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1. OFf0laicid. catecholamine-cyclic AMP FRiT & STCiEMILENZ 54 FF +
Y aN (Cl Fvvan) BEETLIH, FrrxviiGoREs (5 v & VEENIEE
EW) 2—RELT. Fr vEANOBEEEHOHMEMTRI IR ENT VIRV, T
c&EH. B— Cl F+ Y2 VBROF— 5 OREERAS. BB N ORI &7 » oo BE
EMEIc L > TELNLELVE y EBLERMEEEREAE L. 2AKDy FEBERWV
<. EADOBREICLD whole cell clamp EHIZMEN ZT WV B icthE 0BRSS
cell-attached mode Itk DB— Cl F+ ¥ 2 VEBHRZFH Lo Cl B zEELY 5%
. MIIEPIRERIC cyclic ANP (0.2 -0.5 mM) ZMIA 2o 75, cyclic AMP =HE L
Mg 57 outside—out AP S5 b Cl F Y RNVERRTELIILBLPL DT, &
DFEEGFAL. ROXIBERER/K. €l F+¥FArdPECL b—BHOMKE
LORBOHEKEDS WEARRGNICERT %0 SE BB R & B W 5 ORI I &
bicH 1 s . BOWHOFHEKEIIZHN 0.2 s TH %0 NS5 Des A -5 ISR
BRREEIR BV, BRSO C BESHHNTHL2LEEDSF v+ V% NBFEII A & B
BERd. T HbBERERT ¢+ ¥ % VORBETS Bo outside-out [id 5 DT
HEEERIC =2 FBASNTEWV, T7HBH cell-attached recording T& 5N 3AIM
SBHADONN— 2 MiE. AorOMERMEILLE 7oy /BHRERRTZEEL SN 50
2. whole cell clamp EERT ATP & Cl BRI EFEM(LT 32 PRV I, COK
BrOSHEE L LEEBIcEnEL a5 hi0T, £ LTOEMETRIGO FiTZE T
atre FHbB. WM LRV ATP R2EA &2 E. TTRHESNTVILIE
FF B CHEEOIERERA A vEBRSRAETBH. TR EREVWTHRAICKE =
LSS VABERLT o CO ATP BREHIIAMEEBREERL. T OXBEBG
S 1 WEOZ{LE & bic Nernst ROBKRTEALL /oo JEKFEIED ATP analogue T
52 ATP7S bEARORIEZERILEDOT. 7Y vEEKENTZ257 5 v ARLT
$ 2 LEEHE NTo ATP OIEH. ADP . AMP | adenosine & Cl BRFFRICEUNTEH » 7o
AN o) CﬂBIE%(DQS%%%ﬂ%’ﬂU)}'ﬁE{‘EH%E@{%Kl:lﬁﬁ@%iﬁfi<\ LichB-TTY
V2D subtype (Pl. P2) @5 B ELLBIORIGIKEELTWAHRRETEED
5 tro EIMEED EGTA ¥ 7:13 BAPTA ZHMIMEPIICE L ARMAETTH ATP RIGREIE SN
0T, 7Y vySEEAHBMBoMEAEREEZEIC Ca OBERTVWEEIL SN,
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DT BV T, catecholamine-cyclic AMP RIIMEEIZE ., R ZINFEE. ME FEg &
L TAEBENICEERRELRH 2, BOEKMNHAECRELTEH. K F+ Y209 Ca F
¥ Y RANIEEDBRA A F v+ VX NVDOEHN, CORICLIDEMEZIT A EN LM
NTW5B, BT, B L COHMIBIC B VT, cyclic AMP ZWEA 4 v EEREFRZHKS 2 C
EMRWEah, COBHRPEELNL>TVWE7 054 FF+ YR (Cl F+ i) nE
EENfo DbNiEF. ELPSIDLHD Cl F+ Y2 VICBdT 2HEEIT-> T & 7275,
ZTORER. O Cl Fovxid. a5 75 2BNEW (13 pS) C&. BricbBuwT
BWAMEEEZRT & 7+ Y2 VOIEHLICIE cyclic AMP kEFEHES v s 3+ — &
(PKA) ZNT 2HEILBBETH B &, £/ OBBLIE. FEEFEHREICHEF + v 2
L% available WAREEICEM T 205, F+ Y2 VHB OB AE I HEE LT W &
WEEPESMITLTE K,

L LB S, 0D Cl F+ 2 VIcBLTRELAWABAGECHEIN TV S, &<
S, F+ Y2 VORBFABNFEOFHFMIBEN I T LT ENTE S, 7. catecholamine-
cyclic AMP RUA R AT RV EFET 20 EI2DOAOAETH 2, 22 TEHEIE. Ch
SORZEHOPICTEIEEHNE L TEREIT- 0

(Bt A ]

A, collagenase MBI L > TEHELNALELE y PHEBOEHMIEE S CICLER
MaTH 20 B—F v v 2 VIS OEBHMIETIT > 7o BIIIEMEET. 2400y 78
WA WT, AADOEMRICLD vhole cell clamp B&L T cyclic AMP DHENAPNER % 17
W, {5 DEMRT cell-attached recording 217 » 7o BRIETTIZ. BIZEH 1 - 2 MO .
BED 3 -5 MQ THoTo —HMOEKRTIE outside-out EICL 2 F v v % LETsE &
H1o ATP BEMIEH D whole cell 3 V52 4 v ALBLIETHEZALERI. LEF
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#ifa% whole cell clamp LTiT»7o $TRHE. LEMIAZ -40 nV KEMEEL. =
BEOZ 72 ZHMLTBRBEEMGEZRE Lo whole cell BREB—F + ~
ANVERIB. PN F—sva—5E2HWT AT F— 7B HEEFEL. BTavyEa—7
& DR L 72o

EE 4 v— FKEROMAEIE (M) . NaCl 140, KCl1 5.4, MgClz 0.5, CaClz 1.8,
glucose 10, HEPES-NaOH 5 (pH 7.4) T& %o whole cell 2 ¥ 57 5 v 2 JIFEBEICF W
reffE s O FARRIE (mM) . NaCl 140, MgClz 2, glucose 10, HEPES-NaOH 10 (pH 7. 4)
THh, INIT K F+vrn, Ca F+ &N, Na-K pump BHZEZMEIT 2720, =1
41 BaClz (2 mM). nicardipine (1 w«M). ouabain (10 uM) ZMA o HIIPERIE
DHIIIRDEBED ThH 5 (nM)o CsOH 90, aspartate 90, CsCl 30, MgClz 2, TEA-C1 20,
EGTA 5, Tris-ATP 5, glucose 10, HEPES-CsOH 5 (pH 7.2)o Cl B|HZIEMAL T 2 LB s
HBHLEEIF, INIT 0.2 -0.5mM D cyclic AMP 2 A o B—F + X VIBHAOE
WKIRIROMER D EFIE L/ (mM)o  NaCl 150, MgCle 2, HEPES-NaOH 5 (pH 7.4).
outside-out FHEIZ &L 2 F + R VICEE X, MIIRAZIEE 1 o — Fik& Lo $RTER
i3 35 £ 1 °C TiT»7o

@YEAES

1. outside-out Fic k3 Cl F+ v ViCR

whole cell clamp FIDEMIC L D fIfZIT cyclic AMP 2AW L2225 —KDEET
cell-attached mode ITL B F v+ Y R NVELEHZITW. HETDOF— 52BN TER, F
7. cyclic AMP ZE T L 7c#lah & 87 outside-out @D %y FEM S S F + ¥ 2 VA
BTEHIEVHBELADOT, COFERIDSSRF+ VA VF— s DEREERS 720
Fig. 1 I outside-out RTEE SN/ Cl F+ Y2V EHRETOERELHFZEO—H %
RYo BAAD Cl RERBCOBERFIFELY (M 150 aM) OT. F+ vy 21 EROME
B 0nV KIEWEER > T2, L LERBEMBRICRF[TOVREN S &I E & Bk
BHoNT, COIER. Fr A NVOAEEBREIR Cl 414 Y OREARICTKEL T
RELTOWBDOTREL, F+ a5y 7 BHOWHBEICHRLTWS I LERRT 2,
BB, COFRBTTOH—F+ 213 Y575 2RAEEEBRT 15 pS (5 HIFH)
T. cell-attached recording THONKLMELD PP K& -7,

outside-out RTEIR EN/AF + V2 VDH > —>DHBHII. NEEBFHIC/N— X k2
BONITNWI ETHB, cell-attached recording TRIWNEIEBFEICHT N—2 b B A S
Nfe TOI &I, intact RETRHMIENOFSLOMEMSF v v x0T 0y H—& L
TN=2 FDREICIE > TV AR 2 REY 5,
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Fig. 1. Cl™ channel current observed in an outside-out patch.
The patch was excised from a cyclic AMP-loaded cell in normal
Tyrode solution. The cell had been dialysed with solution con-
taining 0.25 mM cyclic AMP. Pipette solution was the usual one
mainly composed of 150 mM NaCl, thus providing an almost symmet-
rical distribution of Cl1~ ions across the membrane. A, original
current traces filtered at 0.5 kHz. Numbers at the left of each
trace are the patch membrane potential. B, I-V relation of the
channel current shown in A. Note a slight outward rectification.
Linear part of the outward current has a slope of 16 pS.
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Fig. 2. Kinetic analysis of Cl~ channel. Data were obtained
from an outside-out patch which was clamped at -80 mV, and 256
events were analysed. The experimental condlitions were the same
as in Fig. 6. A, histogram of open time. Time bins are 250 ms.
The histogram was fitted to a single exponential with a time
constant (t gpen ) of 485 ms. B and C, histograms of closed
time. Time bgns are 600 ms for B and 125 ms for C. T closel and
T cloge?2 8re the time constants for the fast and slow components
of closed time. Inset shows original current trace filtered at

0.2 kHz.
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Fig. 3. Time constants of open-close kinetics as a function of
membrane potential. T open * time constant of open time.

T closel and <t close?2:’ time constant for the fast and slow
component of closeg time, respectively. Data from 5 outside-out
patches (closed symbols) and 2 cell-attached patches (open sym-
bols) are plotted.

»
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2. F v v 3 VOREAIF QRN

Fig. 2 IKF + v 2 VOBEFAEHOMBITHERO—PIZRTo IAiE outside-out HITH
WTHEEA -80 nV THLNAF+ Y ANVBREBITLILODOTEH 5, FERHEZ TS
ARE—DIEKMEK T4 v P TE. TOBERIE 485 ns TH o 7o FRHER M7 F
ARBE—DIEHBEBTE 74y PTEF, LRCLEBZPDDEHRZFHF > TVWHLITH -
7o (BEX 364 BXU 885 ms) o COXIRMIHEVLC DD OPlIcBVWT T TE QA
BRTITW. TOERZEZ T EDOM Fig. 3 THbo REINLF—FORITH. cell-
attached recording & inside-out EH SBONALIODOEHENEETNTWS, Fig. 3
AHBE. F—FDELOEBLBODKEVLDOD, ZOOBEHE I - &Y LLRE
frEoMEERLTOVRE VG, BB, ¥+ ¥ 2 VORBH O ELR LHREOEWE ORE
BiEbicig 1 s ©. FBHNOBEVWHOBERRI 0.2 s THD, ThoidBBURIER
EBEkEE T B LBHR SN Do

3. 7Y VEEEEMNLKL Cl BROEHEL

L7354 F&RIE. 7TFvr ) vHBREGOANRST T Y YRERENLTHIE
Hlbahad EBBEBVWEEI Nk, CORBROUEMHMIALY bLUEHARLCEVWTEZ A
ShicnT, EBRRELLTOEMI I LTIT->7co Fig 4 WRTERIE. 50 uM
O ATP O Y575 v ARKBIHEEAILSDTH 2, LDEMMIZIC ATP Z{FH &
¥re, TF—BUHEONEEBRORKENH V. TO®REV THIE &R U6 & B O #
WMz ond, —BHECEELAHEBEBRE. BOHNEESBREELZFES, ARIEKS
BEEAEL LNV (Fig. 40) « CHRTTIREEICH S TEL L ATP Kk » TiEHE
fbah, FCIBEBEEERCTIEERER A4 v F + Y XA VEHRTD 20

ATP FEFIRILEIIW - K » &G b s h 2 BRI AE EBHEEZRL. T OHIREM I
BLE -30 nV f[HEICH > 7 (Fig. 4E) o SN DFEMRE. cyclic AMP-PKA RiT &> T
EHLEN D Cl BROZNIIPUTV S, I TOLAWVWARERESN Cl BREDOLET
D AP AREFOVEBMZEZFANT Ao Fig. 5A KRTEBRTR. ATP {EAIhICHE
Ja4h Cl MEEEA 148 mM H» 5 18 M IKEID ST W3, Cl BEREDE & SIKREAFERD
HEEicy7 L. 5 Y 7EBOABEBABAE CHOLTVS (Fig 5A) o iy
ATP FERBEHOWEZEAIZ. & Cl BT -26 nV TH -7 bDHE Cl KPP T +20 nV
w2 b L7z (Fig. 5C) o Fig. 5D k. =ZRBOEM -k (1 BEOLLTRAIES Nicdix
BRICODVWTDF—5%2FLHhdbDTH b, FEEBEME Cl BE ) LoMERE
BT, TOHAEIE Cl BEOHELELS/D 52.6 nV ZRL7e, COHRI. COEBER
DEHIZEHREWAA YB3 Cl AAVYTHBEIEZTRTo

Wiask ATP MSPESL D ecto-MgATPase IC &k » THIKAREEI N B L &, ATP REGKZEZNT
IR OBIETEaI VY7 5 v 2REELSCIEOHENH S, T I TKE%E
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Fig. 4. Membrane current responses of atrial cells to extra-
cellular application of ATP. A, Chart recording of the mem-
brane current 1in response to voltage ramp. The cell was ex-
posed to 50M ATP for a period indicated by bar. B, I-V
relations obtained before (O) and 2 sec after (@) the appli-
cation of ATP. In this and subsequent similar figures, the
current traces indicated by the same symbols in the chart
record are superimposed in the graph. C, I-V relation of ATP-
activated translent current obtained by subtracting control I-V
relation from I-V relation with ATP shown in B. D, I-V rela-
tions obtained before (O) and 40 sec after (A) the applica-
tion of ATP. Recovery I-V relation (A) is also shown. E, I-V
relation of ATP-activated, malintained current obtained by
subtraction.
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Fig. 5. Dependence of the reversal potential of ATP-induced
current on [Cl']o. A, Chart record of the membrane current in
response to ramp pulses. ATP (50 uM) was first applied to the
cell in NaCl (Cl17 =148 mM) solution, and then external solution
was changed to Na aspartate (Na-asp, Cl1 =18 mM) solution when
the background conductance was 1lncreased by ATP. Finally ATP
was washed off. B, I-V relations recorded in Na aspartate or
NaCl solution, in the absence and presence of ATP. Averages of
each two consecutive I-V relations indicated by the symbols in
A are shown with the same symbol. O control in NaCl solu-

tion; @ and A, during ATP application in NaCl and Na-aspar-

‘tate solution, respectlvely; A, after ATP was washed off 1in
Na-aspartate solution. C, I-V relations of the ATP-induced
current (difference current) recorded in NaCl solution (®-0O)

and Na aspartate solution (A-A). D, Relatlonship between the
reversal potential of ATP-induced current and external C1~
concentration ([C17].) obtalned with internal solution contain-
ing 54 mM C1~. The (iinear line was fitted to the data accord-
ing to regression analysis with the least-square method, and
had a slope of 52.6 mV per tenfold change 1in [Cl']o.
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ZFIC W ATP 777 Thb ATPyS 2HIBCIERASE TAILEI A, ATP TAH S
FERIBEE - EILRIGSEEE N LcW-> Ty TORBEPIED ATP ZFE (7
Y yREE) ENLTRI-TWE 5D THD LM N5,

4., TYVUVEREDY T4 TIKOWT

HEE i ATP BB T YEEEBNELTWS ETNIE., {bd ATP TFH o /i &
S THRIGHEDLNDBHLNECBERTTH I, bEAAMETET ) vEEKOY T 5
4 THPEBE L B, £ 2T ADP . AMP . adenosine X EDEM%E ATP © % 1 & HEKRE
L#o ADP & ATP &% -7 BB OIEA AR L7cdS. AMP & adenosine (& Cl B ®
HEERL., BHECHREININEEBHRAFBES AP oo LAB->T, BEDOE
BRICRVWDWD P2 44707 Y vEEEVEELTVWEI D EELALSN S, {BOMIEIC
BWTh P2 7Y vEREEP—BEDOBA A VERERAS T LI EBMESN TV %,

WolFd Cl BHROEM/LICEL T, ATP . ADP . AMP . adenosine DEFI DM & %Lk
B o, TNZhoEYMOFEFEAMEGEREZARTS LY, SEHOERTREZFDO S W
FRBEREA2BWEREAhotio TRDLE PL P2 BEDEDT YV v EBEEG T 54T
BECORBGIKHEMELTWA»ERET Z2IERTEUED > 7

[(£%]

1. &[E. cell-attached recording 78 & T'iC outside-out FEZFA LT, BH— C1 F
Y VANBEROF -2 E2BHEL. TNOO0F - » 5 F v V2 VORBTNFEICET 5 ¢
SA— s —ARBUDTHRETE, ThiICEINIF, O Cl F+ 2 VE—RBHEOKHNKE
LoREHEORKEOS VWK EEBT AL LW Kb ol T LTXTOEBEHIIRE
BCRBELB W EBRRENT, /. FHFEBEEEVT OTHHARMIZ L bIT 1 s
CHVNT. CHETOLNONOWMEEXET LD TH > 7o BVWHOEHARRKZ S
B LDTRHDEIENTE, TN BELT 0.2 s ThHot, BB INSLUAIC, cell-
attached recording THRAE EBFRICNN— R FBAHSN BB, TNid outside-out RT
LTI ED S, F+ A VOWHICHKRT20OTIRIEL, MEBNOM S»OYHEIC
Y 37m .y 0 BBTHAD EHANES NI, INSOF v ¥R AVBHROFHOMBOA A F
Y YA NVOEHERNS &, ECCHFADEBERPEVE VW) RTHEFCHFHENTS 50
WolES., LEMIAE EMBOMIESE -TWS Cl F+ vxVicBL TR, FIEEEICS
WTOHENZL S5 600, HFAEHOEL VTR EINL TV, LFHCl F+ v F
NOEBE LG Cl F+ Y2 0T NEOLKRI. SHROMREFLOILILES I,
O Cl F v+ 3 LicBi LT, BEILd LIk ATP DEAKBEBIZAS»ORIEEAN L

—185—


SSRF020
スタンプ


TF v+ vANVORBBRLBRBHICHENERTE LV REPSRERBEN TV S (Gadsby 5.

1993) o L LbhbhoERBRTIH. EORRBEAEIRBVTS F + ¥ X2 VORTER B
PIcZE(Ld 2 L9 R ERBEIN Lok COMBIRODVTR. ESICEERHRD

VBETHAD, &< IT inside-out I LB EBRROMEUMBIBRAL LTOEEFN %0

2. SEHOERBRICED. O Cl F+ YA VB BZEROLLB LT, 7Y YREKICEL -
THHEHEMENTVWBIEDBES D ER o1, T ITHURTY Y EEFHHBLEZ OMIBAIE
MEEEPEEEE 2, bR IOACEHULTELFELVHREZIT > TRV, O
Bicxdd s Pl & LI p2 ZEGRBOMB BT 2 E(LFHBMEICELNIE, cyelic
AP ZROMEREEMNTH 2, WoiEd. WAWLWARHIAT., 7Y YyREFRHIBZ S
(A7 v b= AEHBOERENL THIEA Ca REX LR S®, TabEa 575 v
2EESEIBZIEBMONTWS, LA LSEMIEN Ca IREOE(ALZIX 2709
42 mM EGTA F 7213 20 mM BAPTA 2 E <y MRS EVLEHETTH, ATP iTL 2 C1 &
BRIEHALRBEI N, LEM-T, bbbl Ca OMELBRENTHSE EEATW %,
MIEBREHREEZRICEL TR ESCMAZED LI EBMLETH 50

ATP B7 Y vEREENLTOLHD Cl F+ v 2V EEHEALT S &R, ATP H ca-
techolamine & & dICKRRMBERKICBI I2HEEVMETH S &P S5HTREMBEKED
2 &THBo F 7 adenine nucleotide ROMMIBEE» S biah 2 &BMon T
W3o D Cl F+ VALBIFTIER AN =2l L->THEMHILENS> B &iid. &
SVWIBHEBHEDTHAEINe BXTOKALHOEEREBENEREZRF >TVHILE
WL, FEAESHBEAPSOWRLEAD T, SLBIWROBHBEE NS,

[5% DE~E]

B— Cl F+ YR AMEALTR, TOSFHEEP D nucleotide binding domain D FEHE
BRIFEL > TWBE, £ IHEESBBHRAEBLECLI>TY+ v T 20ErOa@ENE
BLTLKBDFTHEN, F+vxVvOEEALEEERHERICBT S ATP O%El (7Y ¥ 3%
FE REMED) B bo LRLCHYIT ALENS Bo TOLBICIE inside-out KD
WL EFLVHRFEORFRENLEE N5,

SEHOERTIR Y vEEFHHUEROMIBABREEREHSLICTERDP >, &
ORIBEIR. DHFOARSTMOMBMIBRICEIZ 7Y vEEFRIETOHECE > T
BWODTH->Ts SERETOMPALTW E/IWEIATH B, T/, LA Cl F+ 32 Nid

ZEREOHICL > TEBIALENZDOTRIBVWIEBHESLITHE > b, fhic b RADH
WHRADBEFEET 22NV, SHRRIESHEAATHRIN 650 52 LI FRAFA I
> Ty F+ 2 NVEHBZERXNOLFLZHEHSLITLTW &,
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PROPERTIES AND REGULATION OF CARDIAC CHLORIDE CHANNEL

TSUGUHISA EHARA and HIROSHI MATSUURA

Department of Physiology, Saga Medical School

Summary

1. Properties of the cyclic AMP-regulated Cl~ channel were
studied in guinea-pig ventricular myocytes with the patch clamp

technique. Cell-attached patch recordings were performed,
while the cell was dialyzed with a cyclic AMP-containing inter-
nal solution through a second patch pipette. In addition, C1~

channel currents could also be recorded in the outside-out
patched excised from the cyclic AMP-loaded cells. The channel
seemed to have at least one open state and two closed states;
the open-time histograms showed one exponential component with
a time constant of about 1 s, while the closed-time histograms
showed two exponential components with time constants of about
0.2 and 1 s. These 'time constants showed no clear voltage-
dependence. The current-voltage relation of the Cl~ current
observed in the outside-out patches showed outward rectifica-
tion under the condition of symmetrical Cl~ gradients, suggest-
ing that the channel itself or related structure has a property
to rectify the current flow. The inward channel currents
observed in the outside-out patches did not show any bursting
activity, suggesting that the high-frequency closures during
the burst seen in the cell-attached patches reflect fast-block-
ing phenomena caused by some intracellular substances.

2. In the whole cell clamp study performed in ventricular and
atrial myocytes, external application of ATP (5 - 50 M) was
found to induce a Cl~ current, in addition to a rapidly desen-
sitizing cation-selective current. A nonhydrolyzable ATP
analogue, ATP7y S, also evoked these two currents, indicating
involvement of purinoceptors rather than ecto-ATPase on the
membrane. ADP, AMP, and adenosine were also effective in
inducing the C1~ current, showing no clear order of potency for
the purinoceptor subtypes involved. The purinoceptor-activated
Cl™ current, 1like the pB-catecholamine-cyclic AMP-dependent
cardiac C1l~ current, showed outward rectification and time-
independence.
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