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Ca™ B ([Ca™'],) "R T 2. TORFEAEL
B W BERL D exocytosis 12 & D, A A1) S
BWEND Y. FWENTA YA YIRS
IV EHIEIENDE T, B-cllDA VR ¥
2K & 44 L T phosphatidylinositol 3-kinase
(PI3K) D& MAL % A L C Katp channel % B
X, autocrine DIEHIZ L > TA ¥ R ¥ 53
REEIT 2 Y. K514 v A VAR
protein kinase C (PKC) #N&MAL 22 & ¥,
B-cell ® Katp channel % # & 3 4 Kir6.2
channel 1+ PKC 12 & 0 ifHAL 2 B 2D %
ZEmb, 4 YA VIZIEPKC DL E A
L C B-cell ® Katp channel % B < EH &2 Fow]
REMEDSD 5.
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DX A VA YEERREIC LS
Katp channel ¥§5fEH X, T v M REIIROIME
ERMRERe T 7 ) By A TOVIREMIE T D
s TG o7,

SFTICFHRAIE, 7T7)H Y ATV
# B2 12 Katp channel 25 fF 7£ L, & @ channel
W=mKG¥ /378 (G,) IZcouple 3 5%
ARG, B 2L, IERER V€ >~ (FSH)
RT7 T/ v v (Ade) ¥ 512 X % adenylate
cyclase (AC) OIEMHALE /- L 72 BN @ cyclic
adenosine 5,3 -monophosphate (cAMP) & &
O _EFHIZ X 5 protein kinase A (PKA) D%
LICE > TR S 2 HELTW2 Y. F7z,
COIEMIBICIEZ =8RG ¥ 37 E (Gyn)
|2 couple 3 % purinergic receptor (P2Y) %
RLAFAEL THB Y, inositol 1,4,5-trisphosphate
(IPy) %4 L C/hafk2 5 Ca®' i & o Tl
P Ca™ 25 ([Ca™]) 73k LC Ca*" kA7
Cl channel 25B < 2 & bHE L T2 Y.

FAEEE, BEEMEETTT 7 AV AU
TOVIIRE M AE 12 FSH % 7213 Ade 2 #¢5- L T,
FSH %46 % 7213 Ade =R H T 5 2 &£ 12
&£ o T Karp channel 235\ CT54: L7 K it
AN, WEFRL A A CORFRGIZE Y
MlInsZezRmR L7 ZOBERERE A
YA D3 B-cell &3 HVERBF T K &t
BB L CTnBE 2 E 2R L TWnh, AR
HTIE, A A YHHIEAERSERR D &
DFMAAEH L C K BEeEZ2HH L Tnws 0
PEHLPIZL, A4 VAR rOxREEBET L.
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1. AR & R

77 Hh Y A H TV % 0.15% 3-
aminobenzoic acid ethyl ester methanesulfonate
(tricain) ZKVA CIRRIERR, MEHESZ GIBH L COR
E OB ORE 2 ) L7z Hi T, BER
WEFCTE 2y PERWTINE FEMREE I
A5 L CUNR ML g |2 7 b L 7- R B (follicle-

oocyte) & HL D H L 7. T M5 % Barth's
solution * 12 15 C CHAF L T 4 H BAPNIZ FEBRIC
fEH L7z, Z o follicle-oocyte % it H chamber
WCHEE LT, 777y 24TV T
(frog Ringer's solution) TH i L 7= Y.

adenosine (Ade), follicle stimulating hormone
(FSH), (£) -trans-6-Cyano-3,4-dihydro-
2,2-dimethyl-4- (2-oxopyrrolidin-1-yl) -24-1-
benzopyran-3-ol (cromakalim), uridine 5'-
triphosphate (UTP), (3R, 4aR, 55, 65, 6aS,
10S, 10a%, 10bS) -6, 10, 10b-trihydroxy-3, 4a, 7,
7, 10a-pentamethyl- 1 -oxo-3-vinyldodecahydro-
1H-benzo[f]lchromen-5-yl acetate (forskolin)
I& frog Ringer’s solution |2 V& L CTHER L 7-.
phenylarsine oxide (PAO) % dimethyl sulfoxide
(DMSO) (2% f#f%, DMSO DD 0.05%
PUFIZ7: A X 912 frog Ringer's solution TR
LTV 42 A i 40 mM OHERRIZE
ffth, HALKFZORAIEEL 10 "M LT IZ%
% & 9 |2 frog Ringer's solution TA R L T H
Wiz EBRICHW A Y A Y ARG O pH 1
frog Ringer s solution & [f] U pH7.4 T& - 7.

FSH (& MSD (B¢ TfEHI[X), Ade, cromakalim
(Cro), UTP, PAO, A > AV », adenosine
3", 5'cyclic monophosphate (cAMP), forskolin
(Fors) % Sigma Aldrich (Mo. St Louis) D%
7z FOMOREIIHOGHEE KR H
[X) O & 7.

3. EAAEHAHIE

OR B AR & U0 B M AE 1L gap junction T2 7
DoTHY Y, BAEBERIZIXE MO X
NI NG, 2D, REBETIZAD
wAR 2 IR A LT, INEMiiE TH
BEEAMGISE 2 BEICE LY. Wi
Dagan 8500 5 & 1 [ 5 22 &, * 721X, Dagan
TEV-200 BN EEEE 2 H\C, Mgk
JRBEAL (-60mV) |ZIEEM A FEE L, il
B X 2 ERINE ZRiER L7z
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Fig. 1. Effects of insulin on the FSH- and Ade-induced K" current responses, and UTP-induced Cl current

response.

A: The left traces are control responses to 0.6 uM FSH, 1 uM Ade, and 3 uM UTP, respectively. The
second traces are test responses to the FSH, Ade, and UTP examined after the application of 100
nM insulin for 3 min. The third traces are recovery responses obtained after washing out of insulin

for indicated times.

B: Time courses of the effects of insulin on 0.6 uM FSH-, 1 uM Ade- and 3 uM UTP-induced
responses. The ordinate indicates test responses to FSH, Ade and UTP after the application of
insulin for 3 minutes, expressed as relative value to the controls recorded before the application of
100 nM insulin. Each point with a vertical bar represents the mean value with SEM for 3-8 responses
recorded from different oocytes. Symbol “*” and “*” indicate the statistical significances with p<0.01

and p<0.05, respectively.

4. AEDBG-OHT
1) M5

frog Ringer's solution |27 L 72 4 58 A
X, MREOIMI2 S HERIC TR S L7z, Ade,
FSH, UTP S O¥5-FEI, £ ORETINE
DEHEDFE S N5 F/NEER & L7z

2) MG GRIFEETEA)

cAMP O 5% 5-13 KCLK B2 ED L
T L 7210 mM cAMP-100 mM KCl & =
7T A EMIZEE D, follicle-oocyte |2 FEAR %
Hl A L CH770.2-3 kg/cm?® T BE & 100-600
ms @ pressure pulse 12 & ) {772 Y.

5. MRINT

SHEEI AR ALBE L, Py = fEdERR s
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~—

DK E7\E Student”’ s £test = WV THE L T
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Fig. 2. Dose inhibition curves for insulin on 0.6
uM FSH-, 1 uM Ade-induced K* current
responses, and 3 uM UTP-induced Cl current
response.

The ordinate indicates the mean amplitude
of the test responses examined 15-20 min
after application of varying concentrations of
insulin. The test responses are expressed as
a relative value to the control obtained before
the application of insulin. Abscissa shows
concentration of insulin in logarithmic scale.
Each point with a vertical bar represents the
mean+=SEM for 3-8 responses recorded from

xxxxx

different oocytes. Symbol and ™" indicate

the statistical significances with p<0.01 and
p<0.05, respectively.

EHICE LI SN (FiglA)., 2kt
LT, UTP %45 L T P2Y &M% HH
LCTHELZCl Bt (UTPIGE) 131 ~
AN VHI G L o TIEAEZIL L o 72
(Fig1A). 4 ¥ A1) Y#&5H112H% L 72 FSH
0%, Ade ln& = UTP L& % control In& & L
T, IS OEGRKAE (peak fif) 12x9 5 A
YA YEGHROZENETNDIEE peak THOAH
XHE 2 M, A > A1) YIFEG-BGED 5 OREH
ZREEHIC L TA A YRR time course %
RL7z2 (FiglB). FSHIn &35 Mo A » A
) CGRETER> SIHIS S, # 30 0%
T 0.50+0.09 (n=4) &R KOIHIZRL 7.
ISR LT, Ade B3 1 >~ A1) »HHER%
WAL O N o 728, #9156 73142121
FSH 6% & ZIZHEBEOMHA R SN, £ 30

341213 0.47+0.07 (n=7) & FSHILZ D&
ERBRICRKEIFIZ R L7z, A4 v A Y5tk
#7145 43 TIZ FSH IRA & Ade In& L, &b 12lH
1EAE ) % 72 7278 frog Ringer s solution T 2 K
MG L T b control JEZ DO EifE £ TRIE L
Lo lz (T—=FIIRLTWaw), Ihs 0k
B, SHROUEIRA v 2) Y558 15
DRI N KIS (FSHISE, Ade IBER
UTP &) =il LTiTH 2 & & L7

2. A ¥R MNER ORI

A2 A1) YO FSHIGE & Ade IGEIZHT 5
WHEWEH ORI, 4 v A Vi
JE & Al 12, HERR 1213 4% control IR 2T A
A YA G005 15 53R D KINE D peak fl
DIt EF L7 (Fig2). FSHIGE & Ade o
0.1 nM % 0.4 nM DA >~ A1) ¥ 355 M ORiH#S-
Tit, T2 0.9 (n=2), 1.09+0.11 (n=6)
LIFEAEELIIR OGN o72h5, 1 nM D
A A VEIESTIE, ThENn0.64 =0.10
(n=5), 0.71+0.08 (n=3) L #HIAH S 7z,
100 nM TiZ, 1 nM OHFIOEIG & FERIZZE
Z10.61%£0.05 (n=4), 0.68+0.04 (n=6) &
I 512 L 2825580 iz, Zhxt L ¢,
UTP & 1E 1 nM ~ 100 nM D 1 » A1) Vi
5Tk, AREIZZ L L o7z,

INSHORERENS, A 2 Y OWHIE-O
BEtiz 100 nM O A > 2 > % 34T S L
T, BHHIO control B4 & B LIRFES A 2
L& L7

3. cAMP HMfE M E A % Katp channel F [

HHEGCTRAE LK BRICEIIHT S
A A Y OVER

770 Ay AT T)VINEMIBIZ BT Gs T
AL LARE OB NS Rz 5 T 1235 14~ A
V) OEHZBHORICT 5720 FTD 3005
B&A T 7. 1. AC 2l 1EALS 5 Fors ¥ % #%
G LTRAET LK BithE (Forslng), 2.
PKA %&b 3 %5 cAMP Z Ml PIC IE3E A
LCHAET LK Bt (cAMPIGE), 3.
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Fig. 3. Effects of insulin on the Fors-, cAMP-, and Cro-induced K' current responses.

A and C: The left traces are control responses to 4 uM Fors, 10 mM cAMP, and 100 uM Cro, respectively.
The second traces are test responses to the Fors, cAMP, and Cro examined after the application 100
nM insulin for 3 min. The third traces are recovery responses obtained after application of insulin for
indicated times. The intracellular concentration of cAMP was estimated to be 10 uM.

B and D: Time courses of the effects of insulin on the 4 uM Fors-, 10 mM cAMP- and 100 uM Cro-induced
responses. The ordinate indicates the relative responses of Fors, cAMP and Cro after application of 100
nM insulin for 3 minutes to the control response measured before application of insulin. Each point with a
vertical bar represents the mean+SEM for 3-8 responses recorded from the different oocytes. Symbol “**”
and ™" indicate the statistical significances with p<0.01 and p<0.05, respectively.

Katp channel BT 13 ® Cro" ##5- L T Katp
channel # E#EH W THAET 2K B E
(Cro &%) @ 3 2 DISEIIXT % 100 nM A ~
2 OVEH &Mt L7: (Fig.3). Fors v &
cAMP JB&IE A ~ A Y ¥ ORI G EHEH S P
SNz, A YA YESRNIE S 7z Fors b
%, cAMP &%, Crot % @ %t % % control
InEE LT, FNEND control InE D peak fi
&, AR Y EGRIELN I ENENDIL
KD peak fEDHZ KD B &, Fors InZldA
AN I8 184512132 0.67+0.11 (n=6),
cAMP B & 1349 28 43721213 0.43+0.07 (n=3)
&7 0 (Fig3A, 3B), 6047 Td, Zo#

HHEEE L7z (7= F IR L Twiwv), —4,
Crol8&x A Y A Y5 HZ 45 TIE1.22
+0.08 (n=8) & A &= |2 ¥ 5s (p<0.05) L 7=
(Fig.3C). Z oHEsRII# 20 0kt L7278, £
40 53211 AE L 72 (Fig.3D).

4, K BRISEICHT L 70y YY) VR

FEZBHER DR F

4 v A1) ¥R protein tyrosine kinase
(PTK) &4 FWIZH DR/ T, /KD
EMHALS % & tyrosine (Tyr) EIEOHCDY ~
B b As#e &, Z 712 insulin receptor substrate
(IRS) DT ¥ TH =5 I BHEET 5.
IRSIZPTK TV YERfL &, %y TPISK D
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Fig. 4. Effects of phenylarsine oxide (PAO) on the FSH-, Ade-, and Cro- induced current responses.
A: The left traces are control responses to 0.6 uM FSH, 1 uM Ade, and 100 uM Cro, respectively. The
second traces are test responses to the FSH, Ade, and Cro examined after the application of 30 uM
PAO for 1 min. The third traces are responses obtained after application of PAO for indicated times.
B: Summary of the results obtained from 5 similar experiments as shown in A. Responses were
normalized by the peak values of the control response. The test responses were examined recorded 15-
30 min after application of 30 uM PAO applied for 1 min. Symbol “*" and ™" indicate the statistical

significances with p<0.01 and p<0.05, respectively.

P 7= v NrT-AO SH2 domain A% A
L CPI3K ANEMEALL, R4 & N5~
WAOMEES N T —F, PTKTY ¥
BRAb & 7172457 F 1% protein tyrosine phosphatase
(PTP) I2X > CTEBIZHY) YBfbEh, o
i) Y BRL SN0 TIIEREEET 5 2 &1
TEX %\, L7223> 7T, PTP OFEMDHIH S 4
R, AN Tyr BBED) Y BRIL L 725 F7°
TERREX VEMT 57204 v 2 otz
FUPTxBLEZ F2T, FSHIGZ, Ade
0%, Cro lo&2xt LT PTP AN 3 B3 #
O PAOY ORREFNL Z L & L7

30 uM PAO ZE#EWIZ L D 1M a4k 5+
e, A YA VHIG L FEBIZ FSHIGE R
Ade JBZIZE L IS A, S & IERHRRINIC
Cro bk L7- (FigdA). PAO ¥ 5-Hil

BoNFSHIRE, Adelt%, Crolt%d D%
JB& % control I6 & & LT, ZNZFND control
JB& D peak &, PAO & G-ZI2IELNI-ZF 1
ZTNDILED peak DL A KD S &, PAO #%
54% 15 47~ 20 437® FSH itv%s, Ade ln& =% Cro
JBE T, FhEh, 0.30 = 0.12 (n=5), 0.36
+0.05 (n=5), 2.65+0.77 (n=5) & %V, A
YA PG5 15 55~ 20 S OFER £ 1323
L7z (Fig4B).

Iv. # =
1. £ >R OERET
1) A > A 2 X BIEWE R
Fig3AIZ/RL72& 912, cAMPILED A ~
2 YHIRGTHRHI SN TWE 2 s, 17
29 ORI L) ERICAET 5%
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K% Gs, AC Tld7%2 <, cAMP EALETH
HIENREENS., L2L, Crol&I2R L
TA VA VIEAKIEHZ R L2280 b, A
¥ A1) ¥t Katp channel (21§ L C FSH &
B Ade D& EIHIL7-0TIld R <, LA,
Katp channel ORI ZEAE L 72 EZ 2 b 5.
PLEDRERE2S, £ v A VIZZ/ s
L o THEHE L7z cAMP 728 PKA L HEET %8
75 Katp channel 730 < £ TOREE % ##] L C
Wb EDTRIBE N

cAMP 12 & ) AL % PKA 13 filtiEH0Ar &
FETEAL 2 HRER S AL, AR SR TR AL
DS AL OBERAE R 2 30§ L T 5. cAMP
PSR ETERAL SRS & 3 5 & Al AL 28 R L 5
%W, PKA o # £ B fiZ 13 plasma membrane
(2 $ L CTHAET 5 anchoring protein & #5 &
LY, %7, Z o anchoring protein iZ AC &
AR ZIER LT PKA G4 2 R 2 A 12 ET L
TWBEDHENH LY. —J, Mp o1 A
1) ¥ BE A E W hyperinsulinemia @ 7 v b iR
it Clx, 4 > A1) 12X ) PKA FRETERAL
& anchoring protein & OFEEHEI N, Z0D
R AC & PRETEAL O W HE FEEDS LK L C
cAMP & PKA F 8 #A7 0 # AR 2K T L,
control |2 HRT PKA {HHEALAME T 9 5 & HeFm
ENnTwas” ZoXS 7% PKA & anchoring
protein & DiEEZIHIT A A X)) Y OEH A
TIUAY ATTVIEMETES S L, e
OFEREF L K BRISEOIIHFIAE T 50
e H LS. LAL, ToOFREA R vo
FE%G (8K I X 21/EHTH Y, Fexr LA
UG 3 4M) ofRCldhw. 4%FHE %
LIEI L ETH 5.

2) A » A1) |2 X % phosphodiesterase 3

5E O ] REE

RN D cAMP 1& AC DIEEALIZ & 0 A &
11, phosphodiesterase (PDE) (2 &£ 1) 5-AMP
R END. Lizh-> T, MBaHN cAMP &
B ([cAMP];) 12 AC & PDE O i LE 12 & -

TELT S, ZNFTOWET, AR ¥
3~ 7 A7 EQJIREMIE L PRI B v T
PDE O 7% A 7 Td % PDE3 % F¢ 21|12
YA ENME SN TVwE B Lo
T, 779H Y AT VOIREHIIEIZ BT
b A A1) UAPDE3 % BguE L T [cAMP), &
WA &, FORER, PKA OUEMHAL 2 #H] L
T FSH < KRR 3% Ade BRI #IC X 5
K" B &2 il 2 TREMED S 5. Fox 1L
DRiz, 770 % XA Z)VINHIIZ BT
Ade I8EDPDE 7% 4 7 CTdh 5 PDE4 D
R PIHIF] @ rolipram (4 3- (Cyclopentyloxy ) -
4-methoxyphenyl] -2-pyrrolidinone ) #%5-14 (21
K3 %7, PDE3 @ FERIPHIF] D cilostamide
(N-Cyclohexyl-4-[ (1,2-dihydro- 2-oxoquinolin-6-
yl)oxy] -N-methylbutanamide ) #¢-5-% TIZZ1bA%
W EERHE LY. 72, cilostamide ¥ 5-
%, BT TA YR Y2595 & Ade B
Pl S, CrolsZid kL7 (5F—21dm L
TV, THEA v A VEIEGORTHE
5% Ade ln% & Cro B & I2xt 3 2 1EH & [
URRTH o7, TN ORFRIL, ZEHIRET
&, JEMilE CIEH b ST b PDE3 2812
EAEHEET, EHI, AR UL T
WX N5 PDE3DIFEAEHEL VWS L%
RIELTWS, L7z oT, T7VH I AHT
VORI AFFES %S PDE3 OFEf %2 1 >~ A
1) AMEER L C FSH IR AR Ade B2 % #0 L
TWwhtidEZ N, 4%, oMo PDE
DHTH ATV T A v R v OV %t
TLULENRD L.

3) 4 ¥ A1) »® Cro & Zxt§ A1EH

KaTp channel # # B 3 % SUR % Kir6
channel IZIZ PKA 2L D) YEfLS NS T 3
JBIRIED G OPFESNTE D, U VERIE
25 & Kare channel 25{EPEAL & 1L 5 #hds A%
ZnAPF e BecelllBWT, A YAV
SRR X > T PISK A5 AL L € Karp
channel 2Sf < VI HELH B Y. b L, 7
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7)) A1 A I ZO)VIRE M @ Katp channel 2¢
PI3K %41 L 7z i@ e Tl L3 2 & AE
T 5L, BEEMEETTIEA YA Y 2i k%
3 % & KM BIAALT base line 234 X
NZALT BTN, FADERTIX, LA
base line DO 0% WNHENOZALNE L RS
N7z, L7zh->7T, CrolbZ D KIZIZ PISK
DOIEHAL % /- L 72 Katp channel % B < /EFIERY
GLTwhnwekEZzZoN5.

LHHOTFT = FIZIERLTWAR VR
cromakalim & [6 U K’ channel B 1 3 ©
pinacidil (N-Cyano-NV"- (4-pyridinyl) -N"-
(1,2,2-trimethylpropyl) guanidine) %> PCO400
(3,4-Dihydro-3-hydroxy-2,2-dimethyl-4-[ (4-
oxo-2-cyclopentenyl) oxyl-24-1-benzopyran-6-
carbonitrile ) O 5-C Katp channel 3BV T3
BT LK BRIDEDA VA VEIFEKGIZLD
HALZ. 2o K channel BICIEEO L4
ORI S, SUR X $ 2 /EHERLILE U4
WEERINTVEY, LdoT, A VA
> ¥ 5% o HEEE 1 cromakalim @ SUR (24
TAHIEREALIZA 2 Y HWEH L C K &it
JICEERER L7 EZONL. SEOREHPL
PTH5b.

2. AP E SR

EBRZFAN727 7)) A1y A F TOVIIEEI L
stage IV CTH—IRBE A EIEL Tw b
IO AEEMICH 725, 77V H Y AHT
WHEAMEDOBEHRD A >~ 2 VIEEIIAHTSH
B, ZERERERE DY 0.05 nM &\ ) il P 2

HY, BAEEIZIEZA R X BIEER DS
T A 1 nM OBRFEEISEL TW AL S
H.oAIUIZ LT, ZoEHH O follicle-oocyte 7%
WIS, I nMBETH A VA VIZBEFESND &
YE A BE 1 FSH #1058 Cie & % [cAMP], @
BWRIITEZEL 2V, 38E7 2 K &EildiE
CHRI SN AREED H A, TN E TOWET,
Xenopus oocyte % HU D P € U1 fg #H fg @ Katp
channel 25F\VCHEA$ 5 K Wit x ¥l 3 5 &
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Abstract

The follicular cells surrounding the Xenopus oocyte
under voltage clamp produce K' current responses
to follicle-stimulating hormone (FSH) and adenosine
(Ade). FSH and Ade act at receptors coupled to the
GTP-binding protein Gs to elevate ATP sensitive
K" channel (KaTp channel) activity via activation of
cyclic AMP (cAMP)-dependent protein kinase (PKA).
To characterize the K™ channels involved in the FSH-
and Ade-induced responses, we investigated the
effects of insulin on the agonist-induced responses.
The application of 100 nM insulin markedly and
irreversibly depressed FSH- and Ade-induced
responses in these cells. By contrast, this insulin
did not affect the UTP-induced Clcurrent response
in the same cells. The insulin also suppressed K"

current responses induced by either the application
of forskolin or intracellularly applied cAMP. On
the other hand, K' current responses induced by
cromakalim, a KATP channel opener, were augmented
during the application of insulin. Furthermore, the
application of 30 uM phenylarsine oxide, a putative
inhibitor of protein tyrosine phosphatase, also
depressed the FSH- and Ade-induced K™ current
responses in a similar fashion to the insulin response.
These results suggest that the depressing effects
of insulin on the FSH- and Ade-induced K' current
responses may be caused by the blocking of the
reaction step between cAMP production and opening
of the KaTp channel, independently from the decrease
of the cAMP concentration.
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