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BB ME TRT EENKSE B¥E)
EREPrgEE WA s AEER RS R
RHE Y EEERKRE EFLE
A JE PATEERKRFE EFEE

HESER - AHIAOMIRIPIETE ( 4 VREZZES O LV & D bEURST LI
SR ARE OIS A EOER TH 505, T OARFEHOBEIAHATH -1,
Hixld COBEORRE U TR TERA 4 v RAH LIS (BRAT 8
v 7-ATPase) % BLH U (J. Biol. Chem. 1989) . ZDHERE L BT EEAEMTL TN 5. EFR
S F vy 7 -ATPase TEMEE. THEMBROAMICRIESR CIZFICROoNS. Hill. M
OEFEA 4 YRV TER (520kDa) OBEBEEICHIIL. ChICHT 2hkzEE Uz, &
L. e BRI B a1 & VR Y T OREE SEERREICHAS I L. ERA
F VRV TOERY T 1=y PERET AT LERNL T 5.
gRrEs. (1) RERA S VRY THEONS : 5o MuONMIEAED ST 2
1B o VR YT E (520KDa) & U FICHE L FER. 18R 2 ARV TERDS KD
FT7 1=y FEEEL. (1 -ATPasefE S L UATP (RIFME® °CL™ BkiEE ( I8RA 1 VR
VIEN) BT AHAER. Sla XTF RHUERA T VR VITOMEHICEE TS
NRTFRTHBHT LISNEENZ. (2) BEEEEE - b ECHR A R e SRR
Ik, EFEA A VR Y TEAIES v MRMEE AT/ NG )L Tl ORRR
D, BOREL & UBEEAERICHAOREREINCEET 5 2 LOHOPITE -T2,
1A o VR VTIPSR A B ORI B RS OB THEBIR
EE A o VIREE TS C LOSTIRENE. (3) EREAA VRV TERT T a2y b
1A 7 R VT EE (520kDa) OSDS-HKY T2 Y LT I RBSUKENCL D, 5liDa K75
ko, 3EBORTF KNV RORERS Nz, ZOHO—DFBHIOERT I/ Bisl &
MR NFRT 3 J B b LA BHI LTz,

EE4 4 v RY T, 5lkDa OEMY 71y MEHEREATH LVWEREAKRTH
. BRSOt BEEARHBHIRICTFE T 5 T L SDICTE > T2,
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BEARE | E TAF MEER K E3E)
JERAFZEE | MRAR A (BIVEEERL RS BRER)
R B (FEER KRS R
H JlpE (FTIER A% EEE)

WZE By
FHEMEOMIEPIESR - & VBEAFEINTROL L L D BE RO Lid. Rz
DGABAB LU T ) & VEZFEONE T BIEFA 7 v F % 2% U -G o
WHDERTHLD. COEEEBOBEITETH o1z, Fhld. COERBOEREL L
THRMEREICHIO TIESRA & ViRBH UE (18351 4 VR Y7 -ATPase) 2 B LY .
ZTOWREL DFEREFT L TNSD , 1854 4 VKV 7 -ATPase OEERITH LIS
) VEEDT D AMERBR SILEBAFERL D | 18R 7 VB Y T ORI
HRICBT SEEHEZORENT LSO o1, 1854 4 V8T~ ATPaseiEit
& PIREROMICRIEERT CIERICED o022 . L. MOESA 4 VR T=
(520 kDa) DEFECRINL. U AHUFZ/ERIL 12,

BRI e BIRIC BT 218 A VR Y T ORES G LI ST L.
BREAT VRV TOERY T 1oy b EFEETAC L EENLE TS,

issWatex

IERA A VARV TEAOREE - 5 v MMOETALTEBIIE N E % JE 1 % R EE S
MEGA-10 12k OFRAEL. Ci- £ 7 7 0 — XA 5 AIETEHEENono-CEEEE kA > 0
NI TT 4 —WKTHEL. EEAEER Y T2 LT I RFIVESKENT L VEBEL
2o Z)LED520 KDa EENY REYIHREI L TEELEH L. BRELOES 4 VER
Eme Uiz,

TUBSEA A VR TR OIS : FEEDIESA 3 VRV TEBRE D9 RICEEL. Boh
1TUVED> STRESEREIT & 0 16 SEZFERL. FIEEA + VR Y THiEE LCAN
720

ATPase/EVEDHRIE : ATPaselEiElL. 10-20 wg BEEME% 20001 ORESHE [100 o
Tris-Mes, 6 mM MgClz, 6 mil ATP-Tris, 100 mM NaCl,10 mM KC1,1 mM EDTA, +1 mM 7N
A2 0.3l =52 Y VEE) (pH 7.4 ] TITC. 10-20 DRSS HEEL 7oy
VBREHEFEE LU TEH Uiz, Il 5 7NA VB IREANa*, K*-ATPase JEIE. 7N
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4 VEIETFD0.3 s 27 ) VRS MEN % L -ATPaself . Ele v TNA VB LT
T2 ) VBT FORIEE S 7 = VIERR IR L U1

YT o VY FIEMORIE | IMEDTALEIE A E (TREERD) % 20011 ORI [50
M Tris-Mes,3 mM Mg (CHsC00) 2,1 mM EDTA, 0.1 mM picrotoxin,1 mM D7 INA . 6ol
[35C1]C1-Tri (0.1 Ci) , +3 mM ATP-Tris, pH 7.4]FhC3TCANRARIGE ¥ 7. 527
4P — FIEEERI AR L T, ATP SRIINT & 52 SCLE D IAGNEMEIERA & VRV TiE
e U,
%ﬁﬁ%&?:l—?wﬁﬂTivb@%ﬁﬁﬁﬁiﬁ%ﬁﬁ%w\%ﬁi@%@mum
EAVERL. 1000EFRIR—kbiik% BV CABC 7 % 1= g FITCHES IRHUARIT L B EEEAIC
Y OB o, KT v JUBIAE. SEERMERAERR - (E AR & DiRtEE N
120

TR
(1) HiEE4 7 VAV THEONE « 5 v MyESRIESA( 7 K v 7 EH (520KDa) iorf -
42 FHIE (1g6 ) 1. 853 VRV TEADSS-RY 72 )T I RIIVER
SKENREIEO 51 Ka 7 1=y FEEEFL. Ol -ATPaselE s LUATP HRIFIECL @ -
EEN (ERA 4 VRV TEN) ZEEL.
2D Ehs, Slkda NTF RHERA S VRV TOERES T A2NTF R THHT
ENSRRE Nz,

(2) GRS L AESEA F VRV TORIE « _Eatiha AU SesEil L7 &
0. 1854 7 Ry TEEEERT. 3y MR ESEE. MMV THE. B
BET BRSO MRIEDM, BORES L UBESEAE R aOEERANC ST
TAHC PRSP (F1. 2) . EEESEAE LRFED 5 5 THlidD BRI
HETAC EHSNTWAKF ¥ 2 (P2 TR V) ORBEREZREEFIT e
2. KT v FIOERIERE A TR S 2V HIAIC OAETA o VR Y TIRRIEEIE RO 51
DT, BOEEA + VKRV T ITESEREROEERIICEET 52 LAHSHPITZ
>72,6
 ZhBOFBENS. 1851 & VR Y TIHINEPIESE 1 2 VEE QR RS B AR
BEOERENI CHEBINBIESR A 4 VL% E 5 Z LSRRI NI,

(3) EEA AV RYTDY T 1=y b EHRA VR 7EH (520kDa) DSDS-KY) 72
LT I REVESKENCLD. HFE (Da) 51 55 60,64 DXTF RNV RHHERS
Nize SIBLUEE KaxTF Rid. BEIOEHT I/ BEHI LABREOZWNARRY X/
BB % o L BHSPITE o1z, £z, FUERA VRV THRIN - B LU
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Fig. 1 Cl1° pummp immunoreactivity in the rat brain.

A: Hippocampus CAl pyramidal cells.
B: Cerebellar Purkinje cells at different postnatal stages
(4-20 days).
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Fig. 2 Cl1- pummp immunoreactivity in the rat kidney.

A: Collecting ducts in reference to aquaporin immunoreactivity.
B: Double staining of collecting ducts (C1~ pump and aquaporin

at basal and apical membranes, respectively) .
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DNELEICE ENA51KDa X7 F 2588 L. MioCl -ATPaseiE B L e A 4 v
R TERZE D ENCHIFI U 7205, GO il BREE. /NS, T, B s L OMEmt
72 ¥ DCL-ATPaserHIE DRV CTld. TuEHR+ # R v 7 HIKBUGIES 1kDa X 7'F |
FRER =Nz T2,

CNSOFRLS, EFRA 4 VR TEAES] KaDiEE (BVERA 12 dmE) &
1=y MEHERZEUHTLWEREAKTH S LHEESN S,

o
)

T oA VTHHIETA A VU REEEINNCHRE T AEREICE. i E THEEER GRS X
Nizdpotze L LRSS, BEEMIOIHECld GABALEAL 18R A 4 v F v 2
DEMHEDSEABOE 2R T T L F I GE s Cld eI OIS = A o VS
<P, GABALEAIK - 1851 4V F v FUOFEIHMEIEERZERT A2 8. 2805,
TIPS DI A 7 R AR DI RS i R AR Z IO CTEE TH AT &
PRSIz 5Tz, COLEEZIERS 2EeEESR L LTD, FRA 4 VRV TOBRIT
KEW,

IBRA A VAR VT OFEL. WHAZELSNTIE. FESEM (Aplysia) DISHIIES 3B LU
(AT )) DIRBNTHRESN. FNTIHIIEN Z 2R OREBINBESE A 4
Bk zfH-> TS LEXO6N5E, fFEEIE. BIE T 100 ka5 K, EETIE54
kDa 50 kKDaDH 7 1=y bPOi bEREARTHS LTSN TS, FFETHRE
U TWBSIHAZDIESRA T VRV 7. OSSR A 4 vikAE LB L U T 25
TS LELIOERERFF o003, BBIEEZ ). B LTy 71y MEEERE S
THEMDRRD SN A3, BFRA v OE ARG AE TdH 5.

STEWEBIENAEFA 4 VRV T ER (520 Ka) IS Ak, B LU BOIES H
ERIBEFEA F VR VT ER (520 kDa) DSDS-RY 72 Y L7 I RESKENEDS] kDa
NTF FOH%&Tam . Cl -ATPased LTIEFRA 7 VRV FIEHAINE LB BT
filL . F72Cl -ATPasetE DA W RS Tl RERITIEAS B 5 122 £ 6. FUEEA F
VRVTHRE UTOWE R EEZE X oN 5, £2. CHODFTRAHS51 ka7 F R
PIETA X VR VT OEMHIC D ABEE TH S C LHEXNS.
- TPREERIC BV TEERA & VR T RSEEEMED A S 0T ER80 SN AL, W
NBH6ABA AW E 72137 & VAT & 0 BEHIRERZE L 2R THIE T
Y. IGFRA I HEENAFUHEEN L 0 HIES . MRPBESE L 7 U EEITAEEIICE
SHERFENTWD Z LOEE XN A TH 5. COERERIL. R4 RV T
DT NS OHHRAIC BNV TR A F ~ OREBIB A UK & U TIEBIL TV 5 & ol
it ® 2RI A LD TH S,

FICBIT DIEFA 4 VRV TRREEEL. EABORMEIEEERIIC DARD S
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2o CHETIHSNTVWSESEOTHMIRT v 1)U & MIEEREREIC & 2 RIS
WA T, B SR O SREE CERE O THRHTER A &~ OREBNHmAI &
S TSRS % T ARSI SN 5. 142 ) VIEE. Na*, k¥, C1 it %
=5 2)—THEEL L THEENSDS, il — THIFREL 1TSS RZ Y. 185
4 A VRVTERETSAY . 252 VEEE. DL — THPREICEE N TE OFFRENRIC
sk x < . HEHTEELE. COBESHEIL LGSR # VR Y TIEEL O
ELHIFRIEET 5.

S DIRE

(1) EEAF VRV TONTFHESEE. BT 2=y bONAZ O —= VI L BHET X
J BEREHIOMATIC L DEBASIC L. WHIEEESE A 4 R v T OEEIHEE =Y.

(2) ESEA F VRV TOFE - Zb - FRBTA2EES. RPN BNT
AT B0

1) Shiroya,T.,R.Fukunaga, K. Akashi, N. Shimada, Y. Takagi, T. Nishino, M. Hara and C.
Inagaki: J.Biol.Chem.264,17416 (1989)

2) Inagaki,C.,M.Hara and X.-T.Zeng: J.Exp.Zool.275,262 (1996)

3) Inoue,M.,H.Uriu,H.0tani, M. Hara, K. Omori and C. Inagaki:Eur.J. Pharmacol. 166, 101
(1989)

4) Kunugi,Y.,Y.Hiraoka, Y. Hashimoto, T. Taniguchi and C.Inagaki: Jpn.J.Pharmacol.
57,167 (1991)

5) Inagaki,C.,T.Tanaka,M.Hara and J.Ishiko: Biochem.Pharmacol. 34,1705 (1985)

6) Gerencser,G.A. and K.R.Purushotham: J.Bioenerg.Biomemb. 28,453 (1996)

7) Moritani,C.,T.0Ohhashi, H. Kadowaki, M. Tagaya, T. Fukui, F. Lottspeich, D. Oesterhelt
and K.Ikeda: Arch.Biochem.Biophys. 339,115 (1997)

8) Inagaki,C.,M.Hara and M. Inoue:Adv.Comp. Environ. Physiol. 19,59 (1994)

..7 2_



A chloride ion pump (€1~ pump) in brain and kidney

Chiyoko Inagaki, Naoki Hattori, Toshiaki Higashida and Xun-Ting Zeng

Department of Pharmacology, Kansai Medical University

The chloride ion concentration in neurons of the central nervous system
such as spinal motoneurons and hippocampal pyramidal cells is lower than that
predicted from passive distribution. This enables inhibitory hyperpolarizing
responses to occur when transmitter operated chloride channels are facilitated.
As a canditate for an active chloride transporting system that produces such an
inwardly directed chloride gradients, we found an ATP-dependent chlorideextru-
sion system, C1~ pump, in the brain (J.Biol.Chem.1989). Later, the activity was
also found in the kidney. Recently, we isolated 520 kDa protein with C1~ pump
activity. In this study, we analyzed subunit structure and localization of C1~
pump using anti-C1” pump antibody.

(1) C1° pump protein (520 kDa) was isolated from plasma membrane fractions
of rat brain, and administered subcutaneously to rabbits for immunization. Anti-
C1™ pump antibody reacted with 51 kDa subunit of €1~ pump and inhibited both
C1™-ATPase and ATP-dependent *°C1- transport (C1~ pump) activities. (2) C1-
pump-like immunoreactivity was observed in the plasma membranes of brain
neurons such as cerebral cortical pyramidal cells and cerebellar Purkinje cells,
and those of basal plasma membranes of intercalated cells of renal collecting
ducts. (3) Electrophoresis (SDS-PAGE) of C1™ pump protein yielded at least 3
peptide bands including immunoreactive one (51 kDa) and that with an N-terminal
amino acid sequence that has not been reported previously.

It is suggested that C1~ pump has multisubunit structure with a possible
ative subunit of 51 kDa peptide, and is localized in plasma membranes of brain

neurons and intercalated cells of renal collecting ducts.
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