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FEHEF FY T AF ¥RV (EN a C) ORIIRNT 1 — RNy 7 FRtE

BhpwrgeE - ANl B (biBE KT KEREREFEED
HFEFFEE : Daniela Rotin( k1> b/ NRIRBEAFZEAT HIREAEY SR T)

a. B. yD3ODY T =y brbd S MY U AF ¥ RIV(ENaO)IXE
Jig, fifi. K7 & oL Eifass PRIz FE L. BNOBRE N T v AIMER
YORMIcEERBEFRELTWS, ENaCERIZ TNV FATRYONY 7
Ly YU EDORNEVIET TR L, MEANatZ2E Tk A Rl lENEFIZ XY
FEHENBZ enmbhTna, iz Zh b OMIfEANE T 07250 THIFEANa+IZ
X BENaCHEBERENZ. ENaC% A3 SN~ DBR /2Nat DR 2 SEER
T4 — KRy ZREBETH D EEZ LNTNIN, ZOHFHEDFEIZ OV
TR Do TWiRW, KT I EANa+tiZ KD ENaC7 4 — R
JREZBIT By BT =y FCHROBRENZRARDI L2 AN E L, 7 n—V
It5 v b ENaC(rENaC) Dy ¥ 7 2=y hDR5T5LEDT I / BERINS ®TE
BEFPHEERN BRIV Y T2=y bEEDIZMDCKME(a B v Liddle-
MDCK)IZ ZERGRFIRIE R, TN HIEAAYF I T T EA LEREZTT
2oV, a B yLiddle-MDCK HRIZ R — NN RO F 7 5 THEEZERATHZ
Lizk v, HEEIZT I v54 REREHENata V¥ 7 &V ABRERREZ L. €0
A A 2 ERHEIIL* > Na+ >> K+ = N-methyl-D-glucamine+ (NMDG+) T 5 Z & 251
SNz, & biZlnside-out patchZ AW E—F v+ RV BERMEERIZEL V. Li+»
FBBAF Y THDEEDHE—F YN AV R I E L RABFRKIIDSTH D Z LIRE
Nice ZHba B yLiddle-rTENaC OEBERKEHZHMEIL a B y TENaCOME &
R THholc. ¥RIZInside-out patchZ AV THIEANa REIZ & 5 F ¥ RATEER
i a B y-rENaCB LU a 'y Liddle-TENaCTEWRH D EN 2R, £
O, FEANa+EE 20mMA H25mMEL EIZiEim&¥E 5 & a B y -TENaCO
F ¥ FOVEMIZIEI SN B, a 8 y Liddle-rENaCOF ¥ R FEHE T MEANa+
VAR 2 0mMA> B 150mMIZIEIME THDEIL LIBNWZ EXRRENT. T D DFER
ISHIREANNa MR IZ & DENaCD 7 4 — KNy 7 TREEHIC y 7 2= hChds
EERRE PR L TWD A REEZE < AR T 5,
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BiES 9948
LT Y O AF ¥ XAV (EN a C) DRI T 4 — BNy 7 FAEBRE

BIgmrgeE c Al B (GEE R R E R
HFHFZEE  Daniela Rotin( k& > hNEIHGEAFZHT AL FEFT)

1O EHB

LEMEF MY T AF YRV (ENa C) 1B KB, ik L O & ok Fila
BEMENRIZFET 24 2 F + RNVEHT. £ O B e 5 & ARl ~n—
Flaer b U w7 AL F Uk g OBEEME & LBWTRY., EENicRI) 2 EME NV
A DFIC BB R E 2R LTnW5, ENa CiEthi7 v RAFu 2 EOFRNVEVIC
LVFHAEI SN TWBE TR, EN a CEMTHHBA~DT b U7 AL Z> Nab) i
AERIFZFNIZ L > T2RNIZFIERZ SNAMBARTOELIZL VRIS hD Z &R
HMoNTND, ZOBREOBBILEN a CIEMORHTTA T 74 — KNy I Hffit Zx2 5
. RRITHIRE R~ DIBF 2 Na R R 2B < & 5 B CIER 1T 4B 28 X UYR RBAE BE2EH
WCEELMBAREEECH D, ZOENa C74— KAy 2RI BEE2RIEZLTNS
HitEA R & UCHIRAI Na+ BB, Ca2+iBRE, pHIREM R ENE X BILWDR, ZD5E
W72 FHBITNER SN T2 (Garty,H.and L.G. Palmer.1997),

199 4FITIIULHTEN aCRTy PARIBM B/ u—=2 &N TESE, B b 2Eaih
DEMBIZRBIT DEN a CHOFO—REBENHLLIZR Y., DTFEMENTFEE RV
EN a COfExE L HEEIZBE T AR v R8Iz /2 o7z (Canessa, C.Met al., 1994), EN a C
FIET 2 BRESIOHERMELRE Ve, By ¥y 300V T 2=y MRLERSL. &7
=v MIEWHIEN S L N, CUtlc T DO AIIERN iR 572 5 RIS BRE
HTHDZ EAMBNTEY . ZOEN a CHIUKZA IR SALAKE & 72 Ml P TS 1z B8
HLTWAZ LIZHLNTH D, £/, ENa CHOFOMBRAMERE 2 — RT3 8EFE
BARE N CTRLND WML ¥ OB ARER (Liddl e REBRERIREET V RRF
TUSERE) WG LTS EWHFRIZEY & HIZEN a CHINRNER % v 5 F v %L
BT EOEE MRS ST > TE TS  (Schimkets, R.A et al, 1994) .

HiEE X ZhETIz /7 a—21t5 v FEN a CeENaC) # ¥l B HE LRl TH B
MD C Kfifaiz @& = AEZ W CTES LTcrENaCo FREMEZ VT, HRICERT
Z DBLEHZHER L OWEEN. MEANatEB LU Caz+EEZ LIz X B ENaCT 4 —
KXy 7 FRENZ DWW T EBERFIL 28145 L T & Ty B (Ishikawa et al., J.Gen.Physiol.1998),
BAIEE T u—LENaCR 7 & Z OWERICBIT AW RE RN T 7 U Y AH T LB
REIMRFER R & O LR TRONEC DD TH D Z LEH %D L. MDCKHilRTD
WHERE SRIT A E ) I BB AR R 2 b O 1 Tl <. ENaCOBENM . MANa+B L
Ca2HIREZEAIZ L D7 4 — Ry 7 RETOFEM 2 5 TR KX 2a sl 2 R 3l ke
DB, -

Z ZCARZRIEATRR OLiddle RIERFER E 12 B b AENaCE [ 2E 2 L ENaCHERETT
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ML W HBRIZE > P RB T, KRICHBEANatEBE I X BENaCD 7 4 — RNy 7 Faffikk
BHEEEN & Lc, Lddle RIERFRZFICR LN BIEFERIIB E Iy V72
=y bOCHHIIZIRFE L. 20CHIZHS 7n) r—Fuy vEF—7 PYEF—7) O
BOENEDE DT, ZOBEEILTHME EOF ¥ RAER L OF ¥ ROVEFE 0N
WX BF ¥ RNBEETERBIZEZ L, ENaCEAT 5 LEMIE~DONafR A RS &3
LEZ bRTnW5, L L. BFHRIENaCHMIMEAN Na i E R OB /54 12 & > T
FIENDEEEZBTD L. Z DX 5 LF v RAEMITEOMERNT 7+ — KAy Z2MEIRH
BRVIEBIZHELNEEXEDRB LR, 2 2b b9 Liddle RAEBRRRRT Tl
Rl R ENaCHERETL ER D BN B T L b, HFEHEIXLiddIERRE IR 65 B
FhiZy T2y b OEEE BEERSHRANaHREIZE S 74 — Ry 7 R I
HERREZRIEZLTWDS LV SEERGZ D> TND, £ Z TAWZEIIMIEN Nat =&
X b7 4 — KAy 7 FAEHEEIZEE T 5 ERllEE IR 2 REE LT, ATFERE RITENaCD
y Y7 z=y NCHBAHRERN T MY T A2 kD70 — RNy 7 Ffig#S e EE R REz 1
e LTS AREMEZ R LTS,

2. W ¥
rENaC3sIE #Hk

BHERIMD CK#ilgicZy RENaC @Qa By ¥ 7 2=y MeBEFRAKEZHNTE
ERIFEH S ST ild( o B v rENaC-MD CK) &R ERICA WL, a V7 2=y MNIFEER
anFaf RERE7wE—F -2 LREANI Z—it. BBITy BT 2=y M
oytomegalo virus 7 HE—XZ — % b OFHEHNY ¥ —jch T /s u—=2 7 Lk, LiddlefEfEfiF
O—OORBFBEHMT D (v V7 2=y PORRSTOLLE) & K& S ST EEE) v U7
a=y MNERGEZI - RT3 cDNAZERL, ZhE a BRIV BrENaCERERHET S
MDCKiiffd iz ZERIFEH & & CT/EH L7cHile (a B v Liddle-rENaC-MD CK) % S5
Wiz, Zhvb ORIz 5 rENaCE HEIIEARELRER LY X2 Ty ur g v
SICEVHERLZ. TN 5DOrENaCHEBRMRIEIDMEMEE# IZFBS(10%),
Penicillin (100U/ml), Streptomycin (100ug/ml), G418 (300ug/ml), amiloride (10uM) 2%,
37C. 5%CO, TH# LT, a B y Liddle-rENaCMDCK #5328z iXpuromycin (7 pg/ml) %
mzic.

Ry F oI 7EROTDIC, Lidfilas N N—47 X LicHiEL. 2— 4 BRICER
R Uiz, BRIz 820k H 1z Dexamethasone (1 pM) 3 X UNNa-butyrate (2 mM)
Ez., FYyRxNVEARBREZRES S,

N F 7 T TIRIT KD EERERRT
ﬁﬂ—ﬁ7XLuﬁ%btﬂﬁ%ﬁﬁﬁ%%ﬁfu/th%k@iﬁﬁﬁuf/FL
TeVETRTF ¥ v N—I2 4B LTe, ERMDCKAREA & OIEFEIE I idHamill b D8y F 2
SUTHEABDIZEVHAIE LTz, Ny FERY MIH S5 RE (Dagan, MN)D HIERL.
%@ﬁ#me&/FW%LFE&gmme%méﬁﬁbt%Aum%QXﬁf AT
Hote. F—NENVERR I VE—F ¥ RAVEBHRNEIZIZAxopatch-1D Yy F7 5 77
7 (Axon Instruments, CA)IZ X Y Il LTz, pClamp6Y 7 b7 =7 $ X U'Digidata1200
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ERVWTALVAZE ha— L L. ZOREBHRF— 4530 2—F D — K74
AV IRV IRATE, B—F v RV Eifidinside-out patchiKiz KV fiieolc. F—rtn
Ry F 75 TERITANTCERy bRRIZIZL T OO b D&MWz, Xy hAK
(pH74) (mM) : Cs-glutamate (120), CsQl (10), MeCl, (1), HEPES (10) , EGTA (10),
HIHALIEIENaC] (140), Kl (4.3),MgCl, (1), HEPES (10) (pH7.4) O#lfk%s b, HR—
BN E— RIZR - Tl AT LU ORLEE D Mg Sk i B # UTe . Na-%7z13Li-glutamate
(145), MgCl, (1), HEPES (10) (pH 74). Inside-out patch¥&iZ X 2 EROE~y MRIKIZ
BT OHLEZD b DE M Lic, Li-glutamate (145), CsCl (10), MgCl, (1), HEPES (10),
EGTA (0 or 10mM) (pH 7.4). Inside-out patch¥kiz &1} IR ICHE 5 A HEF
[ZNMDG-glutamate (145), MgCl, (1), HEPES (10), EGTA (1) Z v, A DNatiEE %D
OWEWITEENVONMDGHTEBRL TR L7, £ TOERIFEER #200C) THR-
Tz.

3. MR R

A3 A ENaCo DB KN

EpMERIMD CKHfE OMIREARIZ 1378 & DKB L OCIF ¥ RAVBFEEL TS (Lang et al,
1990), ZZ TERIEFHEAKRIZLVBHEE® LEENa+F ¥ R (a B y TENaO)B LT
ZEEMEa B vliddle-rENaCHgREIC L DIEER %2 TE D72 Hflkicii 3 57 wic, By

NIz Csglutamate & 2541 LT VA &, MIREAMIICIZEA 2> & U Celutamate 224
I UTesWiE RS Z Lick v, KB I UCHER 2 8/NB Iz /=, B3 sz
Na-glutamate %74 & U BRIz Wz o B y liddle-rENaCMDCK# g i1z
Bl 2FK — N VERAUEEZRO—Fl 2R LTS, #EBMT40MV & L T400mshi-
140mV2» 590mVE THREM 210mV S ST ER T L EDF—NLEAVEBRERL TV
b, BEMEEIXS 778 ba—) (-(100mVa5+40mV) 2RV, M1A» SIS,
DEITZDZ TRIICIRE L THRES NN E BHIXI0 pMamilorideZ M iz i
oz izkvfilsiv, amiloride Z s Bk < ERMEBHRN S & DL vz
TRILR T, & blizF—lilaz AT, M ONa+ZLi+HicB#RT 2 L. WE
R—NENVBEHRITIEIN Uz, & HlzLivE#tk oW R & BiiX10pMamiloride 251z X v
"Rl S he (®1B) .

WIZK+IB LONMDGH72 & DA A VBRI EFAR D e iz, Moz K-glutamate 3 X
U'NMDG-glutamate %374 & U 82 AW CRBRICERE T2 o7c. K2z TRWE
Fl—® a B y Liddle-rENaC-MDCKHlla 2> 5458 5 ichs BAR T RREEMIZ+40mV,
400msf# -140mV2> 5 +0mVE THEEMZ10mVSSE/LE Bz, HRAEBROa VX
7R UADBAZTYBBYEIERIZLIY > Nat >> K+t= NMDG*+ Cdhofr. TS DFER
v, MDCKHifRIz B &8z a B y Liddle-rENaCEHIZT I v 54 RERSHR I OA
F VBN L S I BFERT » XL & AR EE b oz LARENZ. L2 L. aB y-
rENaC THIE & N D BHAME IV A ITE T 5 B OE M (Ishikawa et al, J.Gen.Physiol.
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1998)i% a B y Liddle-rENaC i3 bhizd o7,

RICE—F % IAMBEEEZFNTa 8 y Liddle-rENaCEE OB —F ¥y Rrav & s Xy
2 BB ER I ENaCEH O b D LB Lz, B3 IkZ0flERT. ¥y MAREIZLE
glutamate |2 B TR L. MIRIPIIRIZHE Y B N RBBICIINMDG-glutamatelZ & oA %
W Tinside-patchEZ W TERETR o7, KIZRTL X 5iCa B yLiddle-tENaCiX
FEEIZW LY LIEFRTFA 7 ADBRAAZ - 2R L. £ ORBAELIXUGEN S DT
Holce ENLit#BRA AV L LI L EOE—F ¥ RN AV E I X2 RAFDSTHY a B
y -TENaCD b D L ZALB R bR h o7,

MR N a B PRI X AENaCD 7 ¢ — RN 7 Fffi

TNETlezu—21t5 v PEN a C(rENaC)2MD C Kfilgic 8= T AKXV I1E
817 rENaCoF 3B 2T, MR Na HEBEZE ki X 5rENaC7 4 — Ry 7 /R
Iz W T E P2 84 LT X TWBIshikawa ef al, J.GenPhysiol1998), [X4A B
M2 (ENaCEFER S D a B v -rENaC—MDCK#ifA> Hinside-patch Z4E584%., MilEgANT b
U AEEZ0M H25mMIZ LR EREBEOF v RN EROEILERT. T ORTHLS
D5 IZHENF N A ERIZEE L. FOF ¥ FVEEIX SR ICIfIEND Z LA
bbb, —H., a B yLiddle-rENaC% %I 5MDCK#A* binside-patch Z/FH U R DE
BaiTie o7 hd, RAITRT & 5 ITHilER S b U & ARBE 202 H50mMIiciEmS £ Th &
SEEBRR LN ofc, RISIZF ¥ RAIEMkIZRT 582 58N MY ¥ ARE DR
HBe¥ldik, IrLHELPRES1Z. o B yLiddlerENaCiZifa N T~ U ABRE %
150mMIZHEINE ETHF ¥ RGBT 2B BITRD b ol

4.E2%

AW GeEERHM D a B y Liddle-rENaCEMDCK#ifalz B S iz L&, A F > 8@,
T InSA FEZME, BE—Fry 2R EOBREHFNMHE IXH MR o 8 y tTENaC%
MDCKifa 2 R & BT I BB SN2 DD & lEA_ETFED b ofc, LBAL. a
B vy Liddle-TENaCTlid a B v -rTENaC T b N HHifE)F b U 7 MREEIZ LD F v R
NEWRERRD DNRPoTeZ &b, y V7 2=y O (RST6EKE) AHIRAN a
X BF ¥ XNEEDT 4 — KAy 7 FI EERREZH > THD R RRESRIR S L
2o LPL. SEIOEBRTIXy V7 2=y NCH O L& OMFEBAMMAN a Iz X 5 ENaCHé
R S I BEER RS2 R LT AN b2 b, BEETOWETy 7 2=y
kN DOHIZ 1A A E B Nedd4 DR SICBEERPYEF — 70 FEIEL TR Y. Nedd4 L ENaC
DFESHBHMEAN a iz X 2FHHEEICEECTHIPENICOVW TS BIOERTIE LR 5
720N (Staub.O.et al., 1996),

5. 5% 0HE

FRFGRERICE Y. AR L by T 2=y NCHAMIKAN a i ERIZ XD ENaC
WD T 4 — Ry 7 iflic BERREZ R TSRS N, ABE DIty ¥
2=y hPCHORIEAN a RERZBIULMET Dlevic, SORIERAEA-FT D
cDNARIFM L. AERE MERRINETT72 5 BERDD. SEOHEI & VIEHA
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LIULTWBT 7Y Y AN T )V REAREE R0 LR MER IR R L 13 < B 5 WHILE
M AR W ENaCRHL Y 27 A DB 21772 oTc. 4 E 5 IZENaC O EHRE RS
DRIz BT EEMIRE R RIEA~DZ — 5 54 » 72 LENaCOMNa LY 2 TR R EIR T
% 60
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Figure 2. Representative tracings of whole-cell currents recorded from ofyLiddle

rENaC-expressing MDCKs in the presence of Lit, Na¥, NMDG™ or KT in the
bathing solution.
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=90 mV

5 sec

1 pA

Figure. 3. Single channel activity in an inside-out patch obtained from oyliddle MDCK cells.
Representative tracings of a single channel inward current at various membrane potenitals.The

pipette was filled with a Li-glutamate-rich solution, and the bath contained a NMDG-
glutamate-rich solution.
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apy-MDCK ofyliddle-MDCK
0 mM Nat 0 mM Na™t

1 pA
25m£’[ Nat 10 sec .
a
50 mM Na 1pA
0 mM Nat ‘

0 mM Nat

Figure 4. Effect of cytosolic Nat concentration on single channel activity.
Representative tracings in an excised inside-out patch obtained from afy- (Left)
or afyLiddle (Right)-MDCK cells. Holding potential was -30 mV. The pipette
was filled with a Li-glutamate-rich solution.
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Feedback Regulation of Epithelial Na+ Channel (ENaC)

Toru Ishikawa and Daniela Rotin
Department of Biomedical Sciences, Graduate School of Veterinary Medicine, Hokkaido
University, Sapporo, Japan and Program of Cell Biology, Research Institute, The Hospital for
Sick Children, Toronto, Canada

Summary

The epithelial Na+ channel (ENaC), composed of three subunits (o, B, and y), is expressed in

several epithelia and plays a critical role in salt and water balance and in the regulation of blood
pressure. The activity of ENaC is tightly regulated not only by various hormones such as
aldosterone and vasopressin, but also by intracellular factors such as Na+. A mechanism by
which the activity of ENaC is regulated in native Na+ transport epithelia is called the ‘feedback
inhibition’, which is defined as channel downregulation due to the transport of Na+ across the
apical membrane and its accumulation intracellularly. However, molecular mechanisms of the
feedback inhibition are not yet fully understood. The aim of the present study was to assess the

role of C-terminus of y subunit of rat ENaC (rENaC) in the “feedback inhibition” of ENaC
activity by cytosolic Na+ concentration. Using the patch-clamp techniques, we have now

examined the effect of deletion of amino acid residues at C-terminus of y subunit (R576stop:
yLiddle) on the feedback inhibition. Under conventional whole-cell patch clamp confi guration,

afyliddle rENaC-expressing MDCK cells exhibited Na+ conductance reversibly inhibited by
104M amiloride applied extracellularly. Ion selectivity sequence of the Na+ conductance was
Li+ > Nat+ >> K+ = N-methyl-D-glucamine+ (NMDG+). Using excised inside-out patches,
single channel conductance, likely responsible for the macroscopic Na+ channel current, was

found to be 9 pS when Li+ was used as a charge carrier. Therefore, these biophysical

properties of both macroscopic and microscopic currents of afyLiddle rTENaC was similar to
those of aByENaC expressed in MDCK cells. In inside-out patches obtained from MDCK cells

expressing afyENaC, the channel activity (nPo), defined as a product of the number of active
channel (n) and open probability (Po), was decreased when cytosolic Na+ concentration was
increased from 0 to 25 mM. In apyLiddle rENaC-expressing MDCK cells, however, nPo was
not affected even when cytosolic Na+ concentration was increased from O to 150 mM in inside-
out patches. These results provide evidence for the role of C-terminus of y subunit of rENaC

in the “feedback inhibition” by cytosolic Na-+.
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