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RIEIZH511 D NaCl 2R IR RME LB EBAIIIZ BBV TRAS L.
V= TUXL T TIVRARTR R | Caryba— L EN TV, ZOBR
IS TD NaCl B P — DA =R AZDOWTDEEMITRIERH TH D,

BEBID ATP K K'F 4 RVIZBNT, ZOTEME B & 28 RMAE RO Nat
Xt DREMEE R TIENBALNICENTVD, —F. BRIZERL TS
ROMKI F¥ /Ui, HIFZAN pHICH L TELWES IR R T 20 b TVD,
BEBIZI\VTHL Na'/H 33 #ah T2 ZR — % (NHE) DIEHERS BN LASEIH T
WBDT, BEIIIRBITD ATP KfFME K'F ¥ x0 Na @& M1, NHE EiE%
T DHIIEAN pH ZAEIZRIA T A REENE X bND, T CARMFATIE, 207
REMER EEMITRETTT57201C, B LR B kOBEAMIR HEK293 00 AN = /LI
FARIZ ARSI ROMKI %2 NHES %%@%é%f ROMK1 F¥r/L? NaCl &%
— AN =R LT TR,

IRREARRGIZ R RS ¥~ ROMK] F ¢ R/VEFKIZ. HMED NaCl 2 NMDG-ClIZ &
BT LoD EHIfIE L, TTAR T EBRITP oY LDV~ LEIELTE,
NaCl®» NMDG-ClE#zh R, <A 7u v FERIZBWTHERRIZBIERS T,

IBEEREDZIERIT. NaCl Z~=F— N2 XoTEBL THEDITZ, Na'/H A #ih
7/;@? FOREFRTHDETIRTAR (10 pM) DRI REFA =LA, LT
IXH20 Na' BREREZIH LI, TvhBEIWIun—=v7ESh, BEMRERM
BERFTICREBZMONTND Na'/H R Hh 7 AR —# NHE3 ZIREE ARz 35
FKBEEHE, NaCl O NMDG-Cl BHAHRITFIZE LSO ERY, ROMKL F 4%
VD TEF EIRD NatBREIZEDIMF O RDOAL —FLRELE L2007,

HEK293 #IfEPNIZ NHE3 L3R IEH7= ROMKI F¥RVERIZIBWTERER
IZ Na*BREBIZLBIEEIRI N H b,

LU EDFERDS, RS D Na P 1%, Nat/H A Ha R T2 AR — 2% 41 L CHlE
P pH 2SR LI2 T, ROMKL T RAUEMEE IR T 22 LA s
720 B0 T, FBEEBED NaCl B2 —HE DA D Naz P —I1Z1k, ROMK1 F¥¢
JVENHE VAR —FREAELTWDHDEE X HiILD, CIEV I —IZiT CI F v
R Na'-K'-2CIa—h TV ZR =R ENEEL COB AT S X Hid,

_9 2_






9736 TRMEK' F¥2VoONaCltry—iiknHE

B ZEE  ME R (HIGELEFFRERE EBPEHR
JEREMFZE3 - Ravshan SABIROV (FEIE 37 3L RIWFoRtsets A M2 HF5R )
Rustam AZIMOV (FEWG |57 3t R WFFeAeht A= B0 2R 92 o)

<#FEBH >

FERICRITD NaCl ERREITBIRME EABRERMIBIZB W TRME N,
V=V e TR F Ty s TVRAT RV F | Tarhe— LE N TW5, 2O R
fﬁ'UDNﬂﬂt/#—®%ﬁ—2ALOMTEM%W&%HK%T%%O
BIRANE LR AIERED KA R, BHiRIc EE & H 2Rl T
DHDEEZBILVTND, [RAIE ERIC i&< Aﬂ?ﬁﬁﬂiW?%*Wﬁgﬁﬁ
FETDIENEED NN TF I TR E>THLMNZENTWA, 2], -5
I, BHb ROMKL REDRATTARTTYT M CTHD ROMK2 X° ROMK3 237
n—=V 7303, 4], TNHDERE TAL, CCD RBEMIZBITHEKar %7
ZU A, ATPARTFME K'F ¥ RNV D3 FREETHLIHDOEE X bNDH IS/ 5T7,
FEERBED ATPARTFME K'TF ¥ RMZINT, TOTEME B & 3 RME IR D Na'
R DR MEE R TZEBALNIZENTWS[G], —J5. ROMKI F ¥ RLi%
FBEA pHIZX L CTELWESZEZ R T2 EbMb T A (6], BEBIZBWTIE
Na'/H'ZZ#a kT2 AR —% (NHE) DIEMERBENZ LR MBNTWHD T, BEBIZ
BIFD ATPIRTFME K'F ¥R d Na B2 M. NHE JEMEER A3 D HIFRKN pH 2
{LIZIRE 3D ATREHEDN B X DD,

AW TIT, ZOFRBHELZEEMICREF 7272012, B LR Bk
HEK293 2 A0 = )V IRRHARRIZ A0 S PEIZ ROMKL % NHE3 23ISR T,
ROMK1 F %R ®D NaCl Zo P — AN =X L5 TR~ -,

<WFFITIE>

DFEDF

ROMKI1 @ cDNA BB ZAE L (K &) I, Fvh NHE3 @ cDNA [ I&EHK
EREL(BRHBE ) IVEHESWEEE, 25D mRNA 2/ LT, YA
A= NVIREHAARE (A7 — V EVD) 1ZaF57 F—BIEIZSVFREEL . mRNA 27 A%,
ND96 & 112 T2-4 B BE 8 L= O b EBRIZHE LT, HEK293 #1#81X DMEM J&
FTEEL. ZNHM cDNA % lipofectamine (EIZ Lo Th IV AT =73 a L,
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ERAEET

SR AR O4 A EFE O ME 1L, AR UIREAL B EIEIC Lo THT o7 AW
# MIRA AR IR DORLAL (mM) DB D THD: 90 NaCl, 10 KCI, 1 MgCly, 5 HEPES
(pH 7.4), HE/pLEITIE NaCl 2T NMDG-Cl IZBEH#L TRV, BT
S F I FAH—F v RVERTEIIE TV B R FEANCIRY RO ETIT o7,
RS B O~y MR OFERE (mM) 1%, 100 KCI, 10 EDTA, 10 HEPES (pH
7.3)ThH D,

HEK293 AN ES R OREIZT ARZTF VY F 7T TIEILEST
1Tt BT HIRESMNE DAL (mM) 1Z, 130 NaCl, 10 KCl, 2.6 CaCl,, 1.8 MgCl,,
5 HEPES (pH 7.4). B~y hpRIEIL. 107 KCl, 1 CaCl,, 1.2MgCl,, S5HEPES, 10
EGTA (pH 7.2)Th D, LERRIZIZ, FHED NaCl ZEREERIIZ NMDG-CL &
<=h—UZEHLI,

1% Dagan CA-1 X4X Axopatch 200A 7> 7% AV TREEkL pCLAMP6 % H
WCHEAT LT EBRIT N C=IR (23-25°C) TITo7,

<WFFeHER>
1. I MIRIZ FEIRE ¥z ROMKI FyRL

ROMKI JEIC o CIMEHMIAIE, T CICE[7TLZI0IC K 1@ R MEE R
K EFE RIS (1), SHED NaCl Z NMDG-Cl I[ZE# LoD
K EFIEIEE N, TARTEEBRITPoDETOL~IL~LRIELTZ (K2A),
EERMETITN 50%ICb BRI 35728 (M1AB, FK2B), OV NAEE
M 1372 h o7z (B1BC),

T DRERIE. ROMKL F ¥ /UiEMEIHIIAS Na B EIZ I TRV T AT I
SN TWAIER R LTS, LL, BATHyFE—RFTHE— ROMKL F¥
INERELIZ LS, B—F ¥ JNavF IV ADRKRESS, Fr x0T =74
U2 SMR NaBREIC Lo TAIL BRI T2 072 (93) , #E- T, Mfash Na'
Xm0 K F v RVORTICEEERAL TODLD TN ED AL IR o7,

NaCl @ NMDG-Cl E#ghEI%, <A 270y FEBIRICBOTHRERICE RSN
7 ([04) , 1ZIE RRED N EIL. NaClE~=b—/ W I->TEHBL THELIL, T
. ROMK1 F % FUEMEEL CI A A B E R LIT T ESN T, Na'lCD AR E
ERTZEDHALDNEIR 0T,

IR ARSI XN TZERIZ NHEL SFEHLTWHOT, EFRO Na' B RITIO
Na'/ HZAS#ah T AR —FIEMEZE b &S T-b L, ZOfERAECTHMIaRN pH Ok
Tk CRIXR SN FTREMEN B D, £ T, Na'/H' R T AR —F DRE
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HTHHTIOTARN (10 puM) DENREZFRAZEZA, SO TIEIH 203 Na'FRE%)
BEAMEITAZ LML (K5),

2, URREAMARIZ NHE3 CIEFEIFIH7- ROMKI F¥ RV
IvbBIhI/m—=vran, BERRERMAESFTICREAR IO TND
Na'/H' RN T AR —% NHE3 Z Il IER B S5 &, NaCl O NMDG-CI
BERDFIIEICELNEO LR (K2A) , ZOEFKERMHFZE (K2B) b, M1
FIRE—R (M2C) bELL o7z,
€5 T. ROMKI F¥x® NaBZMEIL, (D7 EHER5 RIIZIX) ABAZP pH
bR L THIELEN TCNAZ L FE RS LT,

3, HEK293 #gPNIZ NHE3 L3S w7 ROMKI F v R/

M IR ERRAIAE HEK293 1Z ROMK1 @ ¢cDNA 270 Y =0 MIFREBREE T, 18
B OSMBERLEET KERGRELZEZA, HOWNREEREL R T K
&7 KEBWRARIES iz, LA, R R M Z O BHRIZTH IR LTz, By A
W2 ATP (I mMERINT DL, 0T F 7 ATMIE TET, FARZF Ly F 7
T 7R ETRELERIE T, ATP 243 b REMIZHIZ>TZO KEHROD
RIEIXFIEE CTH-T= (16),

AR AL NaCl Z<==bF— VIZEHRLTH, 20 HEK293 #MMIZERSET-
ROMKI1 F ¥ RNVEFRILE £ 10-20% LoMfilE /g o7z, UL, NHES &4
REETZH AT, FELO=b— VBRI ERROSND I LA LD
Liro72 (6),

4,
FfESA D Na'td, Na'/H' RN T AR —F2N U CHIRAN pH ZED &8,
ROMK1 F ¥ pVIEMEZINH 95,

<EE>

BIRAME D K'F v 1ML, REM O, EEMEMIRETO (Na R
EEEY TN UT) KUFAZI TR0, FIEAIRIZ 31T 5 K W 81285 1L T
W5[8], A BIDHFZEIL. FT- I RME RO Na'L~ L ORI 2RENDOHDHZ
EZTRLTND, ROMKI F¥RMTEEBIRILL QLTINS TAEMFHIC
ABLINZEN TRY9]), FEBMIAOBPERIFIEITIT Na M K'Fr L
TEWED N F 7T TFRIZE > THLBZEN TV B[5], £z, ROMK1 @
Na'BSZ D, BEEBED NaCl B — AN =X MK ERZENZRIZLTWAIL
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PRECGRERENSD, 20D X572 ROMKI D Na' o ¥ —HfeIE, JRME —RERIET 1
— RSy JHEIT L BEREEIEFEL TODHDLEZILND,

BRAEBED NaCl Bo P — DM D Na'&o P —IZik, ROMK1 F ¥R/ O
NHE FSv AR —2MEELTWALDEE X BID, X T, CIF¥1/1% Na'-
K-2CI a—h Sy AR —H72 M Cler—E L TEIWCWARIRRIER B A bND
DT, ZOFFE TOEEDWFENREEND,
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X1 JRREAMARIEIRE ROMKI Bt F 0D Na @z,

NaCl & NMDG-Cl|ZE#L 7=t XD EHMIRER~DEE,
A. EEEUETTOKER, G0, VAT ara—MikoTEx FEEICRT
DEFISE,
B. Bt —BERME, ADAT Y7 7LZ 100 ms RO EFRER 72w, NMDG-CI
BHRTH OREFHRT —ZRE2FIRENTND,
C. avF ¥ A—BERME, BOBIVRDT=av 575 AEEHRLL TREN
TW5,

IR AR ER % ROMKI ERD Na B2 Mz 595 NHES SR D &,
A. NMDG-Cl B#5hE K& O ZDEIEDRERIE, 100 mVAsh —20 mV ~0DF
VT E 80 mV DRFFEMILEXLLEOY - BRIGEE Oy k, BT
ROMKI1 BRI Z . AhIL NHE3 LR A TOT —FERT,

B. NMDG-Cl EHUZ ZDMHI O E R ek T CORE, -100 mV COEFRMEIDF
H, ROMKI1 BUMPE (n=6) & NHE3 tDILIFIR (n=5) DHFEDFEEME (ST
7) LIEEERZETE (FERR)

C. NMDG-Cl B ROREHERIBDRERAL —NOEL)E By F77) &
IRYE(RZE (EHR) .  ROMK1 HAh (n=6) . NHE3 LEFH, (n=5)

ROMK1 RERIIFFHIIE L CHOE— K'F ¥R VERIZTTSD Na'D<w=h—
JVEHAD R

A. REHRE—F » VB AL

B. B—F ¥ 3 VER — BERME, 5SHIOFHME GLENE O =AH) ORERZEE
(FERR)

C, D. ROMKI F¥x/NVD<w=h—VEHE RIOT —T AT DXRTATA,

ROMK1 JERIRMIAD <7 3y F K EWRIZH 25 NMDG-Cl BEH#IZEX
% Na'BREZIR SHIDERORES) .

e, JU 7 (+150 mV H3h ~150 mV) TELNTZ Bt — BESFIEIZT 975 NMDG
BHLDE L,

F. £100mV (23155 K'EFRE —Z7EIZR 95 NMDG EH#OZNEELZDEIED
R T R,
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ROMK1 3SR RHAIQ Ol K EF D NMDG BEH#UZ ED Na BREZIRIC
T BHTITAR (10 mM) DEEE,

ROMK1/ NHE3 £33, HEK293 #ifRDEMfe K'EHiO Na'frk (v=h—
VB B, 6FIDFRRONELD,

A, w=h— LB E T OFOEEOREZIB, -100 mV 225 +100 mV ~0
Sy FP% —60 mV DIREFEMIND G2 EEOY —/BIRISEZ 7 Bvh,

B. 100 mV 736 + 100 mV -~ 10 mV BT REE AT Y77 OV AICH 5%
T BRIFENL -60 mV),

C. SV 7RI LDER — BERE,
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NaCl Sensor Mechanism of Renal Tubular Potassium Channels
Yasunobu Okada, Ravshan Sabirov, Rustam Azimov

National Institute for Physiological Sciences
Summary

Potassium permeability of renal epithelial cells is a crucially important parameter in kidney
function. An ATP-sensitive K" channel ROMK1 and its splice-variants ROMK2 and ROMK3
have recently been cloned from kidney and most likely represent low-conductance K,
channels of TAL, CCD and macula densa (Hebert and Wang 1997). Macula densa cells have
been shown to possess high density of potassium channel of intermediate conductance,
responding to the changes in extracellular Na* (Hurst et al. 1994). Recent studies have
established the presence of both ROMK potassium channels (Xu et al. 1997) and NHE3 type
Na/H antiporters (Amemiya et al. 1995). The aim of this project was to reveal a possible
regulation of renal epithelial K™ channels by Na*.

The macroscopic ROMK1 current expressed in Xenopus oocytes was found to slowly
inactivate upon replacement of extracellular Na* ions with NMDG®*. Maximal value of
inhibition was app. 50% and could be significantly enhanced by coexpression of sodium-
proton exchanger NHE3. Amiloride at 10 uM greatly changed the inhibition kinetics,
suggesting that Na-dependent inhibition is mediated, at least in part, by sodium-proton
antiport. Direct interaction of Na with the external entrance to the pore is not involved in the
process, since the inhibition could be seen in cell-attached macropatches (pipettes contained
constant NaCl) upon extracellular Na* or NaCl removal. In addition, single channel
amplitudes and gating kinetics were the same in cell-attached single-channel recordings when

pipette solution contained either NaCl or mannitol.

ROMKI1 channels transiently expressed in a human embryonic kidney cell line, HEK 293,
were rather insensitive to the extracellular NaCl. However, coexpression with NHE3
antiporters conferred profound Na*t sensitivity on the channel. Upon replacing NaCl with
mannitol the inhibition could be as deep as 80%.

Taken together, it is concluded that a cross-talk between ATP-sensitive K* channels and
Na/H exchangers is likely to represent one of the mechanisms of the tubuloglomerular
feedback signal transduction in kidney.
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