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Internal Perfusion of ADP in Mouse Oocytes Increases Outward K* Currents
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2 U AFH IdAe] AFo] gk ADPS} ATPY AHE &8t 653 0|49 ICR A% BHE PMSGY hCGE
Fj b et YoM fH s GAS AL 2 whole cell voltage clamp 7)H 3 M EW 7Y S A FLsgnk
TAGS —60 mVE TAHST 20 mV HH O 300 msEQ AET pulseo] 93] FRTE oJLAFE /2 }01 =
22 235 AUtk AF 2 JFAFE 0 mVEE dehgr) ARk 20 mV o] 37 E TA A5shs A4S B
ol YFHAFE AZW AF /Yol st w3g 5 mM ADPO ojste] SE & th2FH T} 150% o] AF 271312 outward
rectification®™ 25 T} ADPo)| 9j5te] Z7t8 AR = RE Mo A ATPO) o8] AAislo] 9 kAR B0l ADP
g} ATPo] 9)ate] ZHEL AT v Ca7 AF AR gg ADPQ} ATP9] #9% axE= s
ol d #E o BE ZALEL] Y5t Folh AEY GTP (1 mM)E Ca¥ AES Z/NZASY 98 H 79l ?ﬁE AgN
AR olEie 295 AF 3R AG-9EA ) LAFIT ATP/L 238 = A X 2A7 A5 BEE ZAo8 2250
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ABSTRACT : To find the mechanism underlying the ADP-induced increase in the outward current in ovulated mouse oocytes, we
examined changes in voltage-dependent currents using the whole cell voltage clamp technique and the internal perfusion technique. Eggs
were collected from the oviduct of superovulated mice with PMSG and hCG. Membrane potential was held at —60 mV (or —80 mV
in the case of recording Ca® currents) and step depolarizations or hyperpolarizations were applied for 300 ms. By step depolarizations,
outward currents comprising steady-state and time-dependent components were elicited. They were generated in response to the positive
potential more than 20 mV with severe outward rectification and were blocked by external TEA, a specific K™ channel blocker,
suggesting that they be carried via K™ channels, Internally-perfused 5 mM ADP gradually increased outward K* currents (IK) 1 min
after perfusion of ADP and reached slowly to maximum (150~170%) 5 min later over the positive potential range, implying that ADP
might not be acted directly to the K' channels. IK were decreased by 5 mM ATP without affecting the steady-state component of
outward current. In contrast to the effect of ADP and ATP on IK, both effect of ATP and ADP on inward Ca®* currents (ICa) could
not be detected due to the continuous decrease in current amplitudes with time-lapse (“run-down” phenomena). To check if there is
a G protein-involved regulation in the fonic current of mouse oocytes, | mM GTP was applied to the cytoplasmic side, and the outward
current and inward currents were recorded. ICa was promptly increased in the presence of GTP whereas IK was not changed. From
these results, it is concluded that the ATP-dependent regulation is likely linked in the ADP-induced increase in the outward K* current,
and G protein-involved cellular signalling might affect ion channels carrying Ca®* and X' in mouse oocytes.
Key words : ADP, GTP, ATP, Mouse oocytes, Whole cell voltage clamp, Internal perfusion
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= H®k-2 (Hyperpolarizing response, HR)->(Miyazaki & Igusa,
1981) X Ca*'o] Z7}elmA &3t HE JTAF ¢
dta] o] FolXthy UHA vt (Igusa & Miyazaki, 1986;
Igusa et al., 1983; Miyazaki & Igusa, 1982). 82 hamster Y2}
oA FEZ ko] 71od5h= Ca’'-dependent K* £ 2 (KCa



24 B - HF7 - AT - ol - olgE - st §42

52)7t 7125008 AEY Ca¥ o] o] E ADPo| e A
T o] 229 §Eo] ZHEty H1E9ith (Yoshida et al,,
1990). o)o) Whate) A dAA = FEF W] e &
ZF (lgusa et al,, 1983)3F A3 wabe] YA Fo Ao #3
A (Okamoto et al., 1977; Peres, 1986; Peres, 1987)0) &3ty
AFHFI ol B & v B2/ & Ao2 F2HT g
= Axolth g7y MY Ca'3 ADPY 9l 2EsE
KCa F2= EE AR #3 A2 o}y £931A] &
o ogk AFH dAeA AR A AFNA Y FHL
AxEr Fgre] ols] B2 A7t 2HEE voltage-sensitive
K 2o 3% Ao 9E3}3 91¢ Bojth (Okamoto et
al,, 1977; Peres, 1987). YA o2 K E2E s gt &4
K' 52 o9& H X9 receptors} AAH 0 F53E A
S AZU Ca¥, ATPY} cell-signallings] ZHE ERE9)
ot AQ £ PEHoE 2HHE & 2571 BEA
1.0 B2 (Cook, 1988; Cook 1990; Farley & Rudy, 1988) Al %]
wzbel 93AFo ha ADPY 48 metals] fEale
K'o] olgle] ojZojE YRFAFE 71582 ATPS} 7o)
4 7hsAo] & E3, 183 ADPY cell-signalling A}
o] G proteins} 7o) d2] ¢E3 FZEA AR AT
A7t &9k

ADP7} 9j3kAFol S Jehd & glE M4 o
T3 2L ZAZ ALY F Y AA, FMF 494
# AZ9 KCa BE9 7ol ATPY &3t 2F AAHA
U A 7eA ATP 242 Z7M8E Ca'o 93] KCa 5
ZEAo| o]FojAE A9 o] o 714 B2E 3}
o] ADP7} ATPY| Z38d oz K" 24 248 £ Utk
EA, JAF AEo] ATP-sensitive K (Karp)EE (Noma
et al,, 1983; Castle & Haylett, 1987; Kakei et al,, 1985)7} X
FrElo] AAY ATP B8 AZHALAA RHEZ 93)q)
2A8E K 52 ATPS 23H0z #4¥ 5% 9ok
AR, Al A B slel o] 2FHE $A5HE Ne-
K pump (%, 1989a; Z,1989b)1} Ca-pump (Miyazaki, 1991)$}
2 FE A did ADPY AAEAE T Hojo}
gt IHEZ A GA} FAFY o8 AxE K
2o &A% A7 ATP % ADPY & & 7o w3t
o} GTPe]l 9f3t o] 2R Wty et AFZHE A2
AHE AAZ AFHo ok F) old] B AP AF &
A ARRFE BFe J3FAFo} U3 ADPS} ATP
o &3, I3 GTP {7 wWE o|2HF WHaeg #F
3te] ADPel o3t JgriFe] Frtask 71dE RF3L
2 st
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1. 48 S8 ¥ Yxt 24
657 ©]4Fe] A (ICR, female)E thF 22 AF /A 60
~65A17F Ao pregnant mare serum gonadotropin (PMSG,
Sigma) 5 unitE H7U) FALE F, 481 (HEAA 12
~17A]7} ) human chorionic gonadotropin (hCG, Sigma) 5
ity FLF FEE FASIY FEFS FEA

hCG Fof 12~17A17F v &t B s dAC 2R pi-
pette 0. 2 3314 0.1% hyaluronidase (Sigma, Type 1-S) &
02 A2 A cumulus cell2 A A 3F3th Whole cell record-
ing 712 A-&317] st B £l (zona pellucida)=
10~20 unit®] proteaseZ A #3151 2™ proteases) 23+ A E
o &g Zol7) o FR0 2ARE 34 B4 Ty-
rode €94 (125 mM NaCl, 6 mM KCl, 1.2 mM MgCl, 2 mM
CaCly, buffered with HEPES-NaOH 20 mM, pH 7.3 at 35C)2.
2 39 o] WiFE dAE At A o]&a %tk

2. 4g 89

Ago) A}2E HEPES buffered Tyrode £ (125 mM
NaCl, 6 mM KCl, 1.2 mM MgCh. 2 mM CaCl;)> NaOHE o]
434 35CelA pH 7322 FAFT AE W (BT pi-
pette) £ (140 mM KCI, 1.0 mM CaCl,, 10 mM EGTA, 2.0
mM MgCl, pH 7.2 at 35C with 10 mM HEPES-KOH)2 ¢]3F
AFo] Ul ADPS} ATPS| EHE #A37] 913t ADP
(Sigma)s} ATP (Sigma)E 77 5 mMA L, GTPY A%+
mME& AE Ul &4 Frhetch

B Mg 0]23 whole cell recording 71 A Al 92
3} gigaseal FAL 27817 Yatod G FEE AEF

2z =9 10 mM2 AMEE Y

Ag dal= AL Aol B2l 35 mm petri dish
(Falcon)oll A} 5% 71 micromanipulator (WR-88,
Narishige)S o]-&3}] 1~2 MQ 27]9] pipettes FAF &3
AlF12 5~25 cm HyO AL 9] S40 2 gigaseal S BT &
#=7h4 0.2 2918 7} whole cell patchE 34 8k th. Who-
le cell patch A AA L =P A (CK-2, Olympus) 0 & &
e $94S 7HE o B9 A EE o] pipette HE W
Eol9} B 7P wigk A¢E At A
o Aol AMEE dE @A AR F 8 AZE oyl A
AMLERIT AL EE 37CAA AYstA

3
A
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Fig. 1. Outward K' currents elicited by voltage step in ovulated mouse oocytes. A, Whole cell current traces in response to voltage pulses
from a holding potential of —60 mV as shown above current traces. Current traces are recorded in a same oocyte. B, Currents-voltage (I-V) relation
with the development of the outward rectification more positive than —20 mV. C, Blockade of outward currents by 100 mM tetraethylammonium
(TEA), a specific K channel blocker. D, I-V plot of currents reduced by application of TEA () and currents in the absence of TEA (@).

Patch clamp§ Z%7] (EPC-7, List)$} pClamp (V6.01,

Axon, USA) 3 A/D & D/A converter (TL-1-125, Axon, USA) 4

g 535t ALY A test pulseS H LA} gAY

2 -60 mVE 35k 200 ms T 300 ms S 10 mV 1. Qa0 BHat

=0 mV ALY ART pulsed Fof ARE T3 d0. 47 wWerdael AgHFE B2 Ashe] whole cell
Patch clamp7)%-& pipette} membrane A} 01] 10°9(G Q) o) voltage clamp 7]H& o] &3t 0 mVEE 20 mV 74F0 g
4 EE MY (gigasea) S FASEE gty 2ol & 100 mV 742} 300 mse] A£2 pulsed] et o] L AFE /]2
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3 F Azbol 73 3}gtol uwhel pipettet membraneS 1A 31 7) EA FHFe leak ARARS TR Y5t 7
B2 AFE 71SAAT AR A AR-AYE BAY out- F pulseZ 43 Afste] AL 28 AR pulseZEH 7]

ward rectificationo] YERIEZ (Fig. 1), AAE HA3 7+ £33 AF ZozryH Pa==
©]-&-% leak subtraction Wio) 9J3te] A}E A A sk A (pClamp V6.01, Axon, USA)S 2 &3,
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t}. Fig. IBS] AF-A FAlAM Kol
oA 20 mV7AR Ae) Hake) BAE HolT 90H Ag
A FE FEHA dsich T 20 mV o] Ae] whAY
tholl A outward rectification &Aro] el 20 mV o]Ate)
A& pulse B AT @A T2eA T (Fig 1B).
olg} 22 FAFE K EZ AP tetraethylammonium
(TEA, 10~100 mM)ell &}3ted 20 mV ©]/3¢) 2t W 9ol
AN AAHYCDR o] JFAFEK FRE FHK AFY
& AAMEt Y (Fig. 1IC & ID).

A3} 7o) -60 mV

2. ADPU|| 2j8t Y F2 BolE

A X #3713 (internal perfusion)Z o] &3te] ATy &
d& FF U2 LAOEHEH SmMADPYL F7bE £9j0 2
I33 & Asuse 72 o}oﬂc}(FIg 2). T ¥EE
A237] Yot 100 mve] A<t pulseE F9th ADPE 3
B2 pulsed] o Y BAS 51:} AEF pulseo] 28+ o)3kA
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A A F7HAF T (Fig. 2A&B). o218 ADPS] &
} UrEMZ] AXoH 1 & o) FRE F7He}7) A
l ool o2 (Fig. 20). A ZHAE Fo]
37t AEe] EAFolu seal Agel 7Had
] T3] st ADP £YoZHE g
GA71E deos JA4d 23, Fig 29 2349
< @A ZAAZAT (Fig 3A). £ 4
Eu Aol et R FY 277}
of tjZA TS ADP HRo 25 AF WS v&
3 A A3, 0 mV o]Ake Bt
el Al 3k 771 ADPY] 9J3te] 157%-E] 178% Ato] el A
J2A LS uf oA F7Herd T (Fig 3B).

torlo du
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Fig. 2. Increased K currents by ADP. A, Effect of internally perfused ADP on outward currents. These currents elicited by the step depolarization
of 100 mV with or without ADP. Right traces show the chronological effect of the internally dialyzed ADP. Schematic diagram in the lefi top
represents the experimental procedure of the internal dialysis of ADP. B, ADP-induced reduction in currents over the entire voltage range in the
absence (()) or presence of 5 mM ADP (). C, Changes of I-V plot 1 min later (O), 5 min later (W) application of ADP, comparing to the
control recorded in the absence of ADP (@). Current amplitudes were adopted the end of each current trace in response to the step depolarization.
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Fig. 3. Enhancement effect of ADP on the outward current. A, Inhibition of whole cell current traces by removal of internal ADP as shown
in the schematic diagram in the top left. This procedure is reverse process to that in Fig. 2. Note currents decreased by depriving of ADP from
oocyte cytoplasm. B, Bar plots of the averaged currents normalized to the curremts recorded in the absence of ADP,

T2 84E 3702 5 A /A2 N R A7 e F
ZAEHE T R WAZ ADPY) 96t 719
98X 9] K A F 7} hamster QA A 982 A5 22 KCa
ARYEAA FotR 1A} ok KCa AFE C2° WFAF
3714 EI}EE ADP7} Ca° AFE Z/0TE K 9

Z748 & 9tk ADPel 93t Ca¥ W3 Asus
#257] Ast] GAYE ~80 mVE FAFI 0 mV
719 AES pulseE Fof WRFARFE AEA7IEA] ADP
#F A% G AFUSE FFeidch S mM ADPE B

R

Fe e A
2 3adith o2 o B9 $A3] Aalel EYS
ANtz »ADP— 2 gAY N LB
WPEF WSE B2 2, Qo 2H9) 2ol ADPY 02
$9 283} BAR) WFAT 271 Ao] AFe4

constant) 2 AF-AAPA 5 T2} B3P Aue W
g2 @tk mebd ADPE Ca YRR g A3
g9 st

4. ADP R3}0f Cj3t ATPS| R

AZAF HE ADPS) k= A7ho] ZAFapEA 27}
BTt (Fig. 2). ©|& ADP7} o] &E 2] A agonistL} anta-
gonist2 A} Ag-sh= Zo] ol Ml Eu) thal = A5 3
of thE 2=z FARAAUT w2 F AHAZ ATP7} AHE
= Q38 2 AAo| ADPY} 2gAH o 43 AAR

Lotr 7] f3te] FAF) vjd ADPS} ATPS) & HE ¥
ot (Fig 4A&B). ©)88 7HA & 3 & W) ATV
ADPS] Hjgo] ZAZTHE HIGMNE 352 4 gtk X
W ADPE ATPE W330S o JEAFE 03~06 nA ¥
YA Ao, 53] HH3) Zrhsbe steady-state co-
mponentE A A Zth (Fig. 4A). ATP] 93t QAR oA
3= 0mV ool BE ehdgtel s &)t (Fig 4B).
I F9¢ 2404 7158 2 AFG §98 spol=
At T3 9 HF 9 slope conductancesl] tha+ -] 3
Zol7t FAHA gkol ATPo] o3t Mxet ALK Wat=
FAHA ke

5. LAEFMI0f cKt ATPS| &3}

g Fol thsled ADPS} ATPYF M2 AR H o2 e
ST ADPS} ATPSl & H7} Ca” & Tl yan
= EFHE XA A Yste} YakdFel o ADP
o AL 2T st 22 EoR, AL -0 mVE
HH 60 mV 327)9) AEF pulse (—20 mV step depolariza-
tion)o} olate] etz HFE 71289t redozn
H 5 mM ATPE AZUWE AFANAY w2 43U 5
mM ATPE 2§02 28gAH Yehtes AFE ATP
9 59 BAglel NHA R wed 248 run-down &
ol etk b £ A8eqE CF MR 0a
ATPS] &3E §le 222 Yehgth

6. U X AVMRH chst cTPY Ef
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Fig. 4. Antagenistic action of ATP against the effect of ADP on the outward current. A, Inhibition of time-dependent outward current by the
internal dialysis of ATP. Shaded area in lower trace represents the amount of current inhibited by § mM ATP. B, I-V plots in the presence of
ADP (@) and ATP (O). C, Effect of GTP on the inward current. Arrows indicate the peak level of the superimposed currents. D, Effect of GTP
on inward current and outward currents. I-V plots of inward currents before () and after application of 1 mM GTP (@) are shown with those
for outward currents. Amplitude of steady-state currents was measured at the end of voltage step. Both solid line with open circles and dotted line
with closed circles indicated the slope conductances and the amplitude of steady-state currents with (@) and without GTP () in the pipette solution,

respectively,

Fig. 29} Fig. 4A| A4 BAFE A 7o] AA3] o] FolA&
A Fo] i F ADP 43 o} ATP 79 2L
ADP9| g3}7} o] 25 2o AH A0 E 243 Asje}rErt
T AZY FFS FEAA UEE b e AABIEE £
A7 A WA AEZA G proteing] #E 2 E AW B}
o} (Fig. 4C & 4D). ADPS} ATPS] &37} Wt U ZA]3}
+ G proteindl] &3t} Z70E 7FsAd 3 GTP E=& G protein
o Y3 52 7t BFE] H8tq GTP7F g2
pipette £A4E AFZYZ AFAA UF A7} A7
HEE 71555t G proteing] WE E4E Y8t 1 mM
GTPE: pipette £<4 ¢l A 718} internal perfusion 71H S o] &
3t QX Qo8 AFAZAC BF IAFHEH 02~04nA A
T #2022 YdFY A7t BE AgdelA F7t

&t
=
Lo

Fou AAHY F AF-ALG F 3 8
2252 Aot Fig 4D). K kd e dA9 Ay
gigaseal®] JEfell webr ghdiqtel @& #AZF SIPou
slope conductance7} 3.970 A 4192 <7+ 7 d|
JHORM K EZ ARk thd GTPY A4S AT 4
Aok

:l']_'l-

£ AL AF dAY ARl g ADP 2 ATPS
GTPe] &3S Basle] ADP L ATPo] o3 937 24
714, & GTPs} ZAH e A7 B ASHEHA
AZE Yo7l Y5t AU o]} 22 EHELS

= X
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T YA HE&AAo stBE 1 EAE A7) 93ty
whole cell voltage clamp 713 &7 A ZW &7 7|HL 3
&8t

2 AP AZE JFAF YRS AT U 49 x
7 (140 mM [K'], vs. 6 mM [K'T)# K AF 29A] ¢ TEAS]
Sate] APHE A2 Beb K AFE BsAch 2yt
10~100 mM TEAS} gjsixE H&iA 425 ge F&
o] g o] K" A o]9lo] Cl-u} ThE o] o] &t 7
o] A} TEA-insensitived K' 229 7154 AT 4 ¢
Atk AAZ AH dAANA JEAF Y Kineties7} V] A E
o Az 2ong A3 vael EAste | 2EZE AdA
ol AR E o] 2FEY 754 (Peres, 1987)& T ATIW
AFLEXNE AF At EAste &HFE TEA -insen-
sitive K' channel & E3lo 0|58 AR #4351 Aol o
5 EFgeltial AZtEnn

ADPE 2 Mi2 AH83tx) @Y S8 244 9 FHFE =
7HN AT (Fig 2C & 3B). A F = pulse Ao ¥H2-81]
#HalA] Q= Y Are A8 (steady-sate component)3} oF 100
ms o|F5H LG3y) AFshe A7-9EA AR (time-de-
pendent component)© 2 W& & ST} (Fig. 4A9] trace 3
). TFIEAE ADPE AZ-9E4 AR S addos 2
7YX Bt} Whole cell patch 4 & 10820} A4 E ¢ mV
oM Hole AR 2ozt 100 pA AF YL 7horet o
(Fig. 2D), 134 FA3E) AF $7te 2938 F seal
A AT A7)E leake] 98 AoE B ogenz
ADP] 332 HTHEDh A7 94 A FAFE ATP £
o gste] A M (Fig. 4A & B), ADP ¢} 28 A5 ¢
B BREA 43 Holk 3% o)A Ad & wraait (Fig
2C). ATP-sensitive K* (Kap) A E= ATPSY} £27ko] 27 2
ol gt w2 28] ZHHEE (Asheroft, 2000),
T o e dFAFY SR Kap SRS ST R
o2 H7] oy}

BE TRIK T27F cAMPY InsP; 53} 22 )37
E= o|AAH o o3 &A= PKA, PKC 2 cell-signaling
of #8% G proteinel] 93t EASE AR da ¢ A
At} (Cook, 1990). T B2 2JAFo] st ADPY] 24
T3] AlME AF dRelA ARG FAgA A

= E2F ADPTHY] ##HARE AP Ry} gtk 2
49 ZATCEE AT h3 ADPY ATPS &
22 TAHLE 49T 4 glov -30 mV U2l ¢+A
AgS FA7] ste] A5 NaK pumpe] &3

12 oX

(%
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1989a; =, 1989b)¢} hamster WAl A H. 7 ¥ th9o] B 7}x
A7 ZAZEY 47 ¢ AT t)d ADPY 2&
1AL HFE & Atk A hamster YRNA FRf o5}
o Yehte FHEFW-E-0) GTP, InsP; 3 serotoninel] &34
E VehtEs 222 BIHIT (Miyazaki, 1988; Miyazaki,
1991; Miyazaki, et al., 1990). ©]= hamster Fx}ofl A A 219} 9]
FRA BEHE WA T HEe AT 7 (€M)
9] oscillationo]] wel F71H 07 ojF oA KCa ERY &
Foll 93 272 <A o} (Igusa & Miyazaki, 1986, Mi-
yazaki & Igusa, 1981; Miyazaki & Igusa, 1982). Ca” oscillation
o] o] £0|x}7] 5 A= ATPS A45Hs Ca’'-pumpl} Na-Ca
exchange system, KCa 29} 222 T3l A|TAXE L
da Cg wERoR zARE Ho' A4HT Yy
(Miyazaki, 1991). Hamster 2}t A3 diol A B35 = 3

5 e Hud A8 dstd 43 daldx KCa B2
7F A& AL R A3 1o (Igusa et al, 1983), AF ¢

A ME Ca¥' oscillationd] g7 Atk (Peres, 1990; 7+
5, 2000). AJF GAIME hamsterst FAHA HESHRS
535l AEY Ca¥ &7t 2REGR ADPY} 2713 o)
ATP/ADP ratiod] ZHaell we} F5&ut 53] Astdo
Ca™iol $4 5T 172 KCa B2} AR JFAFY con-
ductance F7H2 HHgE £ glth o]o] Aty QArE 9} 72
9 K" F224 7] st E3802 K A%
H3E O & £ HIZ e F e Ao,

2 AgAME AR 99 o] &F29 W3 G proteind
AEol SAGEAE Forrginh GTPY 2t 47 v
9 Ca" AFE 371815 (Fig. 4C & D). ADPS| Z& 3=
220 g GTP &¥¢ #F A 54H #2330 (Fig. 40).
G proteino] 2% E2of 24d o I T34/} wEA el
o AF el A] B-adrenergic agonist$) isoproterenole]\
8-bromo cAMP7} T-type Ca’” 222 28 3o= AL 7183
THH (Haan et al, 1993; Brown, 1991; Yatani & Brown, 1989),
2 GTPY] 9§ Ca" WA RS 27H AAkste vt a0,
Gy InsPs9) E49)E PLC7F 2750 PLCY &AL G
protein (Gp)oll &J3}] o] FAXNEZ Uxte] o] 222 9] EA
S HAY S B o9 E G proteing A8 g9
AZFEAAL A2 H ligand 29 2§ M54 S A S
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