(Ch)ENBF (o, +H3-Car)
LAY 451 A8 2 B4R 45— FE (Chl/Car=10/1;mol/mol) TH Y .
BARENCRBLERMERLIF BRIV /VVED
BFHEETEL -, £f-. a-Car ENE~FITHITTHM
L. U~ZIEETLTEY. B-CaBMa-Car ROETE
FIZHEML TV, ShiE, #K, HICHEH TIE Car
HREEEIEILICKYETNGTRIBINLAAD
LB E/L TSI EERLTLND. BRHTIE
Car ZIZLHELE-HBIEMEOFHNLRETLIT
BONTHAIELD, MR R ICHLTERADOR
HE—FIZEOBENREEZOND,
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AROTDF/AEEHESUROR
L@ EaIER NahvHs BRER(EEEE-Y
"I

EREOFIO/FRICFELTLSELF/2ELT.
PSI RGO I7/AF/ O OAERBFEEFTHITS
ArF/2 ESFRBIEMROFIIO-LEHD. Ch
LDF/UHEIE. 2TAETERSh., KB OTEE
BL. FIOACFRICBET 50, BREFIZET5F/000
ERBHICETIARIELALTELN TGSz,
DIEMD. F/OBORMMERITOVTHREALER. X
ko473 H (tocopherol transfer protein; TTP)IC&Y ka2
A—/ILOERMBEBRTEONA TSI EMBAL M LT,
LAL., TTP OERBFRIESCTOF /0 TSR /0 DR
MBBMZTEIZV RN IVBRDERCTOERLTZEDERN
BHERISOVWTIESEHEBETEALL., Z{DFr)V—4F
VIRVBRNBREBFRNICHEESTH0ERAL, AbOTIC
BFETHF /812U H (quinone binding protein in
stroma; QBPS)DRIFEZITHEICLITLY. Fv) v —22/30
HOFEDOTRESZRE A=, ELT. ERBI/0F/0(2
BRMWICHES TS 110kDa O 2> /39 H (phylloquinol
binding protein(s): PBP)ZRH L=, ChoD#ERZEH LIS
PBP O¥F /U ERBRUBIVISRAMF/V baozn—
LWEEDF/OAERBRNICHE ST 582 /39 H (quinone
binding protein in stroma; QBPS)IZ DWW THi&ET 5,
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EXPRESSION OF AN SUPEROXIDE DISMUTASE GENE
IN TRANSGENIC CUCUMBER AND TOMATO
Eun-Jeong PARK', Haeng-Soon LEE, Suk-Yoon KWON,
Kwan-Sam CHOI', Sang-Soo KWAK; Plant Cell Biotech.
Lab., Korea Res. Inst. Biosci. & Biotech. (KRIBB),
Oun-dong 52, Yusong, Taejon 305-333, Korea, lDept.
Agr. Biol.,, Chungnam Natl. Univ., Yusong, Taejon
305-764, Korea

Superoxide dismutase (SOD) plays an important role in
cellular defense against oxidative stress in plants and
may be very useful in the field of medicinal, food and
cosmetic industries. In this report, to develop the fruits of
cucumber (Cucumis sativus L.) and tomato (Lycopersicon
esculentum) producing high yields of SOD as a plant
bioreactor, the cassava SOD cDNA (mSODI) was
introduced into cotyledone segments by Agorbaterium-
mediated transformation. The kanamycin (KA)-resistant
tomato shoots were selected on the selection medium
containing MS basal salts, 2 ng/L. BA, 0.1 mg/L IAA, 300
mg/L claforan and 100 mg/LL KA. The cucumber explants
were cultured on selection medium with 5 mg/l. Basta.
PCR and Southern analysis confirmed that the mSODI gene
was incorporated into the tomato and cucumber genomic
DNA of regenerants. Further characterization of
transgenic plants will be described.

198

F487
Wo7z5—HELR—F—2HNW-EEFIFSvT
WIAEE, REESE, SHNS, $BAAZETF. BHE
CBILEWEERR - &) ARERATRE> Y —)

U4 XFXFOLY ) AEFIORTEITEWEES
MR EEOHRVBRESNTVNS, HEOHE
EZISIMETS20ITIIY ) LABEERITODD
UV —ZAOBHENBEATH 3, BLEFRFT TOMEY
FININ—TDTaPzy bO—BELTREID
75— BV R—F—ZHWERET RSy TOR
DI—ERELE, ORI Y- O XFFY
LRI OFDMITEAL. FOHMSFEEX DR
LR ——2RH L TWAEEEZREL. 511t
ZEDHTNS, BUSNESM CEANWTREGRED
FEZWTORBRROMBITIHEA LD TERIZD
WTHET 3,
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1XADNATS 707 L1 EBVEEREEBI ML IICES
THBI N3 RETFOHRBE & BT
M.ARabbani. &&#, FHEHKER. BRRE ' BRA . &
B —u . EimFnF

(RKE - DRI - £EMEF, "B -4/ LBFEE 2 -)

HES/LRPZORBEDEE L. S OHEERIESNRT
ETWA LA RHEFEEYDET VBN THIA FIIBENT
ERELIERIMNLIACES>THFRS NI BRIZFEBIBEL
BT I2REENE L TERRET-> TV 3, #18. SIEMRE.
BERNBET 721 XHEMELVERLEEDNA ST TS —
NS HLIC7A-2ERK. BERFERE LSRILL 2
1500EST7RA—2 & EZDNATI 77 L1 £1ERL /=,
ZITI0RMOER. SIERE. BR. 772U BUNIEE
Tolq 2 4EMELY) mMRNA 2388 L Cy3. Cy5ic&Bd -
KIRMECLI) I /OT LB EIT o710 ZORER. LWL
DHOBMEIO- kB EN TEL, NS IO- DI
BEEICERPEREZ PLABHNREFELTHRESATY
% rab21 ® lipl 9 BIZFLEPBENT VA, BICCHhET
BWESATOVEVWFHROI N LATBEEREFOEELTY
o ChOBIZFD/ — Yo EDRRLED THRET 3,
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< ¥ 70—7 TCP-1 Dt EHRILERRE D FRAT
BOXET, AR, Wik, =HRs, MERE
(BRIK - I - &Efr, ImBRTK B &EY)

BEOIX, ¥ 7 O—T (Bruguiera sexangula) cONA 54 7
FU=OoRBEEFIRELBER 2 —= v VETREYE
MERFORKL ED TS, TOFKFR, ¥~ 7))~ cDNA
DIZyry ROy O—fE L THS N TWv3T-complex
polypeptide 1 (TCP-1) # I — FLTW5 & #X H 1A cDNA #F
#/Bohil, TOXY7O—=TTCP-1it, T9¥ F 7Y AH%E
@D TCP-1 LT73I/EBELNLVT 894% OHEFEMUEAELTY
7oo —M%I TCP-1 IXEBKEWICBWT, ATPEFIALAT 2
FrRF =T ) DT A —=NTA T ETIMEEET S
HPEMONTWARETH Y, TCP-1 ORRLimEMEOME
PRI LRI INE TSRV, RFETIE, BEICKE
BEFEL, v v 7u—7, RUMEROBEVEYTHS T
¥ N7 AHED TCP-1cDNA, & 52 ATP #EHIKICER
PAERMZERZ ¥ A L7z TCP-1 cDNA Z VT, TCP-1 D%
BLBFOMEMOBBEHLAICTAILRBE L, £
DIER, TI9EFTV R HEDO TCP-1 ldb~wryr7u—7
TCP-1 kML HEELHER SN, 72, COMEEIX ATP 2
BKETHLDOTIELZWVWI LATRBINT, S HICHEFRTIE
Mang TCP- 1% RS ORLEYIZHEA L, B5h BRI
HOFEHEIZOVTRE LD TEORERLMET 2,
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Gene expression profiling of salinity stress responses
using expressed sequence tag (EST)-based microarrays in
the common ice plant, M nthemum crystallinum.

je! Ma.r%Ann Cushman®, Shin Kore-eda*,
Michael eg' olos?, David Galbraith?, John Cushman®.
'Fac. Agr., Saga Univ., Saga 840-8502. “Dept. Plant Sdi.,
Univ.Arizona, Tucson, AZ 85721, USA. ®Dept. Biochem.,
Univ. Nevada, Reno, NV 89557-0014, USA. ‘Dept.
Biochem. Mol. Biol. Saitama Univ. Urawa 338-8570.

Mesembryanthemum crystallinum, a facultative CAM
halogh te, can shift from C; to Crassulacean acid
metabolism (CAM) photosynthesis following sure to
environmental stresses such as high salinity and water
deficit. We have simultaneously analyzed changes in the
ression pattern of ~3000 selected genes in response to
salt stress (gOO mM NaCl) using EST-based microarrays.
Approximately 30% of transcripts showed si%'\i cant 13')-
or down-regulation from 3 to 72 hours following the
imposition of salinity stress. The most pronounced
changes in transcript abundance were observed at 48
hours after stress, a time that corresponds temporally to
the buildup of CAM enzymatic machinery. Several
hundred unique transcripts showed at least a two-fold
increase in abundance, whereas in excess of 200 genes
were down regulated to a similar extent. Up-regulated
genes were mainly involved in photosynthetic processes.
urprisingly, more than 30% of the induced transcripts
were functionally unknown, including many novel
genes. The detailed temporal d ics of salinity stress
responses revealed by this study provide novel insights
into the perception and response mechanisms that
contribute to survival following exposure to high salinity
stress.
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KAV RICES>THEBEN SV FREL-7I5—HOMBLE
{E2PRIMRAT
BN €88, WRES (AR KBE-R'HEX-B)

KAMLARICEHGT L, H#MIE->THEHTRETHY, &
RICHT DRLUREMEA DI NS HOTETIND, BRI,
ChETICHFIIFRISHLTKRNREERDE, WVB-TST
—tEEESERShEILERBLTIND " D B-TI5—FED
ERWREEALNCTILHICT, FHREMUL TELLOLR
HETol.

B, Fi3K(avio—)L) CeRMMEL -2 F XG0 &
Y 50 mM OB S B (pHS.5) THRELES /ORESH D,
DEAE Toyopearl, glycogen ZLI&. Superdex 200 pg 4* /L5l &k>T
FoT R RT DEMETNETNBIMBLT=, Superdex 200 pg
TILBHBTIE, 105kD(A-& 40kDA-INITEMEM I MELT=. A-1 % 11
3 PNPG5 253 MRL1=A BPNPGT 22T DIEMEN M of-C e D,
EBBYa-FIT—HETRUB-TIFT—ETHIENBEOMEL
Dteo TBIC A-Il Z2RTT(HMAE Native-PAGE) B A KB TH K
th, FERBLZECA, B-TIT—EDRRyYFHEBRBEI T,
CHhHDA, R pl A58 HD 68 DADDARYRDENIL, BIE
REBLI-REICELGENEMBASHELY, KA RIZHT S
BEMMRTERGONER-LTOSTEREEL NI ST,
" Todaka et al. (2000) J. Experimental Botany 51: 738-745
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WA DL RWEICB T B > 01 XF X galactinol synthase it
= F OBSEERERT

AWHRE" 2, KEFRTF, B R\, #K T, B&07 6w
—t' (CEH - YL F, MK - EWRE, RO () - &
W, kA - EMRRT - £WEE)

Raffinose Family Oligosaccharides (RFO) (Zf F D% MBREIC B
WTERL, HTORRTIECEETHZILBMSNhTVWS, L
M URNSRFODEMICB T BMELDOVWTRFRHATH ok, £
CTRRIEZ YDA XF X FEHVWTRFODH Pk IC BT 2HRED
RBEZENL UTHRZED X,

EDEIERREDKZ ML REEI L2, EPKICBWTD
raffinose D& MBRY Sh, M YHED LHARTHE ICHRFO D 53
2 L HTRBRE NI, RFODBKIXZ hE TOFFEK Cgalactinol
synthase ¥R EBRME LEL ShTW3, FZTCYOS XFXF &
h3MDKR b U REE ¥ galactinol synthase BEF (A1GolS1,
AtGolS2, AtGolS3 )2 B L 7= ChODBRIEMZB~RELIS
§ R Tgalactinol synthase iEEZR L. £ ZTELDBETFIC
DWTHEMER, HIVERBRIMHS LIS VAV v VY
EERL, ¥R PLRICHTIMERBRZT ok, ZORKR,
AtGolS2% BRI ARE WitfPE BER L LB U TEREZR L,
WICAIGolS] ZRBIMGIE € HY IR EBRRERZRUE. =
hoOMECBEIBEFORREBOMAE, &5 ICidgalactinol,
raffinose SROEL L HRER LU,
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YAARFXFORR - ER - HERER FLASEE NS 2B F
%3— R¥ 3iR{EF DREB DHMLBETF DM, &L U DREB2A MR
L230) 21

AN % =#EF. Joseph G. DUBOUZET. Emilyn G. DUBOUZET.
'Anna N. STEPANOV, 'Joseph R. ECKER, 2#ki—if. H¥sHIF

(Mok# - EIREMER - MR, 'Plant Science Institute, University
of Pennsylvania. 2E2HF - {i¥5FEH)

YAARFTXFTOKER - ER - MERER L RGEMSS XEF DRE
(Dehydration Responsive Element, TACCGACAT)(C#E& TS5
Y ZAEFICIE. DREB1 & DREB2 0 2 iSRS TH Y. DREBI
213 A, B, CD 3D, DREB2 [ClE A, B D2 DDFREQIMEET
B, TRTHDDREB# /NI WIZDNAKES KASL & LTERF/ AP2
RAAS > %$5, DREB1 (L{ERMD. DREB2 (3% - Wi MER ~ L
AN FIVERICEET 5. ABA SEHOREFRIAICIINEL
0. ERSEERETFO—D rd29A (370E—4 —#isk(C DRE %
H L. DREB [C& Vi - (ER - MERER L AGEHEORRKNE
BIFTIND. rd29ARERICLY. MEBOBMAICENTHERS RAN
¥ Zh 55, DREB2A. B TREMICKDIRRIBICHNOTHLS .
HTRHFVHE<AN, DD, rd29A DRTOERICL S RIAK
HCRELTLWBIFER RS Y ARFOFENTFHENTNS, 2D
FLOWMS AR FEWHET H7-IC, DREB 9 /1 KD ERF/AP2
RAS D7 S/ BERFNZERICY QA X FXFOY ) ARFIERRL
7=%&®. DREB1 |5\ \EFIA 7 D, DREB2 [SiEWEFIH 6 DRIV
Eh, ChoDRIERANT/ =Y INSATUIL - a2 &FT0
RPNS—EMIT LI, £/, DREB2A DBE#ERANT. /—Y
YNATVYI AL~ avickVy DREB2A. rd29A BLUED D
DREB # =4y MREFDORM/IS — 2 DE(LERITL I,
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Promoter analysis of erd7: An Arabidopsis ClpA-
homologous-gene, up-regulated in response to
dark-induced senescence and dehydration

stress.

Sean D Simpson', Kazuo Nakashima', Yoshihiro
Narusaka', Kazuo Shinozaki’ ,Kazuko Yamaguchi-
Shinozaki',. 'Japan International Research Center for
Agricultural Sciences (JIRCAS). 2 Tsukuba Institute (RIKEN).

The erd?1 gene encodes a 97kDa protein with sequence
homology to the regulatory ATPase-subunit of the plant Clp
protease, and is thought to function in protein degradation in
chloroplasts. Expression of erd? was found to be strongly
induced by dehydration and salinity stress, plus natural and
dark-induced senescence. Analysis of the erd1 promoter was
performed by fusing a number of discrete portions of the
promoter to the coding region of the LUC (Luciferase)
reporter gene. Luciferase activity was subsequently
measured in transgenic plants exposed to dehydration or
dark conditions. These experiments revealed that a 69bp
region of the erd7 promoter may contain cis-acting elements
involved in the senescence-induced expression of erd?. This
region contains the ABRE (ABA responsive element)-like
sequence (ACGTG) and a second ACGT sequence. Data
from constructs containing base substitutions in each of
these elements revealed that they may both be involved in
erd1 gene expression during senescence. Further analysis
was performed in order to asses the activity of this 69bp
sequence in response to other senescence -inducing
conditions.
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CLONING OF TRANSLATION ELONGATION FACTOR 1B
SUBUNIT y FROM A HALOPHYTE ANEUROLEPIDIUM
CHINENSE BY DIFFERENTIAL DISPLAY*

Weiming SHI', Keiko OZAKI, Tetsuko TAKABE
Grad. Sch. Bioagri. Sci., Nagoya Univ., Nagoya 464-8601
'Bio-oriented Tech. Res. Adv. Inst., Tokyo0105-0001

As compared to crop plants, wild plants experience more severe
abiotic stresses like drought, high salt, cold, and heat in natural
environments and therefore have developed particular adaptation
mechanism. Sheep grass (dneurolepidium chinense (Trin.) kitag), a
wild perennial plant grown naturally in semi-desert region of
Mongol, has strong tolerance to abiotic stresses. We have used
differential display (DDRT-PCR) technique to isolate the heat-stress
responsive genes from this plant. And a 1.4 Kb long cDNA clone
was isolated with high homology to plant translation elongation
factor 1B subunit gamma (eEFIB gamma). The deduced amino acid
sequence of the sheep grass ¢éEF1B gamma (AceEF1B gamma) had
about 60% homology to the protein from rice and sweet berry and
low homology to that from human or yeast (10-15%). Southern blot
analysis indicated that éEF1B gamma was encoded by a single-copy
gene in the sheep grass genome. Northem blot analysis showed that
AceEF1B gamma transcript increased remarkably in response to heat
or drought stress.

* This research was supported by Program for Promotion of Basic
Research Activities for Innovative Biosciences (PROBRAIN).
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ESTHEEFNBZFIE L =B ECAMBEYM 71 AT
S5 MZBITBEX L REEORIT

£ B, Mary Ann CUSHMAN, HiT 32, Elizabeth

CLARK, John C. CUSHMAN (RN kK% 5> F4£MH,"
WEK-B-DFEY, 2ERK- B ENEE)

WREDHEIZEBKA NV ATCRAEBTENS
CAM (Crassulacean acid metabolism)B¥ & B AIG#d
371 AT T > N (Mesembryanthemum crystallinum)
ILEECAMBEHD ETIVE L TEHEZRKD TNS
M. D FEMENCRIFE N REFOBIIBES T
W3, B&lE. 7TA1X75> bOBZX ML ZBE
CHRbLAIHFHERETORR LT OREHBE ORI E
BERELT. KBTHEX=TAIATS > ME, 04
M NaClZ30R M E /= 1348 E A 71 XTS5 b
M5DNATA 75 U—ZfERktk. #10000@D 70—
> DES HEEBCH (expressed sequence tag; EST) %5'
HHSHRELE. TH5I13K4500 B0 EEYIC
HELTED., T05 582/313MEEOM> TS
FONIREMAKEZBOTWE, ZD55, #K
HEESE., HMEEREAERUCERKICBD S KBS
EYoHEEEIIAZ L XIZ XD KIBICBRDTS
DITH L. CAMEUEEZIZZ N ABEICHET 3
BEEENOHBRSEBEIIMML TWE, T5i2, RN
EYRSEEmWERSEZEOEEEY S 108ELL
ERWELE, BE. ZH5D5ELEDNAD KRE
ERBERITZITO T3,
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EREERVOIOY THEBEND ProDH RIZFD
JO0E—4—#H
EHBE. PR WS ESImT

(Bok#& - EFERE - £9RE. B - ENSFEY)

Zay v, kSR MVRER(FEMSREEREYR &
L CHIRERICERT 2 BABROVEDTH D, H~ 270
U ramgg. 70 5 e ROod'F—+ (ProDH) @ cDNA
BRUFOT7/OE—9—fEEEZ O XFXFhOBERELE,

CNETIC, ProDHBEFORRIEZBRUBTHFE N, &
k. EREERUTOVU VB TRESNDCLERELT
\\3, #ZT. ProDH BEFDEREERU IO ViEEK
RIRICEHHZ L RABFEBELNCT B8, ProDH BIZFD
7O0E—4 —fAEICRERUEREMAEDHDEN ST x
S—+ (LUC) £/=IE B-ZNnon=4—+ (GUS) BEFE
DFEASREFEBALUEERGREMZAONVTHLRE
L=, TDHER. 70bp DT OE—Y —FARIC. ProDH &
EFOERBEERVTOV VBEERRICHETSZRE
F. ACTCAT RFIZRE LI, Fie, EBRAMLVRERITZ
O XFAXFTRIAOY Y BERESNIICHAD ST,

ProDH RIZFORRIMEFIE h 5. BREREYORFTH 5.

Z 0 ProDH BEFORBRAFHICKEET S REAFH 70bp
DTOFE—F—fRICEEN TSI ENTREEINE,
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11 AOX BRI FOMMACLARY ABA [T THRBAGE
KBIGA - PHAAN L M REE - hERE RS - THRK
B! BRBPEGHE. 2. ERAT-£DREF)

HPOIFaVRYZICE EEBO TS M O0— LR R
DIEMZ, ATP BRLEHBEL TGV N EFTATRREENSIE
WERNFEET S LA, COMREBROFEERICMLTIE
WEETHERHBL,

COEBBEMRBAT IO, FNETT1TRREES KB
BXTHD AOX ML THRALRIFNIThh, LN 2HhDHR
NERESA TS, LIATEAR(E, 1R 40X BREFORBEMNER
IZE>THERESNDEVSEERLEN, Thik, EHORERN
AR TIHEIZAOX ABIELTNDENSZEETBELTIVS,

FCTHEEBIL. ERLUSNOREAN A THS WAL
BRURAF RIZHT D4 F AOX REFORRIGEICBLTR
WETo. TOHER. WTHhORALAZENTFETH, 1%
AOX RIEFDHBITHERSN -,

=7, SLOMBALLRICHTHHEPOGEI, iEHHILEY
TdHd ABA NEELTLDIENAShTING, ECTREIE, «
RIZ ABA RBEMA . AOX BEFORREBMRTHI=, TOHK
BR. 1% A0X REFORBRIL. ABA BDE(CX->TIEFHERESIY
Motz COTEIEAER. . EREVST-RAFLAEETFIZH T
51 AOX REFOHBIZ. ABA OBAELTLVELMERIZES
THEHEShTLWSEERLTILNS,
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HEFT—ERBLUVRE A VERBETFEZLRBHE
Bicik¥E S  #synechococcus PCC 7942 D
A PV RIEE
FEARB T, Ikfhse, HEBFREL, HABH#AL &g
R (B - RADE 1A5HK - BT - %)
HYAREBRETTOEFTTIHILDITIZX. &
AV DX S REEBEDER. Nat OMifgN~DO%
HAHLU., EERBER~NOERPEETH S, FFF
iZ, HA MLV RIZXBCOBUAAREDIETIX, B
FIREHOBRRBILERE, BHEREOERE
DRebTLBELXLND, HAMLABDTED
TRBILA DL ROFHFIZONTRHMTBIC,
Synechococcus PCC 79421TH & 53—+
(katgE), ¥ A VERBRBRIETF (bet)., RUHRE
(katE/bet) ¥ A LTc. katKkUkatE/betilifin
FHAKRONZ 5 —BEHRIZ. av be—A#kD
1.4~1.8Thok. BEVHRBEDELE, BEER
EIZa b O— I RERCEBTHE TH o,
BEBRETIZBNT, arybe—aKXy bFEN
EFHEEZR L. ¥, katE/bethkid, katE
DH, betDAHEBHIVIBE LV DAFTHEIX
HEhrolc. ThdDBERIZONWTHRET S,
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DREB genes in Rice, Oryza sativa L.

Joseph G, DUBQUZET!, Yoh SAKUMA!, Emilyn G. DUBOQUZET,
Kazuo SHINOZAKI? and Kazuko YAMAGUCHI-SHINOZAKI'

'Japan Intl Res Cent Agric Sci (JIRCAS), Tsukuba 305-
8686, “Inst Physic Chem Res (RIKEN), Tsukuba 305-0074

DRE-Binding proteins (DREB) play key roles in the
response to environmental stress such as drought,
high salt and low temperature. This report deals with
the isolation and functional characterization of the
DREB homologues in rice (OsDREBs) .

Two sequences (OsDREB1Gl and OsDREB1G2) in the
GenBank database have putative translations that are
homologous to the DREBIA protein. An OsDREB1Gl
fragment was used to probe cDNA libraries but only
OsDREBIA was isolated. OsDREBIB was obtained as an
EST clone from the Rice Genome Project. Blast and
tblastn search of the Monsanto database revealed 4
more DREBIA homologues. OsDREBIA and OsDREB1B, 1like
DREBIA, are upregulated by cold stress. OsDREB1A is
sensitive to salt and wound stress as well. OsDREB2
was obtained from a cDNA library and, like DREB2A, it
is induced by drought and salinity but not by cold
exposure. Experimental results indicate that OsDREB1A
and OsDREB2 specifically bind in vitro to the DRE-
motif of the stress-inducible rd29A of A. thaliana.
OsDREB1A and OsDREB2 effector constructs
transactivated a GUS reporter gene fused to the DRE
motif, The OsDREB genes may be wuseful in the
production of rice varieties that are resistant to
multiple stress environments.
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B Ui & Z A2 OBADHRIE T % Bl Uz,
—7 ORIEFOMRNAOERRIZ, HIizZL v#EmL
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B4 R+ XFObZIPEEEERFAREBIZ & %
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(Bok4 - ERRRE- £MRF, “HEXR-EHER, B
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204 XFXFrd29BRIGFDERGEIC & ZREIZ. X
ABAZN L THIBMESh TS EEZOND, bhbhixs
hETIC, rd29BRIEFHDTOE—42—EICHEET 528
(MABRE (ABA Responsive Element) A 3715 MICBIET 5
SABFTHY . BfFDone-hybrid RERUNTHEE L -5
MDbZIPEKZEEFAREB (ABA Responsive Element Binding
Protein) A Z MABREIZHRMICHE L TTROBEFRE
T 2EERFTHIC L EHLMII LI,

XANMIRTO R TSR MERWVE NS URT T4 R—
L3 URRERICE LT, AREBIZ& ZEEEDFEHILIZABADF
mic& > THRMBYICHA L., ABARRERE T H Haba2k
RAW=HE. ABAEFEHOEEFEMENEHTEM 2 1=,
CDOIZ EMNBAREBDEMILICIE, ABAIZIEE L= VB E
BEDBREDEHNAVETHILEA DNz, FIT,
AREBS U\ VBORFHEBMEZER L LTERS LAY VB
LRBEZE{To-ET A, 04 XFTXF DTSRI, S
It L7=% 230 HhICABASLIE K% L TAREB4 /%%
BT %) VBLd BDkinase SEMMFEE L=, SDICRE
fEEP DY) UEttargetERFIICT S / BEMREBAL-EC
5, BETILRY UBIERBRICEITD Y BB/ FIER
HEhG< Y, FSYRPITF4 A= 3 URBITEW
THABAIZ & HEEEHL LMK S h iz,
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{ERFBEEERF DREB1A ZBRRRBS /AL O/ XFTXT
A= DAOE 3 |

FEET. MRERE' GEER RE—8. @an7
(Bok# - ERRF SRR ER EYIFEY)

Ko l$, R 18 ERXMLVRABEICHATEIRAILAY B
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HET>TIS., ChETICDREBIARGEFZO4XFXF
PTBBRATIE R MLRAMECHET2EBDI—5 v b
BREFIBREFRERL. BOER. 8, EERX ML AWESFEE
h3Z&EHE LR, 35S 7OE—9—%F I\ T DREBIA 238
BRFS¢AREFEAEPNEANVT. APV ARICEARRE
LTEI< 70U Y OBFRICOVDTRIFLE, TORR. CORE
FEAEYTEFEKCEELTR FLROGZWIY O
BB EOBRKBECHEHILILOTOY U BNERENT
WA EMBBEMTAE/, 20 DREBIA #BRRIRE T/
O4XFXF%E/—FUBIFLEER. 70U ARO®ERR
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DE—4'y MREFTRENEZEZ SN, —K. 7OU 0%
##(CBA5 9 5 ProDHIBEFORIRGAS HITHH N TV,
£, BEFEAEYOTOVU > OERRE ProDH BEFDH
FlO LX)V, &5IC DREBIA BIZFDFIR L X)L (C(34EMBIF
M 5N /=, DREB1A M1z A 51 DMIET ProDH BEFDR
REPFILTIOY OEHRBEREMESETNEIEEZISNS,
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vy 7)) v e BA LR REREOMIIA A A MR okE
LIERHE, WELR, SHMERL AT
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UHRZETiEvr 7o — 7Y OREEICES T 2 ®I5F
DEFREZDICHICHT 2EZED TS, TOHE, b
W¥RD~< 70— 7 (Bruguiera sexangula) (A RMICHE
L. RBERORIEM Mt T 2 LA TLHBY V0 &
32— N5 cDNA QHEBICHII L, e, S0y
VRERVT) e LI, v T vid, KBE O,
B ¥ N OB LT A BEERZ AT A L
LBEEICHERRE N T WA, T/, B sexangula DMEHERMM
WXBITE~<r 7)) 7 mRNA Eid, ZOMBEBESHEIC100 mM
NaClZ @M L 7234, W10 TREUIEMT 2 2 LA 6 »
o Twab, INLDERENL, v~ 7)) Y ZEEEY D
CEERE, BEMEYICES, WEVEYROTEN 2 ELT 5
HEE%XH L. B sexangula B HS NaCl FET TEET A LT
BALPOEELEEHZH-TWBEIDEEZ SN, L
Ly <> 7)) YIS OMRBEND 2232 BHH,IC
ToTwiW, ZITHFETIE, ¥~ 7Y ¥ DNA ¢ HEA
L-KBHE. BBSORREREE AV, 20MBAIZBIT
LHEBAA VOB, MBEERFTAILT, vV 7Y UNEA
T AR MERIE OB % B L2
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BRF2, A)lgl, EEEE (Fasrrarvk:
B Ae, LBk - BT - k% 28K - RE
o)

AL T HFEEFE Frf>P=%
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REABETARRBIEL., zoXEERE. R
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HIZEET S L BEbIL5103%H DGlukGin&Lys
2 % femutant, ROFT LY YO ERBEOD
BADH®D/NA 7V v RBADH®EE Lz, &Y L
vY YBADHIZ. Bet-aldiz®t LTix. KBE
BADH: RIUEMERR LM, 3-73 /) 7udt
YTNFE RRU4-TI ) TFATAFE Rigk
LTI ARE 2 ME%ZR LTz, EI03KZEREIZIEMEN 2
Mot E1B3QERBFER-TI/ TATFE FIZ
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BEEAA W TERBEINZIAYOF AR 2D
BRREARAT

BfEZ. Bamkit, =850 AREZ,
HHAE (REREWK - N12)

BR&1T. YO ERBEZBHASMTT HICH
720, BERRGTICBWTIEEAEKDELRDT,
C3 BINARNRHEZEDT 7UN - RYT FRED
B4 f& 2 A 1 (Citrullus lanatus)\2ixB U7z, B4
AL HEEZAN, ERICLIBETFREOEH
EYUNT 4 77 LT v T4 AT L—ik& DT
L. FDSB0—DN Ay OFF %A - 1TMT-1I)
BETEEBEWVHEREZELTWE. /—F UL
DZ® mRNA OEFEIL. EBEA ML ZAIZEDE 3
ZITHEML TWAZ ENHSMhERS =,

W4 LB MT 137 2 ) BICHBVT 2 HFEHIIE
<., B - EELORBTHBIATA L OEBE)
Y20 EH2DITK L., W 14 BLMNE T30,
INETIZEMOHEN S MT HEHEEFRO,,0H )
HEIZHS EHSNTNASH, EICBVWTIEVNE
ERHATH S, BE. BEBEBZA O MT- D 2EHE
EREHEERICH < DEFMICEITZITo TS,
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BAEBAAL A TERSNLIEREY V) D
EEBRRHERE
BaE k., =% #HA TR FZ, HEH BHE
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v OEEBKEBER L COBEEXHEST, YY)
COBEEBEESHERENS, T FIVERDKERL
FIVANBRBOBEL LIS ICHEITICE D,
SMVY T ERFOIFIULNTI T AND RRIGEE
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JICHRB IR 2 HRKEVWT RSN, £
MV iR, e FOFIO VST ANEBEE N
YUY YEALBEREOKIER., DNA ZAREOLIM %
A LEELREERER LU EOERDL S,
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S421
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unguiculata) » 5#ifESAMn-SOD# R L=, D%
NI BIEEDCDNADFRITIZE D P+ — I 2k 2N
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FoTwiah oz, FHEIIBUGLPOAEBAEZH S
MZTBEEHNELE,

4 E EBUGLPORE L )V ZFH 7=, mRNAL X)L
TIRAMEICE S RBE LA & 287 RIS
BIEEMML TWe, KRIZA ML RIZH T 2BuGLP®
REERAN, HEHITNaCIZ A /=H A b L AR
TIXBUGLPIZEMRNAR B XUy >V E & & BT
U7, UL L. BuGLP# > /X7 & DK/ 133k
I U7, BuGLPI3MIRaEEIC W2 <K& L. Mifaes
BREBRD DD TIRRWMAEHE LT,
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B A D VT T EBRABIZB T A2 X 5 Fe-SODDEE
& CuZn-SODDYEE il
HEEE, EHER, FHRE, HASKE. LIARE, {cME

(REKkE - # - W)

ariEiz, RORENZE LY TH ), P OEE LI
HEIBEA PVANORSEER S L TEERNEICH S LE
bbb, FER, 2 EYOEEBEREICEDIERD)
+ superoxide dismutase(SOD)IZE H L., ZOMEE L MHHIZOW
TWAXTE,

BEA Y 7F T5DSODA VERDFA ISR L L,
FEFIRIZIZFe-SOD & CuZn-SODAREE L Tz, T b 20D
FEAKAESODIZ, K DSHIMEEIC & h BB HIHMI N TBD,
SAMAE0.1 u ML T DIEIRE TldFe-SOD. M & V) BB TIE
CuZn-SODHFHEHR LTV A Z EHEEREICEVHEL IR
770 &5, ERKMAFe-SOD, CuZn-SODDDNAZHBEL, T
NoEHWT /) F VB %172 720 Fe-SODIZ, KFHirr DSk
F0luMETEESRTBY., Th i) ABRETIIEELSH
&N TV, —H, CuZn-SODIX, KA DSAREEC.1 xME
THEEFIF I TBY), BiEETCREEFMEESI LTV,
ZhODRERIY, HHFOFBRFEOHMICL VEELXNT
G IAFe-SODDFHHIZIMH S, CuZn-SODIIFHR I TV S
DG otz. —H. BHBEL D HFVBEIINAE=TS
Tk, ThoDBEFRIRLNED 272,
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Fa—Yy IEADEES LUHMBMRICETS FLAD—RDOFR#ME
LR - WEER - FERT' - NEMWE - ELSE hER - Bl
(ChMARE - I - WIERELE, ' R - R, 2NBFX - B
IFL U (B) BRELLTHSNSIFa—-UyT TR, YIVEDTE
HOMBPLELICHL 50mM FLNO—=ZRANBODRNTH I LEHS
MISUE " FLAO—ZOELDBOMMIZD L\ TIL 90MHz 'H-NMR 4
¥, SERX YA /OA—F— 2 (CLIRFIERPNEMIFTERLICTo
7o PNAO—RIZTEHOBRBMNE & VT DM ERES QUK ICE
L, #@mHaRCENTR., PLNAO—-R(CEINRITBHSNIM>
1S, WABAOMIEKERIELLE, ERDRKBBLIUVEER MU
O—-X(C& Y PMBMISEMEERS, BIWICHARTILEASND N OK
VWS E L <MLL, BEORFZMABMAOHBLXIHHFZITH
BELERMIIBMEZAON, BMIBLTRMTHDC EMTREE
heo PNO=R(CLDERBWEY 1 XBEOERMMICE O THRD
S5, A2 A= (CHXMBANOKBRIESERENTVS T LERS
ML ¥, PYUEERACENT, R O—RSLRBEWMBHRCT
ANF—BELTHRNTHIZENMMONTLIN, bLAR—RRR
IO-RERZDIERAMELLT. MRERMTICLTRERADELED
BLTND T EMTREN.
1) waya-noue, M. & M.Takata (2001) HortScience 36 In press
2) Nonami,H., J.S.Boyer & E.Steudle (1987) Plant Physiol. 83:592-505
3) Ikeda, T., M. waya-inoue, T. Fukuyama & H. Nonami (2000) Plant Biotech.
17:119-125
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U—BRORZIIEEINDN?

BEE—ER. IREE. MBEREK (Bl 2. £H)

AZNY) —BIIRONEICHEREIN, 7TRT I A MIBITS
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TGN 57 AN —BRIERALEETOREBENEREKOFAIC
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DI TIEAEWI EARME N,
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H2024E S ZAERBOBYER b L ABGERBICRIETHE
BT B GREX - ST - £4)

EERERIIRL DR BERB L UVAEGAOPRICK > TRAEL., HE
ThzdMREEORR L5, Z0kd)., BEBREORET M
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RS EEEE LTV, AHETIZ. FAROE IXABRBOBH
AEEBREO—DTHHH202 2HEML T, BEX S ABERO7
ANVERIIVE F4 8. HE 77—, SODEHEZIC OV THAN
s

bt AXADERE (Agrobacterium rhizogenes ATCC158348k0 Hfl
KEhBEEE, >2—20—230g/125HM L -B5 HEEMTRES
BHELTHML, BRI E L, H8IZ, 300m=EA7 50Ky
a—/0—A30g/IZWML-B5 WAL 10 0mlE AN, FHftE
0.5g DIRZEHML T, 23°C, HKERAT (PPFD: 6 £molm-2 s-1) .
#4501 00 EHETIRES ik L /=, #E14A%IC, H2 O 2 EHE 0.
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HBOLRF, WEEE, TOHNEERORBEITOVTHANE,

T OREF, BAOH2 O 2FMMED LRITE B R>TERBOA
#F (FW. DW) ({336 X37=, H2 O 2 IFIE25mM £ TO X Tidx
X LA S 2P REENRFENTOEZ, L L, 50mME LD RN T
i, MEIEEASEEF IR S N75, 100mMIFIIK TidiZ & A SIREEYE
RSB0, MEOH S F—H, SOD. AsAPOX{E{EIZH2 O 2
B XD ET T 2EMNH - =, THISH L TDHAR. MDAR. GRZ
EOFBEBEROTEMEIIH 2 O 2 B LOmM{THE TH I T @M RS
N, MBEFOBCMEBTHY A2)VE BIZH 2 O 2 BMIck 0 &
DETBEENRE SN, ZNITRL T IS F 1 2B R O B
L. B{ERICDWTIZH 2 O 2 BEE10mM A 5 50mM DI ME THEmM L 7.
BEDZ ENS, £EIXBRBIZH202HMICL > TREZ D LAMNE
F 300, #IC10mM{HEDOH 2 O 2 WE TV R IV E V-7 vy F4
RERVBTER LY, BEA DL AR L 2MRBEZHNTNDIHD L
2503,
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b IABRBADH202LEH RO N7 IV ADA R OFBEI 2 S
RECRETER
AT, BIUEE GOEX - R - £%)

EI AN B RWIER/ICH02Z BT 3 &, MIRATEESFHS O b
O8> 7)vhaq K ogkid A OFE R RIES N, FRE TIIH202H
M OEIRR S T, 5 DRI RIZTERICOWTIERS,
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XBEWE, 300mMEAT7 FRAAKCYa—r 0—R30gN%HFMLEB
5k 1 0 Omi -0 AL EO.Sg # B L T, 23C., BMBHT.
#4501 00 Wi THRE S L /. BRI4EET, B F 2 K100mifPiC
FWRM2g (FW) ZAH, H202 %0, 1.0, 2.5, 5.0, 7.5, 10, 25, 50,
75, 100mM O MBEE THRML THE L, ECEOE{B IO T IVA
o4 FEERELE. £ B 10mMOH202% #m L%, 1.5, 3.
6. 12. 24, 48, 72. 120, 168, 240F5RlEk Ot BL UM+ b
No7)vha4 R (6Bhydroxyhyoscyamine,  scopolamine,
hyoscyamine, littorine) ZH s L 7=,

BRUAARIC, BA A oKICBRB2gE2 AN, H202 %0, 1.0, 2.5,
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*HEL TECHMER Ui, MIRARICEEERI= o> 7vhaq
F OMBEAANOFE B SERTH > 2. 10mMH2028MEFD o X2 7 )b
A0 ROMBNAANDEREZRHICHE LZ#R, H202HRM#%
hyoscyamine, scopolamine, littorineDMEANDFEBMNRIEZ N, 6
8 hydroxyhyoscyamine® #il 3 feif & iz dvo fe. Bl I36~ 120F
M%E TREIN, TORITHINNOFRINAGEE D, 48~ 12085k
FTRBRICIR OSSO TIVhof RidREAERB SN o 7. #
RO haX> 7ivhof Rid#hh s @B oRER L ERLE. LhL,
MR SRERSA TR L 727 )V OA RAASFRO#E TICHRNE 1
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Y. littorine &scopolamine ® MBI HERF b 21T LR LIzHR. 240
RERIE D S O 7 A 4 R OB AH 2028058 O & L L
TRESE L.
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PETISE®BWAEAF LF¥, 1 XTDHLEBTEOSFe,
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@F2Cr( @ ,4n)S2Feic & D AR L /=52FeZ2 AFX REEE FL— b
TR, FFLAFRNS BRX . S2Feldifl &3 OFHITRE
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BERFE, BREMREALBITLE SRZUBICLD, H#
FEANOBITRIZBMNL A, 1.5BRE THo . @52Mn
B3AFAFOdcANOHTEEL, T RZUEIZKD
BHE, deANOEREIIE~+EIcHEML . @12 TD
62ZnZ AWz BINER T, d.ciTi3RkiIX Bata#%404 TH)E
L7z, BMRZUETI.c.ADBITIZI0BLALIC ML 7=,
Fie, B#HRZOETOZnOBTIZEAICHNT 0TI
<, WTIIRSNABN S BEENY—2 %R L. 3ED
TtE & HAd.cADHBITIIBO-KDOBIT (1-24) ITHRT—
LA LB W, ENNHMBERZIHUNS L RN, BHL
B 7T VBIE, TOMOERRZUE OEEBOIER
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b= FEREEMEEIZCARE£ERHB5200~1000 pM

EVWSEMRETHRRBETH D, &AM, Culc(IEs
<. l%50~100 yM LI EDRETHRERRTE/Z,
COBVIBEMBEERTFRTHBI 74 brSF>

(PC) NERENFEMNHDELEBDND, FWMRIE+T b
HMISDOPCAR & CdtE Icxd T BCUN W E R /-,

LIRT8es Lc#IC. b= FARRIICAFET TPCES
BRICERL, CUBETTIR2<ER LA, COD/
8, 50~100 uM Culiith T# 5 B 153 L T 6 Cuilid
SR ERMUAD oI, WIS, FOMIOCTHYIZE
EBEYETLTIVE, £ 100~400uMIClE L.
POPCEERICERAREIC/AZ>/MIBTS. CABEMD
HEICHSY, CuNIFERLABRRIE L, ChD
MBER DPCRTF RDOMEACuf > DEEICL ST
WMPLTWBZENRBALE, £CT, #BEMISHEL
IEBEEAROPCARBIEEMEICHNT SCUDERER
RIEEER, FRESHEM<HEETS &b/,
CAI3BICEDFSEMMICHMOT IV,

L EO#ERPSCUICAEHRNICIM< PCERBRED
[AEFTHY, FThICL>TCAREERPEEDI &N
HeEaL .
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7L =L (Al fittES /S 2#ERaHk ALT301 (28
[+ 2IABMLME DN : 7L I = AfittEgo e
et

Saddikuti RAMA DEVI "?, |L#¥F ', $RABER "
(" EILAKEER, BRAIN)

7L I = LAY /N J#EkE ALT301 (£,
B|ER(SL)ZHBE LT, DALY LBRBTO Al AL
HEThoEEEtBVWIBHEEEMEIILTL S,
ALT301 (2813 Al TittEEIEEBES TR L %
B#E LT, BICFEFREEBERUVIEHBEMIZD
WTHKE BRI T2 812, ABEWEIZD
WTERIT L, BERTIH. Al UIBE D IEIERART
(2R EIE1B S & BE AR L A BN T % A% ALT301
TIEZFDERENMEN o 1z, ALT301 (L. BEDIETE
FECHBVTHELYEFLWZIILE VEE(ASA)
EBEITINIFFU(GSH)EER T L=, MHIZH
T Al JLIBEARIF D ASA & 52 GSH £80D%
By shimhht, Al LIBEOIBTERARGIZH LT,
KK GSH 2 &(% 1710 [ZIETF L= Ht. ALT301 &k
T 12 IZIETFLEOATHo7ze UEDERLD .
ALT301 0 Al fittflZ. ASA > GSH 2 ED#EmMIz &£
N Al LIBEDIBTEIZ 4 S IEEBEME R KR
EEINFITEZLICLZTHEMELEZ SN B,
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INDIERABRICBITAPZIVI =T AICE > TCHEUXHO
3PV EKYPOREIZONT
INVREEF, (AR, BAKERE @R, BED

PIVI=U s ADIZEYIBOEF2ZHEET 25 20HE
BB OWTIITHETH . BLlX. N ERMEE
BWT Al B4IcBII5I baY RYPOBEDDICOVT
BET U= #5300 Al JLE R DIV Y D ABHEPTT
3 . Al RN, M~ Al £ERHIEBICROh, 9~
12 BERAEE L =8I, ho—2R (B-1,3-7)NVH V)O3
WHERERDETHAL M=, MlaNoI baY ) 7EED
518 LT, MTT B ThEL T ATP S B Z AWV TRETL
T=o BR2Z2HED Al 2R\ /= 24 BEUEE DO MTT &%
B2 B TN ATP S RIX. Al EEICKELTET L. M
BEETO Al #EKREEL I —BLE. I5IC. BREL
2a2Y bo—)Vvillae AL GBS 2 &, Alic &k
% MTT B0k Al JLEEBALAE 3 RFIE 5. &
7=« ATP EROETIX 15 RFREIBLUBRICA S N =,

BlLEDRERDSMEAICERLZ Al IX. MigBRI +2
v E) POMEEZIHI L, HO—2WPHMEEDET %
BIERI LTW Bt Rla hiz,

- 5431

NI BBRABICHEFE2T7IIZ0ALICKSD b
YRUTERECHT MR ICLZTHIR
WAEF, I BEEF. HDARE. AR (FEW
X - RE)

& /NHBA(SLER) DAISLIEZ hIL S D LABBRPT

15 &, AlDSHIRR ICSRIR LIBTERED BT A% 5h 3,
HIBREDIETOREZASMICTSHZ L& B MIC,
AISAEBHARIRD X b FUZERICDVWTREL
R MITETEDCETELATPEROET (I
5, EKETRR)ICMZ. SPaAVRUTZORE
fIIcf& %3 S Rhodamine123ME VIAHDET b
Honf, T5IC, @7 0—7(DCFH/ DA) & A
WD EICKVAILEICH S HMRPMBEE L KRDE
MASREEINA, FIT. MEBLAICKDAIBHED
MHEBRICOVWTHRELAZ LS, Butylated
hydroxyanisole (BHA)E, AllCk AHEFEEDIET .
SRV RUTHRERE. BE(LKFEOEN ZMH
L. #->T. AlIZS POV RU7DOMEEIEE L3
ICEEBMREA VR ERRUBBEEDET£5 i
CLTWSATREENTREE N,
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BEOEBDHLER L LB -5, BE—EMOEEH
FEBE. B LU REEORIT

PEEIR. (REMEL, 8K (FEEEX BT,
BWf - 74 NFAFIIR)

R4 Y 9BAZE (Crassula portulaceaL.)
DO, BLU, 3EDEREIC, FEEELRY
i}, 8 » ADM, 3 MR TEMRAICEMEZHIAIL
Teo EDORER, ETOENM T 24 MO B E
MEBREHRINT, TORAMO, B—H, »5
Wik, BE—-EMToHEBIX, FBiIZhio TRM
Liche, BRAYMTIZLABHLNE, ZOK
2ETOR, HOMLELEIZOVWT, —AZE
DFEBEFREEY R, —RIERRLILEZA, OF
D LBRhrote, 1) BLEEDOELOMTO
HEEEB AT, A - RKRAMLERVIET, 2)
BLETEOEARML TS L&, BT
BRE# LTS, 38) FE#LTWARENOKL
O ThREE, TORERMICWES, =
NHOHRKRIIE, BIV, BERNHOLEMMERED
BFEZRLTVWBLEZITWVWS, EZT, ZOK
OWTHRMMRE(LEZHABIZITRT DI,
Wavelet #8474 FfhtE L 7=,
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78 L7 DEREAWI Y AHDOF A
mEls (FHK - %)

BEXCIVFEINIBERDEZEEIZ. DNA
photolyase, Cryptochrome, NPH1z X165 T B,
78 L7 Tid. RIVEBREESDI2006dE34Kd # v /¢
70V VRRERIGHEEBXTHEREIND, TORR
IZ Protein kinase DPHHEH| Staurosporine TRHE
ENd, 7oL SOBFEEXTHEXINE T VI VY
BE - PRIR{RAE. FHMRER DA A - DB EIRRIT
Staurosporine ClHE XN S Z L ZLATHRE L 7o
—H. 70 L SOMBRBTHEER (MEBERHIC FADR
AL) BFEeX L ElRtch3, LMD T
VEZTRYAZIFITHEBRICLIVEAEFEENS,
COREUTOEIICHEN Lico TVEZTRT S
JBICEETBEING I VARBREAF A= VY
N7 +FVIVTHETS (MERATOT VEZT
ERrBPHOND) LABIrLOTVEZTRDA
HIHEFEENE, V0L SETVEZTCEETS
LHBRETEROZ VRSB oS, Z oM
TYEZTRYARMIKNT 2EFAREEERE L,
IN6DFERNLL, ZuLSOFEBRXITLETVE
ZTHDAAEFZIHBRBETERNZOZR KL
ZZiohb, $/270L 5073/ BOBDIAAD
FEREICLVFEEHENS, SEZDIEZEEIZON
THBRT 5,
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FEOIIIBIZAHEESE)VRXI LT —F
(RNase) DFEIE

ERE -1 RIFEL2 OR#EK - - B 2REK -

Bt - EMmELEE)

FIEOIIZBVWTHARL ) —)VEINVE VB
ANRF T T—FOREF (PoclATEEITH
PHEELTRILTIEBET. AXCHHEINTRET
5, ¥~ HEEAPOBETEFTTA AIEOOS
EizBW\WTit, BEHICOAMRNASEENRR SN,
BEHICIIZEAEERBMNR SN, TDPpclAL
HFEMEBETEL TH SN S CabORB S
2, BEEREOHRE &ERICMRNAORERE DR
MBS L TWBARERE 2R EZE SIILARNICRH L
7= [Plant Cell Physiol. 40(4): 423-430 (1999)], #
MEIZBVTIIAFEE BT OEEHZDOmMRNA
ZEMFEGICED DRNaseDEIEZBHIE L, HEE
&HTTO, RNasel % RNase activity gel 7 v
A ZANWTHNR, ET boEQAIHKRTINY
HhknDiz &% 8FDRNaseZ10 kDa 545
kDad¥ 1 XTHRIHL., HOFE, HIELEORILIZ
K DEHEDLEIT ARNase ) FRENKEBEEEL T
WREZRHLE. £/, BYNNVEEZTIVIRG
2L DL 7=, RNase activity gel 7 v 1 %
T\, HBFEORNased LD FEHEERL TY
HAREEERH L.
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LAy a b IS A bORBNEETOR R ER E
zeaxanthing &

LHEAE, BEGHF—ER! (WK - k&> & —, 1AM A-E -
)

KIBORFEAEP UV-A ICKDBIERZZH, ZThEo
Rl OREBXRERCLDRNENS, X, ZOK
IBRFRBENFET S LEBEINZ NG NTNS. T
T, VITAALDMBR O NS X b (GCP) 2#EELTT
O bR BB B HRAHKOMEITDNTX, HEX
SZRERELTRBEINTWS zeaxanthin HH#RET 2 TTREN:
ZOWTREL 2, GCP D70 b >R T EHIIHF AR
UV-A OYEBEEIC LT hyperbolic iZik&F L, BERFIZHREN
BEET D LHEHIIHNT D BIZEORMEBRKFHEOMA
MRSNE, ZORGHIC &L BREINEREFEEEERIC
KoHMEE N, ZhE ORRIRIAERICKB IO bR T
D ATP OHt#e &R EXERNIC & BB AEORINERET
%, ERFRAIRHICZED zeaxanthin SRIZMMNL, HER
BETERERHEET TR OB S iz, U EORR

CETOTRALOBREAZIBAERITONTERT 5,
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A X0 PHOTFR#ET. OsNPHIa & OsNPHIbi3, Y
Lo TRZRDFEBIEZZIT TS,

- 715435, Federica SAVAZZINI, M. TAHIR!, & /T 2,
FIHIE=2 HERR (REREWRIFEIGRT - 5FRIEHW, 149
RIGTERE S EATRFCHEENE, 2 RO LA - BEHTIERY)

PHOT®GFEAT IR COREIC ST A HENT
BEEa—FLTW3, b hETIS, 4300 278E
@ PHOTHEFHEIEF (OsNPHla & OsNPH1b) ZHBEELT
T ED T E T, Zhb 2TBEDRITEMIL, 2T 54%,
PHOT 2 8%&972 LOV1, LOV2, PK F A4 > Tid 70~85% 7D
EVVEEER SR U=, ¥72. OsNPHIa 13v oA XF+XF0
PHOTI &, OsNPHI1b 13 PHOT2 LI LTV V=,

F(HAZ TR BRI DORBRELAD L. OsNPHIa
NP CELRITEHR LTV ADIZR LT OsNPHIb 133EIC
BIBRBEOFTEI 0T, BICFEX ERFTLHARNIB T
L. FERICSEITHEL TV OsNPHIa I3REIZRED L
7ee —75. BT B OsNPHIb ORBREITHR4 MU,
INHDRERIL, OsNPHIa & OsNPHIb %, A FDE{LF
EXDOFIER LIETENETHBIREB LR L, SHIZEh
bOEEEMIINIC Lo TR RBRIHEZ T VWA L%
RLTWB,
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74 b OL4phyAlc& B b7 FIETFRF O
tETRF, E@Eft!, BeE, GEme @Rk
-4, EEA-E-EY, CEHEZTFA - RE)

KEBEFRIFERETIES LEFT B ENHB, EFR
BHX(FR) OEHEHICK 3. MFRFEETOLREEFE.
PhyATHBZ &%, P2 PD7T 4 MY DLARIBRAZRGE%:
BOWTHLMNC LIz 74 b DARGEMIET 2RAER
{hhp- 1% &, phyARiR —MEARERME hp- 1%, fril | RU
phyB1 RiE= BEAERikho- 1%, tri £, ROBER%E
Bl 1) ThoDEFERERTRKSEEELRF LI 2)
ERWK1~ 3ME OFR/SIV ZABETRIEF SN
M. FTORKREX(R) NIV EERBZLBURFL, 3)
DR/ FRE# IR, WThORRERETHROONIZZ &
Md. phyA&LphyBIHZ ORISICRER THB & [FEZ D
hizly, 4) BER K1 85/ B LIR OFR/L X R IF =M
TELM-Teo THIIPIFERAY. FROITIE LD R —
TR EEZDND, 5) TDPETH., EFHFRES T
RIFENHEIZNT- (High-irradianceR ) , - ORIFMAE
(&, hp- 1% &hp- 1%, tril TiRBOBNIA, hp- 1Y, fril
TlI<BHOhEM 2T, &oT. b7+ ORIFBIRL,
Low Fluence IIGIc& Y #iE S 2#%3 & High-irradiance
RIEOHAEZRITIRBICH TN, REOKXZEEIEIphyA
THBZ EhREhT,
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BTN

A XFZXHIBWTIE, COPL, HYS %EDNS 7+
WAL 0. BRI Cons (Do o ol

s o
Lo i
%é&_?b it e el

S -

EA ot ﬁn%%@ﬁﬂi B. 207Ny

T (o{fﬁ F)FR70AL2 Qy2) O 7.’)*?}632
’k ¥ BE 'ﬁ'f %EEXJ)‘F) tB : ]
Lf G E#Tf F5 wn%Ltm @

--o — 'h- >y :ﬁ:i.t
\ To
»kb., &&@ﬁ}f"‘?ﬁ’ﬁﬂém_ phyB<GEP zﬁfiﬁ#

a4 2+XF (Y i et ol 199) AFVTIOIRE
PR TS B JAEBFR eSB n
FHAL 25D T, Y. pyBsGIP B /<
5 % B A BRI BT, JEEEE ot S
K UUEASRO Nz, F7z, phyBsGFP BE& Y /0 %
FIARCTEBS B /K CHIE $goh/s BUE

Fea D7 —7 TR L7 A0 w*y

N BRI BT RACT (S, D) .
ICEDNEEERL owféeb_#u%ﬁ%:@b'cwéo
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IVEY SR REFOHEBIRNRREIOE—

& — @4

ke SEE' WTRE® AL PHEF"
CAFLFK-H ‘EERIK - RBREF)

BESHEPOM LBOEHEE (CHT S RENIE
BEBEMITILZBHIC, OMXFXFICHS
WTEHBEBUTHIARDMLICHETS
EMBEZINTIND SCARECROW (SCR) *EO Y
ZIVROMERD ONASATSU—DOERL
7=,

in situ NATYFL¥ =3 IC&L>T. I
YRY SR BETRERSBHIB S LURRE T
B<RAL. BTRARLEZ ONIHMBREDH
TRRALTNSEEZEELE,

E5(CY/ A DN STOE—S—-fRSEES
O—=>4L7%k. S(ROARBFRVRRICHAD D
BFIDMITE,. SR 7OE—% —fA%E GFP [CD
BWEbDE7Z7I/OANITFIIALICE>TI VR
DEVRICBRIE, BONEERBEHRRT S
CETHRBE>TWS,
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7 SERTSADHR b LRI & BEEHIH
AR 2 HHER, KRBT Z MdFE

WAk ( BERETRY ) LARERE
BEtE >y —, P BIRHILRERETETRR)

YA\ OENERHEIL, AL ICHRE
BISAMLVARHEEE L TEEREZSD
BRARBRIGZESIERIT. TOHXAMLVRIC
KBEERE O FHREZHBITT 5720
BRETIIN T 7z 5—F L R—F—2HWNT,
WA LRI T HEEIRE % in vivo T

ZHNVITTE VAT LEREELE,

B AT LZRWTERA S JFIVRER ORI
Zfrolz.
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TAXLVZZAOMRBROBRERICHT 2EBELE L
BLEMIBEHORE

Atk T, HE B, ARE BEE! @E@Ek-#-
A, VRBRTA - B - A9)

ARCEBT LIET XX L LI RADFEZZRANWT, X0
MR DOREICRTT 2 RLMAIESH (1DZYV ) RF Y )
LEHFNLVE L D BERNTZ, TORER, 24~7 28
M7V /Ay PETCAEFTBIRET AFOEEZIIME
BREBHEES N, EOEKREMEESH TV, D5k
P/ NEHRET TOT X OMEREOREITDRL
Y URBRNLEX DI LICXVERE L, Ei=, Bl
BEARGTOEXEORKBELF L HAER (AOA) I
FoTHEBEINDZERHLMNI o7z, TH L DORERIL.
BLMNENCL>TELB T AFDHEEZDHERE
EIBRBREOEITIHEVRVY Ve FLUBBELT
WBHZLEEZRLTWS,

EERUBNEARBET CAFT SRV ZRIZONT
b.E—EL THREICBWTRRR RV Y Vick 2HE
BREOEEZBEEINS, LIL, V¥ RDF4E 2 2 %R
LEERIIANTEFTSIRERE. DRV Y VIC X B3 HE
REOEEIZHE Y Ronihotc, ZHITHEBEHKR O~
VIVICEBHREREDOEBEICLETH S0 LEbN
60
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BADH #fzx F#* CMO WEER Y NI DY 1 ¥ G

(AN GER %

R B, hbhwLh, HREE WPERT. OB R
(Fa Y EBE - N+ T )

P4\, W¥EME%H$ % ¥ 0 (Chenopodium Album
L)YDNY 4 Y EHBEICER L, YO oRy £ &5
EfS5SOX-—BETHL 2RIZF-—aV VE/FFTY
+—+¥ (CMO) BfzF, ¥4 Y7V Fe FFe oy
+—+¥ (BADH) BfZF—ICoWTHE%{ToT& 7,

INFETIC, YO¥ CMO KEREBITRTF FE A
B LABEERRS Nad, 3) YEETTRYA 2%
MTEBLI LD Do TWVE, DT kiR, ¥NaHH
D BADH EMZAELTWAZ LERLTVS, Ly
L. a0+ CMO FBEif ¥ /xaTit, 29 ¥ 10mM %
BoAl LR TONRSY £ 2 FEHAT2 2 mol/gFW & |
B EAMEE L THAo T, #2T, Y O¥F
BADH #*¥ 0+ CMO TR R#EIR ¥ NI DR 1 ¥ EHikE
AL X EED IOV T OGS L L 70

ZOFER. CMO BREHR S NIIZB W TERERBIT
R7F P45 L7 BADH 2 R8B &5 LICL o T,
8 mol/gFW ORY 4 Y ERMPRETH L Wb o
2o COEMEI. BELRHT COREMMEY > O X
A4 VERDOFEMY ThH S5, CMO & BADH % [F]RE
BB IR LICXoTELIINY M VEREEL S
DONBZENHLNELR ST,

Stk NI AVORE, BEBROHBEITIZ LXK
STELICEMBEZ N LS EES LRSI,
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AV 1 X AAVASS S AV IVE VDAL & Q) 3:1)
BEEL k. WWHRH, =HEERL NBERE
(RIK - I - &by, IRERFK - # - &)

URETIE~Y VT u—THYOMEEICHE 5T 2 &=
FORRLZFDOLAICHTIHALED TS, TOF
B, e V¥R D~ ¥ 0— 7 (Bruguiera sexangula) @ ¢cDNA
FAT77) - hoKBE, B, N aRERROWENSE
Pt T AR ETASTRS N HEa—-F T B LE
ZbNd cDNA OHEBEIIEI L, Frid, 0y 5y
Bx [ 7)) v L& L7z B sexangula DRBHREEM
RLIZBITH~ 7 mRNA EiX, NaCl RV IVE b= %
WML 22HE, BBUCHMT 2 2 EABRICHSICR - T
BY, SO ERS, YT ik, w7 0—TH NaCl
EDAMLVARBETCTEETALDDEALZEE#H-T
WBRLDEEZ LN, LELEDS, ERICwr 7)) v
YUNIEDENFEEZDA L RACIBELTHEALTWS
DUV TIRELHLPII R o TWERW, FZ T, A0
RTIX, RKBEOSY X BEHREFBELT Y 7Y~
YU BEEESE, TRERVWTYHFL VR~V S
) U REOEREfTo7, &6, TZTHELLHGE
AT, B4 LZAPLARKET TO~ v 7/ o— 7HEME

DEBLV T vy N2 BOEBEOBGER RN,
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Z v¥Synechococcus sp. PCC 7942 DEE R FSmtB
DIGELFLF R AR D R
I -YeEs)

5 V¥Synechococcus sp. PCC 7942 DEERF
SmtBld. A OFF XA VEEY NNV ESmtAZE I —
RS 2smiA BRI FOEEZMEIT 2D 7L v —TdH
% L ERIC, MIlAANTHERA T SOESRA AV EBE
D P —2 UTHMAET 5. SmtBAHERA 4> L i
ATHL, ARLV—F—/ TOE—F—FEHICNT HH
MR ERN, smiA BRGFOEENFHINS. SmtBD
RiREERSIX. BESHAENESIZEZEBELTED. £h
SikeEEISHBZ Y U h—IcLbEIThTW3, /=
ZD &S RESNE. smiABEFOAIRV—F—/ 70F
—& —FIHIC 28T (Bbsl. Bbs2)BEE LT3, DL
> REHIHD2EATICHEET Z2EHZMAT 2 HN T, 2f&
AT DB, Bbsl & Bbs2iCX 3 % SmiB DEAMMESB
SUERENZ Y VNI E-DNAEAKOEEDHES
TV 7 PEICK T LTz ZDER. Bbsl &
Bbs2Cl&. SmtBEERE N3 % )N\ B-DNA#E A
OREICHEMNA SN, COMRICIEE SHEMES S
DY v Ah—EFIOMHEL. BEYRERSOEENEES L
TWAZ L ZHALPICULE. BRE. RERZHEALE
SmtBZ AV /=3 ADBbsl, Bbs2 P DRFIEEESIC
T BEMMER S VN7 B-DNABEASKREREEDZE(LIC
DWTDRIFTZITO LT, TENZhDY VNI E-
DNASAGOERICEERY I ) BOREZEDH TN
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Y04 XF XFTHEMRAE R pst2 (25511 575 Na BE S
DIEEETF, IHERF, IR, ATHRRIZ, BIGH—ER2 /e
N (RREIRARE 4R, B MR, T AUNGARR IR 44

Y04 XFXFERY, HEENRESREBTRRLRE pst
(photoautotrophic salt tolerance) % 2 Fkii87= (Plant Cell,
11, 1195-1206, 1999). Zh 50> b, THEHENFETD pst2
ICDWT, ROEIBERBAL . Na'BitH% “Na'ic&y), 1tk
RAD K'BWAHE R ICEY, BIELA 200mM NaCl 8%
EHICHENT, pst2iCH13 Na* DHEMHESINDEERIZ, BEGD
Zh&W HERBISEN o1 £F, pst2 DTDOEEHIE, NaClsE
ICfRhS T, TERAICRIEE Wiz, —7, BEEH CCCP Migin
DFNGE LUSEHD pH % LR SEIERRICKY), pst2 DFEMD
HEGERIZEE THL A EMBEI L DS &),
pst2 ICHWTIS, #Ba5% NaCl IRENBVES S, H EY 1 LY
IS L THEBBEE 7 U2 H AR ETR L, Na'lH -7 FK
—2—2&Y), Na'HHEHE N D VI EIEI EE S h - HEBaR
HYRBEOET IS, MBEME H'-ATPase, BHE H'-ATPase, B&
UHaE H'-PPase DRASA A Sh3. pst2 OFEMIS#EGRY
T, 200mM NaCl THEFCBHEE CRIBETHBZ e, MR
[& H*-ATPase DBISHBRUENTHB LEA L Yz X270
v NEICEY, HRICHTAHR H'-ATPase DEREHEL 1L
A, pst2 EHEGEEOMIC, BREEGRERAPoF LI
2T, {OEREICOWTIRE £ 04 7=
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i, @, ~2FV7ONatHY 7 v FR—2—LH
[ 4% DRV Synechocystis PCC 6803DNat/Ht 7 > FR
— & — DR FHREE
HWE®, BHFRL FHEl. dHEZM2,
Rungaroon Waditee. B{EHEYE (&A - RAW 1
Ak - BT - (b2, 2THEK - K - K

L RERE T TOEFT B30Iz, Nat ol
ANDOFRABL. ELRBER~NOERNBEETH S,
NatHY7 o FR— -t h bictB5T 3 EEREN
BLEzbhTWS, Tk, BREOT VFR—
& —(AtNHXD) iz X &k, MREEROT VY FR—4% —
L Rbh 5 RI5T (sos)REME X iz, Synechocystis
PCC 6803izix, #72< L bSEBEONat/HT 7 > FHR—
2 —BEFVBEETIN, RAZX. FohichHy. B
WM. XTIV TOLDLHERAEORNSDOBEET D
(SynnhaP)Z & %2 RWH L7z, SynNhaPiZ KB E DK
BEHEMB LT, 0.2MNaClTH4EH L. SynNhaPix
Nat/HY*RULiVH*ORBEEEZ L. LB LEORE
%, pHS~9DEWEHE THVWE%. R L7z, SynNhaP
DAsp138%GludH ANWIITyrIREBRTH LTV FR—F
—EHEIENE L. ZhbofER E LB iZSynNhaPD
FRuP—EFNIZONT HEET 3.
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cDNA-AFLP EIC L 244 ADAL A R ML RAB L RBER
b VAR MR R F oD BigE
HWBERE, KFE—, BFhHEA (BEX - BTR)

HEIZBITRER PLAOEEBIT, (3R MVR) &

M@FEA R LR ICHT BB, HEYOMEIE % A2
DIDTR ETID2080MT A LBNETHE LE
2, UTOER%ZITo7/, NaCl \AE (S A +BERX b L
R) HBVWIPEG LHE (BEA ML R) 2 24 BRI LS
A4 X (Glycine max (L) Mem.) 736 R F LRAGEMBETF%
AelCBEET 5 LT, T ZoOREY SRE - T+ 2
T L ERDT M= FEBEE L LT cDNA-AFLPERZ A L,
LFVRRBEOEVETNZER L CEFOXRREZITo /-,
c¢DNA-AFLP IEIZ X o T, & A X2 & B #&HIIT 143 8D cDNA
W7 i % BiBE L. Glycine max Stress-Responsive genes (GSRs)
LAMIT, BERIIZREL., HEMEREEZIT =B 2.
# 60%BBEMOBEF L HRAMEZTR LT, Th i, #Al
SHOHWRED O A A %, RAKEBRH, 7 3 2 BRHE,
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IRA %, Zoran JEKNIC?, Raweewan

YUWANSIRI1, Tony H.H. CHEN, #fB#2%&
(Z4EH, 10regon State Univ.)

B ELANICHESRROI) x4 -t
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*Sakamoto et al. (2000) Plant J. 22: 449-453.
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