9636 Na'/73I/BIEWERICBITLNaa {ROSTFREFOHEHA

BIBHFRE | &3 R BHAE EXH)
EEBFFeE EME 1 EERRE REE)
B ETF EHKRFE EEE)

ARFZRIZ. Na'OEBERAEHNKRE O—D> Th D BHEYREEIES OO FEF2BIHT S
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Na*&kF P /BET I/ B ISV AR—F =07 73] —id, §DOLIH4EDS
NWEIVIBNGVAR—Z— BETI/BONIFVAR—F—) L2BOHET I/ B
FNSVAR—E =D BRD, TO77IY —OHETI VBT VAR —F— ASCT2
(hASCT2: b h &%) & ASCT1(hASCTL: & b5 by /) —<Hifaddfk) k. 57
%07 I BRFOEAEEZEL. To7=V. BV, RAvF=V, YRTA R ERIH
ICTE ER Ay Ko bulky 2R R elanT S/ B EEE LT 5%E%R ASC OEEER .
L# L. ASCT2 3t BOmSEEICMA T/ NE I v bk 572 ASCTLitlk LT
X ENEEEREZE L T, EHICHEAL Na" £ ORRBKRE S 2o T,
ASCT1, ASCT2 iz AVA =V 2L OF X ) BERIKE §25 "Na' Y A% % R0,
AV A=V ERDIAL D Nat JBE KEEIT ASCT2 Tl HilA#X 11T, 773 U—0
MDAV ANR—LERY IHONa" LEBLTNWDZ LAVRKR ST, £z ASCTL I, &
Wb D Na' % Lit itB#T S LHERELZRWA, ASCT2IXLi* 22 ANDZ LN TE T,
BN Liz, ASCT1, ASCT2 &bz, fifashicmEkEBEE2 51252 Licky. filE
AP bOEET I BOBTHMEESN, 207 3/ BOWREBITHMESN, O Na* itk EF
P, AN OREBRES LIPS itk oTER LK. #oT. WHIX. Na" BEIE O
M5V RR—F—CH VAR, T3/ BEHREREL LTRSS %1 bhB,
ASCT1, ASCT2 QOFEEBIRM: L A A kEE OBV ESE . AREERBRLL
Na' &M OREZ BRI E Lick A SR ETR TH D, TORRIZ. bhbhass
NEIVER RSV RR—F —IeB T T, BDAREEEY b R b = B
DR FEIZE DB OF £ ST OBRLBET DT LTk Y, Na' fiKFkh i TRk
)M VAR—FZ—DT7 IV~ Na* LHEBEEOBBEEEEETS 52 TH
AlBEReRET2 0L EXLNS,
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BB E  &F Fn (k2 EFR)
EEIZEE . & T (BFHRKRE B
JB BT (K FE EEE)

1. HrZe Hith

Na'lZ, BZRBWTRMEP SBERBEN 22 LItk EBNICREEILS., R
& 2> D DN " BIR O50%E EIGEM RBE» DX IERT I/ BAEL OFEY
ERBESNDE THRREN 225, ZHIEENRME O SRR IEOE G
oL BHREEZNT 2N OEFILERT Y VY L OBR 2 FIFH LT ERE
#T>TN 27 ThHd. Na' /HHWBEBE LWL BB VWTIE. Bk (F5v2
R—=F—=) FFREN2"EEHRLLE AREEREENE DY, ThENRIENa"H 5
W RBREESKETDIEIN I VAR—FZ—BAHD IV 7+ A= 3 v BNEILL.
Na' b EBREHIZHBA~LBET2LERh TS, L., AHEEERDN TR
UNa' G & BAIE. WFhoNa' / ARAEEEFCBR VT RAES LTV RN,
AF VT RNVOBEREHEBIZ. cDNA o —=V S itiEdSNERN TR
BARZEVHEALPZENTEL, ZhiZ. A FVFRAIEBN TR, BESh
TBEREEZAMEORRILE SV, FYyRXALOEHER2ERT AT SCNEES
WIRTFET D)., BNBENEEREFIIRH SN EEILEZ Z0OEFLE2E2RBRLT
T2 LARAEREDTH D, L2PL., NFTVABR—FZ—2BNTIE., 20
EORPI VAR S —DO—RABEERETIRENEFT VI TEL BT
B E- T, PIVAR—F —DOBEEBWEHABOFRIZ., EFNFVAR—& —
HDNWEF., FPIVAR—F =T 7 I Y —ZBWTHEIMCT DR ITIE RS 20N
DRBERTHD, AR TIZ. FHEELNLIISEEDY L « A =V AW
M EBBRHRICBNTE FELLSa—=v S LeNa' /T 3 ) it ek
(Na* fFHEFET I/ BN VAR—F—) ASCT1 B ASCT2izB W,
MEOEEABE U Na* B OHEEOENCEB LT, EEDBIN & Na' S
B EFRETHZ LZENE Lick A SBTET- .
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2.1 Na' kEHEHBETI/ B MF VAR —%— ASCT2 & ASCT1 @ cDNA &
AS OER

P MBSk ASCT2 & ASCT1 O ED cDNA 27 5 A RRJ X —
pBluescript II SK- O~ AV F 7 a—=V 7% A NTEVT b (ASCT2 2% 5' fl,
ASCT1 A 3' fl) WA Lic. k. WH OMICRE L HlfREE R TYB
L. HMAM LB : 2EEEICREZT recA” KIBEHK IM101 & 2 WIZNM522 1T 2
S a v ERAVWTEALE (Fig. 1) « EFlican=—2577 23 F2Hil
L. SBIREELEZOT Hoe— REKIKPHTHA DNA OV 4 Xz RHEBL.
ASCT2 & ASCT1 OF ASHNERLICLERFHAENDIVAXETRTHDODOHKIT
DN TEFDBEOBITEIT > 7.

2.2 ASCT2/ASCT1 ¥ XA S OEARDRE

¥ A5 cDNA OF ASELSAIZ. Fy hTvy bnATIVEAE=-Varv
DNA Y— 7Yy v FiRkoTRELKE. Ry bhTmy hAATIVEAE -V a3
iZii. ASCT2 BUF ASCT1 OERER B bR 2 Y $TEHEI 4 £
3 AZ N Eh PCR THIEL. TAZw—=v/%y b ({rEbuFYV) %
BNTF5AI KRR E—gH T run—=27LkbDrb EcoRI iZ& V7D H
Ui Wi B 27 Quick Prime kit (77 V< ¥7) 2#AVWT?P TE#HBLTTIw—7
LLTHAWE. ¥A5 cDNAFE, =baEL—B—RA T4 NV EZ-ICFEY T BY
FL (8# DKy F7 oy hEER) . S0% AV AT I RRTAAT VXA E—
S aVvERolk. T4V E—DBRKIRYEREIZ. 0.1XSSC/0.1%SDS . 65°C THT
27,

DNA Y—4 Yy v siE, Ry h7a vy bnATVEA -V a v ORFRIZES
WTFHRENEHMEE bENERDNE S A< —%, T®H ASCT2B LTV
ASCT1IBRFEEMP 8 yHICEE LT 74 < —» L#EEL. dideoxy Bl &k »
TfroTe,

2.3 Xenopus SRR % F V7o BERERR A

AR L% A5 cDNA M A &N jz pBluscript IT SK* % HindIII TEIWr L.
T7RNA RY A5 —¥ 2k B in vitro BEILXY cRNA &K L. cRNA &
Xenopus SIRMBEICEAT I LiIck > TRE ST, #EMITIL. cRNA EAB
40-50 BSR T o Tc. BB L BEMEEIEX. “"C TE#BLET I/  BROM VAL Z
e ITRir LTc.

7 3 ) BERYAALJEIX., NaCl 100 mM. KCl 2mM. CaCl,y 1.6mM. MgCl,
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1mM. HEPES 10mM/Tris ~5mM (pH 7.4) BB FTIT>7. WY AZRD
Na® BRE &FMEORFICIZ. BETS O NaCl O— £z 132L% % choline-Cl TE
BMUTcBRER W, Li' O RERLDIBWITIE. BRSO NaCl % LiCl TE
BLiclBEER . 7TI/BBYARZ, 60 2 TERNICHE ML D, 30
SR DY ARBIREY VFL—var iy Z—THIEL. pmol/oocyte/min
TRRLE. BMYiIARD Km (Michaekis &%) & Vmax 1Z. BEKRER LT
AFHfEH» B Eadie-Hofstee plot ZFAWTEH L,

3. IR
3.1 ASCT2 & ASCTI1 #EEHIMEE O Hik

T TIC 1995 FE ORI ARESZIZR L X 5. ASCT2 & ASCT1 1%, #
EERMEE Na" KERICEALTERZ>HEEZTT.

ASCT2 & ASCT1 X, ¢dbie7o=v. VY., AbF =V, VATV 2ES
MEDOEE LT25MN, ASCT2 & WEWHEZEZRMEZRL, MATIAEZI VD
EEAMEOEE L 35 (Table 1) o THNIZHLT ASCTL BIAE I e <
ELRW,

ASCTIIZRBWT X, AVA =VE DAL D Na* lREFEEN S FRI—T 2L,
2200 Na* BEERMZEFHOLELXLNDIMN, ASCT2DALAF=VEYAHZD
Na* & F #iEMichaekis-Menten BIRIZEL &, BE—D Na* & HMLE HEo L
#Zx2 bbb (Fig. 2a) » &biz. ASCT2 iZ. #fas @ Na* % Lit BB LTH
HEET7I/ B2@mETE2M8, ASCTL . Li' fTR7I/VBEBGETER

(Fig. 2b)

3.2 ASCT2/ASCT1 ¥ * 5 D4R

FIREEZIc XY ASCT2cDNA & ASCTI1 cDNA ORI TUIN L7 S5 RI K%
recA" ORBEICREIEZZ LIk VECTane=—0D6 0% 2, HFEHER
BMEABBZ oTFERTFREINZ YA XOFTA DNAZEA TV, Thz,
ASCT2 B U ASCT1 @ N-KR%» 5 C-RIMICHIF T4 E LBz LY 27
B—7WEYDEy TRy bRTOZLICEY. FATEAEAEZREPIY T
Lic. ASCT2 RO ASCT1 OBIRBEHBICSEHBRE LIy —Fr v YV IRAOSS
A= =D bLbFRENDIFATELARELENERDLDRZ D% Ry T uy
FOFEREZSLIZLTERL, 20774 <—2HAWVWTDNA V=S v i%
T, FATEERERE L. BIEEERRATIE DNAY =70 Y U I8 K
TLTWARWEH., FASESAE. Ry b oy hofER2b LT, N- %
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S5 C- REIZHIFT A, B, C. D 04 DDEBTRIALL (Fig. 3) &

3.3 ASCT2/ASCT1 A SOOI NEI Vit L AL A=V Bk B

HERB LI ® A 513, Xenopus RMISIC BHE €5 L R LS Na* k-
EEOAL A= OWmYiALe R Lk (Fig. 4) « EHLEFASOINE I vk
BB TR L. AN EI L ERMETDIOOMW - FAF HTIS8) L L2W0nh O(Hl :
¥ 25 HTJ186) BdH5Z LBW bpicizol (Fig. 4) . Fig. 5 WRT & 51T,
i BR CRESGREZRFROF AT, TRTALA=VORHETIHOLDT
HY, ALF=VEREOINVEI V2 EQILHETHIODIIFELRP 2. AL
F=VROSNEIVEEbDREETE2FATIE. HE D KEARZLO2HOD
R ITFFIE L,

3.4 ASCT2/ASCT1 ¥+ 50 Li* &k

Fig. 6 KR T X5, AR LIF ASIZiE. Xenopus SIRRMBICER S &5 &,
ASCT?2 LRI Li' Z2HBAFTVELTRIFAND OO (Fl - 24 F HTI58,
HTJ186) &. ASCT1 &M Li* #&BAF L ELTRIARRZV D (i :
XA 5 HTI32) BEEL k.

3.5 ASCT2/ASCT1 %+ 5@ Na'" k&

ASCT2/ASCT1 ¥ A5®5H 4> (HTN10. HTJ32, HTI58., HTJ186) % &
WL, ALA=> (50pM) BVAHR D Na" REEEZHRFT Lic. Fig. 7 LR T &
5z . HTN10. HTJ58., HTJ186 I& Michaekis-Menten Eifg il Eh b
ASCT?2 ® o Na* fkEFEMEEZF L. Z0O Hill ¥ 1.0 LtESNnz, Tk,
MTJI32 BBWTIE., AL A=V OMYRAKRIZASCTIED S FRD Na’™ iFMHE
Zm L. Hill REIX 1.5 Th o,

4. EZE

AP LT, Nat B RS AR—FZ—ZBIFD Na' itk 2FHEER LORE)
DHFZHOLIPICTHIZ LEEKNZBENE LT, Na" IRKFEERET I/ BRMNS
VAR—HF — ASCT2 & ASCT1 0EEZERMEL Na" KFHEDOEVWCERLTH
AT EIToTC, ‘

ASCT2 & ASCT1 FAVvA=Y, 7T5=Vv, BV v, VAT VR EOEEL
THM., ASCT2 F& bt/ va I vemBimEoERE L L. ASCTL 37 v & 2
vidAa#®ELEY (Table 1. Fig. 4) » Tk, WE OEEKEE L MO R

-138-



8 10 3

ERICIZEUL 22850, TORET I/ BRAUNRBEICHERSS = & %
BRLTVWD. MEORMORFASEFTRTO5LICED ZOEET I ) Bl
HRABHAL 2 —REELICYE/ TEBHL£%. RecA' Ecoli iz & 2 A
HIRITE > TREITIERL 7o ASCTUASCTLI ¥ AS DI NE I VML ERES
MELice FNE IVImZERREZRT X ATIEED KELEAL2ESLODR M
CHEEL. MOBEBRKEAREZEOFASEIAEZI VEBELE P o7, o
T, ZET7 I/ BAUHABEMNZIER D tEET2 £ 605,

ASCT2 & ASCTI1 iZiZ. Z® Na' #£BIZEAKEVENEDH 3, ASCT2 1%, X
B7 I/ BOMY AL D Na* HE A Michaekis-Menten B ICEM S, B
—D Na' BEHER2LEEZX LN, Na' LT Km=2.5 mM & & Bk ©
HD . THIHNLT, ASCTL ix S FRERICHES Na" KEEEEL. 2 o0
Na' EEMUEROLEXOND., £/, ASCT2IF Li* 2&BAF v LTS
FANDDONL., ASCTL IF Li" 2 BAF L LTRSFANEZY, UELY.
UTORUMZHRT D, T72bb. ASCT2 & ASCT1 iZ3#BD Na*t LM A
ZRH. ASCTLIZMAXTEZD Na* A% B oL+ 5, A X ASCT2 ®
MEZLTOEERBTEZOT, Na* GH LTEEMUET, Li* 22 FANZ, =
NI LT, Na" fEEEAM B 1Z Na* ot LTESHME T, Lit 2S5 A 20 b
T2, COXSRRET D LIV, Li' 22ANRSZ A LSPANRBNB %
EHITRD ASCTLIE. 2% L LT L' 4 TIREI 20 Lz ASC b5
VAR—=Z =D LI" ZEEERATE 5, ASCT2/ASCT] F A S2MFTZ = &
KLV, MEDCERTH D Na' BEHMN B 2= vy /T332 N8 TEZIRPFT
»HB.

ASCT2/ASCT1 A JWr b4 2%BR L., 2O Li* SAML Na* KK
B@s2L. Li" 22 ANL Na* BEHM B 2R NTWBLEL LN D% A 5T,
Z D Na* fFMD hyperbolic Th V., Na' fEEHME — 2Ll Rne 22
bt s (HTN 10, HTJ 58. HTJ 186 : Table 2) . #hic L T. Li* 22 1} A
T N2"BEMMLBEFTTOLEXLNDF AT, 20 Na* REEN 12 S THh
BERIZPEW . Na® & EME Z o222 505 (HTJ 32 : Table 2) . HTJ
32 0F ATESAVEE Clzd V., HTN 10, HTJ 58, HTJ 186 O A S L
RIZFEE D 2dh % (Table 2) Z L%2EBT5 & Na' &40 BI34ER D e
HDIZLILRD, TRETNVEIVHZEORECETARESKRAE TS L. HTN
10 ° HTJ 580D & 572 Na* 385 ASCT2 BOF AT 1E, L& U rifitd s
ASCT2 IO EEZBRMUEZ R L. HTN 32 DX 57 Na* /85 ASCT1 B o * 2
T, SN E IV REE LR ASCTL BOEE R % =7 (Table 2) . Bk
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EWODIX HTT 186 TH V. Zhid. Na* £BEN ASCT2 R TH 2 bbb T,
EEZBREIZSNEZ IV EHR LR ASCTL B THS (Table 2) . ZOEXEDP

b, HTJ 186 % A SHAAIE. Na' &M B LEET I/ BRAUKEB RO

Blicdh ., BIENBEELD. N-KERICh D LRSI D,

5. 5% ORE

AWEIE XA TBIFICE > T, ASCE Na" iKEFERFET I/ BRI VAR —F
—QHEET I/ BUERHEML N fEOov vy EV I efiofk,. 4%, &6
BIFTAE2ASOPHEEPLL., ELRDNAV—F VY VI ORBRRITEYF A
SELEEPRETIILIREIVEERKEAGE - REELTRESTILELD D, €
DiEBIcESE, RUEBRNEREARIVENERIET LI OPROBEETHS.
TOBRBIT. Na'OBERATEWEEO—2TH 2FH MBI #EOHN FHF OH
RIZBEBRT 2042203, Na' /A HRAELHZHONS OEE L L TOEFAD
Na* 75 v 7 AR BRADOMMEBEL TNa"EFMESDICITFEBLOBER L
DRHBE~OHBR LR LBDNLD,

6 . CHR
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Table 1. Kinetic parameters of amino acid substrates

ASCT?2 ASCT1
Amino acid Km V' max Km V' max
M uM
L-Threonine 35.7 (1.00) 47.6 (1.00)
L-Alanine 36.2 0.86 : 81.5 1.15
L-Serine 37.4 0.87 55.9 0.87
L-Cysteine 48.0 0.90 3.6 0.12
L-Glutamine 33.6 0.82 No transport
L-Valine 211 1.12 850 1.12
L-Leucine 164 1.05 No transport
L-Methionine 288 1.15 No transport
L-Glycine 816 0.82 > 1 mM
L-Glutamate 1950 0.86 No transport

Table 2 Comparison of Na-coupling properties and
substrate selectivity

Chimera  Liacceptance Na dependence Gln uptake

HTN10 (D) + hyperbolic ‘ +

HTJ32 (C) - sigmoidal -

HTJ58 (D) + hyperbolic +

HTJ186 (D) + hyperbolic _
RecA+

Xenopus
" oocyte
expression

ASCT2/ASCT1
Chimera

Fig. 1 Chimera construction procedure.
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ASCT2

, ASCT1

Thr: 20 pM

—_

Km =2.5mM

1 C-Thr uptake (pmol/cocyte/min) Q)
14 C-Thr uptake (pmol/oocyte/min)

0 20 40 60 80 100
Nat (mM) Na™ (mM)

n
(=}
]

1 ASCT1

10

-
o

1

8 1
6 1
4 4
2
0 -

Na Chollne Li Na Choline Li
Thr 100 pM Thr 1 mM

0 2
Na Choline Li Na Choline Li
Thr 100 uM Thr 1 mM

14 C-Thr uptake (pmol/oocyte/min) c"

14 C-Thr uptake (pmol/oocyte/min)

Fig. 2 Comparison of Na'-dependence (a) and Li" -acceptance between ASCT2 and ASCT1.

ASCT2 WM@QM% |
A C D

ASCT1 f\‘M A

A
A B C

Fig. 3 Division of ASCT polypeptides into four parts based on dot blot hybridization.
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20071 150 uM

Thr uptake (pmol/oocyte/30min)

H20 ~ ASCT2  ASCT1  HTJ58 HTJ186
(D) (D)

0 1 Gins0ouM

60 -
50+

40
30
20
10

ol

GIn uptake (pmol/oocyte/30min)

H20  ASCTZ2  ASCT1  HTJ58 HTJ186
(D) (D)

Fig. 4 Comparison of threonine uptake (upper) and glutamine uptake (lower) of chimeras.

A+ B + C ¢ D

Thr/Gln: O Thr/Gln: O Thr/Gin: 9
Thr/- 1 Thr/- 12 Thr/- : 4

W P :

Fig. 5 Threonine/glutamine transport map. Thr/Gln: chimeras which transport both Thr and
Gln. Thi/-: chimeras which transport Thr but not Gln.
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300

Na 100 Thr 500 uM

200 +

100 A

Thr uptake (pmol/oocyte/30min)

H20 ASCT2 ASCT1 HTJ58 HTJ186 HTJ32
) (3 ©

200 ~

Li 100 Thr 500 pM

100 4

Thr uptake (pmol/oocyte/30min)

H20 ASCTZ ASCT1 HTJ58 HTJ186 HTJ32
(D) (D) ©

Fig. 6 Comparison of threonine uptake in 100 mM Na' (upper) and that in 100 mM Li"
(lower).

100 t

HTN10 (D)
HT32 () *
HTJ58 (D)
HTJ186 (D)

Relative transport

. - . . -
0 10 20 30 40
Na* (mM)

Fig. 7 Na'concentration-dependence of threonine uptake of four selected chimeras.
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The molecular mechanisms of Na‘-coupling of Na‘/amino acid
co-transporters :
Yoshikatsu Kanai, Naoko Utsunomiya-Tate and Hitoshi Endou
Department of Pharmacology and Toxicology
Kyorin University School of Medicine

Summary

For the understanding of the mechanisms of coupling of Na" transport to the organic solute
transport, we have performed structure-function analyses of Na'-dependent neutral amino acid
transporters ASCT1 and ASCT2.

ASCT1 and ASCT?2 belong to the Na'-dependent neutral and acidic amino acid transporter
family which includes glutamate transporters and ASC transporters. ASCT1 and ASCT2 exhibit
57% amino acid sequence identity with each other. Both transported alanine, serine, threonine
and cysteine as common substrates; however they still exhibited different functional properties.
ASCT?2 transported glutamine as a high-affinity substrate, whereas ASCT1 did not transport
glutamine. This suggests that substrate binding sites of ASCT1 and ASCT2 are different in their
interaction with substrate amino acid side chains. In order to identify the exact site to recognize
substrate amino acid side chains we have performed chimera analyses based on the differential
substrate selectivity in ASCT1 and ASCT2. ASCT2/ASCT1 chimeras (N-terminus ASCT2/C-
terminus ASCT1) were constructed by homologous recombination of their cDNAs in recA”
E.coli. cRNAs were in vitro synthesized from the chimera cDNAs and expressed in Xenopus
laevis oocytes. Among 26 functional chimeras analyzed, 9 chimeras transported both threonine
and glutamine, whereas others transported only threonine. All the chimeras which transported
both threonine and glutamine possessed chimera points in the highly conserved long
hydrophobic stretch close to C-terminus, suggesting that the site of recognition of substrate
amino acid side chains lies in this region.

The Hill analyses of Na'-dependent amino acid transports revealed that ASCT?2 couples to
the co-transport of single Na®, whereas ASCT1 couples to at least two Na’. ASCT2 was high
affinity to Na* with a Km value of 2.5 mM for Na'. ASCT2 accepted Li" instead of Na* whereas
ASCT1 did not work in LiCl solution without Na*. Thus, two Na'-binding sites were
postulated: "Na'-binding site A" which is common to both ASCT?2 and ASCT1 and "Na'*-
binding site B" which exists only in ASCT1. "Na'-binding site A" is high-affinity to Na" and
accepts.Li*. On the other hand, "Na'-binding site B" is low-affinity and dose not accept Li".
Thus, the analyzing ASCT2/ASCT1 chimeras would enable us to identify the structure
responsible for the differential Na™-coupling between ASCT2 and ASCT1, that is, the "Na*
binding site B". The ASCT2/ASCT1 chimeras were first analyzed in the view of Li" acceptance.
Among 26 functional chimeras analyzed, 10 chimeras transported threonine in Li". All the
chimeras which accepted Li* possessed chimera points in the long hydrophobic stretch,
indicating that the "Na'-binding site B" is mapped close to the proposed amino acid side chain
recognition site. Na'-dependence of four selected chimeras were analyzed. One exhibited
sigmoidal dependence on Na" and the rest of three showed hyperbolic dependence on Na*. We
found an interesting chimera (HTJ 186) which accepted Li" and showed hyperbolic dependence
on Na* (ASCT?2 type Na'-coupling), whereas did not transport glutamine (ASCT1 type
substrate selectivity). This indicate that the chimera point of HTJ 186 lies between the "Na'-
binding site B" and the substrate amino acid side chain recognition site. In the extension of this

“chimera study would it be possible to identify the sites responsible for the substrate recognition
and for the interaction with Na".
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