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AR i (ERERR)

DFEIaIc 1E. catecholamine-cyclic AMP Ric k- THEHILEhBE 7 v 54 FEG (
Cl Bik) BELEL. TOELHE-TWE2a54 FF+ 2 (Cl F+ i) bEE
ENTWB, COF+ valid, BREEMFEAFHE TS EEICEVHEMA+*F v 2
ZERTIEBDOD>TWVWS, LB LENS, COF ¢+ YR NMIZHT S cyclic AMP D
HEHFEROHEMITDVWTRELHSHPIRENTVWIR WV, T I THEL. F+ ¥R IVEHEILI
BT 3 cyclic AMP DBE]. F70b B cyclic AMP & F + Y X VORMABEEZHIEL TV
200, THRBBICF v ¥R L%E available WIREREXZ 2015 TH20h. LWIRE
BHohicT B3 bIicERET- %o

BHRLBIcL->TEOhAEVEy PHELCEGHRRZEEAREL, 24X0/vy FEERT
FAWT. FADOE®ICLD vwhole cell clamp BN ER%: TV, RIS OB
5 cell-attached mode Ic X W B— Cl F + ¥y FNVEFHZTLH L, Cl BREGEHE/ILS
B, MFPRERBKIC cyclic AMP (0.2 -0.5 nM) %A 7o

cyclic AMP O RBIIA L & biT whole cell TRHKEM Cl BRORENS S
Nizo C DB cell-attached recording ICBWT, LIELIEE— Cl ¥+ Y2 VEROH
BAEYETE /2o vhole cell TD Cl Bk, £ DIFE cyclic AMP EFRBIBEK 10
- 15 ABBERCEFLAY,. ThiciEd 27 + Y2 VEFHOFBD BRI NI, F+ v
AVOBBERE, Fv v A VEHHRES SEBNICRET 5 & BEERT v v % VIE
BHBEICEWTTTIREWY (0.6 - 0.9) JEMNSL., FRABRRIZORIEALEEL
L7\, whole cell T® Cl BRMBWELTCWE L ESL, F+ Y2 VOFRAEROHMI
BERaENED oTeo —H Fr 2 VERBEPRLELIEDT v v 2 VOB OEMH
HRlE o Chid, 78y FEETO cyclic AMP BEXHMTTH2 2R TEER
SNBHM. COBAMREEETS L. HLIEHILENLT + V2V b T TIRGWVEITE
BEF-> THRELTWVW,

DlEo#ERIZ. cyclic AMP B F + Y2 VORMA+F 2 F v 2 R RPBEZRIT X . #
@1tl:£o'6\ unavailabe BYRKEICH > e F » ¥4 V% available WIKBEICE X B &
CEDF ¢+ Y ANEEFERLT D EVIERFEEXFFT 50 T7UbB. LHDO C1 F+ iV
I3 cyclic AMP-gated channel T3 » T. cyclic AMP-modulated channel TIZ7X W &%
A OB,
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OFic BT, catecholamine-cyclic AMP RIIMEMTE . BTN ME. AE G L&
KX L CHEFENICERREEEZR 2 ROBIMHEEBECMHMLTRB. AV vaFe vz
ANV OLF vV ANVEEDRAL Y F + VA LVDEHN, COFRICLDEMHERZIT B C
EMELHONT WD, Bmili. U CLHMIBICBWT, cyclic AMP WA & v EIR
AFHTLEBRVWEEIN, COFROBEER->TWEIT 54 FF i (Cl F+
YFIW) BEIEE N COLHD Cl F+ 2k, a5 25 2/ EL (13 psS) .
BEECBWTEWVAFEEERT. £/, F+ Y2 VORMBAET R FIFEEMIEREET
HB. FrviAADEWEIITIE. cyclic AMP RFEMES v /v 5+ —F (PKA) S LT
WrZEbbhoTETW S,

L LRSS 0 Cl F+ Y2 VvolMF2F v 7 ZOFEMP. cyclic AMP 1T X %
Fr 2 NVOHEBERICO VTR ERAPLEANE VW, T TEE. F + ¥ 2 AEMEALI
BB cyclic AMP ZO®EEI. T7b B cyclic AMP k. F + ¥ 2 VORI ICHE %
RIELTF + Y2V EIEWHILT 200, £ I3BICET unavailable BWIREEICH B F + ~
V%, available MARMEICE A B LIC & F v+ v 2V EIEWALT B O, & W3 [HH
WK ZEE - CTEBRZEIT - o

7m 354 FEHE (C1 Wi 2@EHE AT 2700, OAFMIZIEX L whole cell 2y F2 3
YT &Y cyclic AMP OHINEMREFR Z1TW. whole cell T®D Cl |BFEExE=%—L >
S, BIRICHIEMA S cell-attached mode ICL D HI— Cl F + ¥ 2 VERECHEHL 0

[WFge 75 :1
FEAR L. collagenase MMIBIC L - CTIEONAENLE » FHPRBOEHMIATH 2, F 5

MET. 24K/ ¢y FEREAVWT, FHDBERIT LD whole cell clanp & H1JaPIFE 7
ZiT-70 B DEMIZ. cell-attached recording ICL A2 —F + ¥ 2 WidtFHATH %0
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TBRIEIT L. BT 2 - 3 MQ. BEN 3 - 5 MQ TH -7 whole cell = v5o v
2 ORIEIR. WIE%E -40 oV CBLEFEL. SAKO S v 7V ZERMLTIT > 7o &
AEEEEORE . SAEOBSEBAEMA V. whole cell BREHE—F + ¥ X
T, POM F—sLa—FEAVWT AT F—7EEHEREFL. BTa v Ea—FIiT L
D T L 7o

Fi&s 4o — FigoMekid (mM) « NaCl 140, KC1 5.4, MgCle 0.5, CaClz 1.8,
glucose 10, HEPES-NaOH 5 (pHl 7.4) T3 %o whole cell = v &5 v AMERITH W
Fo4mNE AN i © MEZIE (mM) . NaCl 140, MgClz 2, glucose 10, HEPES-NaOH 10 (pH 7.4)
THo. chic K F+vaa. Ca F+ v, Na-Kk punp BRZEMHIFT 7. Th
#Z4 BaCle (2 mM). nicardipine (1 zM). ouabain (10 xM) ZJA 7o 0 e P E 5 TR
ORI DED TH S (nM)o CsOIl 90, aspartate 90, CsCl 30, MgClz 2, TEA-CI 20,
EGTA 5. Tris-ATP 5. glucose 10, HEPES-CsOH 5 (pH 7.2)o Cl Wi ZEMALS 570 o,
CHIC 0.2 - 0.5 oM @ cyclic AMP AINA 7o H—F + ¥ & VLS OB|RITIIK DM
K OikEFIE L (aM)o NaCl 150, MgClz 2, HEPES-NaOH 5 (pH 7.4)o o NTHEEE
35 = 1 °C TIT» %o

QU ETE 2

1. fIREPY cyclic AMP 1T & % Cl W DOEHEAL
FEoMmBEHEE L UOAEER W ERSEMEE. whole cell clamp i B W THIIAE O
background I ¥4 27 4 v AXEHMT 20 BL TWD, SEIBHIIBAIRKIC cyclic AMP 2%
SFNhTWBOT. Cl BHROEEASHFHENS, Fig 1 WRTERBINZLEHL
1bDTH B MMM AT 5 EMIBRKERRa v 575 v RER LI, fast
D Cl 44 vOKES% aspartate 41 4 Y TEE|A S L. Fig. 1A & BIKRIND &
SAmEERAPARECHDLL. &5 €l F+ v *VDOAEFTSHS  anthrathene-9-

carboxilic acid (9AC) A& ¥ 2 &, AR EB/HROWMDB A 5N 5,

whole cell Td Cl BHOKE &1k, £ OBEEMRMAKE 10 - 15 FRHKELTH
n. ZO%EKICHD L (run-down, Fig. 1A) o Fig. 1C &£ D run-down D X 5
TEERAETMETRELTH BN, inset IWRT LIE. WOLALERKDBIBLL
-30 nV ICHEEEMEEL. FAMERREERL. C BROFBBUELICRL TV 2,

Cl BHOFAEERLTWAHMIZICBWT. cell-attached mode T CI F + ¥ & VT
BRAELFELIIENHRTEL, LOPLZORIBRES. LrdbEF+ V2 VICHEERT O
WED >to BERFHD Cl F+ % b run-down i I 9§ I EBBRI NI, T ki
Fig. 2 I&/Rdo Fig 24 ORBRMEHAERDWMICESNILbDOTH B2, ke X b
TSEADLbhMELIRLRBLELITEOF + A2 NVDIEHHRE SN 5. Fig. 2B k&
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Fig. 1. Whole cell Cl~ current recorded in a ventricular
myocyte dialysed with an internal solution containing 0.5 mM
cyclic AMP. A, chart record of membrane current. Molding
potential was set at -40 mV and ramp pulscs were applicd cvery
6 s. The bath solution was changed from Cl -rich to low-Cl~,

aspartate-rich (Na-aspartate) solution for the time indicated
by bar, and anthracene-9-carboxylic acid (9AC, 2 mM) was Tur-
ther added to the bath (bar). Numbers above the traces indi-
cate the time (in min) which elapsed after the beginning of
cell dialysis. Current traces indicated by the symbols are the
sources for I-V relations shown in B and C. B, I-V reclations
obtained in control solution (O) and in Na-aspartate solution
before (A) and after (&) addition of 9AC. C, run-down of
Cl™ current. I-V relations obtalned 9 min (@), 15 min (A),
19 min (), and 23 min (V) after the beginning of cell dialy-
sis are shown. Inset shows difference current (@-V¥) obtained
by subtracting late I-V relation from early I-V relation.
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Fig. 2. Run-down of single C1~ channel. A and B, trace of Cl1~
channel currents and amplitude histogram obtained from the same
onc patch at early and late stage (about 5 and 14 min after

beginning of cell dialysis) of experiment, respcctively. The
patch membrane potential was hcld at +50 mV. The whole cell
pipette contained 0.5 mM cyclic AMP. Amplitude histograms were

constructed from data samplcd for 1 min. C shows I-V relations
of whole cell current observed at the times when each of the
rccords in A and B was obtained (a and b).
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51T 10 HBICEBEONAEHETHED., CITRF+ V2 LVF1IHEER>TWSE, UTE
B3 C @ run-down IKAEEL22IT» 720

2. F v R VEMILITBIF B cyclic AMP DIRE]

cyclic AMP OfMIEAEERFIC. Cl F+ YA VFEHNEDO LIS ITHBE L. UEED X
ST ErERLHD. UTORBTE, B—F + v 2 VBB OHEMMBET LB
cyclic AMP OFERZFAE Lco TR b B F v+ v 2 ABIMHEROWIME & = D% 0NN
ZLEMBONENTH B, Fig. 3 KZDERBRO1IPI%ATRT. Ok, EHKEILE
¥4 BT v R VIETH 0y FRICHE L. T OGS EiFk Lico —BFH (
Fig. AT b T/RY)  IEHF + I VEBWI 1L 5 TH %, F+ v 2 LVHEROER:
MZE(LEmM 5 o, BELT 20 B L 15 BPRo»y FIERBROF—s 24 v 7T L.
ThZ oMM ciRiie 2 P75 AZEK LAk, TFig. 3B IK/RTERFI S A, £h
ZM Fig. 3A 1T a & b TRAINTWARKHICESNICLDTH S, Fig. 3Ba 24 5% &,
FE3OB/BHRVANVORIBEROIKELS. FADOUNNVITEF + FVEENT WV, TDLH>
BEZX M5 ADFBIREB. F+ YA VOEMNIETH -7 & %77 FAEEIC. Fig. 3B
@bfd%*y*w@ﬁu4@&%ienéoéen§cw¢5ﬁ§%+y*w%ﬁwﬁ
WC, A DF v+ 3 VHBE—DOFTMEREFE > TV EEREL T, £ 735 40505
LEFHEL

Fig. 4 I, Fig. 3 TRUNCERCHEINLF + v 2 VHROKBZB %2R 7o
DY 5 7iTid. whole cell I ¥ 575 vABLUOEY >, FEREBHROKFMEB SR &
NTW5, whole cell 3 ¥ 525 Yy 2EBBHMELEbIRVWSLEMNMLTWEHM, Ihid
cyclic AMP 25, XD EDICHINANICEB L TWCRBERMT 2 EZL 5N 5, —H F
v YA NBATERR. EHEBKFICT CIRFEVDS (1 0.6) . HHERIEREATRERE
fLEREF. 3IF 0.8 fTiEiICh>7cEWVWI TEMNTE B, BILEIBAARIZ. (BOEP D
FRRICBWT HMREI NI, 00D F v+ v 2 BB ISR —BRITE V.
72EWN (0.4 - 0.5 BETH. HIIBAREROMET &L b zhsEngG 2 Hli3 kL THE
ENH D - 7o

T, Fr R VEHHERILIELEF + Y2 VOB ENH >72h. D
LOIBEOPEORIMRFIZAL L TCVWIRRVWE S TH B (Fig. 4 KHWHETTRT) o MOER
TIDHEICDPVWTESICFHELIFIRL TH I, Fig 5 WWRdERTR. B rr— 2
D2 BOZELZERLTOIH, KHOMEE» S 3BROE(LERT LHICH 5720 DI
HORBOF + v 2 VBIHREHTE ST 2700, COBARIK 1 ABOBHRF—s %29 v 7
WL, RIBE 2 b5 AZER L7 (Fig. 5B, C) o A4 DF + v 2 AHE L » 2R
ERoTWEERELT. 2HEAHMOXZIGAL. TNZFNOBRLVAALNER M7 T 4
LETRINERIMZFTHE L/ o Fig. 5B T, KHEHIX. BATEREMN 0.68 TF + ¥ R VEH 2
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Fig. 3. A, simultaneous chart reccordings of whole cell current
(upper trace) and current through a patch membrane (lower
trace) obtained during dialysis of the cell with 0.5 mM cyclic
AMP . The cell-attached patch membranc was clampced at +50 mV
throughout. At arrow, cell dialysis was begun by rapturing the
membrane beneath the whole-cell pipette. The thick vertical
deflections of current trace seen at the beginning arc arti-
facts produced by resistance-monitoring pulses. About 1 min
after this moment, monitoring of the whole cell conductance was
began by applying ramp pulses every 6 s (thin vertical deflec-
tions of whole cell current). The pulsce interval was incrcasecd
to 20 s later. About 4.5 min after the onset of cell dialysis,
activity of single C1~ channels appcarcd in the patch record-
ing. Large fluctuations of the patch current seen before this
instance are artifacts of unknown nature. Ba and b, amplitude
histograms of channel currents obtained during the time periods
indicated by a and b in A. Number of active channels was three
in a and 1t increased to four in b. Inset shows the original
current traces. Ca and b, I-V relation of whole cell current
obtained from the current traces indicated by the symbols in A
(® and A). I-V relation observed after run-down of the C1
current is also drawn in both graphs.
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[Fig. 4. Time course of whole cell conductance (upper curve,

A), mean patch current (middle curve, O) and open probability

of single Cl~ channel (PO, lower curve, @) during the course
of experiment shown in I'ig. 3. Time 0 corresponds to the time
point 3.5 min after the beginning of cell dialysis, and at
arrow activity of single channels appcared in the patch.
Number of active channels shortly incrcascd from 3 to 4 during

the period indicated by bar. Whole cell conductance was calcu-
lated from the whole cell I-V relation at -30 mV, a voltage
near the reversal potential of Cl1~ current. Mean patch current

and Py were calculated from the amplitude histograms which were
obtained from the data periodically sampled for 15 s during the
experiment. IFor calculation of PO it was assumed that every
channel in the multichannel recordings had the same Py
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Fig. 5. Patch recording showing an increase in the number of
active channels. A, original record of channel currents at a
membrane potential of +50 mV. The current trace initially

showed two-step change, and at arrow it began to show three-
step change. ‘Before this instance the two-step change had becen
recorded for about 2 min. The cell was dialysed with cyclic
AMP (0.25 mM)-containing solution. The vertical deflections
denoted by % are artifacts due to ramp pulses imposed to the
whole cell. Current trace shows a slow, negative drift. B and
C, amplitude histogram obtained from the data sampled for 1
min, immediately before and after the increase in channel
number (arrow in A), respectively. Arrow heads indicate rela-
tive level of the probability that each of the three (B) and
four (C) current levels should occupy, according to a binomial
analysis with an assumption that cach channecl has P, of 0.68.
Note: the relative height of cach pcak,  Instcad OF the arca

underlying the curve in the histogram (B), was used for calcu-
lation.
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THBERELEEDRIBOMBFEETR T ERF— 5 LWIHHERIC—FHL TV 3,
—7. Fig. 5C Tk, BIMERZEZFL 0.68 &L, F+ Y2 VEE3 L LTCHELALRIBD
WEE (KH) . F—5 E—H LB vt COR—HOEHK., $RLEHHEMEE 7 —
S OFNORETFIE. CLAF L EHZEDLEIOF + Y2 Vid. 0.68 LD KEWE
MREZHE-> Tl & ZRET %,

& =D
3. tEim

ui\01%+7zwucmncwpw;arﬁﬁménaé\é#ﬂmmﬁmmﬁﬁ
POTELEWHHERERT LI TH S, Cl Frvrrid, GHEALOBEIRKEFL THR
BEMcZE D 5 LD RBAMRZRT I &3V cyclic AMP @ F + ¥ R VGV LITEB T 3
FBREE. EHEF + X VOEERHHTEETHEAS I Fr YR VORBF % F
v 7 AL WMo CTERMMEERRE. F+ YA VHEOHBEILLI>THESNWTVWEDTH A I,

(F%]

cyclic AMP DHIBPNREGIC/*y FIRICHBIL/ Cl F+ 2 Vi3, EDD SFVE
MRZHEL, TORMBHOMEITITN> TIEHF + 2 VHESHEAZERBB-Td. WS
DICBMERNIEINT 2 L2 ERB A hote COFRDPS. kxR ETD LS BiEH%
(EN
CCCHBERZDR. F+ A VBERO/ Y FIRETO cyclic AMP WL PKA @
RMETHAI. AEOETCTE. MIBNERKIIEFFTICHEVIRE (0.2 - 0.5 aM) O
cyclic AMP 2B ATE D, F + ¥ 2 VHAMEIEN cyclic AMP IREKREE L FH > TGS
Tb. HETOREPZECMINEF ICE Lc/cHIc, BREROLTHABRZ(LZHETER
oo AHEME b H B whole cell TD Cl a5 75 vaABEMBTH > Th. /¢y F
BRETTHRIED cyclic ANP IREMFIRINBELTCHEMNGTH 2, W I EiKiEnE s
BMWTHAIe LHLIDIEEER, 7ty FIET OB S IBFIREELLT Tt ©
HHBEL. LTPHHCEVTBWVWI LEELERT 2, TNICbLLOSTSEIDOERT
B BATER SIS 2 L2 F v+ ¥ 2 MIGETER. IRLTHSNEH» 57 F oo BERD
TIEBEF + v 2 VOHDBEA RN DRELSFRONAN., 0L BIBEE. BETFO
cyclic AMP FEFFIZRAfNMEEIC IR L CEL TR B S, & L AMMME (T TNt T
S EEATBOWOTREDLSE I e Kb bod. " HiF+rvix i’ BEVWEHEERE
boTHBELTVE, CHoDRR. L4 DEREIF T2 b0EEIL SN 5,
DlcBWTIE. Ca F+ YR UBLU K F+ YR IMN, cyclic AMP Ik D FDETD)
WERT CEDBMONT VS, K F v YRAICHOWVWTOWIIGEEANICIZ T DAL T VI WA,

—-313-


SSRF020
スタンプ


Ca F 4 vaxMicoWTik. cyclic AP ZRiZE42 O F + ¥ 3 VORERZENSE 5 &
ZZONTWAD, &b EERPBEVWIEEZREL TS, catecholanmine % cycelic
AMP 1ok »Co IEBIE Ca F+ Y2 VOEMWX B2 L%, B—F ¢+ YA VUV RV THE
Ll WHIHMERS T TIREVDTH b, COFKRITBWT, cyclic AMP X5 F + ¥
2 VEIEERIE. DBCEDL Cl FrvyirmE Ca Fr YR NVETERBEVILDTR
BddI Do BADERPELVWET B E. LD Cl F+ ¥ 2 VE—FD cyclic AMP-
gated channel T® b, Ca F + ¥ &/ & 57 cyclic AMP-modulated channel TRV E

WA 5,

(5% 0FE]

SEOER TR, cyclic AP OHIFENERICL S Cl F+ Y2 VOEWILE WS HE
L otitosh, Xy FIEETO cyclic AP BENEI > TWVWBEOPEWVIRITBWVT,
PEDIEEEECADNBEINTED, A OEHRIBEEICTEPINZIKIFIE > TV,
21%13 inside-out mode O F v ¥ X Vi85 EHKA T, EE T D cyclic AMP 12 L PKA
BEATHICI Y ra— L LANBS, SSRCHREEDILELH S 0

SEIE. Fr v 3 VEIEICBIT S cyclic AMP ROBRENCHIZRK » TEBRZIT - 7025,
OO Cl F+raricoWTld, T OMBFABEEPC. NRIEFRDON—X PO AH =X 4,
AP EEREOERR E. FEAPREANEZLEEINT VS, CNHDORAIRDIVWT. 5
EOREBRLTOVELWEEALTW 5,0

L
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ON THE MECHANISM OF REGULATION BY CYCLIC AMP OF

CARDIAC CHLORIDE CHANNEL

TSUGUHISA ENIARA and HIROSII MATSUURA

Department of Physiology, Saga Medical School

Summary

Using the double patch method, single Cl1~ channel currents
were recorded from guinea-pig ventricular myocytes in cell-
attached mode. The cells were dialyzed through a second patch
pipette with cyclic AMP (0.1 - 0.5 mM)-containing medium. With
progression of the cell dialysis, appearance of the C1~ channel
activity could be observed in the on-cell patches. At the time
of its appearance, the Cl~ channel activity showed an already

high (>0.5) open probability (P and the PO value did not

o)
further increase thereafter even when the whole cell Cl~ cur-
rent was increasing with time. In some patches, an increase in

the number of active channels was observed during the cell

dialysis. In such cases, the newly activated channel also
seemed to have a high PO. Channel activity showing a low
(<0.4) P, at the beginning of its appearance was ncver ob-

¢}

served. These results suggest that the cyclic AMP system, by
phosphorylation, creates an available state of the channel
without influencing its kinetic behavior. Thus cyclic AMP
appears to gate the cardiac Cl~ channel, that intrinsically

possesses a high PO.
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