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SUMMARY

Chloride(Cl ™) channels play critical roles in cell homeostasis and its specific functions such
as volume regulation, differentiation, secretion, and membrane stabilization. The presence of
these channels have been reported in all kinds of cells and even in frog oocytes. These essential
role of CI~ channels in cell homeostasis possibly play any role in egg homeostasis and in the
early stage of development, however, there has been no report about the presence of Cl~
channel in the mammalian oocyte. This study was performed to elucidate the presence of Cl~
channels in hamster eggs.

When allowing only Cl~ to pass through the channel of the egg membrane by using
impermeant cation such as N-methyl-D-glucamine(NMDG), single channel currents were
recorded. These channel currents showed typical long-lasted openings interrupted by rapid
flickering. Mean open time(T,) was 43£10.14 ms(n=9, at SO mV). The open probability(P,) was
decrease with depolarization. The .current-voltage relation showed outward rectification. Qutward
slop conductance(3215.4 pS, n=22) was steeper than the inward slop conductance(10+1.3 pS).
Under the condition of symmetrical 140 mM NaCl, single channel currents were reversed at 0
mV(n=4). This reversal potential(E,.,) was shifted from 0 mV at 140 mM concentration of
internal NaCl(140 mM [N*'};) to —9.8+0.5 mV(n=4) at 70 mM [N*'}; and 11.5£1.9 mV at 280
mM [N*']i(n=4) respectively, strongly suggesting that these are single Cl~ channel currents. To
examine further whether this channel has pharmacological property of the C1™ channel, specific
Cl™ channel blockers, IAA-94(Indanyloxyacetic acid-94) and DIDS(4, 4'-diisothiocyan ostillben-
2-2'disulfonic acid) were applied. IAA-94 inhibited the channel current in a dose-dependent
manner and revealed a rapid and flickering block.

From these electrophysiological and pharmacological resluts, we found the novel Cl~ channel
present in the hamster oocyte membrane. The first identification of C1~ channel in the hamster
oocyte may give a clue for the further study on the function of C1™ channel in the fertilization
and cell differentiation.
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AEA AT TR AEe] EA)
L OlRERE ¥ o9 gAY oja) 2HY
. oleE 2 At Bhage Wa, ARAgE
2, 1A A3 = 20, 9, AEcte) AA 23
e ke 2A ARl ojal AT ol
Al 2EHE Cl 2w AL HE AXeA
Ay or 23 9% 3K Greenwood &
Large, 1996; Duszyk et al., 1995; Janssen and Sims
1995; Ehara & Matusuura, 1993; Akbarali and
Giles, 1993; Ehara and Ishihara, 1990; Frizzell
and Halm, 1990; Weiss & Magleby, 1990; Pacaud
et al., 1989; Mayer, 1985). 21 A A Lo A= A A
A7AALEZE GABA 5ol CI 28 @A A
HoBA AdE AAE fstm(Alger, 1985),
FAZANA Cl BYHWME)S AA3H=d 714
3o PGS RATFLEN AETE G
thBlatz & Magleby, 1983). ¥vk ohijag} Na'-K'-C
1 cotransport, Cl /HCO; exchange, K*-Cl~ cotran-
sport, Na'-Cl  cotransport$} 22 Cl~ o)< 23
714el Belste] pH 2, Aal A9 F5 ), &
2 24, Mz E3lo] 71oddtchJentsch, 1993;
Cala, 1990; Thomas, 1984).

oMY bt AgE sty thdd AxEE vt
JC FE2E A 7ol He daiMe #
2T} Xenopus oocyteo] A= acetylcholine(ACh),
catecholamine, adenosine, vasoactive intestinal pep-
tide(VIP), prostaglandins, FSH, serotonin®)] 3
Cl =27} gA43l¥cty st Arellano & Miledi,
1993; Miledi & Woodward, 1989; Takahashi et al.,
1987; Kusano et al., 1982; Lotan et al., 1982). &
8] AChdl] 93] 84stH= Cl7 Af{E £3 Al
#&= = fertilization potential FAdeo] 71d&c}
(Webb & Nuccitelli, 1985; Hagiwara & Jaffe,
1979). Ascidian embryool 4] Cl° B2 uba e
g AW, Ax] F7ld utg} ME £F o
Halsly o] ®sle] wel o] T2 Aol
Hlggde] ZAPYT FHVillaz et al, 1995;
Lang et al,, 1992). 4 F A% wg37)d ulat

ol
-

d

M et BEstE o]RFR Yt give
AL ol FEE A2 Fshot UHe AH
A& 7H=AE AABKVillaz et al., 1995).

ol XY sMTFet PAY dAeA CI EZ7}
EA o] FAHAAT EFFAAME Cl F=20
gk AHHA BIs glrh €1 o2& Axey
N A8} Zro| whatol] 7HF ol EAdtE Fo)o
BE vae] fxeteE C7 ojRe] B34 4 gl
5949 T2/ AUE sHeAdel ok ol# 7}
54E AAE= dEA, Zhao F(1995)2 mouse
embryooll 4 ClI~ o]&o] pH Z&d] 7]odFFo g x
embryo?] wete] AAPTET Yy 1ES BX
o] MEH #/43l7] A embryoo] EE TA A
HCO;/ClT 2717 #F=7t #35n, o] &
SET Cl7 ool w7 AE A5 DIDS(4,
4'-diisothiocyan ostillben-2-2'disulfonic acid)ol] <]
3 zaHol Axl pHe WstE s on,
AE9 pHY =5 A$ 2 AE7|AA Z¥jAE 7}
= embryo B oAsty k. P2 @
Ao A Cl FE EA 75A8-E F28 drioA
AP dF Ao s AL AT Choi F&
A7 ool kEH FFE de AN £4
o2 HEohE AMEE3F FA(regulatory volu-
me decrease, RVD) H¥F-2-0] dojr}y ojuf Cl 7}
—-—~d7ﬂ ZEOEN 84 7+ 7Hd B3

NS FA3H HChoi et al., 1996). o] B+
ARg Aol E:A doluhs N ELH A w
5ol CI° o] 29 #AH 7h5d& AA st g A

FE&AZAA YeYE O o9 #E 7154
ANe GolME 238 vl Slth(Ackerman et al,
1994).

Cl & Na's o] HEojde] & sEr &
A Fx Al wek MEe F2E Fio
ol EdE o]0tk Wals AMEedoR FAY
i AZ A A AES SRS AYse
S TR FHAFHEA N YFE &
AXEE FF 7HR T A Cl FR 9
EA YFHolgL oJ4En. IYdx 33
I ERF dRME CL B2 g HHH<
ATFE ofF AlZHA skt ol 7tEdE 2
AR ZHFQ F2H XA ©d B2 VEY
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HAE DlHEY 2

185 E2 65 697 Alo]] Golden 3~
EE A28} vl4=A g(unfertilized oocyte)<
A8 7|4 63~68A17F Mol pregnant mare serum
gonadotropin(PMSG, Sigma) 20 unit® E7h) F+
Abgh F, 48AIZhRrel(AE AHA] 15~20A17F A)
human chorionic gonadotropin(thCG, Sigma) 20
unitE B FALste] e fEsich n)
FHEL hCG FAF 15~20A 7 3 A5 G714
17 E7S do] Seju|A 322 cumulus cello))
M e HAES 338l 0.1% hyaluronidase
(Sigma, type I-S) £407 2L(20~22T)oA
cumulus cellE& A|AF & HFE LH(NaCl 145
mM, KCI 5.4 mM, MgCl, | mM, NaH,PO4 0.33
mM, CaCl,; 2 mM, HEPES 5 mM, glucose 5 mM,
polyvinylpyrrolidone 0.05 mM, pH 7.4)o] o] 4
T ol Bg3adtut #28 & 8AI7F oo A g
AHE-E T A8 F A 0.1 unit protease(Sigma,
type VIDZ E9i(zona pellucida)E A A}tk
F8d] &4 F proteased] &3 Fr1H <l Mzt
4E E0l7) Y3t EH7} A4EE FA X

gdo® 109 o AHsH

o

Ny

My

2. 4 3%

Ag AEs Fd A2 NMDG(N-metyl-
D-glucamine)-Cl 140 mM, MgCl, 2 mM, HEPES
(N-2-hydroxyethylp-iperazine-N'-2-ethanesulfonic
acid) 10 mMOo. 2 ZA1 35t} 140 mM NMDG-CI
t dggeln MEWE Fsh Rake ol
€91 NMDG" 140 mM¢} 7+4+¢l 140 mM HCI&
E@std 248 gt pHE NMDGUY HCIZ 34
st 728 ok Agd AMRE 9 ZAEE
+ Table 13} ) & Adol ALSE C1 AR
Z+ Indanyloxyacetate 94(IAA-94), 4,4'-diisothi-
ocyanostillben-2-2'disulfonic acid(DIDS)E Al&-&}
Ak JAA-94E /718011 EE Lo B ALG3F

At} Alcohold] =<1 AekE H71E W+ alcohol
2] ako] 0.1%(viv)7} 9A F=E TAste] AEo
Attt o] & E=of tjg  alcohole] EZo|
e As A obFH J¥YE FA FUrh

3¢ &2 MRO VT

B dYoMes dAdE2ARFE 71587 Y3t
o Hamill $(1981)c)) 23} 7)dg patch clamp
718 & cell-attached patch$} inside-out patch
clamp 7|¥ & H &34y £FUE AAT ¢A
€ S=¥dv7A(CK-2, Olympus, Japan) #]o &3
€ 35 mm 77)e] A¥E7E £7]3 NaClojn}
NMDG-Cl §94-& #FFAA thA] 587+ 71tk +
AL AMAsET. AP AMEE f2 pipette
(KIMAX-51, Kimble products, USA)Z two step
puller(PP-83, Narishige Scientific Instrument Lab.,
Tokyo, Japan)E Z& 3~4 ymZ ¥ ¥ Sylgard
(Sylgard 184, Dow-corning, Midland, MI, USA)=
coatingdte] AHg-stHTh £ Aol AHEE pipette
AL 140 mM NMDG-CI £d4& AHNS o
1.5~2 MR ©1git}. ©]|#] 3} pipette2 ©]-&3l gigao-
hm- seal2 &A1&} cell-attached modeoil Al &Y
EZo] %L patch clamp amplifier (Axopatch
1-D, Axon instrument, USA)S |83} 4-pole
Bessel filter2 2 kHzZ filtering3le] 715315t}
49g9Y BFE AP BRAL WAl 24
A 30 2 ool S0l LEF + IS I
t}. Reference electrode= 3 M KCl-agar bridgeE A}
atdth EE A8 20-22ToA A3 shsith

4. 41 2

Pulse code modulator(PCM-2, Medical Systems,
USA)E AA VCR taped] 71=% dataEL A/D
(analogue-to-digital) converterS 71 & personal com-
puterZ A4 pClamp program(Version 6.02,
Axon Instruments, Foster City, CA)S o] &3}l £
Agtgth. Currenty= 10 kHzZ sampling 3} th
Mean open time(T,)S 2 EAA4 fittingo] &
HA U DB AeFAHST AL FE
o] BHEE 2357 A3 E open probability &
T3}ed channel activity(NXP,)E AArsIAh <F
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Zoll o3 WL oFE Fof F 1% o] FyE ) 2
2 dol $AsAT

2 i

2B WIXOIM HUER

AN B BEE 7|28 948t patch
clamp 71 Z inside-out patchS ©]-&3}e] Al XU
99} o2& st 71E3FATHFig. 1). o] o
9S50 mVeE -50 mVE A8t Pipe-
tte 293} bath £9-& 140 mM NaCl(n=10, Fig.
tA), 90 mM BaClyn=3, Fig. 1 B), 140 mM, 140
mM NMDG-Cl(n=22, Fig. 1 )28 2459 o
£A13 kineticsE 712 @Y ERAFE BAY F
AR L 140 mM CsCl(n=3), TMA-Cl (n=2)% &
FHAT A7) GE o] 28N 7EH TR

NaCi
P e

L e Loo, it

S

Fig. 1. Single channe! current in the hamster oocyte
recorded in three different cations. Experi-
mental solutions were symmetrical 140 mM
CI” and equimolar Na' in A, Ba® in B,
NMDG" in C. The recording traces were
obtained at 50 mV and -50 mV in excised
inside-out patch configuartion. Note similar
kinetics with long openings and brief closings
in 140 mM chioride. Channel opening was
represented as "O" and closing as "C".

tial, Erev)S

HEEE NaCl oA 28.3+2 pS(n=10), CsCl
Lol A 25.6+0.2 pS(n=3), BaCly S0l A} 51£5.0
pS(n=3), TMA-Cl &oiollx] 38.5+4.0 pS(n=2),
NMDG-Cl £ o] A 324+5.0 pS(n= 22)Z AEE 9]
A7le 47 Aok AUAT BT LAFt
s P4 BATh B, G, TIMA'E & &
B2 K B2 29403 NMDGS TMAE A ¥
e EFalaA] Zal= o]2o|BFE TE ZAA
AR dee) 9o SRRV BAHYoES
ol AFE Cl o gt YelYe 322 A7tH
o

2. MAE Hixto ol S2FFO AmeloE
A1 ==X 2reversal potential) S| 3}

99 AN GUETZ7F H o] &F o]FA
1 =A &8tz Yste oA Y reversal poten-
Z A} th. Inside-out patch A}Ej ol A
140 mM NaCl¢] pipette 292 7|30 2 bath £
(A=W £9)S 140 mM NaCl, 70 mM NaCl, 280
mM NaClZ Z#8HA E., W3E #A3sn
(Fig. 2 ). SAAYLL 70 mM NaClz}t 280 mM
NaClo| A zbz} - 9.8+0.5 mV, 11.5+1.9 mVe| A &
A5 Y tHn=4, mean+SD). ©) £ 25 E&}a] Na'o]
o] £35S tHH Nemst2lo] & o|EAFE 70 mM
NaClolA] 176 mV, 280 mM NaClojr=
-17.6 mVZ A= Cl ol degAdg veld A
© Hh} Q) 70 mM NaClo| Al - 17.6 mV, 280 mMel]
A 176 mvel B2 A% g3 vinsd S o Fig 1
o JehdEs 9d E2& C o AgA4& el
= A2 #aH AUt oyt o] X9} A9}
Aol CI° BT ofyz} Na'o) dalN T F344&
BolF It &8 5 UAUTH 48 £9¢] Na'
# O 2 ZAHAE 2% Goldman- Hodgkin-Katz
constant-field equation® Al&-&le CI° F3ze of
§ Na’ A% H&PwWPa)S ¢ 02524 Cl 7}
Na'2oh ¢ 4 ) ol4e) EAEE Yehlls AS
& Sdsdch

E34 ojed GAAGe] AHEA FAA
FAHE ]2ERE C° FEE AZHAY o
E29 EAAQ kineticsE #e}3t7] Hsted &Y
22 AFY AF-ALHAE ZABATHFIE. 2).
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—a— 280 mM NaCl
—&— 140 mM NaCl
—a— 70 mM NaCl

Fig. 2. A: Typical outward rectifying single C!~ channel currents. A. Single channel currents were recorded at
various membrane potentials in the presence of an impermeable cation (NMDG"). B: Outward rectifying
current-voltage (I-V) relation in the symmetrical 140 mM NMDG-CI in inside-out patch configuration. C:
Shifted |-V relations according to the Intracellular CI~ concentration ([CI ]) rather than Na® concentration,
I-V relationships were plotted at different NaCl concentration from 280 mM to 70 mM.

Inside-out patch A}l oA Na" B2 w517 9
3ted 140 mM NMDG-Cl £98& Al2-34c). z+
AAHEE vehtes A/ traced| A HolKo
QFFN Y A ofF L A7HES B)
97t dEls e Bola Yt o #FAHE
mean open time2 43:10.2 mso|tHn=9, 50
mV). o] cell attached patch A ejo4] Jeh}=
AF2 A4 FAEHA 2EHUT o) B2 A
EEE ARAY FHNA Hol= ZAE AAA
grol 50 mVolA 32454 pS(n=22)8) AEEE ®
Fom, -50mVelME 10 pS+0.79] AEEZ <
Z %K(positive potentia)j A Bt} ©f L AER
g B9 Aoz =& ¢34 (outward recti-

fying) UERIRAT

3. C° 82 A=A 21
7158 AR7F 28 g #2EE C

ZEUE AEs AAIEL QI EZ ol g 39l
8h7] flste] A9l Cl a4 2 g3 R 1AA-
94(Indanyloxyacetic acid-94, 1AA)e] &2 #A3
8} H thFig. 3). IAAE= bovine kindney cortexol 4]
Ee® AlELL XA Cl transports] 713 74+
F AAAZ 4HA UrHlandry et al, 1987;
Landry et al., 1989). Pipette €< 3} bath £94& =
AstA] 140 mM NaClE FA8tH 3, inside out
patch AFel ol 4] bathel] 100 uM IAAE H 7159 )
of ff B2 WA BT 93v %ol
el © H(flickering block), JAAE A AR t}
Al B EF Rty IAA &3+ pipette 2] NaCl
Byl olg}, NMDG-Cl, BaCLo)| M & A5 oFAF
L2 BAHGT oYY AIFNC 2T BaCl,
NaCl, NMDG-Clo| A #&HJYD BE, & 2YF
G Ede T2 S FRY F2OH, C B2
dg U H&eA AT FAgdo)AM A
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Fig. 3. Reversible blockade of the Cl  channel by a specific CI channel blocker. A: Upper trace; single channel
opening before application of 1AA-94, a specific CI~ channel blocker. Middle trace; channel openings in
the presence of IAA-94. Lower trace; recovered channel openings after wash out of I1AA-94. B: Changes
in the mean open time and the close time by IAA-94. Note that IAA-94 reduced mean open time and
elevated the close time. C: Dose-dependent curve of I1AA-94 on the CI channel. Plot of relative channel
activity vs. concentration of IAA-94. From this piot, both apparent pK (kip) and Hill coefficient were
determined. The data were fitted to the Hill equation, y = 1/(1 + (ki2/[IAA])), where ki is the [IAA]
at which half maximal inhibition occurs and n is the Hill coefficient.

EWE TAAE HHFo] F9UL e mean open
time(T,)3} mean close time(T.)= IAAE EA Z&
Aagdol 1,5 16.7 msP 21} 100 pM [AAE
R @ 1.0 23 msE HA3) ZhsHey, 1%
AAY A= 092 msPOU TAAS A 8tg
& ALdE 1.5 msE Z718 thn=10, Fig. 3B).
o] @ 1,= NMDG-Cleld 7]1E2§S Hrot I4
Zsked o =g ofolu ol ke el
T dEd Aoz AzhE ) [AAZR A e
S Ao AgstA FUS 73 (contro)E H]T
g 4= AATHFig. 3B). £k o] 22 [AA 2%

|

Z7tel e A9 Aert ZHege 4 At
(Fig. 3C). IAA7} gl AHeiAE 5849 7 A
o ER7l & A9 T 9oy, 557} S71EASE
flickering block®= A5 F2= Yt

o] A3}E Hill equation® 2 AA3IPE W A
Hhe] AR EHRE Ve FEACso)= 326 M
ol om Hill A& 0930 thFig. 3 1THHH
#Z). Landry Z(1989)2 ICs] el 2 uM, Til-
mann 5(1991)& 8 IMYE e o) A 2L
M F2YE 80T F AUk =8 Cl T2
3k TAA-942] EA <] flickering blocko] £ A+
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Before DIDS perfusion

ofyuculﬁl

1 e 3 4
After DIDS perfusion

REIEEEEXY]

After washout DIDS perfusion

Number of Obeservations

+ 3283008

Amplitude(pA)

Fig. 4. Effect of DIDS on the Ci~ channel. A: example tracings of single channel currents before (top) and 1
min (second), 3 min (third) after applying DIDS, and after wash out DIDS ({low trace). B: Reduced amplitude
of the single channel current by DIDS. Amplitude histogram obtained before perfusion DIDS is shown
in the top panel, during perfusion of DIDS in the middle, and after wash out DIDS in the lower panel,
respectively. These channel currents were recorded in symmetrical 140 mM NMDG-CI at 50 mV.

o Astel fAkaHAT

E AN #FE E271Cl E2Y9E ¢S
gstr] flate] g F579 C° 52 AdA
DIDS¢| &#E #&sYTtHFig 4). |2 EZE 3}
@ate BAte] A XYool IAAZ Hlto] & ARE
22 flickering blocko] o}uz}, amplitude?} &0
ZE fast blocko] BEHUL, Aol A}HEA
sublevel 2 &}@E) subconductance blocko] v}l
Yth 100 pM DIDSE By W 5 1 B FHT} 3
T ¥ gd FRAF I FAFHLE JAH
$AtHFig. 4B). ©]&] % subconductance level2 3§ 2=
Bzl Cl ARFE 7[S3HA FaE & 3l
At

U

1. ZAH HAOM ZEXste OF 2

-107-

¥ drdes TRFU F2H dRoA ©d
229 ZAE Lo 2 AP 7Y ¢ ¥
27} EAgths SAHZA AR 17} Fol NaCl,
CsCIZ TAE oA BT op ]z} 27t ol
2l BaClp, ol tiste] xS F3431x] Eéi=
TMA-Clo{u} NMDG-Cl29+ ZA " LodAx
FEHoE FPY x4, ol BEE EF CI
E2 ZdAel o8] AL, AR, GAH]te
olFo] Cl” FYAJE)H FASIA 7] 7 Folth.
gkel NMDG U TMA'7} Al 2ete 38ty 7t
AY AL el Wl Eod e W E e
2.2 olFsg Aolch au B AFqME g
Hzete] W7t Eo W 3o 2 o] F3A] ¥k
oo2 B dpoi #&E AFe Cl o9 o
Sl g Folgty AIEHCh

Ov 8 Cl E24AFe 22 s s o



B HAME NaCloly}t CsClZ ZAsyE o 25
pA A7E FFHYL ¥FHF TMA-Clolyt
NMDG-CI2 ZA3t9& v 38 pA W), BaCl, &
AAME 50 pAtholith. BIF el NMDG Y}
TMA™ 8739] 35 pAE 71302 1 7} ol #7
2 BaCl, &74014 242} 12~13 pA 2719 5L
HAE JeEhA) o)d Aol JAALE A&
seA GHK 34]& olgstel 4¥AE BAsin
A 0252 depd A4 A RAEE 28 ot
Atk Na' v} Cs'9F 22 1 71 sol o] Cl 9} 34
o] @t Na'o] Cl o} #M7|Hog Asfse] 1
Bg AR 27 A2 & Ag Ao vy
BaCl, 879 2318 2 7} ko] 20] ClI o]%
2 ZANA A% dS 3A Jeid Az A
7+ 4 Sl

2. BAH HAOM 2HEE G- 8RO §F

&2 d7A 3&E Cl FEAA B 7HA 54
o] #FHAT. 1 Fo] FUEA TR 28 3
HEck el AL o AN FHlnoise)7} 4 F
g AZE Holvh ol FHYe] FAAE F
b v MEA AFHeE T2 AHY F2 2
o1 NEZAY ARFY FARE U3 noiseE
B2HE 75 E iAE & gk

T WA 52 g2E gl BRAAC §
Z & cell-attached patch AE]o) A 7158 4 9l
A$7 127% W9 AxE FH “EI(71 e
patch & 9 7§¢] patch), inside out patchZ & A3t
FoE o] A Foll AFYE £ ULk 9]
o TEE 477 HaiAe FAE o
A M EF BAUL AEahA FEFAA, obF
Z8 319 patch(silent patch)ol| A E25 84384
2 7 AN olgk FAME B2 A2 AABA XY
SEHEAEAAM EHIHE v} YJckKirck et al, 1991;
Kunzelmann et al., 1991; Gray et al., 1984; Schwa-
rze and Kolb 1984; Blatz and Magleby, 1983). &
29 9 @Ado oloix & Fuhe YelE B4
inside-out patchZ 7 & £2 9] AL o= A Q
o] AlFAAY APAL FAYG wFY Fole
¥ &= v(Kunzelmann et al, 1991; Schwarze
and Kolb, 1984), o}z W& =)= kA v 4y g

o

ol Z27cAM SE28AY AN RFoR F
4ol ATE % Atk 4HA UrKKirck
et al., 1991; Gray et al.,, 1984). ¥ A gl i
He G 529 8PS fAT B2 28
oA ol & 4 ok 259 CI” F2Z& 200 pS
o] & AELTE 71 Cl 2 ZA(Blatz and
Magleby, 1983), 32 AL X(30 pS)E 7Hd P2~
oA el ek7ke] o]z} 9o}, inside out
patch 4 F 2 & Folv 29 42 4
=2 sty =g mhd kel ofsi FASEUT
(Blatz and Magleby, 1983; Schwarze and Kolb,
1984). T3+ A A M Lo A & cell-attached patch #F
ol A= A2l #F&AE A ¢t}r) inside out patchE
sk o Hj24A g0 YElE O §27
&EA QU o) &k Fo] AFARJ] Cl B2 52
F FEEA] Yot oM7A] FEFHA K €
EE N

A AR P2E dARA #FFE O FEES
L A% S(small conductance)Z 7FAIT(32+5.4 pS),
AF-AYG FAIZTAHL o)A (outward rectifica-
tion) HelthE o|tt. Outward rectificationS
Hol: B2 thokd A oA #2H T} (Gosling
et al.,, 1995; Arreola, 1995, Hanrahan & Tabcha-
rani, 1990; Jorissen et al., 1990; Tabcharani et al.,
1989). 1Al CI E2E AW HAEE e
A ARl o] MEE F71EEF o
LEE °olFAIYILL, pHE Z2EdeH 7ot
&34 2 tHJanssen & Sims, 1995). 71L& 3 pH 2
B2 mouse FAAME Cl o 93 ZojztL B
I H Q0.2 Z(Zhao et al,, 1995), hamster ‘FA ol A
ZA 3= Cl AF7 A A Ev mouse A} A
Y F71E 29 ojFolvt pH ZHAE AT 5
Ag Heojrh

Mo

3 AR UXIONM G- SE29 oeistEel 51t

P2 G EAFE Cl T2 FHFH
9l 448 AHRW stilbene sulphonate FE A<
DIDSe o) xtge e 7]Ho] MFe A7|7h 2
48} fast blocker2 Z-£31%7), GUBZ AR
&4 APE = RAo] ok AHHA Yv Fiol
EA32, €8 Ael 9} subconductance level Aol
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£ fluctuationdt= AL ZE Ho} subconductance
blockol2t #AG= Tt & HIEC]HA CI FE
A 2 42zl DIDSO 93 AxE

So] wa} substateE F 7 APHE AL AAY
T AU ol d A A7 oY MY substate
£ 7F8 27} A7be] EE2WA shvid &4 38)E
o] A7 HAolgtx 7+ sIA HMiller and White,
1984). F1E dRA FEEHE Cl F2E 4|
528 S Hoj=dl o] Cl £ 27} substate S
7R A& 7Fed S AA g FAE WA
DIDSe] g B2 A A FaAY &
Ao, Millerst White2] B7(1984)9} = 28 7}
HHoR 3E9E FaAeA ) DIDSO o & At
27t 9o R JEETE Aae 9E A7
AEd 93 Hy® vl 9YrHKunzelmann et al,
1991). E=3 substate2] ZA 9} substateZ #5729}
A77F Bl FARE 23 199611 Winegar
ol o8 R wh ik

Nzl &

4 HAE RO EXStE O S22 Yaety
ol 99|

o]A| 7+ A hamster ‘FA A Cl~ B2 A3+ B
I U7 el o] B2 A e #
sted HgeEA AFE & ok O EREFE
Q) hamster FA}7} QPR AYE FAEHL UL
G oA $A A7 AEE KA 5
HA AxaZe Fg AZSOE dAgse B
olgoltt wzte] FAEE BHES e o 714 A
olgle FE& WE & Yk I AELH W
st of-8te d glelM CI7 B=27F 8 e
Rejgre Ax B2t AFG &9 =2HAE
H Yehdes AELAAA NNAAAE 58 F
ATHChoi et al., 1996). o] ¢} 72 TFHAQ <A
= A AFAFLE o]RojAE X144 (pa-
rthenogenesis)ell g Cl° £ 7l 3 #Ed &
Mg ATE & Aok ARG SHoM E9 olF
o] 744350} VEhtE microfilament system 2]
W 3}7} o] F oAk Y I A UrHKaufman, 1983;
Kaufman and Surani, 1974). A JAJ ]2 A ¥2 3
Z2l cytoskeleton?] W3lE oJujslEg FAH Y
Apoll stretch-activated channel(SAC)o] ZA)3}37 o]

E27C1° 9 daAe) ke F&5& E & AUt
AAZ SACS AR G4 o5 &AdsteE= of
2HF7E dAsHe X7 271 dF o] HFilipo-
vic & Sackin, 1992). o}&l Zaj7t thA B)gFY
F Ao B Ao FHog o]Fojz FH
WRp A SAC7} FEE e o] BEE Cl gF
Zo}7] wj&o)rHdata not shown).

T ol25REY @4 AxFrIe F- ok
= B+ ascidian embryo, B lymphocyte(Coom-
bs et al., 1992; Block and Moody, 1990), fisht}
mouse embryool A A A HAHDay et al, 1993;
Medina and Bregestivski, 1991). Fish embryool] A
t FHHOR stretcho] WA wHEIIAE o
stretchol] WHS-8t FE7F MEF7o| uie} gt
A Axe] Este] 7legitiMedina & Brege-
stovski, 1991).

o)xg Cl T2 dAelA Axe 3o &
HAso] &3 2™ 7loggch F2H dAdAE
Cl 529 &7t THHJLER o] B2

go) F2grk
H Q

EAFE ZRFUC FEY EX AFE &
A8t7] fstd FPHAT C FEE HEFEA
A Eo A §AHstst pH 24, o] &utA T
8¢ A& #YIBR U AEEHIL o
2olRE B 4E3 7)) BEH O F2
EA 4%-E Fusaq A dd5E ARE
712 8}h= patch clamp 7]H-& o]&34th AT
(pipette) £91& 140 mM NaCl2 &2 A|E
(bath) £9-2 70 mM, 140 mM, 280 mM NaClZ
o] RS o, FHANEL)2 CI HHFAY
£ dtddtE -9.8£0.5 mV, 0 mV, 11.520.2 mVZE
W SR THA=4). o]d A o 2A 9 efre] W
AE Hol|Z 2B Z o|F By & Gold-
man-Hodgkin-Katz(GHK) 48 ©]&3 ZAz} Cl 9
3 Na'e) £34 (Pv/Pa) 0252 28 &
312t} Inside out patch modedlA] pipette &< 5}
bath £ofo] impermeant 91 NMDG-CIZ 7443}
< 35 ©Y 527 715HAHn=22). T}l
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Z7Hbol] whet A % E(conductance) 7} 7o) £7}3}
o AF-HY FAE= outward rectificationS
Bt o]y A4S vehle D5 E HF e 4
A3 Cl B2 zgAll ]AA-94(mdanyloxyacet1c
acid 94)l 9j&] Fx EH o= T eH 7}
AAo g IEHUTE IAAY] ICso> 32.6 IM ©] 3L
t}. DIDS(4,4'-diisothiocyan ostiliben-2-2'disulfonic
acidyoll ol AE AFA77E ZFAHE WE A

1AL Vel AR AE Hgom A7 sl
u}2} sublevel 2 7+2% &= subconductance block®)
epgtet.

olte] A FAE dAbo A chloride B2 7t
EA s, EdolF pH 28715 < Yehle ¢
g AF-AGFAE Roje Cl B2 A4
2 0Feo B u yxie] pH 3% SFAxER
722 AP B 24 B Aoz FSHch
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