9623 HPWORBMUEN2a "K'+9 ¥ AKX—5—DEEORH

BEReE AL Bz BHEKE £USFRENTEL)-)
ERBFEE Bl ME BEBRRE EWHFIREHTEL)-)

TEYHRA O 4 BETEEERASICEER/R %32 R - UEYHEOEE.
LT 59 5. —ROBFEYIIHMRNICEE 214> &L TK 2100mME
FOBETHRETHIDOICHL T, NaldEWBEICHREINTNS, ZOEENS,
NatDFEmANCEA ENDEEOEEIC DOV TIIERINT. TOEEIZDNTIT
KHOEETH B, BFEICR> THIFS O EBE DK OBGA AT A7 1% 5] 2 2
2T KT v )V DM, (BB QKR U T WSR2 ONa K b 5 > 2R
— & — (VORI )V EBEFINNENS 7 O— b3 NIz, ZOZ &R, —FRE
DONa" 2T 27295 L <3O E D 7= 91N at 2 BuA E0HE 2 E W RIAZ 21
FETHZEEZRLTNS,

KT, NatEKORERNOTAA DHEIFEEEB LN 5 > AR—5—D
AR EIZBASNCTHENTY SERT I ZANBENa KTV AR—4F —#1x
TEHEEEL THEERTT 2 Z L& A7z. 7T E R TP X (Arabidopsis thaliana)®
DNAT A TS5 —MENatKt b T > AR—& —DEEF(ArHKT1) %2 70— kL
7o FAMORNSHEINSEAEOERIISKD. 10-122E 0B EFHERZ
BINEDFNEMDTEBL TW=, £/, 70— AbULEABETFRTIERT
AREKIZIT 1 AE—FE L,

B TFEEY % Xenopus oocyteZ IV THRITLIZE 25, @AM L =B Am &
ONatERIMEE N, UL, KHCDWTIIAERE A Tld/NE OHKT1 TR
FEENAKTERIFAHKTITIREE SN oz, RERE T, KT/ o—>
{EU7=ArHKT1ENat b 5 > AR—F —ThH D, K'EBENENR T/AEHKT1E
ArHKT1DHERICHED H 5.

RIFFETEE L - ArHKTUIN at OHERFICFT 5 L TV B RIREEN H 5. BEEXT
DEZ A, YR D HEANTEE OEFEERBIZAS N TN, &
ArHKT12NatOBGA R ICTHERBAIN @B N T WD Z E2#EL TBD, AEETORE
Bt & HSBEMRAT I HE MR IC BT DNt O E B B RN OMIANDF ES L7525 RE
HENH 3,
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9623 HWOBBMMEN2'K'FS VAR—% —DEEDRY

BBmE A B2 BEERE £WHTREHEL)-)
KFWEE D K W& BEBKRE EWSFInEmses-)

1 WIEEERY

YRR AEY . BMMIR & RRICK DB EZE A > L THEEL. Nat
IRREICHER I N TS, 25D, Nat KOs EE I EYMa & Siiia
ERKRESERD, EWITIIBWIZR 5N 2REE X % 18 5 Nat/K+ ATPaselI7F1E
L7z, MM OEEEI®R D77 0 N >R > T (H-ATPase) &1 A LB E A DR
MTEEENTNS, ZORSMEZFIAL TKERA BN TONS, —F.

Natd7” > FHR—% OB L > THEMTONZ EEASNTWVWDD, B s
Z AV 5 T2 (1),

YRR O & 2 REIR SRS EE &R E Rz UEYHIE ORI,
MHEZIEICBEF ST 5, —ROEEBEDITMBNIC EEZA 4 > & L TKHZ2100mM
U EDBETRET50ICH LT, NatiHEWBEIHBEENTND, ZOFED
5. NatDEBAIICEAFEN S WEBOGFEEERRICOWVWTIHERINT., TOMEIC
DWTIHRMDEETH 5,

—7. BRIz o THIRRS D EEE DK OTUA B RO RS2 & Rz TKF v
FIN DI, KIBEDOKHIR U TE W2 F DX a0/ NEN S 70— 1k
TN/EQ)e EIANTOUEERNZEZ A, KFOMIINatrDAREFISERT 5
NatK*h T D AR—=F— (>R —F—=)TH DI ENFERINIZ(3,4). 2D LI,
—ERBEONT Z2HEET 229 L I3 DIER O/ DITNat 2 BUA D A\ EY)
MPRICIIEET A EERL TS,

TIOERTVAIEEEMOTTIIVEY E LU TREY / ARIFTT O 27 MNE
ATHBO. Fh, ABEOKF v XVEETFRREENTN S, BEHMRICBT2
Nat KOk @ = fFHT 2510, 77 E R TV 2BRBEKF v RV ENaTKT
T AR—H — EDWEEHBA DT MNER TN D5, 6). AL TIL. Nat EKFOAH
RN DOEAH DHIEEEB IS 5 AR =9 —DEBENREZHSNMZT 2 H
T IERTIANSENa K b T AR —EETeERE L THREMRITT 5 2
EEH AT,
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1) Na'K* b 5 VAR =4 —DLE(ET(ArHKT1) D HEE & —XEEDRE

7 5 ¥ R 72 Z(Arabidopsis thaliana)DcDNA T A 7 5 ) —ZMinetl £ & D 5
BN W, NEREONTKY b T 2 AR—F — DB FHKTDESI O FEH %
BEIZL T, 5B Ddegenerated DNA primerZ2#5H LT, 7IER T AD
DNATA T I —%2ERICPCRIZEDDNAMIE L/, DNARSIZRER. B
MR 2E /A TWVWE2 8 0bpa T 2 F LT T4 X—IEICID BRI )L T, 3
OZ—N\A TV E—2a VAHEICEDRY Ty 7Jan=—&E R L. REL
IEETEINS, 3SEEODNATIA Y —%2RE L T5 RISEENRIBEEZ 7
o—>Abl7z. '

2) Na'K* k5 2 AR—F —EInF DXenopus oocytell H1F 2 FEH.
EHHEOKF v X)VBEFEFRRIETZBIT/ERLIZT I A ROKTF v RV
BEFENAIK NI VAR —DBEGFEESHA L, TDI LITE > TpolyA
PEEINEWRRENLZEND, T DOpolyAtEf Lz ArHKTHEGT %
BlueScript IN7 & —1ZHY 70— {t L7z, T370E—4 —ZANTRNAZInN
vitroB pL L7z, NatEKY DA F 2 FBMEDFLERITAXIONE D 2 FRIL RNV T —2
7o TERBEERWE.

3 WRSERER

1) NatKth T 2 AR—4 —O2EGTOHEEEE —RESEDRE

%5t L /=degenerated DNA primer® 6 FEEDMAEHED DB 1 BETHRFS
NHZEIDHEBHANESNZ, TODNARIEZRELZEZ A, INEHKT1E
T2)BIIBILBEENE NI EMNASMNER ST, RIT, BEHSNIZDNAZH
WTY Z ¥ K7 A (Arabidopsis thaliana)DcDNAZ A 7 5 U —n 5, BHDER
FEEZOL, DNARIIEZREL/ZEZARAD R 20— N9 55 fISEERNAR
BLTWeE, £Z T, BICHBAL TWADNARYIZ 7 O— 712 L T5 @il e
S5RACEFIEIC L D5 RIRBEBZE T, £—KiEE&RE Lz (Fig. 1), RIELTW
272 )W AEETH oz, FAMO B SHEEINBEAEOEEITSEKD.
10-12F2 B DR ENB RIS &2 Ff b/hE DTN D THEELL TWwiz(Fig. 2)s
JO—AEUERBERFNT SERT Y ABEOELGTFTH DT EBIOLEAAK
WELEGTPRNWSDFEEL TWEINEY Y T 054 7 EIck > TR L
(Fig. 3). AELEFOLEEZDNATO—7IZU THRELZBICIE, E<EAEFER
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TFENATUTA XU, FEEFHIC L EFREET DEoRITHIEL = REKERET
T 2N TV A XTI 2N RBNEEBEOREE N, ZOZENS, FO
—MELTERELRFRT SER T ZHKOBETTH D, REEN SIS
HOBEETFNE LFEIIFTSNRZNo /2, 20D, XEEFITZ 1 I —D e
ME N,

2 NfW$5>xf—&—®4ﬁym£KBH5ﬁE
RELRTEY DA T 2 BBEEMFAT 22012, KBEFNSEMLZcRNAZ
Xenopus oocytelZBAL T, 2AFILR)F— /7 5 U THEIZE DK+ ENar DA A
BREZRRE Lz, INEDOHKTITIE, SR Z0.3mMK+&E1.0mM Na+ D %
HF T /- RingerBRDFEITIL. 1.0mM Na+DEMORingertAR DB AT R T,

2ERBREOEBROBIMMNIHINTNS,

ARBRTIEImMNaERIC U 2BRITIiE. W& O 4 > B T & /= (Fig. 4).
AN, 0.3mMK"E1.0mM NatDOi#E & £F S B2BRICB W T, BROE
IRz 5khoiz,

MEENFETZT> TWBEN, HEETIE. &5 T7 0— 1L L7z ArHKT1IZ
NathJ 2 AR—=F =T, KNEBEMEND L IZEO TAENWI EAHEINS,
KOERENEN Z &3, NEHKT1 & ArHKT1O K & 7248:E T b  (Fig. 5)

EHHARICE N TN OMIRRNADEGASITED X D72 AN Z XL THFONS M
RATH D, 6k, NatlZMilaROBEICBNWTIEETH 5 E NS ON— B E
AATHD., B OEEMIE TRRINTND XD RIEHERFEEN 2 VIEYICH
WTHENatOMENANDORAICE T 2Nat ikl GBET) OFFEEERINTY
Moz, »

MNEHKTIEGFICBN T, BETENDPEROKTEUAMEEZMA#T 22 &n
SHEEfXNz, NEHKTUINatO®RETFT THS MK EBBL T, KHF v 3)IL0
RBREIDEVKHBEICRBEEZ b DOEHEMMKT NS VAR—5—TH B, 20D
T, KFeZds® s Z EMKEEMBETH D, NatDBEBIIAKDMED BT
RN ENDEIRME DL TV, AEOGIICIZTbNbNd Y SE RS2
DOHKTUINEHERD S D EERICKT 2 BB T IHENE NI &2 FREL T,
Ll ZOAF 2 EBEDHEEBSAERENTE TR LEZE Z A(Fig. 4).
ArHKTUIBEEM DK EF LT, @S MEITIEINa 2 BB T 5 2 S8 5 &
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2o 7. KNZDWTIEERSHE TIZ/NEOHKTITHRIE S N AKIIRIE S Nzh -5
Tro INETEZLNTWEKHBEDERNWEEF TN OBBE S > R— Mg BKTDH
DIABDT=DITHKTINHERE T B E WS RFIIT T E R T A TR D IL7z7a0,
ArHKTIDER O T Vb, B S EBLEOBMAS 2213720, #E
EAEEN LU THELTWS ZEEMoEA6oNn5, INSORHEBREICE> T
AT UBBRENLLT BT LMD A A DB A TRENH D, Tz, HIER LW
FLUTHREL TWHBZ EWIEZASND I ENLEDAEREDERIISHORERMKX
EBTHOMNIRDLEEZLND,

 F e RBETHEEL D ANatOEFICEHE L TS IREED B 2. RIEETD
LA, HEWHRRICE T 2MRANaBE OFTE B S M TIERWA., FER
EHANat OB D ABITEBAICH N T NS Z LR NN, EWERICB VT
BRI THIZINTEENNL, BEIEBREZEF O TWAHZ EHHAETND
EEZOND, EBE. Epstain5id. NatOBUAAIZFEBAIIZE N TN SEEAEDF
HEEHELTBD ., RELTOHEBM S ASREMRTIIEDEIRICBIT D2NatOAEENE
BANDORANDE|ES L2 DAREMEN D 5 (6).

5 SO

il

7SERTUAHKTIENEEDBEREZRASNIT DHLEND D, BRUEERS
BBIEVIER R OA 4V BOAAMREZBIE L7z /28, A F U EBRENIEEITE
A F CEHEETIIBENRATRETH 5., EFFMICIZAHKTIENaT DMK %3 1@
SRDLHREMEN D D, TNEFANDEDICKIBUAAHRE N DRIEL - RARERERZ
RAWTEMMICOIZ2EBRFE TOKSBEERIT 2. £k, ELTHOHEES
ND7 I BERINIAHKTLE/NEHKTI THENERR? 5 CRIREMIE > TRES
NTHBD., BOWRBEFROMENA &V BREDHEZRL TVWDZENZI LN
Do AAERREDORRICED HEADORIEICIIFATEBEZIERT 2 ENH
ETH D,

Fir, AERIBATOAAREEZZANTWSITEBE /20, EYWME TIESER
I DERE EDHREERICE > TR HHEEE DN H 2. HDHAF
ADTIN—TIZNEONa K b T o RAR—F —lINEDRTIFRETE LW & Z&
MELTWSD, ZORKIZ, 7I9ERTIZOEEITBNWTHEROMBO A >
EERET DI ET, BROEENEIMATND EEZ 5N D,

T 51T, ZOHKTIREFRERICETEL TN 00T & B IERRE OMAEA/NE
BTHELZHS TWDONBHALNER> TV, HKTIORBEEZHSNITT
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LHZETIDAF VHEERDOBENFESNIZR S TITLSTHAD., ZD=DITIEH
EZtER LT, REEZBASNIL TN BENDH B,

MR DIEESLIINaT EKY A A BEEIGEMTE S, ArHKTIEKY F ¥ RV ED
WBEEE 2 I EIHEEDREERDOFERRLZHESNMNITHI EIILRDE, T2 H
HHFRE SENaTEIK T XNV EB O TADTLKBEFELTVWS, TNH5DER
ZIASMIZT 2 ETHAMEBREKTF ¥ X)VONa BT 29 RE2REFT 22 &
NUETH D,
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Figure 3 Genomic DNA Gel Blot Analysis of ArHKT1
Hybridizing Sequences. Arabidopsis thaliana
genomic DNA digested with the indicated restriction
enzymes was probed with the ArHKT1 cDNA.

-324-



current  (nA)

current  (nA)

0
] 03 K-Glu 1.0 Na-Glu 03K-Glu

o

M T " )

.

e e AR A A

SR O N ol
T T T T T T
0 3 6
Time (min)
0.3mM 1.0 mM 0.3 K-Glu
K-Glu Na-Glu +
1.0 Na-Glu

v v T T T T
0 3 6
Time (min)

Figure 4 ArHKT1 expressed in oocytes gives rise to Na+
uptake. The membrane potential in uninjected oocytes
(upper) and in the ArHKT1-expressing oocytes (lower)
was held at -100 mV. The bath solution contains 0.3mM
K+ glutamate, 1.0mM Na+ glutamate, and 0.3mM K+
glutamate plus 1.0mM Na+ glutamate with Tris-
glutamate to balance varying K+ and Na+
concentrations.
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Characterization of h;gh affinity Na* K+ transporter
gene from higher plants

o

Nobuyuki Uozumi, Shoshi Toriyama
(Bioscience Center, Nagoya University)

Summary

The ions concentration in plant cell is crucial for plant osm regulation,
which correlated to Na tolerance and dehydration resistance. K*is the
most abundant cation in higher plant cell at the concentrations of ca. 100mM,
whereas Na* concentration inside cell maintains at the lower leval. Na*
uptake seems to occur without any specific mechanism due to high energy
gradient of Na"between the inside cell and outside. The molecular
mechanism for plant Na* uptake remains unknown.

Recently, a complementary DNA from wheat was isolated that encodes
aNa'-driven high-affinity X" uptake transporter. It suggests that plant cell
possesses the Na" uptake mechanism to keep the Na* concentration inside at
certain level.

To understand the role of Na* and K*uptake mechanism and
Na'K'transporter more precisely, we tried to clone the Na* K*transporter
gene from Arabidopsis thaliana ¢cDNA library on the basis of the data of
wheat Na* K'transpoter amino acid sequence. The predicted molecular size
of the protein was about 58KD. It seems to have 10- 12 transmembrane
segment. Iis sequence and its hydropathy profile were very similar to those
of the wheat one. ArHKT1 is a single-copy gene in ArBidopsis thaliana
genome. The cation selectivity of ArHKT1 by voltage clamping ArHKT1 in
Kenopus oocytes showed that inward Na* current at the hyperpolarized
mambrane potential. However, the K current was not detected although
the wheat HKT1 conferred the K* uptake, which is a significant difference in
K* selectivity between ArHKT1 and wheat HKT1

This report suggests that ArHKT1 may provide one of the pathways for
Na"uptake to keep low concentrations of Na'inside cell although it remains
unknown whether Na*is needed or not for plant cell growth. Our result in
this study offer insight into a molecular pathway of Na* uptake in higher
plants.
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