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ATFRIE. BICB I DNa BEFRIRE OFHL EEAR YT D, AMREED Naw /F#
VA SLEERO S FIEEERE b L. ZONa® BRIUZE 1T 2R E OB ICER T2 2
EEBEME LT, Na (kERTI /BN VAR—F—D77 I V=L LTHEERIZBW
THEALS N TWD Na' fkEERYE /BT I BEEEE7 7y SV —0OTicR T2 RH
ORETE L U Na' 3618 OB ORIF & T 72,

Na- kA e tE /BT X B ry SV —iX, 40 L34 B0 NEI Y
BrNIVAR—F— (BHETI/) BONS v 2AR—F—) L2BOHET IV BINIV X
R=F=0oRD, ZO77IV—OFETI/BINSVAR—FZ—F. T5=>, &V
Vo AvF =y, VATA YR EQIBICREERS O bulky REE R RNT I B E
HEE LT 2ER ASC OB 2R, Z0 5 bbvbh MSHEEE OWFZE OBR T R
WRPOHEMEL/ Nat iEEFET7 I VB M5 AR—F— ASCT21}, /—F T uy
FCRBIZODEDEBRLRBD LNl BTORBRELHRTIHNT E NEr LD
cDNA O #EEZTT o2,

t MNED HHEMEL 72 ASCT2(hASCT2) &, ERFS LAY —<filarbsan—=
> 7 U7c ASCT1(hASCT1) 1%, #® Na' B OB NAE < B2 - TWWic. Xenopus

NEENIRRIC SERE E B L ASCTL, ASCT2 iz AL F =22 P OF 2 ) BERIIKETS
ZNa' BV ARERTN, AL =V VARD Na* B KM 1L ASCT1 Tk, Hill £#
BA1.8 TH oDl L. ASCT2 Tik Hill fE8IZ 1.1 T, 773V —Dfhd 2 > R—
EHERY 1O Na HBLTWBZ EARBEND, ASCTL Ik, W& D Na' % Lir
TEBRT D LERELR2WAS, ASCT21Z Li* #Z AN BZ LN TES, Na' #Li' TF
WUTCIEIR P Tl ASCT2  Li MBS IRFEME IXB BHas 72 S Rk 2 R 3. 2 hig.
ASCT2IZBWTIRERL T I/ BBREDOBBR DI HDIZE DN B D Na' #E A IR
Li' 2ZIFANBIRBIZR - TNB Z LA HEBESE S, .

TNEIVRINT VY AR—&—EAACLIZHEE ., HHET IV BNT Y AR—F—
ASCT2 D& TORBNRE N, ASCT2iX. 77 IV —DMi DAY N—L Bl o5 Na'
KB ORRER L Na' A EALO RE DT DITHE D TH AR EH 2124t Uiz,
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1. L EHY

Na' iZ. BIZBWTRAE» bERPNINDZ LI IV EENIZRESENLS,
RANE D S DK Na* LU DHKIS0%LL L 3GES RE» LEICERT I ) BALED
BB LEIEMESN I CERRENBLERTVER, ZENRMEOE
B EEENL <N Na OBRILERT Y Uy VORE 2FH A L CHD BLE
ToTVBIDTHD, 20X 5REMEME Na' kiE A BRBREH LD T
FOMREIZ. BERIZOWZIELPVTHY., 4 DL 25, cDNA Za —=2 7
BEN, RMESH~ORERORIEDO KRB X M BREMIT A 2 Eh TWn3
DIE . ENERMEICHFEST D BB Na' /2 ) 2 — Il & O h JR A
BEOBEEMYE Na' /Z L a— ZERZHEEORTH B,

BREOMBERP LRV L->TWDBEERTWBEMRME DT 3 ) B FF Ik I E
BIZBALTI, 1994 FEDY N - A= A RMMABKRMZICE V. Na
KEET N 2 I BEgEAE (UTIAZIVBINT v AR— & — L&)
EAACL 28, BBEEABAHEZTLIZER L TWBZ AR NN, o
RORGFHEBTNERICAHOEETH D, bhvbitik. 199 448 OWE
DBEBT, FNVFIVERIN SV AR—F—CEENICEUEODH D F 5> K —
F—ELT. Bk ASC(L)DOKRNEELE TS Na IKEEARET I B S
YAR—=HF — ASCT2 @ cDNA &~ ZfE &, 5 BHPE L7 (2). ASCT2 OZ u—
=Y. ENRIRELOFA UL ASC ZOHER > ASCTL Ot MNid bnr u
—=VIG e BET I JBMNSVAR—FZ D77 IV - L LTHME
NICTNEIVBNS Y AR—F =77 IV — % ASC B Na* kg teehi 7 3 )
BMMIVAR=F 2B LRERT I/ BINS VAR —F—T757 I U — (Na' tk#r
PEptE BRAET I BedRkiEk 7 7 I Y —) ~ LR L.

EWMRIZ. 19 94EEOTRDOREED Lz, Na' kbt /BT I ) B
BHEBET 7 IV - OFENMEMETO Naw BRINICBRITIBBREEZHLM,icT 52
EERKNZENELT. B 5D DNA 7 u—=V 24, FSUYAR—FZ—FH

/

/,
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DOEBROREDHEN. Na' L& OBF O 217 - T,

2. BFR A
2.1 ENEBLLO Na KEMPFET I/ BN AR —&— ASCT2 ® cDNA
sa—=7

t & poly (A)* RNA (Clontech #:» HA) 1ug XV oligo(dT) =77
A <—%¢ UL TcDNA &% L (GibcoBRL#E SuperScript Choice System) .
AZipLox EcoRI 7 — & (GibcoBRL{t) A4 45— FTBZ itk vrzy =¥
SATS) —EEM LI, S4ATFV DRIV —=2F, =hukru—2R
iz 75—2V7 hL. v~ A¥EHMBNE ASCT2 cDNA ® BamHI Y1l i (¥
1.5kb) 2 "P TITRAL TR =T L LT, BELHK>TT T—INAT VX
A —var®EfTok. =bhmrtErua—REDOB®EIX. 0.1XSSC/ 0.1% SDS.
37°CO&MBTTIiol. BY¥E7T— 21k, LoxP ¥4I T R4 B X % Fl
L7 in vivo excision I£& VW75 A3 K pZL1 icE M| Lic. #EMmirs LU
DNA ¥— /4> > 2% pBluscript II SK g% 77 v —=> 1L TlroT.

2.2 Xenopus S0 REMING % FA 7o HERE SR BT

mouse ASCT2, human ASCT2. & %\ iX human ASCT1 ® cDNA »4f A
&h iz pBluscript II SK™ % HindIII TYIBIL. T7RNA R) x5 —¥ 12k D
in vitro B2EIZ XY cRNA 2#&mkL7c. cRNA |& Xenopus SIREMIBIZEAT S
Tritko THB &8, HEEMmITIZ. cRNA EA# 40-50 B CTlro/c. SHL
Tom keI, “C TEBLLT I/ BROM VAL BRI L T,

7 2/ BEYAARPZE X, NaCl 100 mM. KCl 2mM, CaCly 1.6mM. MgCly
1mM. HEPES 10mM/Tris ~5mM (pH 7.4) OB HKRHPTITolc, WY IAHRD
Na* & REE OfREizid. B O NaCl O— ¥ E 7 1Z£L% % choline-Cl T
B LB BRER WL, Li" O RERDS5EMICIE. B+ O NaCl % LiCl &
choline-Cl TEB# L7k (LiCl + choline-Cl = 100 mM) ZHWk. 73/
BRE VAT, 60 2 E TEMMNICWEM LI IcH. 30 2 OV AR %E Wik >~
FL—YarvhyrZ—THlEL. pmol/oocyte/min TRR L. WY RAHLD
Km (Michaekis %) & Vmax ix. BEKFNRERYIALED & Eadie-
Hofstee plot ZHWTHH L.

2Na' OWVAZRPRIZIZ. 7 I/ BEYVAARIZEDFE & Rk HY A AHIE
1T o7, Xenopus BIEHIMIEX. 1mM ouabain., 0.1mM amiloride. 0.1mM
bumetanide & A VAR RS (NaCl 20 mM. choline-Cl 80mM. KCI
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2mM. CaCly 1.6mM. MgCly, ImM. HEPES 10mM/Tris ~5mM (pH 74) )
IZ30 HBEL. Z0OHENIC ¥Na X TCE VIAREES TD 20 40 0
”Na” OW VAR ERE L.

2.3 ASCT2 Ot MR IFDFBH DM Ot

FEHROMBMO M ORI IZ. /) = Tuy hALTIVEL Y=Y arvickoT
fTodc. & MMAN D poly (A)* RNA (Clontech #h» LHA) 1 pe % 1%
THE=R/HENVATAVFE RFALVTESKI L, = butrun— iz 7 my
74 ¥J Lic. & h ASCT2 cDNA @ Ncol Y1l & (# 0.5 kb) % **P-dCTP @
FRETTIVE LTS AEIZEVEBRLT, S0% "V AT I Kxa et 7Y
EA =Y aVIEHRP TN, T IVEALA - a v iffolk, =hutirn— 24
DY EIE, 0.1XSSC/0.1% SDS. 65°COLUHTTiiok.

2.4 INVNEIVEBINSVAR—F— EAACL EAOBICRBIT A EROBED KRE

TNEZIVEN UV AR—H — EAACL ® CREARNTF izt LU TIER L
TR Byifk (Jeffery Rothstein it 5DME) k3. 5y NEHEDH %
R Te %% #ifg AL 2 % 17 o .

3. LR
3.1 EbBESLL O Na kEMPET I VBN > AR —%— ASCT2 ® cDNA
ru—= 5

T UARBRARD Na” kERPHET I/ BFS > AR —&— ASCT2 @ cDNA
&#7a—7L LT, bt hEHED poly(A)'RNA XV {8 L7 AZipLox 77 —
VIATI3V =% 75— I N4 TVEA - aric koT 240,000 75 — 7 %
A7 V==L, HK-1~5 OS5 HOBHEsr v - 2 L., £hbid. HIR
BEFHMRS - L i S-RIMOMEEEZR VWTIRRA—DbDEEX, BED
cDNA £ > ¥ — M &2F>/ v —> HK-3 (2.9 kb) 27 O# DMz . HK-
3 cDNA 25 cRNA 2& kL. Xenopus SIRMIBICEAT A Lick RE X
HL, "CTREBLET =V OWMYRAREZRL., T OW VAR ITEE KFN T
HY. TLICHMBAHD Na* iclk#5 T3 bDThol (Fig. 1) ,

3.2 EFASCEI N v ZAR—4% — hASCT2 & hASCT1 0% BRI %D H

EWMRIZEIVE NE2 5B LN ASCT2 (hASCT2) &. B hFS My )
—<HIlIZRET 2 ASCE ISV AR—F—Dru—=2 S/ OBBRTHEESLE
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ASCT1 (hASCT1) % Xenopus SIREMIlEIZ FEH & &, i & D& HEREDOEN
P L., MEEDIC—FHOT I Bz L T Na' (KEHOWM VAR EZRL I,
hASCT2 i%. 7o5=Y. ¥V v, RvF =V, YATA ¥, LI, NY v,
AFF=v. a4 vl EEBELL. ZTOWMVIAZR DO Km iX. £h L. 36.2.
37.4. 35.7. 34.6, 33.6, 210.7. 287.7. 163.9uM Td»h 7. hASCT1 iF. 7
S=v,. vy, AvF =y, VAFAVRBRIUOANY VEEELL., 20O Km ik,
FhFh., 81.5. 55.9, 47.6, 12.4, 850.8 uM TH o7, hASCTI J&.
hASCT2 MEBELLEINVEIY, AFF=2, a3t LR P o7,
ASCT2 & ASCT1 Tik. Wik EHIC X - THEDOHMENKEL Bz T
D, UTOREOHERFEOLBIZIZ, MEM THED Km EOHWEETH DA
Lvr=vEHRAL K.

3.3 hASCT2 & hASCT1 @ Na' & ORR DL

ASCT2 BE O ASCT1 24t 557 I/ BOWY ARIT & bIzHIEND Na' iz
WEL. MRRND Naw 2B ETDH LMY AT TLICME bl (ASCT2 2
LTk Fig.la ; ASCT1 izBA L CHMRIXFMR) . WHF L bMlastox L=
KT D *Na® OMmViABERLE (Fig. 2¢) « L2»L. MEFDOAL F =
ViAKZD Na® BEKRFEICIE, RERHEENRRON T, ASCT2 2 T25A 12
=V QWY AZRD Na' BEKEMIZ. Fig. 2a T/RENS X 5z Michaelis-
Menten IR ICBR < EBEN B2 OTH Y. Hill FBEIT 1.1 ¢ ESh L.
ASCT2 ® Na' izxt$2% Km iZ. Av2F =V 20uM OFEETFIZBNT 2.4 mM
Tholte ZTNIZHHLTASCTL 20T HALA =V IALD Na' BJE KEMNE
. S FREREZ R L (Fig. 2b), Hill R¥IX 1.8 TH o7,

7T I/ BEEEHNE Na AN OME/ER %2 ASCT2 & ASCT1 TLH Y
Bledic., AVA=VEYIARDO Km fE~D Na' BEOFE,. BX U Na ©
Km EdH DWIEE2T LD Ky 5 E~DAV =2 1EOPELE R L.
ASCT2 IZBWTIX., Na' BEOEAIFIAL A=V DKm HIZIZFLEAEEEL
Ex ol ASCTL ZBWTiX. Na #BE % 1-100 mM ~Z{b&E g B L.
AV A= Km fHiX. ~80-~50 uM ~& &k Lk, £, ASCT2 ZBWTiE.
AL F=VEEIX Na® O Km [HIZIXIZEAEREER S X R2h o%h. ASCTL i
BT, AV A= @E% 1-500 uM ~ZELEE D L. Na' D Kg 5 i,
~20-~3 mM ~E &L 2,

3.3 hASCT2 & hASCT1 o Li* KEM O
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Fig. 3a IToR 9 & 5 iz, Mf@S D Na® ZLIKMVBRE. Lit KBHRUE BK
HTH ASCT2 ZA L=V DM VAR ZERT . 2 LT ASCTL 1X. Li
REoTRAVI =V OWMYAARERET. Li' 21 BAZF L TR TAL
BRNZLIERB,

ASCT2 iz® )% Li* 100 mM / Na' 0mM TD XL & =B VA& L. Fig. 4a
IZR 9 & 51 Michaelis-Menten Hif IEM &, D Km EiX. ~350uM T
Holc. Fig. 4b IZRT L5, Na' EFEAETF. Avd =2 1.5 mM %24 LREK
FTHRE LT, ASCT2 2§D AL A=V IARD Lit #E KEYEIZE S
%S FRERERLE.

3.4 ASCT2 ®t T OFBOMBH

Fig. 5 IR 3 L5k, & MAMEKD poly(A)'RNA ZHAWTIT -/ —¥ >~
78y FTiX., B MZBWTIX., 29kb DAY —URNFEHLTWVWBZ ENHL
PiTIgoTc, #E- T, B bhjc cDNA 7 v —> HK-3 iX2131E2E D mRNA 2%
L TWDZ Licb. AT poly(A)'RNA D5 b, 7 u—r RNEEshi &
O, NG, BREBIZODRBECRKEANLAELND ., BBV Lz, EEMEKT
LTI MNANY ) —<HIKITIXR N2 ASCT2 OFEAB D bR,

3.5 IVEIVEENS VAR —F— EAACI EHOBRME TORE ORI DK
at

EAACL @ C-KREilizwtd 20XT7F KHihkE ANWTS v NE TOEAACI &H
DEBEDOREEZBRE Lic. EAACI BHIX. EMRME S2 K25 S3 i ich
FTOEREREIZ RN RERANBE SN,

4. EE

AWRIZ. BIBITD Na' BRERNE O L LEBYT 5, EMRMAE D
Na' /HABEEREERON THEREEZPLPIZL. £FONa FBRIIZRITDE
BT 52 &L 2REMNLEMNE LT, Na' (KD BT I BEX#E
77V —DFNIFVAR—Z—DE P 5D cDNA 7 u—=274 Na* #& O#
FOEI. MY AR—-FZ—BHOREDORIE ORI 217- 1.

ASCT2 X, MFFE OMAEDBREBE Ty AER P LEMLEDIDOTH B2, v
ARBFD ) —¥Pr7mny hTik, Biby s ran@vbhTnik (2) .
T, BICEBIZ ASCT2 REBHLTWAZ LETEMTBdiz. <7 X cDNA
#70 =7 LTERNECDNA F4 75V —DRI Y —=2v T EfTolk. ZTDHE
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B b M ASCT2 (hASCT2) 2BiltEh . ASCT2 REBICEIZFER T ST L
RRERE T,

Lrblipbt Mppbrsue—=2vsEh (3. 4) . bhbadt b7 7 [\
L ) —<Hla b LB EE L hASCTL LEH#E LT, hASCT2 iZ. RO &L 5 7%
XD o T fFl R R Do
1) ASCT2 ix. ASCT1 XV JEVWEEBRMEEFK O, ASCT2 1. FNVEZ IV%
EEMAMOEEL LT2Z AR BN, ASCTL iF, A& IvEFa<mELsw.
Kbz, ASCT2 X, BEFMERMN S AFF=v ol Yot R WIS &2
Sl T I B OSFAND ZENTE S, Zhik. ASCT2 O EMEA HLH
ASCTL DZN IV LEMWRENRY ERHE-TVWIZLERRLTND EEDNRD,
2) ASCT2 HASCT1 LK. 7 I/ BEEOHRIT WV Naw RfEEh 50°,
FORBHMNER > TS, Na' iZht3 % Hill REH. ASCT1 Tix. 1.8 TH
B0 LT, ASCT2 TIZ 1.1 TdholeZ &b, ASCT1iZ, 77 IV —Dfh
DAVNR—THBEINEIVEENT Y AR—F — LRk, 2D Naw LKL T
WA DI LT, ASCT2 i, 1/E® Na» #BELTWDLEELLbND. ASCT2
N Na R LTEEMETHD2Erb, 77 30— 0D A N =R 2
D Na' $EABA(5)D5 b, ASCT2 IZIZ BEMEHIAL OHNEFLEL TVWD & -BD
ns.

3) ASCT21%. ASCT1RFNEIVEEN SV AR—F —THESND LH5T
I ) BRESEALYE Na AWM OMEEM (5) WhEawn, ZTHZ &LV,
ASCT2Z BRWTWAE - D Na' fE&EAA, 7 I ) Bk &AL & Na* #& & HAL
MoMEEREENTIEREEZRLLTVDEEXDLND,

4) ASCT2i%. Na' ORDYVIZ Li 2T ANDZENTE 5. ASCTL I
Li* OA QBB D TIZEEL 2V, Z O/ RIZ. ASCT2 & ASCT1 (23t T /£
+% Na' BAHMMN LI 2SJANDZENTE, ASCTZARVWTNDHEHE O
Na' ELHWMIE LI 2R JANDIILENTERVERET HEMRNTE D,

5) ASCT2 ® Na' J&J Hk# M 1% Michaelis-Menten HifR it RGBS N D DIT
SLC. LiT MEAEEZRL»ER S FRBMERT, Zhik. ASCT2 TR D
T I)BRBEOBROLDIZEDN TVWDE —ONa' fEERMBPZ > TLD
7I)BEBROEDICL 2R FANRGIREICH Y. TOLDIZ LI ML T
BB RN EETDIRRLE>TWD ARERDS.

5. A% ORE
EWFEIZE-T. Na (REREHET I/ BMNT VAR —F —ASCT2 NEIZFHH
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FAHZENERIIRRS R, &bk ASCT2 &, £ONa' #EokRicH W\ T
Ty IY—DD AN —LBRSTCBRESTCHEERT D LR REN .

ASCT2 L7 73V —D DAY R—DOBELBEEEZHKIDZ ik, 73/
B EES RPN o WME —REELTPRL., MMNHFENEEEA &
WEORERERTONKOBERETH D, TOKRRIT. Na' OBEHEREHOK B O
S THDEBMEETE LD FHEF OEMICERT 20HELT . Na' /HEE
B ONa OB K L L TOEBANDNa 77 v 7 AR DRE DY &
CTNa EEMEE S IR BEDEER PONR~DOHFERL 2D ERBDbN D,
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C-Alanine Uptake(pmol/oocyte/min)

14

Fig.

w
o
1

30 ]

N
w

n
o
T

—_
w
T

o
T

wv

s+ + .
choline Na choline *

77770 =

hASCT2 Water 0

C-Alanine Uptake(pmol/oocyte/min)

T T T T T 1
50 100 150 200 250 300

L-Alanine (pM)

1 a, Na'-dependent '‘C-alanine uptake in Xenopus oocytes which express hASCT2. The uptake for

control oocytes which was injected with water is also shown. b, concentration dependenceof alanine uptake.
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Fig.

2 Na* concentration dependenceof threonine uptake in hASCT?2 (a) and hASCT1 (b). ¢, *’Na* uptake in

the presence or absence of threonine (20 pM) for hASCT2 and hASCT1.
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Fig. § Tissue distribution of expression of hASCT?2 in human.
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The role of Na'-dependent neutral and acidic amino acid
transporter family in Na'-reabsorption in kidney

Yoshikatsu Kanai, Naoko Utsunomiya-Tate and Hitoshi Endou
Department of Pharmacology and Toxicology
Kyorin University School of Medicine

Summary

Na'-coupled organic solute transport plays important roles in
the reabsorption of Na' from the proximal tubules of kidney. For
the understanding of the mechanisms of the coupling of Na’
transport to the organic solute transport and of the actual
contribution of the Na'-coupled organic solute transport to Na’
reabsorption, it is necessary to isolate cDNA clones coding for
the transporters which would be quite useful tools to
investigate their transport properties and the exact location of
expression. The molecular nature of Na'-dependent amino acid
transport systems has been elusive for many years; however,
recent cloning studies have established a family of Na'-dependent
neutral and acidic amino acid transporters. In this family,
glutamate transporter EAAC1 and neutral amino acid transporter
ASCT2 are expressed in kidney.

We isolated ASCT2 cDNA from human kidney. The comparison of
human ASCT2 (hASCT2) with a neutral amino acid transporter human
ASCT1 (hASCT1l) which we obtained from teratocarcinoma cells
revealed important properties of Na' binding sites. The Hill
coefficient of Na'-dependence of threonine uptake was 1.8 for
ASCT1, whereas that for ASCT2 was 1.1, indicating that ASCT2
couples to a single Na' transport, which is distinct from the
other members of the family that couple to two Na’'. The Na’
binding site of ASCT2 is capable of accepting Li" instead of Na',
although the affinity for amino acid substrates becomes ~10
times lower in Li’. In contrast, ASCT1 dose not operate in Li’.
Surprisingly, ASCT2-mediated threonine uptake exhibited a
sigmoidal dependence on Li’. This suggests that the "residual"
Na'-binding site of ASCT2 which corresponds to the 2nd Na'
binding site in the other members of the family and dose not
accept Na' anymore in ASCT2 probably because of replacement of
amino acid residues has acquired the structure to accept Li'.

Based on the comparison of ASCT2 with the other members of
Na'-dependent neutral and acidic amino acid transporter family,
it would be feasible to design site-directed mutagenesis studies
to determine the Na“ binding sites and to understand the
mechanisms of Na' drive in the Na’' cotransport which is one of
the important physiological roles of Na' in animal body.
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