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C: =)

T RE 2 MM 2> & HUEE L 72 intact R Z H O, IRIIIC I 5 U o BRla s A o fig
&Y R IR ORE A BN & LTI A D7z,

RSN DV VEERB R AL 2 I A~D ) VEEOR Y ARG & A~ Y R
DRV IABRICEAGT D ENHON TV DI v kR ZIEMEZRIE Lz, RIZ,
BRI T 2V VEERE R A RET D720, X v R0 IGO0 5 OFRE %
AT, AFRIRNTICIZ, =F=F Y U EEMR D HEE L2k LT3,
BIRTF LUV DIRITITIR T ) DEBRPTREL TNWDL I a A XFTXFHRAERTH D, £ 2
T, vEAXFT AT EEMIE S intact WRI0Z HHEST 5 H kA2 ML LTz, ) RS
RORIEZ GO, WIS 5% R 7 B2+ 2720, vrAg XF X

FEEE G & B U 72 R o @i 2 T R T v T A — AR 24T o T,

o1 BT, WO USRI OWT, = F = F Y v ER M) S B L7
intact e 2 W72 EITIC O W TR R D, 58702 U U BERHR S THEEE L7 & B
B L72 intact IR OWRIAE A/ L7 MR Y R (P1) DMV AL ZRIE Lz, @ik
(11.25 mM) @V UERA(E T ChEEE L7oMfidlc e~ T, (RIRE (1.25 mM) TE#E L
ToHIR TR, AL A~D Y BRIV AT EVEMEDN B e, W Z I Lz 1
DY AL T 0 F R TTEEEEZE L TV ZENRTTIIH LN R >TND T
WD, Bpd U UBEESFMICBIT AT 0 R TIEMEICER Lis, T OREE, ki
D7 kR T ThDHEIEER H-ATPase & H*PPase 7' 1 b ik & BT

NI AR Y VERSEETHEIML TWAZ EEZRWE L, 7r b UadsiEE oG



Wb bT, UxAFTay MEWICEDTm N R T DE R EORBLEIC
TR NREZA NIRRT,

Fo. U UBEERE 5 F LAIVTHT T 57201, a A XA FERER D D
WA BV EZ N L2, v aA X T X FTORIZEBT 5 U UERELY AT WNTY,
=F=F VU LRARROERNMGONT AR Y VRS TSI DR~ U R

A OTEMAL BRI DOV CTifam L 72,

2 ETIE, WREIZRIT D Y UEEEIRARRIZ OV TR RS, EREIZR TS Y
VEEEREER T A, EARBAMEOY v BEmEREA AR LI L A,
Biotin-Sulfo-OSu 73V Y gk & ET 5 2 & AR &, £ 2 T Biotin-Sulfo-OSu
ik L LT, U UBBEEIcBb b X2 RV BiEM O AR AT, TORER, U U
SR DAl 2 3 7 I3 60 kDa £72134 100 kDa D4y FE A2 RO Z & B3RIES
Nz, 215077 —F L LT, TR Z VT h—AfTER AT, 1 FEDHE
BEVIERA~DOY OB AL, @Y VEESMIZ A AR Y RS T L IEMEAL
THERZLTHDLZ BN RENTZ, VOV IARIEDLBEFOREN, &) VB

ST, KD VERRETHMLTWA Z L2 ML, 2 2OLHHTRI A2 Y
TR AT EATV, U UBEEICE D 2B T EARKE T AL & L, TORE. K
U ERSAET T 2 UL BRI 58 n T L LT 670 EinTt. D955 250k
DIEEBE A FF O S N7 B 62l 72 S, #eeRmZ 7 B EHE
P QLAY

F3ETIE, B2 ETIEMLLY MR ADOREZ Bfs L TiTo 72, ko
BT a7 A — ARENTICOWTIR RS, 55 1 ECHBEEFIEEZ#HL LIz a A X XF

AR 5 OO E Y intact WIBIZIX, Y AX Ty MENTORES., Ao

11



~—H—Th 5B H-ATPase (2 Sh 3, FAPEL ER fkD & /37 E

HLIFEAERWE SN o2, SDS-PAGE T & % HHEEIIE & > 7 B O 4y ) &
LC-MS/MS (2 X 2 @77 v T A — MMENTIZ K-> T, 163 [l 2 ™7 E z[FET
% Z LN TE, Ia% H-ATPase X° H*PPase &\ o 7= EE KA Z > /37 E D
%L DY Ta=y FEEbl, BaxD NIV AR—F—=NRWEE T, BEE@EK %
BLFFERONETIL L SRS Z N E B FES I, 20 DOFITH | KAIZE
U Z RO LHEIND bOBREEN TV, £, BEREIZ R OMAER
SN EBBEBFAE SN MDA N TR THKDZ R EPREE A EBE SN
Mol LiE, THETICHE SN CWSRIaR 7 7 7 A4 — LA I3 L, K& < itk
L7loEWnWzx b,

AWPZEIT LD | BB D ) URREFRSM TR SNCMBICR T 5. Wikl o U g
B SABFEREIC OWTH T2 e 1S b ivlz, 7z, R OMIT 2 5 L CHE
RERBMN T D, vrA XFXFEERMIED S OWRIEHEEFEEZ L LTz, S5,
Z O W TR 7 v 7 A — AENTORE R, ZALE TS DIV TW R &

NIEITINA . FHE S R B e ZRIRET D5 2 LN TET,

111



o

EmE v

UATEMIZE 5T, IR RN R TCEDO—2TH L, BIoFOKRIKTH HEEE. M
falEz g 2 Y VIRE. REROSOFRLME THDL X7 LATF ROPEY U gr L v
FTNHAERNIFET 2 ) VB LAEDITMRO EERRERCTH D, £z, ¥V H
DY B BRI K D EERERIEE 22 & BSOS OFREIC BN TH X ) THE
B E A LTS, HIER FOBMEY T X TICEEND Y L, PN LSRRI L 72
EY Vg (HsPO4s) IZE- TS, MR TE 2 HESKE O Y EREEE 135 uM
MENUTTHY, BRFUICEBWT, EWITEFNICY VEBRZREICHL, 25 LT
KV CEBREEBREICK L, MIE S S EARAFREEBESE TN D (ZF 1999,
S0 1999), SR DO YU CERREN TS &L MO ) CEERY IASIETER RS,
ROz HER O EEEZ RN 57212, IR OBEEZ B S, U BRI
VERROREBEHEMSED, Vo afg, 7o rvBenoGHMBOR 27 7 2 —+8
AR DAMEBIZHH T 5 2 & T Fe 0 Al E#EA LICEAEED U VIR LEMoHH D v
AL OREH BRI TEHEY VEEZTHEL, B3RO Ve AR LTV,
Fo. ZL< OMEMITERE & OHEITID | R EOFRME G52 5KV IC, HiES
IRV OO ENTEEARICE > THED ORI Y VIR E ORI 2 M L T T -
T2, SHICERNTOERMEBAIEZESEL 2 LT, MVIAATLEY VBEOFFIMA
EEDTND, Fio, WHRAFER Y VBOZFELETIOIC, BAICKEDY
VARG (EILT 4T V) BERET D, MIRANO Y CREIREOEBICRIS LT, BEHR
TEMEPRBIEE, H 2 WVITRFRB LT L2 b I<mbnnTng, ZokHi2y
VORI, AEENTOY COFANPOHETA~DO) COERBIEDLE T, HHP LT,
BIAATEY ORI BRAZED L X227 v 7T A3 T WD,

RREAICEHHMEE VEERATAZ VR



FEWIIAR ORI THRBELL T2 U IR A ZE L CHED Y V2RI L TV
%o MO U B ORI D222 > THE Y | fE LW 1 O Tk~
Do AIEMNICEIRV IAENTZEY URRITZFEIC, HEANVTXTITETIAEN T, ENEND
KRR OPITHAAEN D O HIWEIZCZOEEREEVRBR L DM THAFT IV
IR PHRRREICE 2 N D b O RIS EUSA TN CHIIRE O U VBEBR B & & ICHERF T 5
TZDICHFR SN D OISy hihud (ZFF5 2008, 2007)

FRCEZEZRZ L L LT, U UVBORESFMFICEDL T, BN RG0S TH D
AE O U CRAREEITAN 10 mM & ZE—EICREZNTVNELHEEZEX LILTWD, %
UUBEDRAF AL AL LTS, WITEBANOY ViR, VYBRZFTO 0
mM 7> HIEENC Y VERS -2 SN HA O 100 mM UL\ E R E £ CAEHEICE LT 5,
FEAFEFN 72 Y R 2 RBBICE LT & E I RIS HT D ST\ 5 U RS
BT ESns Z LT, MlEDY U BRELY —EILRDOEEBEZ LN TS, KIiF L

HBrEkRE, UV UVBIZOWTUTER O FENHIZ < W, 2, RIaOEEEHIC &
DAIIE DV VERIRE N —EILRTIZNDNE T D, Hi~D U U EOERE LT, M
FHEOHEE, 2 VIFFEESCHEEORI TIIRY VVBBAEEL 2 EM/MbLNATND

(Urech K et al. 1978), AU U »EEix, BV VBROEHEAK T, RBLEZ EFFIC
UUBEEmREICEET 2N TED, £, mEMEYOME Tk, WIER~EEHAR
U a2 ET ol IR o I, Ak CBMEEMTHL T4 TF v (4
F—v 6-U UEROEEE) ZAIRECERT 2 2L /MO TS (Otegui et al.
2002), EHLH0Y) VBEOEREM L AATHY . T ETIC, R YD Rt
FRE LTALFIZD 20 A O U VEISE B W Tl b EERAEBEISD 1 D Th D
FIED Y VR AF AL VAW BT D72 K~ Y ERERY iAI &K
fa o0 RN B G- 2 KA U v Bk A O BRI T H D,

R L
R XA U T IC B W TR 2 B 2 AN X T Th 5, T —E O



Al (RaEs) CHEN TR, Wi, Bl 4. AR, ok, & o
JE, TR BOENC, BEEE, TAas R ERNEGERTWS, KX, 2
D ZRRBISEFEY 72 E OO L LT, FI I OEMOMREL DRBELEIZLY
TR ORZIE DIE AP ZE M RIS R TF 2 R L TV L 2 EnmbnTnd, £
7o, B S 0 PITIZZ | ORI 3RS E £ TH Y (Nishimura and
Beevers 1978, Boller and Kende 1979). WPEX NI EHOGMRNEZ 2 Z Ln b
(Nishimura and Beevers 1979) , #&Ma23 Ml O 3%k & L TEIW TV D 2 & b s
SNTWD, EIIIRE ORI IXATRR Z N7 B a2 £ L, BEFERFITIZEDZ X
VB ESIRT D E WS REDEEHAZ 1T - TV D Z L2 A O ETFERICB W T
RELEEFTLHANTRT THDLHZEHbRENTND, 2D LD RREEMOBENE X
OSBRI N B Sy D o3l & W o To i D B | A DS E ML D 18 5 M O MERFIC B2 72 ) < %2 L
TWLZEIIHONTHD, LU L, SRR D KHE 7 2 50 5186 )
HoT, EEEORECHIEOMIZEIX., ZhETENIEERS R LD T o7,

BREICH T B4 7 VA E

RIS MRS A A DT E L CTA F U N T VAR THENTIRE W, Y HET O
AR ES IR A V- 3288, NMR 0472 £ 0 (Rebeille et al. 1983, 1985) , i/
U DRAFAZ L AL MFFT DDITHL RDANTRT THDH I PRI TVD,
R DEEREA A > OF i & ERE, RBEMEHOHENS . WIRITEDOTH AT Iy Ik
BEEZL - TRV | ZDIRIOBEEED HIRIAEIZIEZ < OEEENFET DL EZ DI
Do TIVETIZ, WIEEZ T LT, SESERA AV OEEICO N THESNTE T
%, Bz H+-ATPase & H*-PPase |% H*Z REBICIRIAN ~IET 2R 7 TH Y |
RN DR 2 HEFF T 2 & RIRF IR IR 2 =k L F— (b L TV 5, iaEICER S v
7 N BB MO A A D IR IR REBIIE A 3 2 TV D, iR Nat/H Xkt
WE AL, BRI THRE SN TR Y BIEERRTEEDO 7w bR 7Tk v

RSNz L7 m hr OBBKAEFRIRT 2 v VAR Z R LT RN



IZ NatZ REBIIICHIE L T 5, miEERE FICB W GlIIE A L C & 724 E 7% Nat
BN IREE L . & DICIRIDRBIEZ ) 5 2 LI R MIRGEREICHAT 5 &
Ez2 BN TW5, Ca2-ATPase (HCPAEHES A7) & Caz/H*T > FHR—%— (CAXL,
CAX2) [THRMMED Ca2 REBhiiE &4 > TRV | KR IZ >V CXIRIEEICRIET 5
ZEmvaA XFAFBNTHE SN TS (Hirschi et al. 1996), Kro#kiLs
A XFAFITEBENTEZHEIMONTWDLA, KFF v b e LT KCOL [Tkl THBL
LTHY., MlED Ca¥ TIHEMALS DS EEIRET v XL TH D EH|ESHL T
% (Czempinski et al. 1997, 2002, Schonknecht et al. 2002), F7-. AtTPK/KCO 7
7 1 U —® AtTPK1,2,3,5 & AtKCO3 MKMMEICHAET 22 & bMEIN TN D
(Voelker et al. 2006), SO« ITADEM & FFO7 0, KIROBEN 2 (NRIE) %75
HLT, Fv xS %20 L CEKKBINICRIICA S LEEESR TS, 20F ¥
RGP FAEFGE SAVTWZRWAS, AR & U ClRIE S 47z Sultrd:l & Sultrd:2 (3K
IZERE LTz SO Ml EICHEH 3 2 %&F Ao T o LEESN TS (Kataoka
et al. 2004), NOs DM ~DEFEIZILNOs b 7 > 2K —%— (NRT) BEELT5
EEZDND D, EEITRHZRENZ W, CUF ¥ L, 8i1#) TH-O)v - 7= CLC family
DRER T L LTIRARXFAFREZNaRETEBTFNRANZEINTBY . 2055,
vaAXFTRFOClF v 30 e U CHEES 17z AtCLCa ITMBEICREL.Cl ki v b
NOs % R LA AL N~ 253~ 25 NOg/H* st ik ik & L Cis S/ T 5 (Angeli et
al. 2006), —J7, CI'F v RADENREIAFEST D EN VXY PV EDNNF 7T 0T
AW ERCTHEE SN TS (Berecki et al. 1999), ¥ 7~ A TIXXALOBE A RFIZIE
PO 5D Clit CakFED 7 a7 A v F—FBIicL > CTiHEMfbEh b Cl'F v
FNVOBELD LD L RBEIN TS (Pei et al. 1996), L2rL, CI'F ¥ /D51
EEOBEITIZL A LRI THRY, HERCRELEFEICHD LY 2 (Mal?)
FBRBA~RET DRIV AR—F—RraA XX F BV THEINL TS
(Emmerlich et al. 2003), Z @ & 9 IZiEH, W< O WA ES T OREN#E ST

ETWLN, UV UBREERD ., TOMOEBERAEERSTF (CZIREEY. B 7 I Bk



L) OEERICONTIZIZEE A P EN 2SN TR,

HEYHEN > DRMDERIZ DT

WA DORERE 2 RT3 D2 72 v I A © O IR O Bk X B2 KRN Ch 5,
IR THEMI RIS O B 4y & U ORI U 2B 2 A W ARG B IR RIS T LT E
7= (Geisler et al. 2004, Kobae et al. 2004), L2>L, TOHETIE, £9 LTHHMOD
FNH R T BEDIRNDEET BRI AHEPEDIRW K RaB O BRE 2 B8 51213+
Ty, 20720, EREASROBREZFH~5120E, KO MENE < BEOBERE R
FfSh7- intact IO HEENEEND, BB THENTZ RS RANVTART TH DK
JIBEE 3 <L T OMBIIIENORERLETH H, T ZITIROFIENES
ICHEE AR WER AN D, 1975 4F Wagner & Siegelman 2 @& SN (7~ U U 24
FRfE) 2SO TS A2 TR L CRUk, fix Ok AN HEES N TE TV D,
FEALEDEE, Tr NI AP EHBEMEIE LTHOWTWS, Z207), 7'n b 735
A NOFFIREMFE T COMEEL, Hir7'r 77 A N LD EED intact AR
DEERAT v T D, 7a N7 A SOWELEX, L X5 &3 M e
JISCTCLRTDMENR D D, IO 7 7T A b LRI D% FE OBEWIZE R
LT, BEARELAHNONA TS, LxL, AW DM EHT & > TR O R
RIRDDT, BEARELORMES, MOMEHZ L > TRESER >TSS, 4, =
F=F Y IR CTHILL TWDHEE L LIZ ET UM TH LY B A XF AT O
B SIERE T2 Z LIClRP Lz, ZhETICya oS X AT EEEMR
(Frangne et al. 2002) & > v A XFXFHEAHMIL (Carter et al. 2004) 75 DA
DHBENRT x LITIZ RIS HE STV D,

ARFFE Tl RIS 1T 2 U Rl O THEINE & T 00 FRIEEREI HICT D
T2, W Z W BT 2175 L L bIiT, NI R 7 U7 h—Afiffr, 7'n
T A= DN EAT, U SRR A HD SR O IR B RE L Z 35T D IR D EIIC

DWW TR ZHED T,



1E RRIZBITS Y EREEEE

=
R L > TEENPORIEND Z ENMON TS Y VERLEMIZ, B U EED A
Th %, HEYMRNAIEYD U BRA A 2RI 2B OFEMII 52> T, —ik
ICHEROEY BRI pM UL T & & oD TR, MIlREOEY R
10 mM 2 & PRSI TV DO T, MfldE4 Jr LT 1000~10000 £ D #iE 2317 41T
WHZ LD, ZOIEY EEORENNEL XX DS LT e b b oLl
PIEN B AT D A O HIRARRIZ 13 H-ATPase 23MF4E L ATP O = R L — % fifi 5 T,
HZ MM IEOTE S, ZofR, HrOREAR L BEEMZE (BEXLFRT v
ARL) NAEC, HUTBESLFRT ¥ v VW ARISHE > THIRA DS 0> b ~JiiviAa e,
EYV UEA A%, 2O H oM b ~Oiiiv a2 FH LT HY & DR KTH 5
VYR T v AR—Z—IC X INIZEY iAEN S (Mimura 1995a), H*& O3
EWVWOBREIL, e PRI OBRERMEMZ T, HHREARZET &, U Bk
ICHEREITEE = 70 2 5 2 &0, MRSt @ pH B b 2 JIE L= EBR b b XS T
W5, TEWRIRAEED Y BRIy OREIL, B O RS2 Vg N T AR
— % =&+ PHOS84 DWFZ7E kg & 72 > T % (Bun-yaetal. 1991), VU VR Z I
(2 < FEHLT S m B vE U BRERE K PHOS4 & ARFINE A Rl s A%, BB ORI H>
LHEtS, ZOEHHENS ., ZUHDBIEFICaT— RENTWDL X T ERE%E
FER) OFFINECRERE L TV D mBlAPE Y VB A & L TEZX DN TV D, A XF
A} (Muchhal et al.1996, Smith et al. 1997, Mitsukawa et al. 1997) # XU ®, Bl
TETIEZ L O T Z OEBAME ) CBREREARAFE SN TWD, Z Ofikdi: He
itk & LC PHS (phophate/H* symporter) 7 7 2 U —I(ZJ@ L. 12 [FIfRE @A
BN TETH D, M6 [B5E B FEE O P, RIS K & O 0B K MR 2
HoTWND, YrA XFRFOY UEBEERICIE, ¥ X0 B RSN S AN fER
PRNWIZS TN D0, ETEMEO T IT E - 72 SAFZEREA TV (Smith et



al. 1997, Mimura 1999), ¥ 14 X7+ X+ OMaE HH LSk, PHTI 7 7 XY —

ELTI9ODMFET D, TNENDI I Lo T, BN, FBIRA R D23, £<

N VEERZ FTCHRIBBT2ZEMRESNTND, / v I TV NERIKORNT N
BRIZH T DV o Eelat ClX AtPHTIL1 & AtPHTI4 3 ) VRO AR EE 2§ %

ELTWDZ EMNHEESNTWVS (Rausch and Bucher 2002, Bucher and Poirier
2002, Shin et al. 2004) ,

U U ERITHEY DOREECAEIRD L Ol Tt & e D HE R EKEIZ R LT D720
fE DR Y i (P1) OREIIHERHIETICHD L SN TS (Mimura 1995a,
1999, Mimura et al. 1996), FALE D U > Fei o4 & 1) 72 SR E I T AR A7 AE 5 5
U b T AR—=2— RIEOEEEN, MlE oV o BRRENEMEDO 2L OMAE D

CEVRLZBETFON TS, ZNOOBRED S 6, MlaEED U ViR N T v AR —H —
(Rausch and Bucher 2002) & U ERIZHKAF L2 OFE (Plaxton. 1999) (2O
DFLNVTIRSIFRES N TE e, VU BRIREOZEEIH LT, MiaEn Y g
TR % & DR — B IR DOIRIL OBERE I WA 5 D U RO B A HROH & 28
ZlickoTv b 3D (Mimura et al. 1996), itz REZ T L2 ) U
DOEE L AL U CERRENT & - OIEFICHEBEREE Z R L TV DITHANA
W,

T TR AT K DI D U ERR A I DWW TR E A TV DIZ S 2vind
B9, W EN Lz VEROREIZ OW T ORGP\, BEFEO intact WL & 32Pi
AROWTHBO Y Y EBRE@EICO N THE LR S TV A (Kulakovskaya and
Kulaev 1997, Booth and Guidotti 1997) . % DFEM 2%+ L ~UL TOMEHIE
A TR, SRENDIRNELH & LT, I U o FR R TG ME A MR B 72 ST R T
EOLDOTRNVWEWS ZLRHITbN D, EBRICREZDOENMILTIZ, v F 7T X ke
B HEE L 72 intact AR % 32P1 OAFE FICE W TR < & REHKIFRIC, s I
HHUEWENERE L T\ o7 (Mimura et al. 1990), 216 OFERTIE, KO U

W TEPEIL & THIRS | REDHERA~D Y S FRRIEIEIZ OV TFHELKHHRD Z &I T



X 7277 o 7= (Mimura personal communication), #t4Ef(j, Massonneau H|I=F=F
Y U OEEFEMM N B O E R A HEET S 2 L I2Ph L7z (Massonneau et al.
2000), =F=F Y EEMEIT, MR S RO mF 2BV T, @Y RS
MaRi>Z L3 NMR ORIEZR ENDiERIN TS (Sakano 1990, Sakano et al.
1992, 1995), =F =7 Ufilas & HEE L 720 ZBREE RS K~V VO
B0 AT, AR H-ATPase % 7213 H-PPase D) & (2 X 0 iGN A IE DB %
WD LIRIFLTEY, U VBRI IALD KnfliZH 5 mM Thotz, /., V&
fe DELY IAB X fEA A ik DR ERTH S DIDS ICXVHEEIND Z RS

(Massonneau et al. 2000).

AR A2 L2 ) CER DIV IAZT HIRE DY VRO R A A AL ¥ X & faFd %72
DU VEERZ T CEHIEEND (Mimura 1999), EiE, N7V AR—F—DHFl=7
RV A OTEMELIZ L > Th 725 &5 (Rausch and Bucher 2002), —
J T AIRE DV ERIRE DS AANINA~D ) VRO L VAR SN TS Z & b
(272> TV D, AE T, intact SO Z I L7z U ek 2 6f LT, Miflao

UUERIREEN ED X D ITET NI OV THRE LT,



M EFE

WY & EEEY

=F =F Y U Cathranthus roses (L.) G.Don5#&EMia (X 1-1) 1TMEETFE L

(byEE i R LV 2T, B#EIIX45uM 2,4-D, 3% akf, &I 7
£ (Nicotinic acid, Pyridoxin hydrochloride, Thiamine hydrochloride, Glycine) % ¥
ML 7= MS Kzt (Sakano et al. 1992) Z M 7z, B5E&RTO MS E5#1lZ1X 1.25 mM @
UUMNEENTVD, 7 HZEITRERIZANLZH LU s 20 ml (2 2 ml OB5#&
faz i 2 SN2, MlIEA) 180 rpm, 26°CCTHRE H 858 L=, Mo/t E&EZJET
LT, TR E T A L= — T ARE . FU L 7CAIROE S A JE LT,

FROFNETHEET L THREOMO Y VRS A EIIMmD TR 7250 T, Hild
R Y CUERRRBICH D, MO Y CIRIREZHIE T 572012, 3 A H & 5 A BICHEM&R
JER 5 mM, SE V&Y SERIRERICA D XL O KHePOs &2 3@ 0 MS Frz iz 7=,

vuA XF X FOREEME (Arabidopsis Col-0 cell suspension) (X 1-2) 1dHgH E
Bt RORRY: BIRBIEmKFRRT) K005 L Tniz/Zniz (Mathur et al.
1998), #MAdi: MS £5#112 4.5 uM 2,4-D & 3% = F. 0.02% myo-Inositol, 2.5 mM
KH:PO4 £ 4 X > (Nicotinic acid, Pyridoxin hydrochloride, Thiamine hydrochloride)
EMZT-bOTHERE L, 7HIZEI2H LWESH 20 ml (2 2~3 ml ORI 2 2>
W2, AR 130 rpm, 26°C, BER T CIRE S R5E LT,

Big 2 U VRS TORRIZE W TE, MR Y BRERE Z BT 572012, @ O
=F=F YV UBMARY RS L, m Y CERRBICT 72wz, 3RA L 5 AR
AR 75 mM 12725 X 5. KHoPOs (pH 6.0 with KOH) Z#@HO=F=F >/

BRI n z TEE# LT,

) UEREREDRE

AEEOWEDTZDIZEIN LI FLO—fad Ty X F a—7 ORI AN, iKik



ERTHOET, %, WYEOKEMZ, 77 AF v I7HETTV25L, 5000 g
T DB L7z, RiE%E 98°CT 74 L, 0.45 pm O 7 4 V¥ —%i@ LT, IRk
DV UBREEZMEANY CEBRE L Lz, Miladzv o) UgeEIIAEE Y- THRMTY
L7,

B o) U EREE ZRIET 5729, 0.4 ml OR#EMAZZ 5 um PVDF 2> 7' L v
T4 NE—ftE DTy~ F 2—7 (Ultrafree-MC Cat No. UFC30SV00, Millipore,
MA, USA) [ZA ., mOoHE L7, IBIRO Y U EERREE st o) R & LT,
FNENDOH U TFADY) UBEEIIY Ly — 2 AR, AR A s~
k2727 ¢— (IC-70008, YOKOGAWA, Tokyo) THlE L7z, VU EEOBHEIRAITHN

0.1 mmol m-3 TC&H -7,

—F-FYOEEMRNASOTONTSR FERIBOER (K 1-3)
7'a h 7T A N EEIOFEET Massonneau © 5k (2000) (ZHE-7z (K 1-3),
HMETHHOMEEZ 7 7R ETAE L —Z =Tl L CTHED, 1% Cellulase Y-C
(Seishin Pharmaceutical Co, Tokyo, Japan). 0.05% Pectolyase Y-23 (Seishin
Pharmaceutical Co) % & 7 2¥&%% P (500 mM sorbitol, 10 mM Mes, 1 mM CaCls, pH 6.0
(Tris)) ICHERE L, 31°C, 120-180 43, 120 rpm TRE S L, v F 7T X M &
Bl 7R N TR NEBERKEZ SOmMl O T FAF v 7/ Fa—7IZBL, 7 bh7T X
rOMEEZ B <72, RV (30 mM HEPES, 30 mM K-gluconate, 2 mM MgCls, 2
mM EGTA, pH 7.2 (Tris)) IZ 400 mM sucrose Z M 2 7% Ve- 1 Z# I L &, &
B (4°C,180¢g,104y) LCFua b 7T R MEED, L2700 b7 T X k&
HEDOEK Ve TIZRRE L, B Ve- T (K V IZ 400 mM sorbitol & Te 6 D) & %
W VeI (3 V IZ 400 mM betaine monohydrate # &1t D) ZHETHZ & T,
BEARL A ER L 72, mO00BE% (180g,2747,1,610g,874y) Eilahi7n 7T &
MEEHE Vel &K Ve T oSt £ 72138 Ve I &R Ve- IO FREIZG Hivd, #%
FaMY RS Z & T aE sy ~D7 v 7T X FOIRAERET T2, Kol m 8T
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A NEHEEOERK V CIREEDLEK RIS HMHFETHZ & TFr NI X M RiR
BIEICSH L, SHICHEMNE (1.10x90 mm) ## L TN Y a v 7 252528 T
MIRAR 2 58 U, e 08 S 7, WM o0 hERfE 4 BEINEE CRERR 1R . SR OIRIK Vel %
A, EICEHE Vel #0v&, =058 (180¢g,277,1,610¢g,87%7) L7z, EIEZIDY
Br& N L (e ST 2 M ET) BNR U o ik a U T ARERE (1.2x10.5
cm) [CB L., #YEORIK Ve I M2 TRE L, WK Ve lV G81E Ve 1 33 Ve 1l
=1:2) . WK Ve- I, Ik Vel B+ 2 2 &L TEEARZ/FR L, =

7 H
g, 2%47,1,610 g, 8 57) . intact KT HL Ve- 11 & K Ve- IO FUaIZE b5,

ZFZFVIRRBADY) VEERYAHDBRIE

R A~D U U FEDELY AT DWW T H Massonneau H D 5% (2000) (ZH->72, 30
ul O HEER AL %Z 70 pl ® uptake medium (1 % bovine serum albumin, 35% percoll,
32Pi, 3H20 and solute) 2z 7z, T <ITH T dD EIZ 200 pl DY a2 F A v

(SH550, Dow Corning Toray Co.,Ltd., Tokyo; AR1000, Fluka, Neu-Ulm) & 60 ul
DOKEEE Lz, 4 FaX— 3%, 10,000 g, 15 BORLTHRIGERK T Lz,
LR, KIEH I ZTRIL . Z ORFIC & TSI HLY 1A ATz 32P1 & SH20 iKY
vFL—va iy rZ— (LS6500, Beckman Coulter, Tokyo, Japan) THIE L. &
faN @ 32P1 & 3H20 O&a F M Lz, AW OKDOBENIBRFIZE Z 5 & 4HE LT,
SHoO OBZENIDKRLL 729 2 LA TE 5, IO 32Pi & Ho0 Y72 0 [THF
52 LT MREEHTZY DY VRV IALEEZRET LI ENTE D,

i R R 18 3 O 3R

oz 2 < Sie I 7 v Y — LE Sy OHEEHT Dietz 5D J51% (1998) 1ZHE- 7z,
JaZz¥ii M (250 mM sucrose, 50 mM Tris, 10 mM EDTA, 4mM dithiothreitol, pH
8.0 (HCD) #MATH Vo5, 8,000 g. 10 5D LE 2 MY E LT, it S

512 25,000 g T 30 izl L, TR % %W S (250 mM sucrose, 5 mM Pipes-KOH (pH

11



7.2) , 0.5 mM dithiothreitol) (Z/% ¥ L7=, & 52K S 12 30, 35% sucrose & Nz 7=
2ODHEKTIEEIEY , 20 RIZH I i ElE LTz, 45,000 g T 2 K[ 0%, KA

JEL S A T2 R E 45 & 30, 35% sucrose DR 25 [N L 7=,

JO bRy TEEDRIE

WA H-ATPase DiEMEL LT, Dietz & (1998) D JFiEIZHEVY, bafilomyecin &
=D ATP MK TSN 2 JIE L7z, H-PPase D& ML K/ Nat{R 17D PPi K5
EEZRIE LTz, EEOMAKSHIC LV AT 72U I Bencini & (1983) O HIAIC
L OME L7,

W NE O HI @k ORIE 21T, #ERIETH 5 quinacrine & AV 7=, AR/
JAWNIZEERE L 72 quinacrine [3/NEOFERMELIZ & b 70> TEHIEDHELT 5720, Z0OH
DAL E BT 5 Z & TR/ Mao H ks 2 E T 5 2 &N T 5, B/
& quinacrine I ERR RS L. 1.5 mM ATP £7-1% PPi (pH 7.0 with NaOH) #%
Hx22%Z & TH Otz S, WERKOMEIL 1.2 uM quinacrine, 0.2 mM
vanadate, 1 mM DTT, 25 mM Tricine, 250 mM sucrose, 100 mM KCl, 4 mM MgCls,
pH 8.0 (Tris) Th 5, @A biLaE s )tE (F-2000, Hitachi, Tokyo) % FHVNTH|

ELT,

TJArURDTOR NI BEDLR
R 2 o X 7 ' 2 9 5 72 i Z homogenizing buffer (250 mM sucrose, 10
mM  Tricine, 2 mM dithiothreitol, 5 mM mercaptoethanol, 1 mM
phenylmethylsulfonyl fluoride, 100 mM leupeptin, 5 mM EGTA, pH 7.8 with KOH)
Nz, K ETHSK - AETTVHLOSL, 4°C, 10,000 g T 15 pEEL L, EiEEZH
. 4°C. 40,000 g T 35 sy L L7, EE % 250 mM sucrose, 10 mM Tricine, pH7.8
(KOH) (ZH# L7126 D2 lio & L7c, BRIy O 1 ROTERIKEN 7.5% D7 7 U L

TIRTFNVTIToTm, VAKX 70y MENIZEREA H-ATPase (ZxF3 2% Pk

12



(Matsuura-Endo et al. 1992) & H+-PPase (Zx/ 4 55k (Takasu et al. 1997) % 4

WTH o 72, ERENOHKIZNBEREL (B ERAY) E04ELTHEENE,

JOrURUTREREELTOATP & PPi OAIE

Fide 7 B HOMIEE 1.2% HCL T30 55 L. 7RI L%, 4°C. 20,000 g T

0 /il L7z, k&% 0.45 um 7 ¢ /L% — (Ekicro-disc AcroLC, Gelman Science,
Tokyo) (Zi L, KTHR%E 256 pl 24427 v~ 777 ¢— (DX-500 ion
chromatography system, Dionex, Osaka) TillZE L7z, 4387 7 1% Dionex IonPac
AS11 (2 mm I.D.X250 mm) & Dionex IonPac AG11 (2 mm I.D.X50 mm) % M\
7z PPi & ATP IIBRREE L A5 LT, RUY T ALGRERRHCHRET 5 2 &5
T& o, ME DR ZMIEERD 10% & 3572 613, MiREO ATP & PPi O EX

ML DOIREZ 1015752 L TREL D Z LN TE D,

oA XFIAFEEMEHNSOTO LTS FERBOERE (K 1-4)
7u N IR EEBOEBII=F=F Y v L FEk. Massonneau 5 D Jjik

(Massonneau et al. 2000) (ZfE-7z, i3 7 A A OMzZ 7 7 FRIFTHED. 1%
Cellulase Y-C & 0.1% Pectolyase Y-23 % & #2¥&#% P (500 mM sorbitol, 10 mM MES,
pH 6.0 with Tris, ImM CaClz) (Zf35&#% L, 31°C, 120-180 43fi]. 120 rpm TR & 9
LB b7 TR/, 7r b T T AN ERREEZ 0ml DT T AF v I Fa—TIC
BL.7a 772 NOfEEZE <72 iR V (30 mM HEPES, 30 mM K-gluconate,
2 mM MgClz, 2 mM EGTA, pH 7.2 (Tris)) (Z 400 mM sorbitol & 50% Percoll % /I
Z TR Var-l ZEIC L & 00k (4°C,180g,10 ) LT XTI A N &2,
L7 0 7T A N2y EOWHK Va-l 288 L iR Va- 1T (K V 12 400 mM
sorbitol & 7.5% Percoll & Ted D) & ¥ Va-Il (7K V IZ 400 mM sorbitol % &
bo) zEETLHZ LT, BEAREZIER L, E0% (180g,2757,1610¢g, 8 57) .

FREnz7n 77 2 MIWE Va-l & iR Va- T O R £ 721381 Va- 1T & ik Va-

13



MOFHEIZH/ELN D, BELZMY RS 2 & T, R ~07 e 77 2 ~OJR A% kE
F7ce Bole7 v NI A NEEBORK V LIREAEDLYE 5 2K RICi#HET L2 &
TIRIZETEICE D U M2 8 U R 2 570 S 7, iR o Wz 4 BRI ST CResi %,
7' N 7T A ORREIK, O F VIR & e & 77T A ERE (1.2x10.5 em) 2B L,
24 = OYEIE Va-IV (&K V IZ 200 mM sorbitol & 25% Percoll & de ) [ZIRE L |
Wi Va- V. (I V IZ 200 mM sorbitol & 7.5% Percoll #&de @), &K Va-VI (1%
% V 12 200 mM sorbitol & 5% Percoll Z&Eieh D), ¥R Va-VII (FEHK V 1T 200 mM
sorbitol & 2.5% Percoll & H D), K Va-VIl (%K V IZ 200 mM sorbitol % & e
L) FEETLHIECEEARZER L, ®O% (180g, 247, 1,610 g, 847) . K&

BEUTERIE Va-VIL & EiE Va- VIO S 1245 b5,

04 XFXFTHREBADY) VEOE Y AHDRIE

=F=F Y LAk ERA~DY RO IAZIZ OV T H Massonneau o (2000)
DFHEIZWE- T2, 30 pl OHBERERIEZ 70 pl @ uptake medium (1% bovine serum
albumin, 40% percoll, 32Pi, 3H20 and solute) 2z 7=, T <IZZDH 7D kR
200 ul ® Y 241 (AR1000, Fluka, Neu-Ulm, Germany) & 60 ul DK % HJE
Lice A Fax—Ta %, 10,000 g, 15 O@ELTHKEE/KT Lz, X -
THYAENTZ 32P1 & 3H0 1F, RIS o FL—va U CRIE LTz, U U EROIY AT

1% 3H20 & 2Pi bR LT,
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Intact cell

Isolated vacuoles

1-1 —ZF=—FVIEEMRE intact iR
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Isolated vacuoles

1-2 A4 XFXFEEMEME S intact&ia
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Suspension-cultured cells

e

N

Protoplasts and intact vacuoles

QEI TSR FDOBIE

Intact vacuoles

\

_ VC']]I by
\ - I&Hﬂ
Ve-1I
—
VeIV Ei
Vel W,
FBEAEEDIZES

K BETO TSR b ERBOSE /

X1-3 —F=FYVIEEMRENLOERBER

BROLBIZEYTOMNTISAME2BZ,. TOMNTSAMNERBEEY a3 vy FIEESH
HEBICET, BEOMITHERTSHE. Za—FF Ly FTHEFE > intactiRiE@A
BEIhd, A FTSX FeintactRIEDBELF-L DA S FEFERD T, intact
R TEDBES 5,
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NBEDREEE1 2~
(0.4M — 0.2 M)

>

o RSN G S S

R AR
7;8 Elrf'aé]ﬂig% l;T:?'ftHiﬁ@. _\1:3."'; : ;

Y L Seens

FORTSR N OHE

'

_ Va-I

YRR B, — Vva-WI

P Va-VI
Va-V

l — Va-IvV

_ Va-II

__ Va-I l

\/— Va-1

#=E BB ED

B8}

BB BLED

<
&

\:“l:l TSR b ERRAD B

Jrvrarrsz rors _
] AR-RORF VI~ — v -

1-4 04 XFXFEEMELN S DRIDERE

BE® bar [E 10um,
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#w R

BLH5) UBEFHTCEEL-MROBRESMERNAD Y D BEDEL

4 1-5 (TAK - /= U o ER S T OB A Lol o B F & L MO U 2 R ORI
BALERT, @Y UM T, BT A E% 3 HE & 5 B BICEIL TR KR
WEmMIZR2D &9 UEEEIN AT (K1 RED) SIS A 72 U el 3 #EAYIT 11.25
mM (272 %, FEAMEE R 1 HEANIS, WIS TV T o U e & 3 L7z (K
1-5a), ZOFERIT=F=F Y VHRAD Y EEOHINIKM I T (K 1-5¢),
ZOBHRARENASO Y VEROE Y IAHIZOW T T TICHE SN TV D (Sakano
1990), MG FIZB W TR L & bICHMIROAEEIIH L, @Y VBt TIXY Vi
mmEo s HA, 7HBIZEWT ARY VBRI KV S WAEREBEOEMA RS
iz (K 1-5b), KV UEESME T, MR E U VBRI O-S, o) Uik
OWIUHE > T, MENO Y VRS TV #hD 5 (K 1-5¢), —J7, @V VEEEME T,
SHADY VBRI XV HIfAN DY CERESEIM L, ZOWINX 5 A BICHEY VR

ZUmd o £ Thi e (K 1-5¢).,

BLGD ) VBREFHTTEELEZFZFYDRRBIZEITS Y VEEORY AH
11K 5Y UEEEMCTE CME X Y Bk L7 intact AE~D U U FEOELY jA
FERT, U UBEOER Y IAIE, 0.7 mM U VEEOIFIE FIZ 1.4 mM @ ATP % 7-(% PPi
EHRMLUCTHIEEIT> 72, @Y VBBEHETIE, PPiENA2e &0 VY BEOTY AR
ATP ZMA T DK 50% T o7z, —J7, KY UBREMHFTIE, WMEL BELEEX W
RN Y VBRI IAENT- AR Y CEREE O/ b B S o a 0 Y U ERELY A
AT, BY VBRSO TE LN Lz, EBE, KV LM T T, ATP
BIFO Y VEEORY AR Y VERGM T O 4 1%, PPUKAEOBY IAZIL 7 f5LL R

RLT,
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BLH5) UBEFHETCORRIETD FoRY TEN

B Y VRS AR R Y BRSO M DAERL U 2RO U L ERER Y AL DS HN
L7cBl & LCORREICAAET D EHEESND Y VB R T U AR—F — DI BLEDH
N, FEREEBIZAFET 57 e N AR FI2 KD U URELY IAH O BREY ] OE N E
RONDIRER2D O KABED Y VRN T U AR—=Z =T FRETE TWRND T,
RIE DOAREMEZ IR D Z LT T& ARV, 22T, 78 R 710k 5 U U BELY A
T DBRENFT DE NI DUV TR,

WA Z I L=V CEEOR Y IAZIE, BEOEAEIC LV BB <45 (Massonneau et
al. 2000) OT, VOBV AT T v F R 7 EEENICEET D, 2T, K
fafEd 7 a kAR 7 Th % H-ATPase & H-PPase 1 L 2 FE DMK 55 i B 4 1
E LIRS, AR ERSME Tl OISE A MEMENZE L <HEI L2 (R 1-2),

Flo, R X DEBAN~DO T 1 b o OEEMEZ T D 72D R/ NE A v
Cquinacrine# Y DOTH R ZBHF L7z (K1-6), H*O®EIZ L 0 R/ NN 23 @ b3
% & quinacrine® JEAHA T D, ZHAFIHL T, v b OfEEEEZRE Lo, &
JeDHKEERIL LTS DERL-BIRY, KEOIMKDEORMR &Rk, 1KY Mk
T CIRIEOT # A 7 D7 v s AR AIEERKE BN LTz, FRlo, RY U EESFIC
BIFD, PPUkfFO T v b AR AIEMIT, ATPIKAF DR o FIEHEICHFE L < @mro
7= (X¥1-6, %1-3 ).

BERd ) UBREHETTORRBETON RO TOZ2VNNVBEEDEEL

H*ATPase & H*PPase OIEMEDHIINNZ N ZNOEEFEBOENC LD b O iR~
5=, H*ATPase & H*PPase [Zxt T HHUATY = A X 7y Mg Z1TV, K
R oD 52 2 73 7 ARG R A R~ T2 [ 1-Ta IR B oy 2 SR Y2 L 72 & O & 7= LXK 1-Th
Iv =A% 7 ay MENIZ X D H-ATPase & H*-PPase DR B4 /~xd, YA D
R, U UVBRORMC X VR MO N TWARWEY VX7 B OIS AL (K

1-7a), L22L723 6, H+-ATPase & H*-PPase O &I D ) VFREDIIREIZ L - T
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(T & A EBAE L7220 o To o AR 73 1338 SO AV T R TIROIBANRE Z BID

DT, ZOaryZITLL5HVENI &R T 729, intact K2 6 R L 72kl 2z

AWl 2227wy MEN BT TR, WIE Y VBT, 00 L T 5
IRz 77,

TOrRUROTEEELTOATP L PPiDEFRE

K@V VAL CTECMIEND ATP & PPiOEEA A7~ NI T 7 4 —%
AWTHEGE LT, ARV UERGAETIE, & U U BRSFICH~, MilaN o ATP & PPi TR
LA LTERY., FRICY Y BoES BRI LTne (R 1-4), MilaE O &R
MR AR D 10% DIRFEL H0 D &35 &, MIE O ATP & PPi O EE I THIIE N O B
10 LIAMEISEVEEZ OND, LER->T, @) VBREATIEZ ATP i3+ 1
mM ZH A, KD B TIEN 0.5 mM £ T LTz, RERICHIRE O PPi ©
BEEIIE U RS TR 650 UM, (XY VRS TC 300 UM Th o7z, T HOfEIZ D
NETOHRE LFEEDO LD ThHh -7~ (Ashihara and Ukaji 1986, Mimura et al. 1995b,

Maeshima 2000, Costa dos Santos et al. 2003),

DAAXRFTXTHEEBICEITS ) VEOERY A

=F=F VU Lk YuA X T AT OREMIA B2 BEE L, W~ U R
DY AZZRE LIz, UV UBOBRY AL, 0.7 mM U VBROFETIZ 1.4 mM O
ATP £7213 PPi 2N L TRIE 24T o 7o B, ReRKAFR . ATP £ 7213 PPLKAFAY 7R
U VR ABOEEMN A Bz (K 1-8), 7. uptake medium (Z/MZ 5V U EED
#% 1 mM, 3 mM, 5 mM, 10 mM EZE X 7256, U CVBRREKRFNICY VEBORY A
KM L= (4 1-9),

T, 15K @AY VBEHTE Ty e A XX ORBHEME X 0 % H
L7c intact & ~D U U BEDOIR Y AL Z T, @V VERSMTIE, ATP & PPi #N%
e X2, VUYBOBRYIARTIZE L ER LI o 7o, IRY RS CIX, M
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EBL Y VEBBOEBY IABRDH LN, DFEV ., &Y VRS T, RY RSN S
HEE SN TY VBB IABZDEMMN 2 bz, EE. KV U EESMF T, ATP
RIFD U VRO ALHITK 25 TH o7,
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5 B

ZFZFIVICETRE-TY) VEEHDERTE

=F=FVUBEMATY SROBVIABEANNR SN LR TS (Sakano
1990, Sakano et al. 1995), & DR T (1.25 mM Pi), Koo U U BeI3HE 2
HEZR 1T ABETIZERLSRDOTAFEALED Y VEBRIZHKIIZEES DR TWDH EF 25
b, B 7 B, IO bic U CREOTRTH, MO IEFEIZ B R S hu, M
faD U ERRZ &R OBWEK TR B B iviz (K 1-5b, 1-5¢), 3 HH & 5 ARICY V&
BN S AT EE LTI, MR O U IR E I EVMEZ R L, B R SHE T, =
F=F Y UERMEITY VRIS L2 & £ SR BIIF R0 EZBRIMEHE L CTlibh
TW% (Ashihara and Ukaji 1986, Li and Ashihara 1990, Nagano and Ashihara
1993, Nagano et al. 1994), Z 115 O TIE, lE, bV e/ & L Wvo =Ml O
ARED VLAV O ) R EITKAE L CRIICEL L TV, X 1-5 DFERND
HIWF LR Y UERLMET T A S LM, UV VBRZ THY . mY VIS T
B Lo ) v+ 2 RIEB7EEBE X b5,

RE~D) VEEER Y AH D EEL S

W25 ) VRGO MBEA D HEE L 72 intact KIEA~D Y CEEOEY IAFZOREILY
VRZARBEDR ) VOB AL EIEMRAT H L 2aR L (R 1-1), T OIEMHEITE
EDT 1 bR IR AR Y CBORMEN SRR LT, moRy 7
MWEBITEHWEEZ R L (R 1-2, 1-3), VUBORVIALZEH LT HEEZ BN
53 ODAREMELE LT, 1 DIRRIRBEICAFET D LHESND Y Vg T o AR—Z —
DIBPEIMNT D2 L, 20DV O IAZZEE T 5 7 1 kR 7T OiEME( b,
3 OOIRIRIEZ S L7V VRIS T 5 BERULFER T Vv v VAR OB Th 5, 3T

EMLEEDICVEIEEEZ T L2 ) Y EBROWEICEDD P T U AR—F — TR

Dy TR,
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RN O Y CEEOREITRIE L TRV, M2 o U o ERiRE oflE (X 1-5, £

1-4) 6, MREOY VEEEEZK 10 mM SRET D & KY VB4 ToO
UUBITIZIEERTHY, @Y VBEHTIIN 30mM 25 EE X b b, HEEREO
U UBEDORY AL ZRNET 2 DIZHWTZEE OV CEIREIL 0.7 mM Th o7z, K- &
U VRS ORIRE D b HLEE U 72 B 23 A U BAL 2 2 272 HIX, U VR Z O IaIE
MNP D) BRI E MR 20 U R Z B A Te 7o D ORI 22 BREN /) 23 KV 53
KBRDDMS LR, THUTRZRD U RO/ b HEE L 72l ~D U o
BAHRTHESNTZENE, —HaH L COLHREER S 5, ZNEHENDDHTHIC
. I EZ D ORI A RO U VEEOBREEZFHE T LT, U VERORDY
AL ZNTET DB B % A NTHEIAE N E~D Y OV IAHLZEST H 2 & %
RATED, AERIRYIAHZ RN Z LR TERNPST,

BREIZETST0 Ry T0ESE

Y UBRETOY VROV AL DR ZHIIT D 3 0D EEMEE LT, 71 b
VAR TIEEOBEMR BT LD, KD CEESRME T, KRB O LI H-ATPase
& H*PPase 3% L<IEM bEhiz (£ 1-2, £ 1-3, K 1-6), KV v BEEHETTO
H*-PPase D&M LIZ Palma & (2000) 2LV, §TIZHEINTWD, HEHIZEN
(X H*-PPase DIGMEALIZ AR Y VKT CTY VD U A 7 V54T O 12D DR~ A
TLALELTHLELENTWD LS D, L LEBNL ELOMEITHHT 7T T8 T,
H+-PPase OfREIL 7 7 b o OHkiEMEIZ L F] L THIN L H-ATPase OEEFEIENE L 7
2 RRCTERZIEL L EL LR o7, —F, Kasai b (1998) 1%, 714 &%
Mo, BHO TR TOREBREZHRL T, —RORRERZREIZESS L2LEE, AR
OFER & Rk, HATPase & H*-PPase Ol OIGMEITHEM L=, v hvRy 7
DREIITE & HITEDL Lo T-, Kasali b (1998) DOEBRIZEIT 5458 OHIREMN
KV VA Z2 b bR bR, Fx OEBRERE KT 5,
BONTRENBIT, EOL T L THRIED 71 b R TR Y CERRRBIZ IR
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LTWEONTONLRY, £z, R VERIREEN T 1 R T D xR 7 Bk E
BEEZDHIEMRL VEEONMKSREE 70 b OfgsiFEtE 2 B &85 ) Z L3
MRIEVY (3£ 1-2, 1-3), AR O H-ATPase X LR T OIRER L F 7= 13fthod & o)

BEOMABERIZL > THIE S D Z LA BTV S (Tavakoli et al. 2001, Lu et
al. 2004), EERE &ML Clix, AR O H-ATPase OV 7 = v MERDZELN
MREEOEEZ BT 2 EHE SN TS (Kawasaki-nishi et al. 2003,
Sun-Wada et al. 2004), x| R IN/=7 1 b o OWREIGED TR O
Ta=y MEEOBHEEIZLD 720 INTERERS 5,

ATP OFFETF T, U OB IARTENE, ATP ONKDfE, ATP ICEF L7 1 b
Y OEENMEY CERIREBIZEBWTH UHEIA T (&Y U EIRRBIZEE TR 3-4 fi%) L
I ERERTRETHD (F 11, £1-2, £1-3, X1-6), PPi DFAE, U VRO
DiAZ L& PPL I FE L7 1 b Okl IFEARICIEME L S ey (&Y CERKAEIZ b
T 5T %) . PPL DMK EDIEMIZ D 72 o7z (R Y VERIRIEIZ TR 2 £5),
Z TR D H-ATPase & H*-PPase Ol A 1 = X L3 ¥7e 2 alREME 2 RIB L

TWo,

EHRNTORBEEN L) VBRI

UUBRRZ FTIHEMEED Y VERR A A AL VA BRDTZDITIRIEN S VU VEER L
HENDITTED, 2RO U AR IARFETIND ER D002 & o T BEfIT £ 72
o, Lol SEIOHEN R VEREIFICKT 2 & F SEREIDIEEIT OV T
SONDHANELNT-, KD VSR, ATP &L PP EOEADZ 67263 &, @
B OEIA~D Y AEOR Y IABPHADT D LTRSS, L LR 6 LETO#HE T,
TV EINTE ) VEREREDOT B NS T A MIE X TFEBRTIE, U BN d D R
IZHART, VUBARZ LIERMIZBWT, K EHIZ, v anic ) s Biiian
(272 (Mimura et al. 1990), ZD X 9T, 1KY S EESRMETOWRIA~D Y U HEDOE

DIABDOEEIMIAERNTHE I D Z LR INTND, U REEY IAZBE S OB
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FRE DY VDR A AL VA EMERT D7D IR » SHaE ~0 XY Vit
EDNT U RERODTZDONE LIV, & OIZEEMEZRRD 720120, anbol v
o2 ET 2FEBR AT LOBREBNMLETH D,

UAA XSRS BB TIRLIR

IZLDIZ, =F=F VU LRROEKEHWT, aA X T X OREME bR
DHEEZ AR, L L, BEARELOER, =F=F Y 7 TIXiERNEE 5 REc
7a T ANDRANEZL BN, £FT =F=F VY UDHERE v A XFXF D
BRDHEOENNREZONLIDOT, =F=F VY VIZHWZEEAR LD S HIHEID W
AREERT L2 L2 Lz, £, vuadg X T XFToMIT=F=F Y 7 OfMEIZ b~
T, MlRENETHD (K 1-2), 7B F T TARBRAL TS Y aA XFXF DR
fDEZBEST 2 &, oM, MREONENRZEbNTZ, BZHL, v b 7T
A SETIRI AN B & A7 BRI L AR IS HY T & TR M 0 i W AR 23R o0 &) 0 12
WHEL, ZZICHE LT m M7 T X MR E RIS, AUBISETNTLE S D
LEZDBND, £ T, R~DOHIRE DM E LB T, T/ 720 OFEIKOK
Bzl M ERN @y FEICHET D 2 L2 fF L, #HEIC Percoll 22
52 &IZ LTz, Percoll ZmmFDT, RBEAZEZ DI LM, WHEAEZX DI L
MTELMETHL, TNEHNWT, =F=F VU XD S LIV EARL A FR T
HZLT Iu b TTRANERRESRET D Z LIRS LTz, Fox EMNLITTE A X T
T BN % D) & 7= Frangne © (2002) &3 1A XF X OREEFEMEN S
W% BB 2882, ®o T Toh D Ficol T HWNV TS, ZOZEnbb, vrg X )
RS OEEFMIE DRI % BEET 28121, M TOGFERLELEZ 5D, ET /L
W) Td D> a A XF X T O HEET 1k ORESTIE, MR O 2 K & < ik S+
DO WFFI, EBE T THBELIEFEIIME N7 AR—F =@ N7 A

R—H—DFREIZHW S (Kataoka et al. 2004, Kobae et al. 2004)

26



204 XFRAFICHBITHRMEE N L1 UEEEREEE

vaA XF AT OEIIA~D Y SO IATZD . FEEUKAFR, ATP £ 7213 PPi (Kk{F
M, U URBRERFHICHEML TV Z e raniz (K 1-8, 1-9), Zhid=F=F
VU O TIT v R & AR OFE R Th > 72 (Massonneau et al. 2000), 7z,
=F=F YU TOERLFEMK K UERSMETE T b BEE L 72z v T,
U VRN OHBE LR E Y . U CBOIRYIALZN B LT (&R 1-5), Z
DZEMDB, YA XFTAFICBNTS, =F=F YU LFEKRD Y I 1A B A% )
BNTNDLEEZLND E2ETITIy B A XT AT DT A2 V7 h— LRk
ZBWT, IRY VEBEETIZEBWT, 78 R T OFBERBEBLOEIMITA v
ol L, K7 0T v —2—fiiifiaito7=L 25, H-ATPase I[85\ T, Vi
¥ H—T1o, VokZZ—T 6 OD% 7=y bR Y UBRZITGE L TREAN L
M5 WG I RAYIC A 5 5 E0%] (PHR 1 binding motif) %% - T3 Y, H-PPase

® 9 H AVPL 3 [F Ukdd Z2 7 v & — Z — @I FF - T,
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(a) (b)

)
% 350 E 40
. 14 | a o
s @ 300 ~ v v
e 1.2 3 2
= £ 250 | s 30
- 1} 3 £
[
3 08} v v » 2001 £ 20
& 06| E 150 | 3
Q
5 04} £ 100 | z 10
2 02} g 50 5
-5 0 (U S S SR N g 0 F AN N SR S |
@ Q
01234567 = 01234567 o 01234567
Culture (days) Culture (days) Culture (days)

®1-5 —F—FVOBREMRBOEMTD) D ERE, MIEOLEEE. MiERD Y VE
EDRFHIE

SFoFVIREMREERELG D VEREATETCLESOEMGD Y VEERE (a).
HMEOLEEE (b)), MEADY VEE (o) ORRMEILZTY. EY VEEH (O).
=) UEBRESY (@), B UEEHTIR. BARETKIAB LS5BE (KM [2ZhEh
RIEREMNS mMIZIE S & SEMIC) VEEZEMA -, MIEOEEERFX TSR0 1XHT-
Y., MiER0) VBREFEEEHY ERT (n=4),
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K11 BUD) VBRRERHTECRLZFoFYIEERRENACEEL-RRBADY) ¥
Bk DER Y IAH

Pi uptake (nmol / pl vacuole / hr)

High Pi cells Low Pi cells
+ATP +PPi +ATP +PPi
0.59 £ 0.31 0.30 £0.23 227 = 0.41 2.21 £0.63
(n=6) (n=3) (n=8) (n=4)

BIERZDIZ 0.7 MM KHL.2PO, & 1.4mMATP £#I1X 1.4mMPPi#FmMLT. Y
VEBORYAAZAE L. &Y VEBEEHTIK. EAMTRIABLESAEIZENEN
BRRBEEASMMIZHED L SEMICY VEEEMMZ 1=,
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K12 ELGD)UBREFHICET2RKETD Ry TOBERES

Activity

(nmol Pi / mg Protein / min)

Bafilomycin-sensitive ATPase

K"/ Na’-dependent PPase

High Pi cells Low Pi cells
9.7 = 1.2 343 = 2.3
(n=10) (n=10)
79.0 £ 35 1778 £ 2.0
(n=28) (n=06)

FRAEO 7O R Ry T THAHH-ATPase EH -PPaselZ K 2 EB DK REE%E
AlEL=, BY) VEBEHEHTIX, HEAMETRIAEESHBIZENFNFZRKEENS mMIC

BAHEDEMICY VEEEMA T,
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a) H*-ATPase

ATP (1.5mM)
"}
&
§ High Pi
]
S
= Low Pi f f
= NH4CI (5SmM)
| | 1 1 | 1 1 1
0 200 400 600
Time (s)
b) H*-PPase
4  PPi(L5mM)
High Pi
S
=
S
2 4
S
=
2 Low Pi
4 NH4C1(5mM)
| 1 | | | | | 1
0 200 400 600
Time (s)

K16 ELDYUBFXREZFHOHBEMMNOSERL-KBE/NEOH-ATPase &
H*-PPase® 7 0O k J &% &M

RIBIR/NNBA O quinacrine B D ELXFEHT 52 & T, (a) H-ATPase& (b)
H'-PPase® 70 + V#ik M #HIE L1z, H-ATPaselZIZEE & LT1.5 mM ATP %,
H'-PPaselZI&1.5 mMPPiZ5 % T, BIEZMIE L. 5 mM NH,CI (Bi#&%F]) ZmMA T
RitZE1EDHT=,

31



®1-3 B3 UBREZFHICETIRBIENMNMIOTO bRy TEEEY

Normalized activity

( A Fsoonm / mg Protein / min)

High Pi cells Low Pi cells

ATP-dependent 34 £ 0.2 134 = 1.6
H* transport (n =6) (n=6)

PPi-dependent 43 = 05 225 = 1.8
H* transport (n =6) (n=6)

K1-6ICHITAEEEXE5EZIHEDHEADETILEZHELL L-HFR, BRELEEEFE
ZBLT, BRDEILERETEHENATE, B UEEHETIE, MAHEETH3A
BESHEBIZFNFNEREENS mMMIZHE S &S BEH#ICY) VEEEMZ 1=,

32



(a)

Low  High
Pi Pi
kDa (b) H*-ATPase H*-PPase
High Low High Low
193 ' Pgi Pi Pi Pi
112 i
86 - kDa «Da :
70 - e 00 B> W, s
57 - '
39.5 -

®1-7 EGd) UEBERBEFHICETHSRERS DN BEOXBBRETO N VRO TE

B d ) UBREFHICE TS (a) B2 VAV BEDXEEE (b) TRy
TEZTRd.m) VEBEH I EABRERIBBELSBBIZENEARKREENAS5MM
[CTED & SEMICY DBEMA Tz, HEL—, 10pg DA NNV EHEXKBL. RERE%
L 1=, & #a & H'-ATPase (Matsuura-Endo et al. 1992) & H*-PPase (Takasu et al. 1997)
DIRATHO T RE VT EIT 1=,
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®1-4 BUDH)UBRERHTETCE
NERE

FoFYYEEMIZETS ATP, PPi. Pi

Cellular Levels

(uM for ATP and PPi, mM for Pi)

High Pi cells Low Pi cells
116.9 £ 8.6 466 £ 2.5
ATP
(n=16) (n=06)
_ 649 £ 64 30.0 = 1.0
PPi
(n=106) (n=06)
pi 251 £ 1.7 0.36 £ 0.02
[
(n=4) (n=06)

) UBEHTIE, BAMETHIABLSABIZFNEFNEREENS MMIZEE &S
E#(Z) VEEEMAT-, BEXEEEH-YETT.
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Q
4
] —— -ATP
)
g-l 6 = —S— +ATP
o —4— +PPi
[aF
>
-,—| 4 B
i)
(0]
—
&
2 i 5/‘—’_5
O 1 1 1 1 1

0 5 10 15 20 25 30

Time (min)

B1-8 04 XF+XTDEEMEL S EEE L fintactRIADER ) VEEDE Y A H

BIEAKEDIZ0.7 MM KH2ZPOAEIMLTHY 1.4 mMATP (O) . 1.4 mM PPi(A) .
HEHLZL (@) TYVEORYAHZFRIELT-,
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relative Pi uptake

O 1 1 1 1 1 |
0 2 4 6 8 10 12

Pi concentration (mM)

X1-9 S04 XFXFTOEEME,SERE L f~intact RIEDEEIKEFENL Y VEEDE
Y AH

1.4AmMMATPZHRML-15E8 (@), ATPZHEMLEMN>=1H5E (O) I2H1+5H 1) Vg

DERYAHZRE L. BIEBRRID) VEEDEEIEZ1 mM, 3 mM, 5 mM, 10 mM& ZE
1tE&71=,
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®1-5 BLAD) UBRBEFHTETLYOA XS EEREN BB LREDY
VERDELY A F

Pi uptake

(nmole / ul vacuole / hr)

High Pi cells Low Pi cells
+ATP +PPi +ATP +PPi
0.07 = 0.02 0 0.14 £ 0.03 0.11 =0.05
(n=3 (n=23) (n=3) (n=3)

BIERZERIZ0.7 mM KH,2PO, & 1.4 mM ATPE = 1Z1.4 mM PPiZRML T, U B
DBRYAAZEANEL-, B VEEHTIE, HAMEIEEESHBIZEFNEFNLERE
EA75mMIZA D LS EMICY DEEEINZ -,
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28 JKHREYD UEBREEEOER

&

BRED ) UEEERIEELEAH DM > TLEL

R OFERED D IAAIRIZ I3 %  OWEERNFET D LB 2 b b, TFE, KRR
WT, WL OPDIERRFRE SN TETWDLR, U Y BOEXRERILEZA D0 > T
220, TTCIZAE STV 2D U o ik R O RS & ARFPEZ R 36 D23 /o h
HRWZ & Fo, BEZEDTMOET VAEYOWRIICK T 5 U AR S £ 72
ESINTWRNZ &b, BIRFRININD DT 7 —FIFE L TR,

) UBREARREDLODOT TO—F —BHEFRERRE FSURI ) T b—LEHT—
ZIT, VUBEMEARERET H0Mo 7 e —F52E 27, 12HIX, L 37
BLNLVTOWKRTHD, U ok 2R v 7 BEa R LT, ki
~OY RIS A ETOMEARLE L, ZOREREHNT, U R ICED
MRS & 2 X 7 B ARl 5 2 & - x Tz, Massonneau b= =Y UMl
BT, ERA~D U UEREL D IADEREC O W TR T 5720, S EIERERZR L
7=fEH, K2CrOs&DIDS (4, 4-Diisothiocyanostilbene-2, 2-disulfonic acid) # 5 % 7=
Bals, U VEBEORY iAZ R < FLE &S & LTS (Massonneau et al. 2000)
CrO2 35y FHEE OBBMEN D BEAHNC Y VIROB VAR ZILE L TWH EEZ B,
7\ AREMEITIR I~ O R IR T DR IR ER TH 2 Z L A@E S TS (Mornet
etal. 1997), DIDSIFfaA 4> v TV AR—F —DOIEAFIT, 7/ BRELEZLFNC
BT ZENMONTWD, BELL, AKRRBAAVDHETDF T AKR—F—0
VY UBRICDIDS AR A LT LE D 2D, A A OMVIAANEEIND EEADN
Ho £IT, 7L EINDIDSAEHWT, U UBERICED L 2 o3y B a2
HZEEEBZTEN,. TSNMMEENTZDIDSO ATRREETHD Z ENHA L, £ Z T,
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DIDSicfXb B EH & LT, VY vrEKicEETsZEnmbonTn?
Biotin-Sulfo-OSU (DOJINDO, Kumamoto) (X2-1) IZiEE L CH, ©AF L%
NWHH LB/ Z T 2 ISk ik E 0¥ v XV EOEREICEGSEL 2 L
DABETH 5, 4 [FFEH L7-Biotin-Sulfo-OSU (Sulfosuccinimidyl D-biotin) (3577
PNIZTEET ATV EFEOTZD, VP D e -T2 )RR EOEREOT 2 ) K EfEAET D,
TETVAIEATF AT LT TEWBAMMEZ OO T SN T vy 2 v
HZLET, TED U -EXTFUORMEICLD, B TFUNRMEELIEWEEZRET L2 L
N T 5, Biotin-Sulfo-OSUIEHUASCEER OIEMZHIRT 2 Z L IEi#T 2 Z &0
ARECTHY, /o, A=Y —DFEEICLY, TED U LEF T EOfRERENEZ
I, ZURTEDTAAIZHE LTV D,

2ORIFBEEBFORIALANANLDORKRTH D, F1ELD ARY VBT TS
U VRS TICH AT, a~D U VO Y AL ORI B ivlz, DFE D | Ko
UUBEDOBY AT VEERZITINE LTEBRLE L TELR DI ENTEL, 2D L
PO I A~O Y CEEOEIEIZED DB, U UBBRZICE D . BB L TV
DT ENHIESND, A 70T LA OFFMTIZE Lo v A X X TRl 2 v T
BULEBERY VBEUHET R TV AZ VT =L 2175 2 & T, U VI ICBE D
DR DR R DT,
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HN  NH

3_ /SOsNa

O—N

S 1 c?__

Biotin Sulfo-OSu CisH1sNsNaOsS: = 443.43

X2-1 Biotin Sulfo-OSUM &

Biotin-sulfo-OSU (Sulfosuccinimidyl D-biotin) (X4 FRIGEEI A TILEZED=O.
JDOUDe-TI/RELBEDHEHMOT I/ ELEET D, £z, AR—HY—DOHFEIZEK
Y. PFEDUVEEFFULOBEBRENEIYITC WV =H. FUNTEDIRILIZE
LTWL5,
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7k

Biotin-Sulfo-OSu & ') Y EED 7t & EER
FETHE 1B TR LE=F =F VY UHBHRO Y O IAZORIEIZHEN, ©F
F LU VEEEHA ST D729, uptake medium (2 200 pM Biotin-Sulfo-OSu % sl

Lf?ﬁ”ﬁ%fﬁo f:o

i Re s o 3R 3

WRRAE S R B RRET D720 B L 72 S AR 2 150 mM KCL, 0.05%
Deoxycholate (2725 K o lZENEa iz, +2IRA Lzt oKk B2 10 /3 E LT,
R ZiEE T 272, —80°C T 10 4rfHl#fiE . fifoi#4 . TA#k 1 (250 mM Sucrose, 5 mM
PIPES, pH7.2 (KOH) Z#&ENz. 120,000Xg, 4°C., 75 min T L8 L., LB
IR LI L b ozl s LT, BifZikhd sap & L TR L7, Z "7 HiE
BEToTAER, 1 EOERICBWTATRRE 12 ¢ OEEMEND, £ 12 ng O

NEHNT,

Biotin-Sulfo-OSu (2 & % ') B& & (R 1% 48 D 1R

Biotin-Sulfo-OSu [IEMHHAML T VL HIA T H LB 2 bND, MRLIEIr A X
F X ORI 20 pg 12 TV UBRAY ] oY 7 b LT, 50 mM KHoPOs Z RN L
bos TV VBREL) O 7re LT, U rBofbhiz 50 mM KCl 2L
72 DIZEINZ4 0.1 mM Biotin-Sulfo-OSu 1z T, =R 30 wMEFE L7z, =56
I~ DIDS I= £ B8 % L5541, U o BAEDY 71 50 yuM DIDS 2y L T
[A4£1Z Biotin-Sulfo-OSu & K & H¥7-, £D#%, SDS-PAGE %47V, PVDF X > 7 L
NIHRE L 7 v v ¥ Tt 20% Streptavidin-Alkaline Phosphatase (Oncogene, MA,
USA) WP CT—BiRE S L, TABY 73 RT7 72 —BRILTEATF U LA LT
Ry B e LT,
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ERD)UBEHTTO NI VRY ) T b—LER
A X AFOREEMEEZ 7 SRR L7 H 0225, RNeasy Plant Mini Kit
(QIAGEN, Hilden, Germany) % A\ C RNA Ofitt%z4r-7-, 5% 3 HH & 5 HH
IR EE 2N 7.5 mM IZ72 % & 9 MS 544112 KHaPO4 (pH 6.0 with KOH) %Nz 7=
LOEEY VR E L. DD VICEROBEAKEMZT-LOEKY U EEEME LT,
7~k ¢cRNA [T Low RNA Input Fluorescent Linear Amplification Kit (Agilent
Technologies, CA, USA) Z#HW\WTEK L=z, TNZi4ME L7- RNA OHFE DR
( RNA 6000 Nano Lab Chip, Agilent Technologies ) & & & ( ND-1000
Spectrophotometer, NanoDrop Technologies, DE, USA) %#417-7-%%. oligo dT-T7
promoter primer & MMLV-RT # H\\\C, WG IS ZTTV, & 5125 64172 cDNA
6 T7 RNA polymerase # H\ T, Cyanine 3-CTP (Cy3) F72!% Cyanine 5-CTP
(Cy5) (PerkinElmer, MA, USA) IV iAE+. F-~L{k cRNA % &Hk L=, &5
=7~ 1{t cRNA IX RNeasy Mini Kit (Qiagen) % H\W\TH#%Z, 7~k hil & [FH
BRICHE O fERE & & & %17 o 72, In situ Hybridization Kit Plus (Agilent
Technologies) Z W T, 7-~UL{k cRNA Z%BTORALIENNA T IV EA ¥~ 3
VIRR TR L, v A4 27 v 7 LA (Arabidopsis 2 Oligo Microarray Kit, Agilent
Technologies) & 60°C T 17 i, /"o 7 U X A4 X&H7=, Dk, SSC KK TAT
A RATZAZWH L, ERTAZHNNTHESET, Cy3 & Cyd OMAE DO % il
LT A ATy TERIZED "A TV EAE—T 3 VITBIT D NARRRZEZ RV,
TLVARATA KED Cy3 BLW Cyb O JtiRE % Agilent Microarray Scaner
(Agilent Technologies) (Z &V i L7, A& > MENTIZIEX Feature Extraction
Software (Agilent Technologies) % V), 7 4 —F ¥ DL N> 7 7 F > FHHIE,
BRMELZITO ARy b EEE Lz, 7 — ¥ OfifFT 1213 Microsoft Excel ( Microsoft,
Redmond, WA) =M\, S8l T —2 106, 2> far— ARy b, T2

L—va ARy b Xl T3 REFBENRW VT FILVARY b, HHEELY
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HIERNWS T FNLAR Y b BEWT F 7 (Feature Extraction Software % H\ 72 AR
v MENTORER, A ZXDREL ., BEHDHL ARy NETIELSERKRE W EHESNTE
HD) EERWTZ, FBHEIZOWTIL, Feature Extraction Software 2 & 2 fiiE#% D v
7l % HW T LogRatio=Logio (Cyb ¥ 7 F/VIEE/Cy3 o 7 /VGREE) DT %
TV, XA AT v TERIZBWT, K& Y VEBEART. 2 U b0y 7V imEs
NV, PE (%7 4 —F %D LogRatio DA EMER) MR 0.0l L FTHDH ARy MZ
DWTHERBRENRS L & Lic, BEERLLNEBETIZONWT, T—4X—R%
FIAL T, BInFOBBICOWTHEGE Lz, ~A 7 17 LA EBITIERAEY FAFFEET ©

1T-7=,
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HBREER

Biotin-Sulfo-OSU IZ & 5 ') VEEER Y ;AAHDAE

=F=F VU EHWERTIE DIDS MNEIBE~D Y gk z HET S5 2 & 23R
&7z (Massonneau et al. 2000), DIDS (ZfEA 4> b T v AR —H —DHEFHK|T,
KKEA A PBFEET D N T U AR—F—D Y Vi DIDS kAL TLE
IO, AT DOWMVIABLBHEIND LEZXONTWD, DFED, VorBbZDY Y
VISR G L TRV IAERTWD LR g, 7urfkaiu/c DIDS Z# v, U
VERERIC D D X N B R IERT D 2 BB TN, T k& DIDS O AT
DRETHLZ ENHBI LT, 22T, JOBRERZET D, VU UEREICHEETD
Z ERAEI B LTV S Biotin-Sulfo-OSU (27 H L 72, Biotin-Sulfo-OSU O fF/E FC, =
F=F Y VRGO Y SOV IABZRELTLEZ A, £ 2-1 IZR-TEYD,
Biotin-Sulfo-OSU 23 ~D U s EMEZ LET 5 2 LR &, ©A4F
X7 BV EREETTE, £/ 20 Biotin-Sulfo-OSU 13U —¥ 2 Fio7-8, X
NRIBERAELTH, TEV UV EDRARHEFEIND Z e Z U7 BEOBE#RIC

ARTHD,

Biotin-Sulfo-OSU 1= & % ) > E&# X (AR DR

AR OB Y | Wh~D U U EEOELY iAZ 7)Y Biotin-Sulfo-OSU IZ L W HESND Z &
Do T-D T, Z® Biotin-Sulfo-OSU # HW T, U U D & v X7 ED
2 A R, EBRICIT Y VR L Biotin-Sulfo-OSU DA EB 21T - 72, B ITR
THD (X2-2). UVUBATSICHEET D L, Biotin-Sulfo-OSU 13V »ERlmEA & o
NTEDOY D UFRIITHR A TE RV, U U7 T U Biotin-Sulfo-OSU 723 U &>
BIICHEECE D EBEEND, £ LT, Biotin-Sulfo-OSU 23E& L7z X7 X

TEYUTHRETL2ZENARETH D,
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# 60 kDa ffimicV »iiEL (-P) TIHMHTE 525, VrBAY (+P) T, #Hx
LN RN o e (K 2-3), £z, UrmAY (+P) LR U Rl
L (-P) IZDIDS ZMA 72HEIZH /NN RBNHZA D Z BRI, =F=F Y UD
AR T34 60 kDa & #9 100 kDa fHEI2 Y VBEA Y (+P) T A 580 R &
N, TNHDONY RIZEEND X I EN Y VBEREICE D > TV D Z ERHIFES
N, WCINBDE R EERET D12, 707 4 — LT E24T o TSI

T,

BLD)UBEHTTO RS VR Y T M— L@

F1ELY, K- &Y VBRI TE MO ZN T ZHEEL, U CBROR
VIABZ S 5 & AR Y UEESRAED O HEE L 72 T Y OB ARG EWV Z
ERaniz (R 1-5), ZOZ LML, @lA~D U RO ALY VERRZITIG
BT LHHHGLLTEDLRDIENTED, T T, RY VBEMFIZENT, id~D Y
VRO AL H Z LD KD Y Ul T AR —Z —OFEBLE S I
LTWLDTERWNEEZR MY VBERETF T A7 U7 b — L 21T o 72,
ZORER, 835 BB FICB W THRIAENA LN, 2055, 2 2L EOREBEEEZ
FFo X N BIX 1T0 I CTh o 7o, @ UESM CHIMN L 72 #8 R 113 165 i, 1KY v
FRGAE CRENEM LI 0N 670 Hb V., ZOHIC) VERZ TRIANHZ D Z &
BTV DM AFAET D Y V8 kT AR —%— (Phtl1;2, Pht1;3, Phtl;4)
bEEN TV, £, 78 PRV TIZBWT, FEREHERZA LN N- T2,

BRNED ) g N7 v AR—Z — Gl 720, ARY USRI T TRBEHEML .
BEEGEE A 2 DLLERF OB DICER L TAIZEZ A, 62 BEFHAVWEINTE (F
2:2), ZDH L WHEDEDITHONTIL, HEBIZE < Dhro Ty, BxEiclb 5
EHEINDBDHEWNL ONALNL0, U VBREEICED BB TN E I NELE BT
FEAR RTINS LB TH D, Flo, TR Y VEESAE T CHIADEAA T H L DI ONWTE
LOTHIEZA (R 2-3), ROELETRIT L0 T o AR —4 —Sultrl;2 &,
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R B DO OPEH 24 > TW A HifigE b 7 > AR — % —Sultrd;2 OFBNHA LT

W=,
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% 2-1  Biotin-Sulfo-OSU IZ & 3 ') VEEER Y :AHDIAE

Pi uptake of isolated vacuoles
(nmol / pyL vacuole / hr)

Control +Biotin (200 pM)
2.28 = 0.42 0.42 = 0.48
(n=7) (n=195)

BIEARKPIZ 0.7 MMKH PO, & 14mM Z5HMLT, UVEBORYAHERIFEL
1=, +Biotin (B & L 1=i%& 8% 200 uM Biotin-Sulfo-OSU T 20 SR E S B 1=-RIZAIE
L=,
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/—[ +PI & ﬂ

D @
0
N Lys

\ Pi transporter / \ Pi transporter . /

2-2 Biotin-Sulfo-OSU IZ & 5 1) VEREIEAKIEWR 2 /N BDZEH (BEAXX)

) UEEMN+2TFEET S & Biotin-Sulfo-OSU () VERHIEAKA VRV BD ) O UK
[ZEEE TEHRULD, Y VBN ITIL Biotin-Sulfo-OSU AN) O U EIZHEET S EMN
TE5LBESIN S, Biotin-Sulfo-OSU MM EE LIz 2 VRV BERTED U TRIET S Z
ENTES,
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Arabidopsis thaliana

EAF-TED 36

DIDS DIDS
CBB P |+P -P| -P

2-3 Biotin-Sulfo-OSU IZ & % ')  B&#IE (A& 1 D AR 8
#160 kDa LI ) VEEEL (-P) TIIRHTESMN, YUEERY (+P) T, HZX B

N RN DR EnF=, U UBEL (-P) IZDIDS ZMAIGRIZEH/NY FAVH
ZBHENER ST,
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®22 BB)UBEHETTONSIVRY )T b—LEHT

GeneName Description MW |TMD -P/+P
At2g38940 | phosphate transporter (PT2), identical to phosphate transporter (AtPT2) 58600 | 11 4455
At5g43360 | inorganic phosphate transporter (PHT3) 57258 | 12 11.51
At3g47420 glycerol-3—phosphate transporter 56310 12 10.85
At3g16240 delta tonoplast integral protein (delta—TIP) 25027 6 8.40
At4g34950 nodulin family protein, similar to nodulin-like protein 60863 7 8.24
At2g45400 dihydroflavonol 4-reductase family / dihydrokaempferol 4-reductase family 40261 2 7.79
At4g15540 nodulin-related, low similarity to MtN21 (Medicago truncatula) 29421 8 5.53
At3g51860 cation exchanger, putative (CAX3), similar to high affinity calcium antiporter CAX1 49852 11 475
At4g18210 purine permease family protein, similar to purine permease 43478 10 4.66
At3g08040 MATE efflux family protein 55947 1 4.60
At5g24600 expressed protein 27838 4 4.45
At2g21560 expressed protein 31770 2 432
At1g57990 purine permease-related, low similarity to purine permease 44182 10 424
At1g75500 nodulin MtN21 family protein 42571 10 4,02
At3g09340 amino acid transporter family protein 57453 11 3.92
Atbg24290 integral membrane family protein 61046 4 3.78
At2g44500 expressed protein 64586 2 3.76
At3g52310 ABC transporter family protein 81772 6 3.75
At2g20142 expressed protein 18366 3 3.61
At3g48850 mitochondrial phosphate transporter 39025 2 3.58
At4g30440 NAD-dependent epimerase/dehydratase family protein 47459 2 3.51
At1g01120 | fatty acid elongase 3-ketoacyl-CoA synthase 1 (KCS1) 59277 2 343
At5g45380 sodium:solute symporter family protein 74962 14 3.40
At5g24030 C4-dicarboxylate transporter/malic acid transport family protein 72340 9 3.34
At5g17980 C2 domain—containing protein 117932 2 3.27
At4g27730 oligopeptide transporter OPT family protein 82362 14 3.23
At2g23790 expressed protein 38178 2 3.17
At2g18690 expressed protein 36040 6 3.02
At1g60960 metal transporter, putative (IRT3) 45090 7 3.00
At4g17790 expressed protein 28927 5 298
At4g39030 | enhanced disease susceptibility 5 (EDS5) / salicylic acid induction deficient 1 (SID1)] 59529 | 10 297
At4g27860 integral membrane family protein 68170 5 2.90
At1g12950 MATE efflux family protein 56907 12 282
At5g35735 auxin—responsive family protein, similar to auxin-induced protein AIR12 43868 5 2.77
At2g19110 ATPase E1-E2 type family protein / 127210 7 2.74
At4g10380 Essential for efficient Boron uptake and plant development under boron limitation 31493 6 271
At1g67600 expressed protein 17600 3 2.69
At3g21080 ABC transporter-related, contains 4 transmembrane domains 28970 4 2.62
At3g28180 glycosyl transferase family 2 protein, similar to beta—(1-3)-glucosyl transferase 77516 6 2.61
At4g36820 expressed protein 39007 2 261
At4g36850 PQ-loop repeat family protein / transmembrane family protein 42455 6 2.60
At3g05150 sugar transporter family protein 51025 12 2.60
At4g30430 Member of TETRASPANIN family 31064 3 2.57
At3g21240 | 4-coumarate——CoA ligase 2 / 4-coumaroyl-CoA synthase 2 (4CL2) 60843 2 245
At1g19770 purine permease-related, low similarity to purine permease 44064 10 244
At5g66675 expressed protein 46372 2 2.39
At3g15530 expressed protein 32089 2 2.38
At4g12090 cornichon family protein 15961 2 2.38
At2g16660 nodulin family protein, similar to nodulin-like protein 58978 12 2.36
At5g41800 amino acid transporter family protein, similar to amino acid permease 1 49857 11 2.36
At3g26590 MATE efflux family protein 54322 10 2.28
At2g35710 glycogenin glucosyltransferase (glycogenin)-related 56799 6 227
At5g03570 iron—responsive transporter—related, 57095 10 227
At1g15210 ABC transporter family protein 162572 | 13 2.25
At5g43370 | inorganic phosphate transporter (PHT2) 57645 | 12 222
At4g00300 fringe—related protein, + weak similarity to Fringe (Schistocerca gregaria) 88862 2 2.20
At2g17480 seven transmembrane MLO family protein / MLO-like protein 8 (MLOS8) 67213 7 2.19
At1g13210 aloacid dehalogenase-like hydrolase family protein 136585 | 10 212
At2g47800 glutathione—conjugate transporter (MRP4), identical to AtMRP4 169082 | 16 212
At1g44100 | amino acid permease 5, putative (AAP5) 52539 | 10 2.11
At5g16010 3-oxo-5-alpha-steroid 4-dehydrogenase family protein 30127 5 211
At3g59700 lectin protein kinase, putative, similar to receptor lectin kinase 3 74437 2 2.06

=) UBEHTICHATE) VEEEHT THEA Log tET 2 fELLEEND
%2 OUEHEDELDERY, TMD : T—4 A—X ARAMEMNON H» 55
BHEBOH, MW : T—E2RX—X Tair TlRoNE=DFE
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®23 BB UBEHETTONSIVRY )T b—LEHT

GeneName Description MW TMD +P/-P
At1g78000 sulfate transporter (Sultr1;2), identical to sulfate transporter Sultr1;2 71708 10 6.56
At3g12520 sulfate transporter family protein, similar to sulfate transporter Sultr4;2 74663 12 4.06
At1g01620 aquaporin PIP1;3 30633 6 4.05
At5g56100 glycine—rich protein / oleosin 15723 2 4.05
At1g71880 sucrose transporter / sucrose—proton symporter (SUC1) 54859 12 3.01
At2g35460 harpin—induced family protein 26825 2 2.95
At4g37030 similar to expressed protein 63338 5 2.91
At2g39010 aquaporin, putative, similar to plasma membrane aquaporin 31050 6 2.69
At3g05400 sugar transporter, putative, similar to sugar—porter family proteins 1 and 2 50603 11 2.41
At1g29910 chlorophyll A—B binding protein 2 28227 2 2.29
At1g73190 Moves to the Protein Storage Vacuole in a golgi independent manner 28308 6 2.27
At2g35750 expressed protein 6705 2 213
At1g55670 Encodes subunit G of photosystem | 17085 2 2.10

B UBEHTICHERTEHY) VEBEEFH T CTHEN Log kT2EULEEML, EE&EME
HE2DOULEFDLDERT, 2FY. B VEFHTTHREN TN >0, TMD :
T—4~R—X ARAMEMNON Mo @B o5n-EEEEEHEOH, MW : T—2A—X Tair
THRLON=SFE
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3E RIS T 3 — LN

&

ANARSODTOTH—LEH

TR MO S £ S ER 7 0T 4 — LT A HE STV 5 (Santoni et al. 1998,
Prime et al. 2000, Ferro et al. 2002, Fukao et al. 2002, Peltier et al. 2002, Schubert
et al. 2002, Ferro et al. 2003, Heazlewood et al. 2003) , £#iZ . EEFEKR TS IZ & - T,
HERFINTRT THDHZ L& BIMEDESWEREPHEBTE 272D, o b
AT 38 AT D (Ferro et al. 2002, Peltier et al. 2002, Schubert et al. 2002, Ferro
et al. 2003), ZHHDEFENSG | BELAFRESN TR TS ESERF I H
DERFKRBERRNZEN TS, T b3 KU 7T (Heazlewood et al. 2004), ~/L
ZF vV — A (Fukao et al. 2002, 2003) . Mif@fsE (Prime et al. 2000, Alexandersson et
al. 2004) D7 T A —AEITHRALE LN TWD, FBEEOSWT 7T 4 — LM %217

ITOITIE, FT. WNCHEOREWANLT X T ZHBEET 200, BEETH D,

RIBED 7074 — L3

R DSHE AR O A B RE I I W CLEBE R Z R LTV D Z LG SN TE
TW5 7 (Matsuura-Endo et al. 1992, Takasu et al. 1997, Dietz et al. 1998,
Massonneau et al. 2000, Frangne et al. 2002) . @ NCifafiE E Tl Z > T b4 <
DIEFNZHOWT, FFIZHF UL T, THHDIFEIA ED X 5 IZHIEH S TV 2 D
FE LS Do Ty (Maeshima 2001), #EIIZI T 553+ L ~UL T O 372
WHELH & LT, 3. IR OBEREICB T 2 BIAR T DZEIRE RAKD) D 720 T2 8 (Gogarten
et al. 1992, Schumacher et al. 1999, Gaxiola et al. 2002) . &} DOFERERRAT 23 145312 1
HDHNTWRWZ ERBITOND, 2FEV, KD X I EEx a— N L8510

W Dlanicd | WEEFHRFELZNND ZENTERY, £, Ko x o R7 g
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BTV Z T EOTENE (BEEMER L) O L~V ABRY 228 HH 7S #E
LW, 100X LRI ERE—7y MCT 52 Li3ewiclEch s, 2T, 7
07— LA HIE, IS BOX NI EERETDHIENTE DD, IO
BREAH > CW D TOftr 2D 5 T, AR FETHL B2 NS,

1 ETHRART, A X T RXFOREEMIN G intact WAL A HEET 2 715 % feAL
THIET, T A= LR EIT I STz o T, MDA NIRRT DIRARDI2N+55
(A ORI 5y 2 155 2 L3 TE o, X Xy BT v T A — MM O
LEEL LT, 2RI EDOHBER ST b5, BERERLI Far R 7E2 28
T2 0D, BUKPEAMEW DI~ RIS EOK A & <. 2 IROTERIKENC K 5 57
DEEL U, AN, RIS R BOGEEHIC BT LRE{To72, 2D LT, U v
FATR AR DRE S HIE L, MIBICAFET D & v _ 0 B & MRRIIC T3 2 7o | ikl

D7 1 7 A — MR 1T 72
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7k

BRRBEHMBROERLE I VNVEE

IR H-ATPase % il OFEFREE R & L CHUY, Bafilomycine (2 £ Y [HE S U
% ATP O & & i fa i o> H-ATPase O & LT, Dietz H Dk (1998)
2> TRIE LTe, a2 > 327 8 2 ng 2 JEICH W, M OFERREEE & LT,
AR H+-ATPase % H\, Vanadate (2 & 0 B X5 ATP ONN/K > fRIEYE % fll i
157 H-ATPase Ot & L THIE L7z, MEWEKOMAMIT, ROEY TH S, 25 mM
MES, 50 mM KCl, 2 mM NaMoO4, 2 mM MgSO4, 1 mM NaNs, 0.05% Brij 58, 1 uM
Bafilomycine F721% 1 uM Sodium Vanadate, pH 6.5 (Tris), =/L I IRKDIE EES &
L T latent IDPase # M\, Z D&M ZHIE LT, BIERKROMIL ROEBY TH D,
25 mM Tricine, 50 mM KCI, 2 mM NaMoO4, 3 mM MgSO4, ImM NaNs, 0.05% Brij
58, pH 7.5 (Tris), 10 ug ®7' v v 77 A2 h & H\ T, MAEEA Ht-ATPase & latent
IDPase ODHEZEAT 572, TR TOREIZIBNT, HE B A U2 YU F213 Bencini
D HFETHIE L= (Bencini et al. 1983),

WD 1 IRITBXIKENL, 7.6%7 7 VLT I RFLVERW, voAZ T ay
NEMT CTIE, i BaES H-ATPase a subunit (Matsuura-Endo et al. 1992) . H*-PPase
(Takasu et al. 1997). i@l H*-ATPase (Kinoshita and Shimazaki 1999) .
Binding Protein 70 (BiP; heat-shock 70 family ® £ >*/3— immunoglobulin heavy
chain-binding protein) (Hatano et al. 1997) (ZxI9 2 Hii&Z FH 7=, i Al
H*-ATPase DOHURILEIRA—REE L (LK) . BiP oFuRiEmEsv < 2t Gl

REF) Zxhenmnhb L TniiZni,

707 A — L@ AR08

F1ETRLEGETYRA X T AT OEEEMI) b HEEL 2tz 552 ETRL

12071 THRNAE ORI 2 AT o Ttk . S BITHENIE S N7 LIERAE S 3 7 Iy B
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TOEMEER T o7, KR L2 %Z 100 mM Na2COs & 500 mM KSCN D%k 1217
AL, 4CT 30 /&, 120,000Xg, 4°C. 75 min Ti/LorHEEL 72, TR Z BN

SN IEE LT, REERERAEY N7 HE L TR LT,

HRED 07 A —LfEF (K’ 3-1)

KR 72l 2 X7 50 pg £721% 100 pg & 1 RotERKEI L7=#%. SYPRO
Ruby THfa L, N> R&EUID H L7z, @B AREEHZ2E2E, 1 mm 3§58 0 H L7z,
g)v &7z 7 vid Shevehenko &M J5iE (1996) (2t~ T, Peid, Eim, 7% /b
fbL7=t%. +VU 7> (Promega, WI, USA) T bL7=, X7F FiZ 5% (viv) OF
PRI & 72 b= MU L THIH L7z, 5 10 pl F TEME L7277 F RIEKIZ 0.1% (viv)
DOXME Mz TEE 20 pl 12 L7z, o7 1id Agilent 1100 capillary HPLC system

(Agilent Technologies, CA, USA) IZA > ¥ =7 b &Niz, X7 F FOEEIL 75 pm
1.d. X 50 mm HiQ sil C18V column (KYA Technologies Co., Tokyo, Japan) % >,
Wi A (10%7 & F= kU /i90%K:0.1% X)) 7O B (90%7 & =K U /1110%
K:0.1% X)) £ TOHRZER L. 200 nl/min OEFE T 70 /5L EjiE L TIT - 72,

LC v A7 A% PicoTip (New Objectives, MA, USA) #41 L T, Q-TOF Ultima mass
spectrometer (Waters Co., Milford, MA, USA) & E#HZ, #HfE SH7-, MS & MS/MS
DT — % % MassLynx 4.0 software (Waters Co., Milford, MA, USA) |2 X » BG4,
BRI S vz, A7 Fuld (Glul) -fibrinopeptide B (Sigma-aldrich, Saint
Louis, MO, USA) oWrhZHWTitE I Nz, 7 —F X— 2O HKIL MASCOT

(Matrix Science, UK) #H W\ 1772 o7z, TIGR4.0 D a A X FXFDF X7 'F
DT —=HX=2L I hary YT LEERIKDT ) AP T =2 _XN—=2AORKRIZHVHN
e BN EDREDT D, ~7F NEINIFE TR, EEROWE T HERER 5572
R seERE (RITE) T bl
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GFP @& 42 /Y EDMRARBEDHEEE
7T A — AT TR W ST Z R 7 B ORI T DI EZ R T 272012, &~

0 A XF RAFEEFME T C GFP @A & o 7 ek Bl S, GFP @A % 38
REIELa LA NT7 7 MRS 2720 BAT DB In 2 B L P SE T N A A Y
— At H— (KY) KV cDNAZu—2 L LTAFTLE, 2O cDNA 7 o— 2%k
L L7= PCR EW % Gateway vector pUGWS £ 7213 pUGW6 (H1)1158 1+ (BAR K
F) X0 ahELTnWieEwie) I Gateway system (Invitorogen, CA, USA) % W\ T
AL, =2 b —=_T Z—DIERUC W T T A ~—DESNTRDIEY Th 5,
AtSUCT;

pda04389attB1FP

(5-GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGGGAGCCTATGAAACAGAA-3)

pda04389attB2RP

(5-GGGGACCACTTTGTACAAGAAAGCTGGGTAGTGGAATCCTCCCATGGTCGT-3")
At1g61890;

pda01061attB1FP

(5-GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGAATTCAGAATCGCTAGAAAAT-3)

pda01061attB2RPstop

(5-GGGGACCACTTTGTACAAGAAAGCTGGGTTTTATTGCTTCAAAAGCGGCTC-3’)
At3¢21690;

pda08799attB1FP

(5-GGGGACAAGTTTGTACAAAAAAGCAGGCTCTATGGACTCGTCTCCAAACGAC-3")

pda08799attB2RP

(5-GGGGACCACTTTGTACAAGAAAGCTGGGTTTTCAGGAACAACTTCTTGTTTCTT-3")
At3g01930;

pda09392attB1FP

(5-GGGGACAAGTTTGTACAAAAAAGCAGGCTCTATGTGTATCCTCATTTTTGTTGGG-3")
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pda09392attB2RP

(5-GGGGACCACTTTGTACAAGAAAGCTGGGTAGTTGCGGGTTTTGCCGTAGAGATT-3")
At1g76520;

pda08858attB1FP

(5-GGGGACAAGTTTGTACAAAAAAGCAGGCTCGATGGTGAAGCTTTTGGAGCTGTTC-3")

pda08858attB2RPstop

(5-GGGGACCACTTTGTACAAGAAAGCTGGGTTCTAAGCTACAAGCCACATGAAGAA-3)

vaA X XSRS O —1\mB 7 E R E K D J77E (Ueda et al. 2001,

Uemura et al. 2004) |ZEZ X TIiTo72, v A XF X OEE#EMAN % BEFR iR (400
mM mannitol, 5 mM EGTA, 1% Cellulase Y-C, 0.05% Pectolyase Y-23) {2k V. 7
0 h7Z7ARMEL, TRV Ay 2 (120 um) Z#EE L7ZH O %=L (500 g, 10 47,
i) CEIR LA, 7B hFT7ANETTAIREZRAL, —B23CTRERHZLE

%, WOREMEE (BX51WI, OLYMPUS, Tokyo) TEZH{T-7-.
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tonoplast

SDS-PAGE

Isolation of a piece of gel

o SR

. l ' Extraction of peptides

 —
B
o LC-MS/MS
‘
In gel digestion
with trypsin

e

3-1 RREETOTH—LBIFORL

BAELE-ERBE2 NV EE 1 RTEL[XKBL, £REZ. TmmTOUYHLE, U
UHENE=FILIE%k%E. B, 7ILXILiELE=®, Y TOUTHEIELE, RTFFIE
FHA®ETE =)L THEH., BfEE. LC-MS/MS (HPLC-Q-TOF) & Y f#HrL
1=
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HBREER

HEE TIC, Fox bE O THRIRED 7 0 7 4 — LMEFTFERS DL OPBE SR TS
(Sazuka et al. 2004, Szponarski et al. 2004, Carter et al. 2004, Endler et al. 2006) ,
ML LToyrAg XFRFEREVEHESNTEY v XFT XTI LEHR? S
BN EDRIENED B DR T, FEITICAERITH D, 2, EOHERMA S
intact #WiE F 72X afE®m 3 2 W T, e 74— AT 21T > T\ 5, Sazuka 5
(2004) <> Szponarski © (2004) 1%, HEOEEARE I LY BHEEL-> 24 XF X
T OWRER 2 7 m~ T T T 4 —THEEL TV D, &N 5, OREDOEAD R
MEN Tz, Fix LRI Carter HIZT R A X F AT OERNMEO T 7 K 7T 2
K6, Endler HITAREDHENKMALD 7 7 b 7T 2 ~HvD intact KA Z HEfE%, HE
DERIAEZ R L, 1 WOCEXIKEI Tl L72#% . LC-MS/MS f#fTic CT¥ v /3y

BODREZEIT>TCW5 (Carter et al. 2004, Endler et al. 2006, Mimura et al. 2007),

RRARR DHE

ZHIVE THEE L7 intact KRS, WHA~D Y VEBROBY AR =2 — T MLy R
DY AZ G, HEEL72% bR ORER A MR L TW2 Z &N ThH D, Zh
DOMREEZ XFFT 57 0 bR T OFEEAMER LI BT B2 TRLIZLDIC, K
fafE & U TR A AT o 72,

HEER I U 72 lai o SDS-PAGE #1772k R A4 X 3-2a 127”3, v F 7 F A
RO Sap LHARD E NV RRZ—URRI D T ERDND,

AL U 7oA 7 0 7 A — DRI Il 2 b o R D720 £ K
fa, SR AR ORI OTEMEIZ DWW TR T ATz, £ 31 ITENENDOREHR
DIMAKRZFEIZ LV AT Y VBOREZ R L TW5, Latent IDPase & #il i il
H*-ATPase DIEMHITINT DOV T AT W T HIEMHENME W NI ONWTH D &

W H+ATPase DOIEMEIXE WEZ /RT D2, Latent IDPase & #flfa ety
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H*ATPase OIEFMHEITW HvtiEans b o0, EFIKL o T, v 77
A KT, WTNOIEE S FRERH SN D DI & IR+ IS B S,
HIE I DR A DD 7o N EEZ B D,

Fo, K32b Xy = AX Ty MIEYHMEDOREZIT- R E2 T, PUkiX
hao~—nh—& L i H+-ATPasea 7 =2=» h ERD~—%—& L TBiP,
MR D~ — 7 — & L CHIRRBA H+-ATPase & V72, WA T, K 68 kDa O
ol H*-ATPase D/ N AR S 4L, BiP 3T nic "y Pk s n 525, #l
fafE He-ATPase D/ FiEIE L A ERH SN hoTc, — . 7w b7 T 2 FTIE
#1783 kDa @ BiP ® K\ 3 K &4 100 kDa Ol fafES! H-ATPase D32 RN H &S
iz, ZOZENb, HRBEIH2ICRME S TE Y . ER M L Vo 2o 41

X T DIRANINE THDRNT LEARENT,

T AT A — LfEH A RED R

B0 LC-MS/MS DfFHTE FEN S 1L, 60 HD & 7B UNRET S Z ENTE A
otz BIRIE, IR 3-2b T/RENTZ & 5 ICiRiREL H-ATPase 3% BIZTT
FELTWDHED T MOX o R7EOREEZMEL T\, £ 2T, Kiai H-ATPase
DVIEIZ X —D XD RFEICEEL TND XX E% H-PPase ® X 5 RENEMED
BRI ENSEET D 2 L 2 T2, Na:COs & KSCN Tl 2 Paifr L 7= ik 5L,
M H-ATPase O Vit 7 ¥4 — W& L7 B OWEGy  Hiid Lz (1% 3-3), — 77,
H*-PPase (IfE% > X7 BOE I+ 0> T0D (1K 3-3), EBEICEESHHICHD
LTl LT, AR TOBRKRES X, KENCHWS ¥ 87 ER (K50 ug)
? 10 {5 &% Na:COs & KSCN TREL L7z, 1 B0 HEEEO#E/ETH 12 g OMfEs

O 12 pg ORMENREIN S DO T, 1EOV Loz, #3 r AEZE LT,
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REBEICEESTH2V1\VE

FROFETREL LI=Y > 7 L% LC-MS/MS [T T f e, BEREX V7 H &L
T O, BENEMDOZ 37 EE LT, 102D % 2 X7 BERFEE S iz, WL 20
DZ 87 XML S TR Sz, EEEIOREEDORE R, RIERIIC 163 HD & 3
JENRRE SN (F 3-2~36), FEShY 7 BEOHIC, MRABSSZ O oBE
HMDANTRT H NI EIFTNEE AV ERIE SR 2T 2 &b R D Y 71z
TR 2 & T D AV T3 T DIRAD DTN E D3RSIz, 46 O X X7 BN 2
SOPL EOBEEBEE A RS, o 117 OX o7 BITEEEEEZ &< R 1

SEOLDTHo7- (X 3-4),

REINF2VRIEDHE

REGRE A 1 D32 R0 Vo7 o< o0k, et H-ATPase
DVikZZ—DXo% FEEBHOZ o RIVEOEGEHEOY Ta=y hThotz, &
0 XFTRFDOYNRTEDT —HRX—=A N5 129 HOF 8T BHIZHONT, Ok
REZHEN T2 2 &N TET (K 3-2~3-5), KV D 34 OF T HIZHOWTIIHERED D
Do TR (K 3-6), 129 D & X7 BIZIE, WD 2 7 & LT TICH
DTV D IA H-ATPase X° H-PPase 33 £ CHE Y . T HITEIEEIZIHB W T
Lo L bBEIHFETDIH ANV ETHD, 5 F LUV TRIBEIZRET 5 Z LM 5
NTCWRWRS NI HonoTe (R 3-3), X hay R TRERKICHET S
TERMBENTNDLZ 7B b o (£ 3-5), ZHRHLNRA L
B 27 DR HIE FiFo-ATPase O L 9 7 EB e 7 L X 7 BB S D 1E9 7248,
BHEA TV, BED L Z A MDA AT RTHEEBbhD & 37 ED ALK
BAZRO OB A T (B 21X, offEh e nvole) WL BEfROH D 2 1y
BRI+ 5 2 LN TE R, TAVERSL ER RO V87 BH WL D0 FE

INTNWD (£35), AIEMEOZ 7B ZHWHENT (R 3-5),
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JarrRYT

INETOMIENS, WIRIEOERZ V7 E LT, kif H-ATPase, ia
H*PPase, 77 7R U LTS (Maeshima 2001), {2 H*-ATPase D%
EAEDY T =y b LS H-PPase 23420 > CTWHDIZX LT, 77 TR >
IR SNl oTo, B, v uA XF XTI, RIS TRIKER R 7
JTRY BB IEHL TORNEWVIHERRENTEY  ARIOKREZIFHFTLHH
DTHD (Kobae et al. 2006),

Wha H+-ATPase (3 Vit 7 X —& Vo7 X —m572% (Sze et al. 2002), Vit
Z—FAHD 8 >DOH T a=y b7y, Vo7 ¥ —liXa,c,c’,d,e®5>D%7
2=y b b, 3212 AXFTAFOF ) AMZEWTHRAA H-ATPase O
Ja=vy hea— RKLTW5 28 & &l ~X7= (Sze et al. 2002), Vit 7 ¥ —DF
ToV 7=y MEIRIEINZN, Vo B ¥ —D AtVHA-E2. AtVHA-G2.
AtVHA-G3 (Z R0 672 - 72, AtVHA-B3 |[Z22\W T, AtVHA-B1 & AtVHA-B3
B A LN AW R B Sz, DX )78 (At1g16820) 1T AtVHA-A &4
[FtEZRd b0 L LTRSS (K 3-5), 20 7 oM Eosy+ 51 10,426
& AtVHA-A 1T T, IEFIT/NE W, a7 4 — Ao RIZZ 0Bz -8y aA
XFAFTHRIALTND Z EERTHN, ZOX 7N AAVHA-A LHHARGRE H o
D BTl 72,

Vo7 Z—D2o0aV7a=y htl1o0dV 7=y FRREE SN (FKS2),
c 7 a=y MIFEINEZN, ¢ V7= M a— N7 5867 H TIEMEMED &
W BIRTHERRIE SR oTz, eV 7=y MNIRESNRNoT-, Zh
5D FEIT/NETET, SDS-PAGE OF B TE Ao alfEER B 5,

AVP1, AVP2, AVPL1Z¥ mA XFXF D5 ) KB T, Kia H*-PPase % =
—RLTWhE#HEEIN TS (Drozdowicz et al. 2000), T4, Mitsuda & (2001)
. AVP2/AVPL1 2NERE L 0 GV RICRET 2 2 L 2R L, 2O 3 DOEEF

PFEMEA BT RCRE I LTV S 2, AVPLL X AVP2 & AVPLL (B A B H B
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FINGRESILTCWD, F7241H O LC-MS/MS f#HT Tlix, X v X7 B0y F+ENRFE LT
XL AE. EAEDOEWS R B ILE sequence coverage & R HIANICH D, F
iz, AVP2/AVPL1 2T, AVP1 D E ) sequence coverage I, IR D 5

T IZEBWT AVPL 78 AVP2/AVPLL LV EFENE W EZ2RIEBLTW5,

FSURR—E—

YA RXFTAFIZEBNT, ABC N7V AR—=F—DA—/"—7 7 I —[L 115 D
75725 (Arabidopsis Genome Initiative 2000), %< ® ABC F 7 > AR —H —
(TR £ 7o 1T RIE L, 206 OIEE ST LTz 2 IRRETPEY) Ok IZ ' #R L T
5.4 M6 5D ABC b7 U AR—=FZ —RFESNT (K 3-3), b D H H AtMRP1,
AtMRP2, AtMRP4, AtMRP10 @ 4 -2|% multidrug resistance-associated protein

(MRP) %777 IV —|ZJ&LT\5, AtMRP2 [XiRIUE CORBNRE ST
v (Liu et al. 2001), A OFEFIT AtMRP1, AtMRP4, AtMRP10 & iElafEiz /BfE
THIELERBLTWD, WESHZH I 120 ABC F 7 v AR —4—(% AtTAP2 T
b5, RED AtTAP2 OREw 71X GFP (IDI7) @a# /N7 E %z 2 N3 DM
WCBWT—EBMIZHBAIELSG. WRKICKET LS ZERHREINTEDY

(Yamaguchi et al. 2002) ., S HIOFER L —ET 5,

Ca%*/ATPase (ACAs) (ZJ/&7 % calmoduline-binding protein T&% % ACA.c & [FE
SN2 (K33 ESTOT—F_X—RI2 LD L ACACc IFRARTHRIL T\ 5D, ACA4
TR CRELL TWAH A 9 LHEIILTWVD DT (Geisler et al. 2000) , 4 [EI D
RiF, ACAec PBEZ O M TREL TWVWDH Z & 2R L T D,

HEN R T VAR —F—LHEEINDZ T EOFREINT (F 3-3), HENMMED
T 1T R SR ISE M DRI Ee A~ | B 2 A U 7 SR Ok VG ML 2.5 fF b 2 & 23
T TICHE I N TWD (Verkleij et al. 1998), v 1A X+ X FHIZBWT, #High b7
AR—=H —% a— T DEMER T FEE S 727 (Bloss et al. 2002) . & O {FEILE
AESIVTWRoTe, ARl gD 7 U AR —F —DNERIEEICKEL, 3% 6  ffigh
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DRI TND Z ENRENT, D%, Kobae HIZLD, ZOHX NI E
2 AtMTP1 & U CHRBEIEICJRHPE L, @R Z2 i En O~ DRt > T g Z &3
WEINTWD (Kobae et al. 2004),

fign N7 AR —F —IZ A2 T, 250 natural resistance-associated macrophage
proteins (Nramps) T 5. AtNRMP3 & AtNRMP4 & [fE &7z (3 3-3), Nramps
IXHEIA 2 i D& R A A v OEEIZBE D > TV D Z ERHAE STV 5 (Thomine et
al. 2000), Mn & Fe OHUY ARIZKE % b DOFERHIC AINRMP3 & AtINRMP4 % 38 Bl
S5 L, TORBAAZEM L7 (Thomine et al. 2000), BERECEIT 5 AINRMP3 &
AtNRMP4 OF LT, CA*DEFE & CA2 T3 D M0 # N4 Al L 72 (Thomine et
al. 2000), AtNRMP3 Z @R FE B S 7o imid £z, CAaEIZ LT, Ko EmnLb
~L D Fe # &M L7~ (Thomine et al. 2000), 14 XF X FI2BW T, AINRMP3
O XKARIE CAZHEDEEIN A < —J7, AINRMP3 0@ FIF T CA2EZ Mk & Hhn &+
% (Thomine et al. 2000), Z4L5H DFEHRIT. AINRMP3 & AtNRMP4 7% Cd* D ik
ICBWTEHEEREHZ R L T0DZ E 2R LN, 20 OMEANOREIXIEH S
TWieholz, 0%, AtNRMP3 & AtNRMP4 2NEREICRET D Z EndlE S h
THY (Thomine et al. 2003, Lanquar et al. 2005) . SR OFERE —T 5,

WIEZ N L7127 2 ORI OV T SAOHRENRH Y D7l &b 3250
Bk AT ARILEL TV D DS (Dietz et al. 1994) . 701 LUV TORIEIZ 2 S TW

RV, SEIOFEERTIZ, EAFIPUD RN T UV AR—F—=0DNHON->TWD (5 3-3),

2DOLEDEEEREZL L. HEDHEESATWEE2 VIV E

AalDFERTlL, Cytochrome bse1 family protein 23 [FE & T Y . Cytochrome
bser 1TIEIBIZAFET D Z ENT TV OEHlEIN TV S (Griesen et al. 2004,
Preger et al. 2005), 728, AA # ® Cytochrome bse1 1M HIET 5 & HE S
TW% (Nanasato et al. 2005),

FMAEMEE ClX. sucrose & H*?D 3Ltk & L T, sucrose transporter 1 (AtSUC1) 2%
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BHLTWDZ ERHMBNTUVWS (Sauer and Stolz 1994), Z ® AtSUC1 (T X - THfl
FEIZEL Y SA F 7= sucrose Id sucrose & HYO XL IZ K - T, @ ~EIZNTW\D
EAHIEBEZLNL TV, LALRRL, SEOKRNL ., B\ T AtSUCL
RO T U AR—=F—=DNREINT (R 83), BRI, REDOT v T4 — L Tl
AtSUC4/AtSUT4 O &€ 1 7 HvSUT2 BRI /AE L, GFP @il & 2 v /3 7 B O ¥ HL
FRAT 5 L I JRAE S 2 2 L3l Sz, RRFIC Y A XF XL v R F D%
T, AtSUC1 MAHIfafEIC JRFET 2 Z & bR & 417z (Endler et al. 2006), 72, AtSUC1
(THIRARE D 7 v 7 A — AMRHTCH B-2o2v> T b (Alexandersson et al. 2004), % Z
T, VA X T RAFEEMBIZET 5 AtSUCT OMANRTEZfER L=, GFP @&~
YR BEO R RBL A T D & AN LRI GFP os Bl vk, A B0
Yo 7T, MR H-ATPase @ X 9 22 O AR & o 3 7 BRI E S v 7gin-
fefe . M DIRAILE 21TV, rA XF AT OEEFEMIBIC SV TR, AtSUCL
SRR & A O W F I RET 200 b LivZew,

2 HOLL FEOBERE A F O Z L B DOWL ot UETS a3y R U 7 ROERA
WFET D2 EPMESINTWVDEDORH -T2 (R 3-4), 2 hay N 7RERKD
FER L RN EBBRHENR 072 D ZNDDDEDE oY B ORI

DANVHRTDOHELDHIBANZ LD SO TIIR W) G LI,

EEEEERLAVERE 1 DB OMEERME V0 E

WREGEEIR A 1 DE TN Z XV EBRIE SNz, 2D F R 7 BT
KALM 5y & BENTER 5y O FH THRIH STz, IRRIES X B ENIES X7 B by
B2 k1T, RS H-ATPase O Vot 7 4 — 6 Vit 7 ¥ —%& 3BT 5121380 %
BTl o 7208 DO BERAEME & /R 7 B 2 RN b S22 S ¥ 512344 Tl
mhholtbEZBND,

ZOATAV—ITETL2HDE LT I2D Y R Y — L NI ERRGE Sz (£
5). ZHUE, VAR Y =L Z T ERNEIOREITH G LTV D AT 2 R~ LT
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D, 2N EDOBCEE L TWD EBbh b # X7 BT 21 HFE S iz (R 8-5),
TAUE, IR R E RO R RO L L —E L T\ D,
Z OOV DODNTIEILDOEENZEIR L TV D s Lz, #il 21X, FAD-linked
oxidoreductase family protein (At4g20830) (% berberine-bridge-forming enzyme
(BBE) HEILTWD (% 3-5), BBEIZEITHIL TWDH I ENImEINLTWVD
DT (Bock et al. 2002) . [FE & #17= FAD-binding protein IZiEIZFE L. HAAMED
WHNZFE A LTV DD Liv7e, Atbg34850 IE acid phosphatase Z# 2 — R L TH Y |
i pH 6B 2 T IRBENICRTET 2 Z L 3 HER & TV 5 (Veljanovski et al. 2006) ,
At1g10290 F 7213 At1g59610 & L TIRE S 4172 dynamin-like protein 3 (ADL3) &
ADL6 [ZEmWARE R U —% 57 729 (Jin et al. 2001, Mikami et al. 2000) . LC-MS/MS
fENT CIIB R F ORIEE TIETE edole, LWL, ADL6IZ M T 2LV xRy b U
— 7 B RRIBIEA~DFERT & 3 ORI L TV ZEAMREINTND
(Jin et al. 2001) , D% < DX X7 H IR L OBG- W S TH72RW (5 3-5),
B L 72l o B P3N S/ ManBlE S, 2R o/Mao RicE EhTn e 2 v

NI LIV,

REEREHFRY V1V E

BERENFN DAL TV WX XV L LT 34 fARFE SN (R 36), ZD9H 17
@307 < &b 2 DLl EOREEBERZ FFo, 216 OREEERZ 2 D21 ERFORaE
RHNDH 7 E D% < 1%, TargetP |2 L D ZOMIBENRENE D 4 CTHILTWRND

EMD . FEOWKIIE S N7 T D FTREMED E W,

RIARR Y VBRSOV E

Carter 5 (2004) & > A X X HERMINL & BEE L 72 ikie o 7 v 7 4 — LMMET &
WELTWDN, VUMb T o AR—=Z —DBAIERNE SN TH 2RV, BERMIE T
W ~D Y PRI IARTEEDMER N2 (F—2RmSF) ., U x5 # o)
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JENIZEAERB L TWRWARELRH D, H1ETRLIZEY  SE07 a7 F—
LRFTIZ AWz > v o X R R M CIRRIE~D U B OsIE S+ B &
NTHEY, ZOWEBELFRFOZ U ANTEPEB L TWD EHIRFESND, 22T, fTofs
BB AEET D 2 LR ENTEZ VT EOHR NG U U REREICE D D # 28
VEDOWR LRI, iy 7 EE LIEVALTES, FEE2RELE, £7. K
HINZ b T AR—Z — [ THEBOFEEBEREZFFOLEZXHLNLD T, 2 2L EOKEE
kA RO &, 20 E LT, H2ETRLEZY VERE Biotin-Sulfo-OSU DA 3
LY., o TFENK 60kDa £72134) 100kDa THHZ L, 3 2HE LT, ElnTD7
02— —fEIRICER L, 2RETIZY VBBRZ T CTRIADENT 285107 1€
— X — S TR R R BN FET D 2 ERME STV D, U VR ZICIRET S
BIEF2HE 25N T & LA b T PHRI (phosphate starvation response
1) 233#%3 5 B3 & L T, PHR1 binding motif: GNATATNC (Rubio et al. 2001) & .
PHR1 binding motif & (3572 %5 PHO-like motif: C (G/T/A) (C/T/A) GTGG (Hammond
et al. 2003) 23% %5, PHO-like motif {3V > B K Z O W Bl TR F BN EH-3
HBBEFOT BE—F —FHIKIC S BN DM, — AR A b LA SEICBET 2 B s T
IZHAONDESNTH D, 5 1 EITBWT, Ha~D Y SOV JABTEEIME Y 2
FMECTERALTW 6 ) VBROEXEICEAD B TFORA LML TS LE
ZoNb, 22T, 3 O2HOEKRMEE LT, YrE—¥ —fHEIZ 2D OR RIS %
Fobol L, fET a7 A —L7 =2 DOHhb, ERR T2 T b0
IZ2OWNWT, EBRICRIEE THRELL T\ D0, GFP f@le ¥ v R 7 B O RTEE T,
35T RT L DI, REEZ T T2 < MRS b EIEPBE SN b Db H o T
23 (At3g01930) L DIEAR I DWW TITIRAEIZ GFP O 23852 S 4172 (At1g61890,
At3g21690, At1g76520), Z OFERIT, SRIOEIRE T 07 4 — LT — X OEFHEE %=X
FTab0Ths, 5%, 2hHDOEETFOBIEICOVT, ELICFELWENEZIT-> T
WS FETH D,
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(a) (b)

X
S
WK
NI
K P
SQIRT RS
R
» - Q
O
Qﬁo\o Q’b& &OQQ
V-type H*-ATPase (68 kDa) -
kDa
70 BiP (73 kDa) . =
60 .
50 - P-type H*-ATPase (100 kDa) s

K3-2 GRAIE SR VN BDkENI/NE — > & Western blotsfZiTIZ & B &kES /N0 B
DHEDRTE

(a) A4 XFTRAFTOEBEMEMCEBEL-TONTSR b, &higsap., &HEES >
/N & #%#SDS-PAGE TikE L. CBB#fE L1#HR, (b) akBE LY > TIL%EV-type
H'-ATPase. BiP. P-type H'-ATPase®D ik % Fi L\ TWaestern blotsf## L 1= #& R, &
B2 R BIEE L—250 pgikdi L 1=,
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& 3-1 RHEBREEOAEICK DEREDMERE

Protoplast Vacuolar sap Tonoplast
V-type H*-ATPase 0.03 0 0.34
(nmol / min / pg) (1) (1) (1)
Latent IDPase 0.04 0.06 0.06
(nmol / min / ug) (1.3) ' (0.18)
P-type H*-ATPase 0.05 0.02 0.03
(nmol / min / pg) (1.7) ' (0.09)

BEENZNDY U TILDE NI BEEH-YDRIEET., SEDREDFEHNERT,
) ADOEFIEZENTND V-type H'-ATPase DEMZ 1 & LI-BOLERT,
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Anti H*-ATPase Anti H*-PPase

Membrane Peripheral  MembranePeripheral Membrane Peripheral

protein  protein protein  protein protein  protein
B
kDa
70 » = e . “
60 »
50 »
g
5

3-3 HREZ VINVBEDERREF VNV BELERNEES VNV ED S

Na,CO; & KSCN TikafE = MIE#% . SDS-PAGE %R L 1-#58R & western blot 247
=9, V-type-H-ATPase & H'-PPase DA ZRA\iz, BREFIVNVETHD
H*-ATPase Vi 29 4 —(XEZ N\ BDED M SFED L. RAEMETH D H-PPase (L&
AUNYEDOERIZEEE ST,
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No. of proteins

100

0 2 4 6 8 10 12 14 16 18 20
No. of transmembrane domanis

3-4 SEEEINF-2 VNIV EQEEREZHDTTE

71



35S-GFP-At1g61890 35S- At3g21690-GFP
( MATE efflux family protein )  ( MATE efflux family protein )
& R & R
35S-At39g01930-GFP 35S-GFP-At1g76520
(nodulin family protein) (auxin efflux carrier family protein)
BRI - /MK % il

3-5 O4XFTAFEEMBICE T HFRBRIES V0 EOMBNBE
GFP R&% VNV &% PEG AIT& Y —BHITRIT S 1=, At3g01930 [L&RMET T

B IMNBERPRICLHEESBESNLA, HOBEFIZONTIE, HREEIC GFP O &}
MEES T,
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#®32 Z7arvRYT

Subunit names | Gene Locus Sequence T™? MW (Da)b)
coverage (%)
V-type H'-ATPase
AtVHA-A At1g78900 65 0 68795
AtVHA-B1 At1g76030 50 0 54090
AtVHA-B2 At4g38510 44 0 54288
AtVHA-B3? At1920260 19 0 36341
AtVHA-C At1g12840 44 0 42602
AtVHA-D At3g58730 29 0 29041
AtVHA-E1 At4g11150 58 0 26042
AtVHA-E2 At3g08560 not detected 0 26835
AtVHA-E3 At1g64200 35 0 27067
AtVHA-F At4902620 54 2 14242
AtVHA-G1 At3g01390 32 0 12379
AtVHA-G2 At4g23710 not detected 0 11724
AtVHA-G3 At4g25950 not detected 0 12098
AtVHA-H At3g42050 19 0 50267
AtVHA-a1 At2g21410 17 6 93089
AtVHA-a2 At4g39080 21 6 92817
AtVHA-a3 At2g28520 not detected 6 93398
AtVHA-c1? At4g34720 10 4 16554
AtVHA-c2 At1g19910 16625
AtVHA-c3 At4g38920 16554
AtVHA-c4 At1g75630 16668
AtVHA-c5 At2g16510 16554
AtVHA-c" At4g32530 not detected 4 18357
AtVHA-c"2 At2g25610 not detected 4 18201
AtVHA-d1 At3g28710 46 0 40774
AtVHA-d2 At3g28715 47 0 40770
AtVHA-e1 At5g55290 not detected
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AtVHA-e2 At4g26710 not detected
V-type H*-PPase
AVP1 At1g15690 17 16 80803
AVP2 At1g78920 2 17 85116
AVPL1% At1g16780 1 17 85332

3 ARAMEMNON database 1= & 3 [EE B D%

Y Bioperl 0.7 AL BEH I N2 VIV BORESFE (MW)
VOFAYY T A — LB THBIZAONEIEOADREEN-2D
DAtVHA-c [FRIE S ni=A. BEFEFRTE SN T,
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£33 VO RXRFASTREEEEKREEESNDSLD

Protein names and AtDatabase Gene Locus | sequence ™| MW (Da) )
annotations coverage
(%)
ABC proteins
ABC transporter (AtMRP1) At1g30400 5 15 181911
ABC transporter (AtMRP2) ° At2g34660 4 15 182114
ABC transporter (AtMRP4) At2g47800 5 17 169064
ABC transporter-like (AtMRP10) At3g62700 6 17 172121
ABC transporter-like (AtTAP2)°) At5g39040 9 6 69086
Pumps
Ca2'-transporting ATPase (ACA.c) At3g57330 2 10 111928
Other transporters and channels
putative zinc transporter At2g46800 or 3 6 43810
At3g58810
41204
histidine transport protein (PTR2-B) At2g02040 7 11 64404
putative metal ion transporter (Nramp3) ° At2g23150 4 12 56121
Nramp metal ion transporter 4 (Nramp4)°) At5g67330 4 12 56368
permease 1 - like protein At5g62890 5 14 50941
translocon-associated protein alpha At2g21160 5 2 28150
(TRAP alpha) family
voltage-dependent anion-selective At5g15090 35 0 29193
channel protein hsr2
putative porin similar to outer At3g01280 29 0 29408
mitochondrial membrane porin
(voltage-dependent anion-selective
channel protein) (VDAC) (POM 34)
sucrose transport protein SUC1 At1g71880 12 12 54841

2 ARAMEMNON database [= & 2 [E & @ BE D

®) Bioperl 0.7 WL BH EN-2 VIRV BDHESFE (MW)

O RBIRICBET A ENT TIZHE SN TIVS S /5 B: At2g34660, Liu et al.
(2001); At5g39040, Yamaguchi et al. (2002); At2g23150, Thomine et al. (2003);
At5g67330, Lanquar et al. (2005)
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®34 BRAEICHIEHESNDIRZVNVE

Protein names and AtDatabase Gene Locus | sequence ™| MW (Da) b)
annotations coverage
(%)
cytochrome b561 family protein At4925570 4 6 25847
(Artb561-1)
plasma membrane intrinsic protein At4g35100 6 6 29725
(SIMIP)
adenylate translocator At3g08580 9 3 41458
putative CAAX prenyl protease At4901320 6 6 48465
cytochrome c, putative At3g27240 or 12 2 33633
At5g40810 33673
cycloartenol synthase At2g07050 5 2 86016
[(S)-2,3-epoxysqualene mutase] (CAS1)
ATP synthase alpha chain, At2g07698 5 3 85916
mitochondrial, putative
microsomal glutathione-s-transferase, At1g65820 15 3 16568
putative

3 ARAMEMNON database 12 & 3 EE B{EEH D%
% Bioperl 0.7 NS BH E M- 4 VO BO#EDFE (MW)
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x 35 REBREBZHLGVELFI—DOFOHERME VN0 HE

Protein names and AtDatabase Gene Locus | sequence ™| MW (Da) )
annotations coverage
(%)
Proteinases

20S proteasome alpha subunit C (PAC1)| At3g22110 4 0 27457
20S proteasome alpha subunit D (PAD1)| At3g51260 or 10 0 27319
At5g66140 27306

20S proteasome alpha subunit G At2g27020 5 0 27360

(PAG1)

20S proteasome beta subunit A (PBA1) | At4g31300 4 0 25134
20S proteasome beta subunit D (PBD1) | At3g22630 or 6 0 22523
At4g14800 7 21966

acylaminoacyl-peptidase like protein At4g14570 3 0 47014
aminopeptidase -related At1g63770 13 0 101698
aspartic proteinase -related At1962290 4 0 55731
aspartic proteinase -related At1g11910 15 0 54596
aspartyl aminopeptidase - like At5g60160 32 0 52408
cysteine proteinase RD21A At1g47128 3 0 50949
cysteine proteinase RD21A At5g43060 7 0 51186
leucine aminopeptidase -related At2g24200 25 1 54492
leucyl aminopeptidase - like protein PIR2| At4g30920 12 1 61290
S-adenosyl-L-homocysteinas -related | At3g23810 or 2 0 53142
At4g13940 53361

serine carboxypeptidase -related At2g35780 2 0 51504
serine carboxypeptidase lll, putative At3g10410 4 0 57284
expressed protein tripeptidyl-peptidase 11| At4g20850 40 0 152351
acid phosphatase -related At1g04040 31 0 31078
peptidase family similar to prolyl At3g61540 10 0 57568

aminopeptidase
glutamate hydroxypeptidase ileal At5g19740 2 0 73446
peptidase 1100
ribosomal proteins

putative 60S ribosomal protein L1 At3g09630 8 1 44685
60S ribosomal protein L2 At2g18020 or 9 0 27842
At4g36130 27931

60S ribosomal protein L7 At2g44120 13 0 27922
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putative ribosomal protein L7 At2g01250 19 0 28153
60S ribosomal protein L9 (RPL90B) | At1g33120 or 21 0 22000
At1g33140 22000
60S ribosomal protein L11 (RPL11A) | At2g42740, 21 0 19727
At3g58700, 20 20844
At4g18730, 20 20844
At5g45775 or 21 19757
At5g45775 20 20844
60S ribosomal protein L14 At2g20450 or 8 0 15489
At4g27090 15488
putative 60S ribosomal protein L17 At1g27400 or 5 0 19879
At1g67430 19836
putative 60S ribosomal protein L18 At3g05590 or 12 0 20908
At5g27850 20949
60S ribosomal protein - like At5g02870 8 1 44704
ribosomal protein At1g43170 13 1 44542
60S ribosomal protein L10 (RPL10A) | At1g14320 or 5 0 24900
60S ribosomal protein L10 (RPL10C) At19g66580 24912
4
ribosomal protein, putative At3g25520 20 0 34340
others
FAD-linked oxidoreductase family At4g20830 8 0 63542
calcineurin-like phosphoesterase family | At5g34850 6 0 54992
cell elongation protein (DWARF1) At3g19820 8 0 65377
alpha-soluble NSF attachment protein At3g56190 13 0 32737
glycosyl hydrolase family 17 similar to At4g31140 13 1 52698
elicitor inducible chitinase
glycosyl hydrolase family 19 (basic At3g12500 4 0 34591
endochitinase)
glycosyl hydrolase family 20 similarto | At3g55260 12 0 61212
beta-hexosaminidase A
glycosyl hydrolase family 27 At3g56310 5 0 48345
(alpha-galactosidase/melibiase)
glycosyl hydrolase family 31 similarto | At5g11720 4 1 101101
alpha-glucosidase precursor
glycosyl hydrolase family 35 At2g32810 2 0 99181
(beta-galactosidase) similar to
beta-galactosidase
glycosyl hydrolase family 38 At5g13980 6 0 115885
(alpha-mannosidase) similar to
alpha-mannosidase
glycosyl hydrolase family 38 At3g26720 11 0 115203

(alpha-mannosidase) similar to
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lysosomal alpha-mannosidas

myrosinase-associated protein, putative | At1g54010 40 0 43126
myrosinase-associated protein, putative | At1g54020 10 0 32438
myrosinase-associated protein, putative | At1g54000 15 0 43176
N-carbamoylputrescine amidohydrolase | At2g27450 9 0 33515
36439
nitrilase 2 At3g44300 15 0 37135
dynamin-like protein 6 (ADLG) At1g10290 or 3 0 99149
putative dynamin-like protein (ADL3) At1g59610 100211
dynamin-like protein C (DL1C) At1g14830 1 0 68705
putative expansin At2g39700 4 0 27830
putative protein strictosidine synthase At3g57030 9 1 40984
strictosidine synthase family At1g74010 ? 7 0 34166
strictosidine synthase family At1g74020 36 0 35275
reversibly glycosylated polypeptide-1 At3g02230 31 0 40611
(RGP1)
reversibly glycosylated polypeptide-2 At5g15650 30 0 40873
(RGP2)
ribonuclease Il -related At1924450 30 0 20724
kinesin heavy chain-like protein At5g42490 0 0 123618
aspartate aminotransferase, cytoplasmic| At5g19550 9 0 44249
isozyme 1 (transaminase A/Asp2)
aspartate aminotransferase, At2g30970 6 0 47740
mitochondrial (transaminase A/Asp1) |
mitochondrial processing peptidase At1g51980 11 0 54384
alpha subunit, putative
putative mitochondrial processing At3g02090 12 0 59143
peptidase
chaperonin 60alpha subunit At2g28000 4 0 62055
chaperonin (CPN60/HSP60) At3g923990 6 0 61263
chaperonin, putative At2g332107? 3 0 61961
glutamate dehydrogenase 1 At5g18170 14 0 44507
glutamate dehydrogenase 2 At5g07440 13 0 44682
mitochondrial dihydrolipoamide At3g17240 5 0 53969
dehydrogenase 2
dihydrolipoamide S-acetyltransferase At1g54220 7 0 58450
-related
enolase (2-phospho-D-glycerate At2g36530 10 1 47702
hydroylase)
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alcohol dehydrogenase (ADH) At1g77120 26 1 41161
aldehyde dehydrogenase, putative At1g44170 14 1 53141
(ALDH)
monodehydroascorbate reductase, At1g63940 5 1 52484
putative

pectin methylesterase, putative At1g11580 16 0 61670

membrane import protein, putative At3g20000 9 0 34232

mitochondrial H*-transporting ATP At5g08670, 36 0 59654

synthase beta chain-related At5g08680 or 59842

At5g08690 59696

invertase -related At1g35580 2 0 62817

prohibitin At5g40770 24 0 30382

prohibitin At5g44140 8 1 30742

prohibitin, putative At3g272807? 10 0 30620

prohibitin-like protein At4g28510 7 1 31689

putative prohibitin 2 At1g03860 8 1 31793

L-allo-threonine aldolase -related At3g04520 8 0 38235

expressed protein (vacuolar ATP At1g16820 16 0 10426
synthase catalytic subunit-related /
V-ATPase-related / vacuolar proton

pump-related)
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K 3-6 HEERMEI/INVE

Protein names and Gene Locus | sequence ™ MW Possible
AtDatabase annotations coverage (Da)b) subcellular
(%) Localization®
two or more TM domains
unknown protein (nodulin | At3g01930 2 12 | 63500 mitochondria
family protein)
hypothetical protein (MATE | At1g61890 4 12 | 55116 other
efflux family protein)
integral membrane protein, | At3g21690 6 12 | 54934 other
putative (MATE efflux family
protein)
putative protein Niemann-Pick| At4g38350 5 11 | 116033 other
C disease protein (patched
family protein)
unknown protein (auxin efflux | At1g76520 3 10 | 42615 secreted
carrier family protein) or 2 8
At1g76530 45568
24 kDa vacuolar protein - like | At5g20660 3 9 |100077 other
putative protein (glycine-rich | At5g11700 1 6 | 151531 secreted
protein)
unknown protein (Nuf2 family | At1g61000 0 6 | 111643 other
protein)
putative protein At5g12080 14 6 83015 other
(mechanosensitive ion
channel domain-containing
protein)
senescence-associated At1g32400 4 4 31538 secreted
protein family
glycine-rich protein At5g47020 1 6 | 152296 secreted
expressed protein At49g28770 4 4 30959 secreted
unknown protein At2g20230 12 4 29704 secreted
unknown protein At1g29820 8 2 61051 other
hypothetical protein At1g55190 10 2 21054 other
(prenylated rab acceptor
(PRA1) family protein)
expressed protein At5g49900 1 2 | 106692 other
expressed protein At5g63910 15 2 55281 secreted
One or no TM domain
leucine-rich repeat family | At3g24480 4 0 54685 secreted
protein / extensin family
protein
putative protein At5g62200 10 1 21053 secreted
embryo-specific protein 3
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unknown protein (outer
membrane OMP85 family
protein)

At5g05520

58502

other

expressed protein (serine
carboxypeptidase S28 family
protein)

At4g36195

20

54756

secreted

disease resistance
protein-related (LRR)

At1g33590

51724

secreted

expressed protein (meprin and
TRAF homology
domain-containing protein /
MATH domain-containing
protein)

At3g20370

29

43431

secreted

expressed protein (cathepsin
B-like cysteine protease,
putative)

At1902305

40016

secreted

expressed protein (meprin and
TRAF homology
domain-containing protein /
MATH domain-containing
protein)

At5g26280

15

39428

secreted

unknown protein
(Constitutes a peptide
sensitive ion channel in
chloroplast outer membranes)

At2g43950

22

38818

chloroplast
outer
membrane®

)

expressed protein
(lipid-binding serum
glycoprotein family protein)

At1g04970

53476

secreted

hypothetical protein
(nicastrin-related)

At3g52640

20

42353

other

expressed protein

At3g57990

12

39874

other

putative protein (band 7 family
protein)

At5951570

39

32361

other

putative protein
hypersensitive-induced
response protein HIR3 (band
7 family protein)

At5g62740

29

31413

other

unknown protein (band 7
family protein)

At1969840

14

31388

other

unknown protein (band 7
family protein)

At3g01290

12

31303

other

unknown protein

At5g42330

19860

other

2 ARAMEMNON database (= & 2 & @481 0 #
®) Bioperl 0.7 S BHENT=Z VIRV BOHESFE (MW)

9 TargetP 2 & 2 #ilaMB7E




) HEADORBENT TITHE S TLVS 1 0: At2g43950; Goetze et al. (2006)

83



o

=F =TV RN O BEEL 72 intact @M E A WT, RIRIED U RO
Rt Ui, Milast o ) CERRR SRR T DRI DO JRE & | RN~ U R
VIABDEREN S L7277 a bR 7 e OB EZ P OICIROMALEZGL Z LN TE,
Y LT Tk, @Y CERSE TICHART, ia~D Y CEEOED JAZBEEIN L
7'a bR T OEER, U RO 1AL T M L CTEINDA B b Te s, Z T B
BICIIEBH LN hoTe, o, vaA XFXFEHEMNS b intact LA B
BT 228 T VUVBOMVIALZNET D2 ERAREE R, =F=F VU LR,
U RIS 2 R A A A OO B SRR ST, A~ D Y EE DY JA I HH D i
EEROFREZR B L MEDO®E Y 1A X X EIEEE T a7 4 — MR & 17
ST AER, WMBEICET D2 v B% 163 BT 52 EnTEEZ, ZoHhicix
BRI DRI & X7 BT %, FRE S v 7 B b S E Eh Tz, Sbic,
Bl D FEFRTR 7 BAFTZ Y RERAR DA 2l 729 2 v 3 7 EIZHOW TN O RITE
RARTRER . WIABICRET 2 2 LR STz, AR, S DICIT A D, U
Bk 2 B0 2 4 T EE CE AU, KA U BRSSOV T, S BRI E TS
L2 EWHIRFTE D,

84



2% Xk

SEMOKEE (1999) MEM OBREEISNE ] ML T2 ) — X 11. 200-206. 754t

AR (1999) THEW) DBREEIGE | fEWfilia T U — X 11, 191-199. F5i+t:

SAMRES, =AEr, BREGT, KPESEHER (2003) MMOR#H Al 2 =r—a v,

B A B leiEE-RI 48. 2044-2051. HN7 HRK

AP, RV R, TRIRIESL (FIRIT) THEMICIR T DB L AWM A R L RITHT 5

IS B B REIR ISR 3R SL AR

Alexandersson E, Saalbach G, Larsson C, Kjellbom P (2004) Arabidopsis plasma
membrane proteomics identifies components of transport, signal transduction and

membrane trafficking. Plant Cell Physiol 45: 1543-56

Angeli AD, Monachello D, Ephritikhine G, Frachisse JM, Thomine S, Gambal F,
Barbier-Brygoo H (2006) The nitrate/proton antiporter AtCLCa mediates nitrate

accumulation in plant vacuoles. Nature 442: 939-942

Arabidopsis Genome Initiative (2000) Analysis of the genome sequence of the

flowering plant Arabidopsis thaliana. Nature 408: 796-815
Ashihara H, Ukaji T (1986) Inorganic phosphate absorption and its effect on the
adenosine 5-triphosphate level in suspension cultured cells of Catharanthus roseus.

J Plant Physiol 124: 77-85

85



Bencini DA, Wild JR, O’'Donovan GA (1983) Linear one-step assay for the

determination of orthophosphate. Annal Biochem 132: 254258

Berecki G, Varga Z, Van IF, Van DB (1999) Anion channels in chara corallina
tonoplast membrane: calcium dependence and rectification. J Membr Biol 172:

159-68

Bloss T, Clemens S, Nies DH (2002) Characterization of the ZAT1p zinc transporter
from Arabidopsis thaliana in microbial model organisms and reconstituted

proteoliposomes. Planta 214: 783-791

Bock A, Wanner G, Zenk M (2002) Immunocytological localization of two enzymes

involved in berberine biosynthesis. Planta 216: 57—63

Boller T, Kende H (1979) Hydrolytic Enzymes in the Central Vacuole of Plant Cells.

Plant Physiol 63: 1123-1132.

Booth JW, Guidotti G (1997) Phosphate transport in yeast vacuoles. J Biol Chem

272:20408-13

Bun-Ya M, Nishimura M, Harashima S, Oshima Y (1991) The PHOS84 gene of

Saccharomyces cerevisiae encodes an inorganic phosphate transporter.Mol Cell Biol

11: 3229-38

86



Carter C, Pan S, Zouhar J, Avila EL, Girke T, Raikhel NV (2004) The vegetative
vacuole proteome of Arabidopsis thaliana reveals predicted and unexpected

proteins. Plant Cell 16: 3285-3303

Costa dos Santos A, Seixas da-Silva W, de Meis L, Galina A (2003) Proton transport
in maize tonoplasts supported by fructose-1,6-bisphosphate cleavage.
Pyrophosphate-dependent phosphofructokinase as a pyrophosphate-regenerating

system. Plant Physiol 133: 885-892

Czempinski K, Zimmermann S, Ehrhardt T, Miiller-Réber B (1997) New structure
and function in plant K* channels: KCO1, an outward rectifier with a steep Ca?*

dependency. The EMBO Journal 16: 2565-2575

Czempinski K, Frachisse JM, Maurel C, Barbier-Brygoo H, Mueller-Roeber B
(2002) Vacuolar membrane localization of the Arabidopsis 'two-pore' K+ channel

KCOL1. Plant J 29: 809-820

Dietz KJ, Klughammer B, Lang B, Thume M (1994) Soluble transport across the
tonoplast of barely mesophyll vacuoles: Mg2* determines the specificity, and ATP
lipophilic amino acids the activity of the amino acid carrier. J. Membr. Biol 137:

151-158

Dietz KJ, Heber U, Mimura T (1998) Modulation of the vacuolar H*-ATPase by

adenylates as basis for the transient CO2-dependent acidification of the leaf vacuole

upon illumination. Biochim Biophys Acta 1373: 87-92

87



Drozdowicz YM, Kissinger JC, Rea PA (2000) AVP2, a sequence-divergent,
K(+)-insensitive H(+)-translocating inorganic pyrophosphatase from Arabidopsis.

Plant Physiol 123: 353—-362

Emmerlich V, Linka N, Reinhold T, Hurth MA, Traub M, Martinoia E, Neuhaus HE
(2003) The plant homolog to the human sodium/dicarboxylic cotransporter is the

vacuolar malate carrier. Proc Natl Acad Sci U S A 100: 11122-11126

Endler A, Meyer S, Schelbert S, Schneider T, Weschke W, Peters SW, Keller F,
Baginsky S, Martinoia E, Schmidt UG (2006) Identification of a vacuolar sucrose
transporter in barley and Arabidopsis mesophyll cells by a tonoplast proteomic

approach. Plant Physiol 141: 196-207

Ferro M, Salvi D, Riviere-Rolland H, Vermat T, Seigneurin-Berny D, Grunwald D,
Garin J, Joyard J, Rolland N (2002) Integral membrane proteins of the chloroplast
envelope: identification and subcellular localization of new transporters. Proc. Natl

Acad. Sci. USA 99: 11487-11492

Ferro M, Salvi D, Brugiere S, Miras S, Kowalski S, Louwagie M, Garin J, Joyard J.
Rolland N (2003) Proteomics of the chloroplast envelope membranes from

Arabidopsis thaliana. Mol. Cell Proteomics 2: 325—-345

Frangne N, Eggmann T, Koblischke C, Weissenbock G, Martinoia E, Klein M (2002)
Flavone glucoside uptake into barley mesophyll and Arabidopsis cell culture
vacuoles. Energization occurs by H(+)-antiport and ATP-binding cassette-type

mechanisms. Plant Physiol 128: 726-733

88



Fukao Y, Hayashi M, Nishimura M (2002) Proteomic analysis of leaf peroxisomal
proteins in greening cotyledons of Arabidopsis thaliana. Plant Cell Physiol 43:

689-696

Fukao Y, Hayashi M, Hara-Nishimura I, Nishimura M (2003) Novel glyoxysomal
protein kinase, GPK1, identified by proteomic analysis of glyoxysomes in etiolated

cotyledons of Arabidopsis thaliana. Plant Cell Physiol 44: 1002-1012

Gaxiola RA, Fink GR, Hirschi KD (2002) Genetic manipulation of vacuolar proton

pumps and transporters. Plant Physiol 129: 967-73

Geisler M, Frangne N, Gomes E, Martinoia E, Palmgren M (2000) The ACA4 gene
of Arabidopsis encodes a vacuolar membrane calcium pump that improves salt

tolerance in yeast. Plant Physiol 124: 1814-1827

Geisler M, Girin M, Brandt S, Vincenzetti V, Plaza S, Paris N, Kobae Y, Maeshima
M, Billion K, Kolukisaoglu UH, Schulz B, Martinoia E (2004) Arabidopsis
immunophilin-like TWD1 functionally interacts with vacuolar ABC transporters.

Mol Biol Cell 15: 3393-405

Goetze TA, Philippar K, Ilkavets I, Soll J, Wagner R (2006) OEP37 is a new member

of the chloroplast outer membrane ion channels. J Biol Chem 281: 17989-17998

89



Gogarten J, Fichmann J, Braun Y, Morgan L, Styles P, Taiz S, DeLapp K, Taiz L
(1992) The use of antisense mRNA to inhibit the tonoplast H* ATPase in carrot.

Plant Cell 4: 851-864

Griesen D, Su D, Berczi A, Asard H. (2004) Localization of an ascorbate-reducible

cytochrome b561 in the plant tonoplast. Plant Physiol 134: 726-734

Hammond JP, Bennett MdJ, Bowen HC, Broadley MR, Eastwood DC, May ST, Rahn
C, Swarup R, Woolaway KE, White PJ (2003) Changes in gene expression in
Arabidopsis shoots during phosphate starvation and the potential for developing

smart plants. Plant Physiol 132: 578-596

Hatano K, Shimada N, Hiraiwa M, Nishimura M, Hara-Nishimura I (1997) A rapid
increase in the level of binding protein (BiP) is accompanied by synthesis and
degradation of storage proteins in pumpkin cotyledons. Plant Cell Physiol 38:

433—-451

Heazlewood J, Howell K, Whelan J, Millar A (2003) Towards an analysis of the rice

mitochondrial proteome. Plant Physiol 132: 230-242

Heazlewood JL, Tonti-Filippini JS, Gout AM, Day DA, Whelan J, Millar AH (2004)
Experimental analysis of the Arabidopsis mitochondrial proteome highlights
signaling and regulatory components, provides assessment of targeting prediction

programs, and indicates plant-specific mitochondrial proteins. Plant Cell 16: 241-56

Hirschi KD, Zhen RG, Cunningham KW, Rea PA, Fink GR (1996) CAX1, an H*/Ca2*

90



antiporter from Arabidopsis. Proc. Natl Acad. Sci. USA 93: 8782-8786

Jin JB, Kim YA, Kim SJ, Lee SH, Kim DH, Cheong GW, Hwang I (2001) A new
dynamin-like protein, ADLG, is involved in trafficking from the trans-Golgi network

to the central vacuole in Arabidopsis. Plant Cell 13: 1511-1526

Kasai M, Nakamura T, Kudo N, Sato H, Maeshima M, Sawada S (1998) The activity
of the root vacuolar H(*)-pyrophosphatase in rye plants grown under conditions

deficient in mineral nutrients. Plant Cell Physiol 39: 890—-894

Kataoka T, Watanabe-Takahashi A, Hayashi N, Ohnishi M, Mimura T, Buchner P,
Hawkesford MJ, Yamaya T, Takahashi H (2004) Vacuolar Sulfate Transporters Are
Essential Determinants Controlling Internal Distribution of Sulfate in Arabidopsis.

Plant Cell 16: 2693-2704

Kawasaki-Nishi S, Nishi T, Forgac M (2003) Proton translocation driven by ATP

hydrolysis in V-ATPases. FEBS Lett 545: 76-85

Kinoshita T, Shimazaki K (1999) Blue light activates the plasma membrane
H(+)-ATPase by phosphorylation of the C-terminus in stomatal guard cells. EMBO

J 18: 5548-5558

Kobae Y, Uemura T, Sato MH, Ohnishi M, Mimura T, Nakagawa T, Maeshima M

(2004) Zinc transporter of Arabidopsis thaliana AtMTP1 is localized to vacuolar

membranes and implicated in zinc homeostasis. Plant Cell Physiol 45: 1749-1758

91



Kobae Y, Mizutani M, Segami S, Maeshima M (2006) Immunochemical analysis of
aquaporin isoforms in Arabidopsis suspension-cultured cells. Biosci Biotechnol

Biochem 70: 980-987

Kulakovskaya TV, Kulaev IS (1997) Transport of phosphate into vacuoles of

Saccharomyces cerevisiae. Microbiologia 13: 71-74

Lanquar V, Lelievre F, Bolte S, Hames C, Alcon C, Neumann D, Vansuyt G, Curie C,
Schroder A, Kramer U, Barbier-Brygoo H, Thomine S (2005) Mobilization of
vacuolar iron by AtNRAMP3 and AtNRAMP4 is essential for seed germination on

low iron. EMBO J 24: 4041-4051

Li X-N, Ashihara H (1990) Effects of inorganic phosphate on sugar catabolism by

suspension-cultured Catharanthus roseus. Phytochemistry 29: 497-500

Liu G, Sanchez-Fernandez R, Li Z, Rea P (2001) Enhanced multispecificity of
Arabidopsis vacuolar multidrug resistance-associated protein-type ATP-binding

cassette transporter, AtMRP2. J. Biol. Chem 276: 8648-8656
Lu M, Sautin YY, Holliday LS, Gluck SL (2004) The glycolytic enzyme aldolase
mediates assembly, expression, and activity of vacuolar H*-ATPase. J Biol Chem

279: 8732-8739

Maeshima M (2000) Vacuolar H*-pyrophosphatase. Biochim Biophys Acta 1465:

37-51

92



Maeshima M (2001) Tonoplast transporters: Organization and function. Annu. Rev.

Plant Mol. Biol 52: 469—-497

Massonneau A, Martinoia E, Dietz KJ, Mimura T (2000) Phosphate uptake across
the tonoplast of intact vacuoles isolated from suspension-cultured -cells of

Catharanthus roseus (L.) G. Don. Planta 211: 390-395

Mathur J, Szabados L, Schaefer S, Grunenberg B, Lossow A, Jonas-Straube E,
Schell J, Koncz C, Koncz-Kédlman Z (1998) Gene identification with sequenced
T-DNA tags generated by transformation of Arabidopsis cell suspensions. Plant J

13- 707-716

Matsuura-Endo C, Maeshima M, Yoshida S (1992) Mechanism of the decline in
vacuolar H*-ATPase activity in mung bean hypocotyls during chilling. Plant Physiol

100: 718-722

Mikami K, Tuchi S, Yamaguchi-Shinozaki K, Shinozaki K (2000) A novel
Arabidopsis thaliana dynamin-like protein containing the pleckstrin homology

domain. J. Exp. Bot 51: 317-318
Mimura T, Dietz K-J, Kaiser W, Schramm MJ, Kaiser G, Heber U (1990) Phosphate
transport across biomembranes and cytosolic phosphate homeostasis in barley

leaves. Planta 180: 139-146

Mimura T (1995a) Homeostasis and transport of inorganic phosphate in plants.

Plant Cell Physiol 36: 1-7

93



Mimura T (1995b) Physiological characteristics and regulation mechanisms of the
H* pumps in the plasma membrane and tonoplast of characean cells. J Plant Res

108: 249-256

Mimura T (1999) Regulation of phosphate transport and homeostasis in plant cells.

Int Rev Cytol 191: 149-200

Mimura T, Sakano K, Shimmen T (1996) Studies on distribution, re-translocation
and homeostasis of inorganic phosphate in barley leaves. Plant Cell Environ 19:

311-320

Mimura T, Ohnish M, Shimaoka T, Tomizawa K Proteome analysis of vacuolar
membrane. In “ Plant Genetic Engineering vol 9: Plant membrane and vacuolar

transporters”, Ed. by Jaiwal PK. In press.

Mitsuda N, Enami K, Nakata M, Takeyasu K, Sato MH (2001) Novel type
Arabidopsis thaliana H(+)-PPase is localized to the Golgi apparatus. FEBS Lett

488: 29-33

Mitsukawa N, Okumura S, Shirano Y, Sato S, Kato T, Harashima S, Shibata D
(1997) Overexpression of an Arabidopsis thaliana high-affinity phosphate
transporter gene 1in tobacco cultured cells enhances cell growth under

phosphate-limited conditions. Proc Natl Acad Sci U S A 94: 7098-7102

94



Mornet C, Tommasini R, Hoértensteiner S, Martinoia E (1997) Transport of sulphate
and reduced sulphur compounds at the tonoplast membrane. In: Cram WJ Kok LdJ
De, Stuten I (eds) Sulpher metabolism in higher plants. Backhuys, Leiden, The

Netherlands, pp 1-11

Muchhal US, Pardo JM, Raghothama KG (1996) Phosphate transporters from the

higher plant Arabidopsis thaliana. Proc Natl Acad Sci U S A 93: 10519-10523

Nagano M, Ashihara H (1993) Long-term phosphate starvation and respiratory
metabolism in suspension-cultured Catharanthus roseus cells. Plant Cell Physiol

34:1219-1228

Nagano M, Hachiya A, Ashihara H (1994) Phosphate starvation and glycolytic
bypass catalyzed by phosphoenolpyruvate carboxylase in suspension-cultured

Catharanthus roseus cell. Z Naturforsch 49c: 742—-750
Nanasato Y, Akashi K, Yokota A (2005) Co-expression of cytochrome b561 and
ascorbate oxidase in leaves of wild watermelon under drought and high light

conditions. Plant Cell Physiol 46: 1515-1524

Nishimura M, Beevers H (1978) Hydrolases in Vacuoles from Castor Bean

Endosperm. Plant Physiol 62: 44-48

Nishimura M, Beevers H (1979) Hydrolysis of protein in vacuoles isolated from

higher plant tissue. Nature 277: 412 — 413

95



Otegui MS, Capp R, Staehelin LA (2002) Developing seeds of Arabidopsis store
different minerals in two types of vacuoles and in the endoplasmic reticulum. Plant

Cell 14: 1311-1327

Palma DA, Blumwald E, Plaxton WC (2000) Upregulation of vacuolar
H*-translocating pyrophophatase by phosphate starvation of Brassica napus

(rapeseed) suspension cell cultures. FEBS Lett 486: 155—158

Pei ZM, Ward JM, Harper JF, Schroeder JI (1979) A novel chloride channel in Vicia
faba guard cell vacuoles activated by the serine/threonine kinase, CDPK. EMBO J

15: 6564-6574

Peltier J, Emanuelsson O, Kalume D, Ytterberg J, Friso G, Rudella A, Liberles D,
Soderberg L, Roepstorff P, von Heijne G, van Wijk K (2002) Central functions of the
lumenal and peripheral thylakoid proteome of Arabidopsis determined by

experimentation and genome-wide prediction. Plant Cell 14: 211-236

Plaxton WC (1999) Metabolic aspects of phosphate starvation in plants. In:
Deikman J, Lynch J (eds) Phosphorus in plant biology: regulatory roles in molecular,
cellular, organismic, and ecosystem processes. American Society of Plant

Physiologists, Rockville, pp 164-176

Poirier Y, Bucher M (2002) Phosphate Transport and Homeostasis in Arabidopsis.
The Arabidopsis Book, eds. C.R. Somerville and E.M. Meyerowitz, American Society
of Plant Biologists, Rockuville, MD, d0i/10.1199/tab.0024,

http://www.aspb.org/publications/arabidopsis/The Arabidopsis Book, eds. C.R.

96



Preger V, Scagliarini S, Pupillo P, Trost P (2005) Identification of an
ascorbate-dependent cytochrome b of the tonoplast membrane sharing biochemical

features with members of the cytochrome b561 family. Planta 220: 365-75

Prime T, Sherrier D, Mahon P, Packman L, Dupree P (2000) A proteomic analysis of

organelles from Arabidopsis thaliana. Electrophoresis 21: 3488-3499

Rausch C, Bucher M (2002) Molecular mechanisms of phosphate transport in plants.

Planta 216: 23-37

Rebeille F, Bligny R, Martin, J-B, Douce R (1983) Relationship between the
cytoplasm and the vacuole phosphate pool in Acer pseudoplatanus cells. Arch

Biochem Biophys 225: 143-148

Rebeille F, Bligny R, Martin, J-B, Douce R (1985) Effect of sucrose starvation on
sycamore (Acer pseudoplatanus) cell carbohydrate and Pi status. Biochem J 226:

679-684
Rubio V, Linhares F, Solano R, Martin AC, Iglesias J, Leyva A, Paz-Ares J (2001) A
conserved MYB transcription factor involved in phosphate starvation signaling both

in vascular plants and in unicellular algae. Genes Dev 15: 2122-2133

Sakano K (1990) Proton/phosphate stoichiometry in uptake of inorganic phosphate

by cultured cells of Catharanthus roseus (L.) G. Don. Plant Physiol 93: 479—-483

97



Sakano K, Yazaki Y, Mimura T (1992) Cytoplasmic acidification induced by
inorganic phosphate uptake in suspension cultured Catharanthus roseus cells.

Plant Physiol 99: 672—680

Sakano K, Yazaki Y, Okihara K, Mimura T, Kiyota S (1995) Lack of control in
inorganic phosphate uptake by Catharanthus roseus (L.) G. Don cells. Plant Physiol

108: 295-302

Santoni V, Rouquie D, Doumas P, Mansion M, Boutry M, Degand H, Dupree P,
Packman L, Sherrier J, Prime T, Bauw G, Posada E, Rouze P, Dehais P, Sahnoun I,
Barlier I, Rossignol M (1998) Use of a proteome strategy for tagging proteins

present at the plasma membrane. Plant J 16: 633—641

Sauer N and Stolz J (1994) SUC1 and SUC2: two sucrose transporters from
Arabidopsis thaliana; expression and characterization in baker’s yeast and

identification of the histidine-tagged protein. Plant J 6: 67-77

Sazuka T, Keta S, Shiratake K, Yamaki S, Shibata D (2004) A proteomic approach
to identification of transmembrane proteins and membrane-anchored proteins of

Arabidopsis thaliana by peptide sequencing. DNA Res 11: 101-13

Schonknecht G, Spoormaker P, Steinmeyer R, Briiggeman L, Ache P, Dutta R,

Reintanz B, Godde M, Hedrich R, Palme K (2002) KCO1 is a component of the

slow-vacuolar (SV) ion channel. FEBS Letters 511: 28-32

98



Schubert M, Petersson U, Haas B, Funk C, Schroder W, Kieselbach T (2002)
Proteome map of the chloroplast lumen of Arabidopsis thaliana. J. Biol. Chem 277:

8354-8365

Schumacher K, Vafeados D, McCarthy M, Sze H, Wilkins T, Chory J (1999) The
Arabidopsis det3 mutant reveals a central role for the vacuolar H(+)-ATPase in

plant growth and development. Genes Dev 13: 3259-3270

Shevchenko A, Wilm M, Vorm O, Mann M (1996) Mass spectrometric sequencing of

proteins silver-stained polyacrylamide gels. Anal. Chem 68: 850—-858

Shin H, Shin HS, Dewbre GR, Harrison MJ (2004) Phosphate transport in
Arabidopsis: Pht1;1 and Pht1;4 play a major role in phosphate acquisition from both

low- and high-phosphate environments. Plant J 39: 629-642

Smith FW, Ealing PM, Dong B, Delhaize E (1997) The cloning of two Arabidopsis

genes belonging to a phosphate transporter family. Plant J 11: 83-92

Sun-Wada GH, Wada Y, Futai M (2004) Diverse and essential roles of mammalian
vacuolar-type proton pump ATPase: toward the physiological understanding of
inside acidic compartments. Biochim Biophys Acta 1658: 106—114

Sze H, Schumacher K, Muller M, Padmanaban S, Taiz L (2002) A simple
nomenclature for a complex proton pump: VHA genes encode the vacuolar

H(+)-ATPase. Trends Plant Sci 7: 157-161

99



Szponarski W, Sommerer N, Boyer J, Rossignol M, Gibrat R (2004) Large-scale
characterization of integral proteins from Arabidopsis vacuolar membrane by

two-dimensional liquid chromatography. Proteomics 4: 397—406

Takasu A, Nakanishi Y, Yamauchi T, Maeshima M (1997) Analysis of the substrate
binding site and carboxyl terminal region of vacuolar H*-pyrophosphatase of mung

bean with peptide antibodies. J Biochem 122: 883—-889

Tavakoli N, Kluge C, Golldack D, Mimura T, Dietz KJ (2001) Reversible redox
control of the plant vacuolar H™-ATPase activity is related to disulfide bridge

formation not only in subunit A but also in subunit E. Plant J 28: 51-59

Thomine S, Wang R, Ward J, Crawford N, Schroeder J (2000) Cadmium and iron
transport by members of a plant metal transporter family in Arabidopsis with

homology to Nramp genes. Proc. Natl Acad. Sci. USA 97: 4991-4996

Thomine S, Lelievre F, Debarbieux E, Schroeder JI, Barbier-Brygoo H (2003)
AtNRAMP3, a multispecific vacuolar metal transporter involved in plant responses

to iron deficiency. Plant J 34: 685-95
Ueda T, Yamaguchi M, Uchimiya H, Nakano A (2001) Ara6, a plant-unique novel
type Rab GTPase, functions in the endocytic pathway of Arabidopsis thaliana.

EMBO J 20: 4730-4734

Uemura T, Ueda T, Ohniwa RL, Nakano A, Takeyasu K, Sato MH (2004)

Systematic analysis of SNARE molecules in Arabidopsis: dissection of the

100



post-Golgi network in plant cells. Cell Struct Funct 29: 49-65

Urech K, Durr M, Boller T, Wiemken A, Schwencke J (1978) Localization of
polyphosphate in vacuoles of Saccharomyces cerevisiae. Arch Microbiol 116:

275-278

Veljanovski V, Vanderbeld B, Knowles VL, Snedden WA, Plaxton WC (2006)
Biochemical and Molecular Characterization of AtPAP26, a Vacuolar Purple Acid
Phosphatase Up-Regulated in Phosphate-Deprived Arabidopsis Suspension Cells

and Seedlings. Plant Physiol 142: 1282-1293

Verkleij J, Koevoets P, Blake-Kalff M, Chardonnens A (1998) Evidence for an
important role of the tonoplast in the mechanism of naturally selected zinc

tolerance in Silene vulgaris. J. Plant Physiol 153: 188-191

Voelker C, Schmidt D, Mueller-Roeber B, Katrin Czempinski K (2006) Members of
the Arabidopsis AtTPK/KCO family form homomeric vacuolar channels in planta.

Plant J 48: 296-306

Wagner GJ, Siegelman HW (1975) Large-Scale Isolation of Intact Vacuoles and
Isolation of Chloroplasts from Protoplast of Mature Plant Tissue. Science 190:

1298-1299

Yamaguchi H, Nishizawa N, Nakanishi H, Mori S (2002) IDI7, a new iron-regulated

ABC transporter from barley roots, localizes to the tonoplast. J. Exp. Bot 53:

727-735

101



i

AR ZZFTTHICHED L SAOFITHIEE L ZH®RZH Y £ Lz Z &R
N2 UET, dbipE AR MR, = F =T Y UREEMa A 5 LT
Wiz72& F L7z, Max-Planck-Institut fiir Ziichtungsforschung @ Dr. Csaba Koncz
B NTHRE KT (Bl REIEmKFRERT) fHERABLICE, v ua X XF 858
M A sy L T2 & E Lk, AWRBRRY AR ERE L3k ES H-ATPase
72 5 NC HPPase (Zx 9 2 Hifhk & 3 5 L T\ e i & | EE L X7 B o5y B R o115

BOEBEbWEREEE L, JUNKRY:  BIFE—RS 2R He-ATPase (&
MNP o0z G L TWEEEE L, HHERF A< ZiEEI2iE BiP 126895
PR Z 35 L CWelZ&E E Lic, BRKT  H)IRE LI EEmA~ s ¥ —2 405
LTWeE&EE L, BULFMRIINA AV V=R =L vrAf XF AT D%ES
£ cDNA % T\ & £ Lz, 7 a7 4 — LI oW IR ERBR B 22 B iF
FERERE \Z TGP R £ 2 (3 COMFFEE OBk, B IR — T B BRI s HEE
2720 £ Uiz, 229 S DNARFZERT (Bl & WRKY) OEEMEER LI IXESKE
DY > T VRENZOW TR N2 72 & F L, A iR AT )18 — L35G 25% 0
R DTS B RR ML IR DV CTHIFR B 7272 & & Uz, SEREAE 2SR T o bhas il 1o VI
FHILI AN A 7 BT VA FRITIC OV TR W72 & £ L, s RS NERET
HEICiTy— 27 2 ARHTICB W TBIEEIC R ) £ L, REZFRY ROE—ft,
BB MR BT E L, s R I LI AE L &
HREE EE LOBEELWEEEE L, RELFRF=AHREETITEN LD
T EAE AR ORME L 72 D EROEIFEZ W& E L, MBI LICIIRE,
P “ATFFEE IRV, FEOERICB W T TEARERE, @520 m& kL
oo BERABGTFRELIITAEMHEFICHIVEBE L LOBEEL W ZEE L, #
FHAT RS CREST ICIXHIFA & LT, £4RIOFHGFICHIZY  FHEROE
k1 S A BIEEIC 22 0 F L7z, Dr. Enrico Martinoia (Z 133k B O BRI i e Bk )7 75

102



ZOWTHFRE, MBS 2 W& E L, MEG HIZBTL R I o IR K
FOMECE IR LIRS R HO SR RIS oW TR RN E L, T4
ATD ZRAFICRERH T2 L L BICTEREBT O W LET,

ZONREM, 7 SADFIZBMERIT/R D 2B S RICEIR Y AT Z LN TEE LT,
SEIFERETHRA TNV MR EOERR, £ L THBEIEH 2L ET,

Z L TARXDOBFERICH Y BHQMEE L IS 2 W2 mE RE ISR
e, ORI IRARKE LICREH T LET,

BB E L OB 52 TS  KIRICO 0 B e liEE 2150 £
L7z ZAH B L0 K 0 S - L E T,

103



