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Effects of Gonadotropins, Prostaglandin F,,, and Ouabain on the
Ca**-ATPase Activity in Luteal Membranes

Bon Sook Koo and Inkyo Kim

Department of Physiology, Yonsei University College of Medicine Seoul, Korea

It has been reported that the luteal function may be regulated by the intracellular Ca** level which
may be adjusted partially by the high affinity Ca*+-ATPase in luteal cell membranes. Then, one may
expect that luteotropic and/or luteolytic agents, such as gonadotropins, prostaglandin F,, (PGF,,) and
ouabain, affect the intracellular Cat* level.

In this present study, therefore, we examined the effects of luteinizing hormone (LH, or human
chorionic gonadotropin, hCG), PGF;, and ouabain on the kinetic properties of the high affinity
Ca**-ATPase in light membrane, heavy membrane, and microsomal fractions from the highly lutein-
ized ovary.

LH (or hCG) increased the affinity and the Vmax for Ga** both in light membrane and heavy
membrane. PGF,, increased the Vmax in light membrane and decreased the Km in heavy membrane
for Ca*t at low concentration (5 yg/ml). At higher concentration, however, PGF,, oppositly affected on
kinetic properties, that shown at low concentration. Quabain, a potent inhibitor of Na*-K*-ATPase,
increased the Km at high concentration (10~* M), however, decreased the Vmax for Ca™ in light
membrane at low concentration (107% M). Also, ouabain increased the Km for Ca** in heavy
membrane without changes in the Vmax at both concentrations. It seems that LH and low dose of PGF,,
increase the intracellular Ca** level and cause in activation of Ca**-ATPase, however, higher dose of
PGF,, and ouabain inhibit directly Ca**-ATPase activity and result in increase in intracellular Ca**
level.

According to the above results, we suggest that luteotropic and/or luteolytic agents regulate the luteal
progesterone (P,) production through two different pathways; one is cyclic adenosine monophosphate
(cAMP)-dependent and another is Ca**-dependent. Intracellular Ca** level regulated by the high
affinity Ca**-ATPase may affect both pathways in a time-dependent fashion. LH (or hCG) acts on the
luteal P, production via both pathways. The initial step is Ca** dependent, and the late step is cAMP
dependent. PGF,, and ouabain increase the intracellular Ca** concentration so that basal luteal P,
production is increased and LH-stimulated P, production is inhibited by the inhibiting LH-dependent

adenylate cyclase activity.
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Catto] 9]4w] gl Wj3u]A EolA stimulation-
secretion couplingo] F 8§ 9%-& dedicin &
2 2 o} (Douglas et al. 1967; Fleischer et al. 1972;
Higuchi et al. 1976), & 2ol A A Z¢] steroid
229 F43 $uE Cattoll o3 A5 o Ca™*
o] #4715l FL7 8L FET Aojzte 4
Ao] BnE ek & A A LA 79 Catt2
AAR AS BAHEE
of o8| 2715 & progesterone(P,) 8] 40| &
%] o] (Higuchi et al. 1976; Veldhuis & Klase, 1982;
Park et al. ]t =), o]+ HIJE Na*
jonophoreg] monensino]1}  Ca'* ionophoreq]
A231872 A5l A ZW Cat* ¥ & 95 o
A A 2 P, T4l o] JAHch B3 (Dorflinger
et al. 1984; Gore & Behrman, 1984) = gl=}, o]}
7ol FAMEA Y Catte] T2 ofz A3}
A FEHA g3 chat FA7 57 AL Catt 5
57t Ao otxn F5F Folh

olgjgt stAE HT FAs| Tl dFE FE
gonadotropins, prostaglandin F,, (PGF;,) %
ouabainS o] A ALY Cat* 355 WA 7o
24 2 71%5% vebd Aelzte 1af o8 o
< subA s 3 gleh, & LHE Catto] AT o
P,o] AL ]2 ZA 3o (Higuchi et al. 1976;
Veldhuis & Klase, 1982), PGF,,+ in vitroo| 4] P,
o] basal A& F7FA] 7|} (Park et al. o] EE =
2) LHo| o8| 27bE P, g4 247w
(Thomas et al. 1978) o] & Ca**¢] o] 57} <13t
o] 9ltta &c}(Leung, 1985; Leung et al. 1986),
Ouabain 4] in vivo#} in vitro 2 FollA 2] A|
29| P9} 20¢-dihydroxyprogesterone (20¢-DHP)
¢] basal AL Z7}4] 7)1} (Kim et al. 1986; Park
et al. v ¥ &F) LHo| & F7hs & P8 ¥4
£ 72 A7) &0 (Gore & Behrman, 1984; Kim et
al. 1986) = 7]AL  Na'-K'-activated,
Mg*+-dependent adenosine triphosphatase (Na*-K
+.ATPase) 9] A2 2+ A EW Na* 59 F
77} o] b4 o 2 (Nat/Catt m el 2f3) Al £

(luteinizing hormone, LH)
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Cat*5 5% F7H41717) Wl £ Aeletx Szt
(Dorflinger et al. 1984),

o] 2}7to] LH, PGF,, % ouabaino] 3}A|A] X
o] Catty =& HIA I ol & %E W E2
g FAATH Carsx 2AATFE] GFE
0e Aolohe A€ AT 4 3ok AL Ca®
¥ % & mitochondriat}
(microsome -3 ) W] 2 9] Ca**-stimulated- Mg**-de-
pendent adenosine triphosphatase(Cat**-ATPase) of]
93 Catt A A3} (Moore & Pastan, 1978) AL
alo]| 9] Na*/Ca** L3t (Van Breeman et al. 1978;
Lee & Clusin, 1987) % A% qte] Ca**-ATPase
o 913k Alxe2el CattuljZ (Verma & Pennis-
ton, 1981; Choi et al. 1986) 5ol 23 =Hs+=
o 2 AgojAE $A A ZW microsome ¥
&3} Al Zuhe] Catt-ATPaser} o] & %5 o &2
o Sjel oW & WEAE T

BA Az 9 microsome ¥l FFFY
Ca*t*-ATPase7} &3} (Verma & Penniston,
1981; Choi et al. 1986), 9] €522 o Zg] 8}
44l $¥A ez weldl @k 23 high
affinity Ca**-ATPase7} A A XU CatyFxz3
o Fa¥ 98¢ @ Aolztn A A v gl
t}(Choi et al. 1986), 22|22 £ Aol E 3
A &} & (highly
membrane, heavy membrane % microsome %3 &
Halst 72 membrane?] high affinity Catt-
ATPased] #4x o 29 =& W4 (kinetic
parameters) o] LH, PGF,,, ouabain°] =] 3 & % &
$ oot 2xA s

endoplasmic reticulum

luteinzed ovary) 23§ light

4 # 904y

A MHEE
A% 22~249 F v|4< 33 (Sprague-Dawly
strain)ol] pregnant mare’s serum gonadotropin
(PMSG, Sigma 3] AHA| &) 50 IUE 93513 FAMSk
664] 7+ t}A] human chorionic gonadotropin(hCG,
Profasi®, SernoA} A &) 251U FAlsle], hCGE
Z2}3 ¢ (Day 0) 245 4 =] 3 (Day 4ol H
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5 A5 tjfo] Az FAH d4E ARH
(Bramley & Ryan, 1978), A 552 o] =45
A48 (14L : 10D, lights on 0500-1900h) o A} A}-8-3}
ek,

B. MUY

1. Light membrane, heavy membrane U
microsome £ &9 XH| : 7 membrane ¥3 2
Bramley & Ryan (1978, 1980a, 1980b) 2] a3 <f
7t W33 Choi et al.(1986) 8] #P-g o]-&3hof o)
olt}, 7} membrane 538 9] th A -2 Lowry et al.
(1951)¢] woz ZFsgier ITEhUdE
bovine serum albumin (Sigma 3] A} A &) & AL-&3}
sich.

2. Ca**-ATPase AT o] £X : ATPase?] &
A5 = adenosine triphosphate (ATP) 255 {2
% B.7]9)4k(Pi) S Fiske & Subbarow (1925) 2] u}
Wog &5t gy s A $ fs e T
719048 %oz 1pebd ¢l 2 v (nmole Pi/mg
protein/min), Ca**-ATPase2] ¥4l = = Cat*o] 9]
£ 27A0A Y FA oA Catto] gle 25}l
A 2A" ZAEE W Froz AAs

ul-2-o & 50 mM Tris-HCL pH 7.4, 0.2mM
ethyleneglycol-bis-(8-aminoethyl ether) N, N’-tetra-
acetic acid(EGTA), 10~30 ¢g¢] membrane¥-%],
oJ2 559 CaCl,, oejF5xe ATP Y AFx
9] hCG (or LH), PGF,,, ouabain® g FAAE G},
37Co A AA A7
preincubationdt t}-& ATPE H713to 24 A zs
gony, 12XE 3080] 773 F trichloroacetic
acid (TCA, HE55=7%)% 7}3l i3S AA
A7, wbgAve #E Cattyre Catt/
EGTA $4Z&AA & o] &3l A3 ofdf
A& true association constant(K)+= Sillen &
Martell (1971) o] d-& Zk-& A&-3l5l 2 2 A4
¥l o apparent dissociation constant(K’) = o]u] 2
1.5 ¢ ¢} (Choi et al. 1986),

A Az Cattx=r FZ high affinity
Ca*t*-ATPaseo] 9o& =A=Hctz 3™ high
affinity Ca**-ATPaset= #l-ZHWe] 2] Catty
£ 104M o]dlol 4 A== 2 (Verma &

ih-¢-& membrane & &

Penniston, 1981; Choi et al. 1986) EAl & oA A}
£ AN Ff2 Cattyrze 2X100 M
~2X10-5MA}o] o]t} 7} ub--olu) o] §-2] Ca*t
FX+ (100"Mo]AH) Ca**-selective electroded A}
£3]od A 3ol slgd o o) w] ALL3] Catt-selective
electrode= 50 mM Tris, pH 7.47} Z 35 Ca*t*/
EGTAS3§ 3} CaClz ZZ3H515h,

484 H

A. PreincubationA|7to]| 2} LH, hCG, PGF,,
gl ouabain0| &% microsome & 2| high
affinity Ca**-ATPase 84z 0 n0|Xc H&t

225l microsome #3 9] high affinity Cat+-
ATPase 4] =.o| LH, hCG, PGF,, ¥ ouabaino] u}
A JFE 2451 F microsomed g FF
TR0 2 AAF LA ¥tE v+ Cat*-ATPase &
HEsb WA e AL RS (Fig. 1, prein-
cubation timee] 0341 f) o2l &b ¥ FEZo|
membraneol| 34 0 2 28317 A= FET
ul2- &) 7lo] 3 8 3}cha AJ7tE]o] preincubation A
7+ &ejshE A Catt-ATPase A E o o]of =]
AL 7 g W FE QJHe ZANIcH(Fig 1),

A 4F W FES A7He1A %3 membranes
preincubationd} 91 W& o 7l7ke] WojWE
membraned-% 2] Ca**-ATPase B4 5+ 7143}
240%-7} preincubationA] ol &= Y2 A 5.2 80%=t
2 vehgl o (Fig. 1, insert) o] 2|3 EA4-L oF
o $29) ARG AY S hehgeh (23
AzF), Ouabain(10-¢M) e[t} PGF,,(5 ug/ml)-2
240%-7} A A x| 8le] £ microsome H3F o] Cat+-
ATPase $4 o] 3% 7 @ehor LH(1ng/
ml) 1} hCG(51U/ml) 2 120~ 18083k A2 73
Lo & Cat+-ATPase 4 =7} cf=Fo v]3} 7}
i olzlg A#E EWE in vitroo] A hCG,
PGF;, % ouabaino| high affinity Ca**-ATPase &
A o] ] x| & o 3kS 2ALE ol preincubation &)
- 240428 nAsgch, = LHE hCGe} 34
o Y4& A5 eple] F31-E +&H (receptor)
o] Z-d3} affinitys 7 ¥5}3 (Hichens et al. 1974)
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Fig. 1. Changes in high affinity Ca'*-ATPase acti-
vity of microsomal fractions after in vitro
treatment of luteinizing hormone (LH, or
human chorionic gonadotropin (hCG)),
prostaglandin F2a (PGF,q) or ouabain.
Microsomal fractions from the highly
luteinized ovary were preincubated with
LH (1 ng/ml, ), hCG (5 IU/ml, 0), PGFy
(5 pg/ml, m), ouabain (10°°M, O) or vehi-
cle (control, insert) for various periods in
incubation medium. Ca**-ATPase activities
were then measured by adding 0.3 mM
ATP after preincubation and were express-
ed as percent of control values at a certain
preincubation period. Free Ca™ concentra-
tion in incubation medium was 1 yM in all
experiment. Insert illustrated that the time
course change in Ga'*-ATPase activity in
control experiment during preincubation
periods. Each point represents mean * SEM
of 4—6 experiments.

a ; nmole Pi/min/mg protein.

o] Zo] Ca**-ATPase ZA 5o u] x|+ o 8ko] A9
F9d3slu 2 (Fig. 1) o] 39 AgolA+=LHe| &3+
At

B. 2} membraneR2&of|A{ Ca*t o O
high affinity Ca**-ATPase2| HEEXHHFo
hCG, PGF,, 9 ouabaino| 0| &

bgefule] fe] Catt Fx& wWSAl7IH 7
membrane {.—i}% hCG, PGF,, 9 ouabain® Z in
vitroo]| 4] 24047k AA X g F Ca**-ATPase €4
£E 2383 o] & Hofstee(1959) ulg o 2 % A3}
o (Fig. 2) Ca**ell tigt S =23 W4-F 2AES
t}(Table. 1),

24 7} membrane £-3]-8- 24057} preincubation
e W FE Y TEoE AAANA YL H=
Fol| A& high affinity Ca**-ATPase2] Ca*+*ol o
3t Km3} Vot preincubation 3}2] ¢53k-2 ol ol
Hsle] RE ofzke] zto]E R g o1}(Choi et al
1986) 7 A AY uEsle] KmE heavy
membraneo]| 4] 7}A F I, Vpaet light membrane
o4 713 Rl microsome FHAA 47 wokeh
(Table 1, cj =),

Microsome #3]2] high affinity Ca**-ATPaset:
hCG, PGF,, % ouabaindl| 2]3} affinity7} 7443}
i, Vit HAE F7Hd A %S e (Fig.
2A, Table 1), Light membrane 2] high affinity
Ca**-ATPase & (Fig. 2B, Table 1) 1%'% ¢
ouabain (10-*M)ol] ]38} affinity7} 7}4 %3, hCG
of o3 affinity7} F7FtA, 2 Vet
ouabainel] &} &A= Ao H3tslx] %3k PGF,.9t
hCGel| 8] A& 5ol uheh Auhsl Fd-e 2 et
% PGFyov A¥% (5 ug/ml)o4, hCGE TFx
(100 IU/ml) o)l A1  Vimex 7} Z7F5 A th,  Heavy
membrane?] high affinity Ca+*-ATPase+=(Fig. 2C,
Table 1) 715 % 2] ouabain (10-*M), #| 5% ¢] PGF,,
(5 ug/ml) =) hCGol| 93] affinity:= F719 Wb V
maxis LF 59 hCG(100 IU/ml) & A9} 3}t &
EEol oslMe HEE Helx] ggtrh,

C. 2} membrane EE&0A ATPEZTO] wE
high affinity Ca**-ATPase2| ZHETEX HSo
hCG, PGF,, ¥ ouabainO| O|X| H&

High affinity Ca**-ATPase?] ¥4 =7} ¥ 3Ale]
£ Vehl & Cat*3r% (1 4M; Choi et al. 1986) of 4]
2ol e] ATPEE S ¥ 3}A|7|w Ca**-ATPase
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Table 1. Effects of human chorionic gonadotropin (hCG), prostaglandin F,4 (PGF,,) and ouabain on
the kinrtic parameters of high affinity Ca"™-ATPase for free Ca** in microsomal fractions,
light membrane and heavy membrane from the highly luteinzed ovary in rats

Km?2 (nM) Vmax 2
- (nmole Pi mg? min™)
mP LP HP M H L
Control 7.03 16.16 37.50 171.66 383.90 346.82
hCG (5 1U/ml) 19.76 10.65 25.87 190.71 316.78 353.82
hCG (100 IU/ml) 20.19 10.77 30.11 200.52 451.23 391.94
PGF, (5 pug/ml) 13.67 19.77 24.08 182.90 430.11 324.12
PGF, 4 (100 4g/ml) 14,79 15.60 49.92 174.84 333.14 346.86
Ouabain (10 M) 21.55 15.16 31.08 196.20 336.51 338.60
Ouabain (10™* M) 19.85 23.41 23.34 190.88 381.07 331.50

a: Kinetic parameters (Km and Vmax) were calculated from the Hofstee plots shown in Fig. 2.
b: M, L and H represents microsomal fractions, light membrane and heavy membrane, respectively.

Table 2. Effects of human chorionic gonadotropin (hCG), prostaglandin F,4 (PGF,4) and ouabain
on the kinetic parameters of high affinity Ca*"-ATPase for ATP in microsomal fractions, light
membrane and heavy membrane from the highly luteinized ovary in rats

(sM) Apparent Vmax?

Ky (nmole Pimg™? min™)

mP LP ub M L H
Control 44.27 48.29 15.62 107.61 360.13 523.15
hCG (5 IU/ml) 56.72 34,51 17.25 128.34 374.16 449.15
hCG (100 1U/ml) 54,33 33.51 - 128.82 371.57 —
PGF;, (5 ug/ml) 40.84 32.36 15.74 1353.98 352.34 469.56
PGF,4 (100 g/ml) 39.73 38.41 32.92 127.93 368.45 412.57
Ouabain (107 M) 34.15 37.25 16.61 105.43 $67.41 455.95
Ouabain (10™ M) 37.94 38.53% 16.43 124.94 387.16 449.99

a: Apparent Vmax was defined as a maximum Ca™-ATPase activity in Fig. 3. Ky, was defined as
the ATP concentration of half maximum activity and calculated from the intercept of x axis on

the Hill’s plot.

b: M, L and H represents microsomal fractions, light membrane and heavy membrane, respectively.

SHEE 4G A% ol TEoz AN
Z] 942 7} membrane®-% 2 Fo| x4 ATPF% 7} 300
pMoldal o A xst AAEE ZAAA (sub-
strate inhibition) &Ale] v}elytr}(Fig. 3A, B, and
C, | &F). o]21 8 Ca*+-ATPased] ATPq 2] 3l 7]
A A HAL hCG, PGF. ¥

ouabain © 2

membrane-$- A % %] 5} 412 vl heavy membraneol] 4
74 @A 5h] 100 Mol Abe] ATPS-E0l4] ekt
o =] (Fig. 3C) microsome H-& o4 7} v]w] sty vh
(Fig. 3A).

=3t 7} membrane EZoA lzF9 high
affinity Cat+-ATPase2] ATPol| tf 3} K,,-2 heavy
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Fig. 2. Hofstee plots of Ca**-ATPase activity of microsomal fractions (A), light membrane (B), and
heavy membrane (C) as a function of free Ca** concentration in the incubation medium. Each
membrane fraction was preincubated with hCG (5 IU/ml, ®), PGF,, (5 pg/ml, ), ouabain
(10*M, O) or vehicle (control, O) for 240 minutes in various free Ca concentrations (up to
2 X10°M) and then Ca**-ATPase activities were measured by adding 0.3 mM ATP. Each point
represents meantSEM of 3 duplicated experiments.
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Ca**-ATPase activities of microsomal fractions(A), light membrane (B), and heavy membrane (C)

as a function of ATP concentration in the incubation medium. Each membrane fraction was
preincubated with hCG (5 IU/ml, ®), PGF,o (5 pg/ml, m), ouabain (10°M, O) or vehicle
(control, ©) for 240 minutes in 1 M free Ca"* medium and then Ca**-ATPase activities were
measured by adding various concentration of ATP (20 #M — 500 uM). Each point represents

meantSEM of 3 duplicated experiments.
membraneoi| 4] 7} Gglow]  apparent Vi
heavy membraneol} 4] 7} 10 microsome £
A A% Rekeh(Table), 22l o 47
membrane-$- preincubationd}z] ¢5-& Ale] el 4
Choi et al.(1986) 8] 443} o5 @eh K, & 214
© 2 preincubationdt F FolA T Viyex® o9 7
£3gs,

Microsome 2] 2] high affinity Ca**-ATPase:
ouabainel| 28] K,,,¢] Zt4&, PGFeol 98 Vimax®]
Z7}, hCGol| sl K,y Vimex?t 25 F7HH
9]t} (Fig. 3A, Table 2), Light membraneo) & 7+
b g Y ZZo A Kpe AP 2 Viexs W

#}7} 919l 3 (Fig. 3B, Table 2), heavy membranec]]

AE K0l TEE9 PGF, (100 pg/ml) o)A F7}
£ R ool e 7 o U §Eol 23} K, 2

3Helo] Vmaxe Fr4s) 9ot (Fig. 3C, Table 2),

4 &

2 4GS FAALNA steroidPA L ¥u1E 2
Ao ool o2 o T2 BAALNS Cart ¥
=5 z2A4%e Aoz dud FAAEws
microsome -£-3] ¢] high affinity Ca**-ATPase(Ver-
ma & Penniston, 1981; Choi et al. 1986) ¢}

=] =
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S 2AG o T AL Catt FE o] HEt9} of
u] odelAl oFE U Z-Eol o3 steroid FAFTHE
vlalaat & Aol

A Al 2o A LHo| &8 F7t=l & P, 342 Al
FZ 9] Ho)} Catto] &3} Ar}(Higuchi et al. 1976),

Ca** ionophoreq] A231872 AA|4] | F7h3he

Aoz uo}(Veldhuis & Klase, 1982) P, Aol
cyclic adenosine triphosphate (cCAMP)#al  ofy]z}
2 84 Z Catto| secondary messengerg o]
Selehe Aol AAslel Foh, & £ FallA LH
o) 93k P, 34 277148 LHoj 2%} inositol 1, 4,
5-triphosphate (IP,) & 4 ¢} &7} (Davis, 1986) % 1
of] w}-Z A| LU Cat*o]E2] Z7}(Joseph et al. 1984;
Hokin, 1985)7} k4ol £4)]8}& Ca**-dependent
24 5}4] 7] = (Kishimoto et al.
1980; Kuo et al. 1980; Davis & Clark, 1983)
steroid 2-2 3+AJ ol o 5} g &S phosphoryla-
tionA] 7] & 2 4 (Maizels & Jungmann, 1982), &2
secretory granuleZ2 28] P, Hu]& X702 4
(Gemmel et al. 1974; Brunswig et al. 1986) o] F-oj
A Aoz 228 4k, e ojol= vl g A
2] Cat*357} Y% Folx|w basal B LHo| o]
& ksl PgAL JAldrs 2aE 9lor o
£ Ca**9o] adenylate cyclased 2} A 5}7] wj-Folzta
gt} (Dorflinger et al. 1984; Gore & Behrman,
1984), 12l 22 A A 2oj|A LHe| &8) F7}s &
P32 77 o8 534 £ cAMP-dependent 3}
A3} Cat*-dependent 3} A o) o]} Z}z =4 5] A}
5L A3Ages 24" 22 & gt
LHE 34 ol in vitro T in vivoE ] &3}
& 15~30¢ | Wl P 3o} F7hEl 3, 60~90F-)
g &7 et (Kim & Greewald, »| Wb =
) ole HelAd A=ddz AZH Catt T2
cAMP7} F7ts| o] P4 o] 7=l 7] sl £ole}, 2
21} in vitrool| 4] BAAZE 2 A7} LHe| =%
Aj7jd Al ZW Ca*t FxZF7)o| okE adenylate
cyclase 4 59f 7t 27| 3l AL Catt 5
2% YA H{FA s+ system, F  high affinity
Ca**-ATPaser} 4] 3l=]o] (Fig. 1) steroid§tA] o)
A4 29T AT 4 3o B A8A 5 210
H-7} hCGZ membrane-g- # x| 5] light membrane

protein kinase C&

o} &

3} heavy membranedl|4] high affinity Cat*t-
ATPase2] Ca*tol]l di3l affinity®} Viyer7b F7}
g o2 Mol(Table 1) YeollA 7pgddz
hCGE A 27H& Gaf Catrull 3-8 S A A 2
Cat*3=7t AVXA F7ks & e AAT22A
P,34& $7HA2 %3 4743}, LH7} 27)q 3
A A2 Catt F=5 F7HA 2 vhe AH2 2 hCGE
BAALE 15~3087 AL of HAH7} 2
5 ohe A ol A e} (Park et al. w3
% £¥). § hCGojl 93] 27]o] AL Catt 5
%7} F7kshd AlZW Catt AlLyte s vrln
Na*®] §-9lo] F7tsl= Na*/Ca** mghell o3| 3
AAZLE GEFEHAT AEE 5 Y, ol 7
FFEAL o3 tE glandoA] Bad 73 oha
A 2 P8 #HE F7HA1 2 Aol o} (Douglas et al.
1967; Gemmel et al. 1974),

=3} hCG+ microsome 3] 9] Cat*+-ATPaseo]| A
+ Ca*+tol] U} affinityE 7+44]#] 2. v} microsome
9] Ca**-ATPaset light ¥ heavy membranex c}
capacity”} ©§-§- & o] (Choi et al. 1986; Table 1),
= o] £3 o4 hCGr} Vmar s F7HA127] wl Foll
affinity 7}4ol o} ® 3r} Al =] 22 microsome
3.8 ¢) Cat*-ATPase: Ao} = hCGo) 2] 3 4] Z )
Cat SEdslolE 2 G3E o147 2 Aoz A
s,

PGF,,+= in vitrool| 4] basal P,3A-& 2714 7]}
(Thomas et al. 1978; Park et al. v]|W-¥ =F) LHoj|
& F7tE € P, §AL 247 Ao 4By
t}(Grinwich et al. 1976; Thomas et al. 1978; Sotrel et
al. 1981; Lubosky et al. 1984; Leung, 1985), 2.4}
4§ 7% PG, & %o| e} 7 membrane 29
Ca*+-ATPase®] Ca**oll &t Km} Vigeol u] 2| &
oJ ko] th2 A LIebytel(Fig 2, Table 1), & A%
(5 #g/ml) 2] PGF,,2 3] %] A| heavy membranedi] A]
Vimaxoll % gle] Cat+ol 7t affinity7} F7}5] 9l e
=, light membraneo] A} &= Kmol+&= ¥ 39l 0] Vi
7t F7kslo] AAA oz Cattg A2yt 2 vl E 4
ez AZW Catryxrl Yold Folw, %
% (100 yg/m) 8 PGP AR Aol A%EolA

+ 4t} 2 heavy membraneo] 4] Cattel ofdl
affinity= Wo}x] 3 light membraneo)| A &= Va7t
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ZasE Aoz Bol 238 AZY Catt sl 2
7tE Aoz 7R,

% #%5%9 PGF,,+= phosphatidyl inositole]
turnover rate-g- 5-7}4] 7 (Leung et al. 1986) A Z U
Ca**¥5 5.8 Z7}4) 7] (Joseph et al. 1984; Hokins,
1985) olojlu}z} protein kinase C Fo] 2431 5]o]
{Davis & Clark, 1983) 314 4] Z.o)) 4] basal P, 2] 4] -&
7M1 254, 2822 2559 PGF,,
of 28 =W F71H Al X Cat+g A3}y
o Sl QY& Cat*-ATPasel $45A)7
(Table 1) A|ZW Ca*+¥ 5 & Y3l 2 4 9o}
2o} A2 PGR,7 AZW Cat+5 5% o
eh hOG A2 4% o] SAAZo) G225 o]
o #ht o] HE8 PO, & WAl oFFal o
Z3l gt (Park et al. u]ikE =2) o]g]
g Aol = dA2A $H8x] ¢x|ut digitonino g
ARG AZolH PGF,el 2EwAoe] Car-
ATPase A A2} #2135} (Veldhuis, 1987),
vivoZ PGF;, & FAMSIG&of Al 27t 754 °]
¥ 8}5}+= (Buhr et al. 1979; Carlson et al. 1984) #
02 Mol A¥xY PGF,,= FEAHog Catt-
ATPaseo] 474 H-&3ho] BUE AAFHE 7hs
Aol gek,

PGF,,7} 3145t Ca*+-ATPaseo] 27 243}
gt 754 2% % 9] PGF,, (100 pg/ml) 2 813
AE2E Ax35}9-T wl light membraneo) 4] A3k
Vimex® 7349} heavy membraneo]] 4] Ca**ol| i 3}
affinity9} (Table 1) ATPol| t&t affinity & Viyaxol
A A4 F el A22% (Table 2) 543
9 % gu olshge] wEEe) PGR,E 7
Catt-ATPaseo]] ZH-2-35lo] Catt v]&L Ao 2
A A ZH Catt F2F F7FA1Z ¥alk ohe} Na*
-K+*-ATPaseZA 52 4|52 2 (Kim & Yeoun,
1983) Na*/Ca** a18ol) S8 AL Ca** 52 1]
% 2447 Aol

299 559 PCE,o o8] B¢ PALL
F7H2 ZAi7E? SelA A Cat+o] protein
kinase C&] ZA]-8 Z7}4])7 (Davis & Clark, 1983)
P42 AT 4 ek, ol she dhel 2 PGF,,
£ LHe| ojsf Z7bslE P A4S 244715 A5
opA7tz] & A EW Catt 5 9] Z717] adenylate

= BlAA] &

cyclase #4]-E ) sLA 1} (Dorflinger et al. 1984),
.+ PGF,.7} 2|# adenylate cyclases]] z}-83}od
(Norjavaara & Rosberg, 1986) 1 841 < 45}
basal PAAE A% 45 Yok, 22} o 2
$E.9] PGy} basal P Aol of w3 J ¢ 25
At 223 bt feh, ol4e] AT EE PG,
7} basal P,34¢ 714171 € AL F2 Cat+ g &
o, LHol 28 2751 & P4 S 72471 A
F2 cAMPE 4] o|Fojd Aoz 229,

Ouabain in vitroo)] A} basal P, §4]-& Z7}4]7]
(Kim et al. 1986; Park et al. n]®} ¥ =%) LHo]
o3} F7telE PgAL 2taAglE Aoz odug
t}(Gore & Behrman, 1984; Kim et al. 1986), 2 4
#7247 ouabaing FEE(10*M)e} %% (10-6
M) & 9238} 3. £ 3 light membraneo]] 4 Ca*+o]| o
g Vinax$} affinity§- 7+4 X710 2 4 Cat+-ATPase
o $4-2 o435t} (Table 1), %3t ouabaing 3}
Aol 4] Na*-K*-ATPases A 3}= 2 (Kim &
Yeoun, 1983) Al Zw¢] Nate] Zr}stm oojate}
2 Aol (Park et al. 5] ¥ =
) Yelzt Na*/Ca*+ sidtol] 93] 4|2 Cat+o]
%718 7 o]t} (Dorflinger et al. 1984), o} 9}zto] A
2 Ca** FE7 Frlegdeds E7sixn
Ca**-ATPase¥Alo] A5+ 2122 Ho}(Table
1) 0]—11}_‘,:_ ouabaing Ca**-ATPaseol] A 223}
£ Aoz 47U, JH A2 S FAAE
2 A Z Catt F5F 7147|224 basal P, 3}

4ol FoAslE Aoz 2390, oy 2ae
ouabaino| 3} ol] A} growth & ) adrenocor-
ticotropin®] F-u| (Fleischer et al. 1972) 8} prolactin
9] Hu](Scammel & Dannies, 1983) & Z7}4] 7]

ol =3 Cat3} Q@slo] Yok ¥ o] o8 o
% 393 2 4 9o,

22.8]% ovabaino] LHell oj3] Z7}5& P,3tA-&
Zt4 2] 7] (Gore & Behrman, 1984; Kim et al. 1986)
7|AL F-9l]l7k? o] LHo| 9@ P, 3AL Cat+
o|9lel] F2 cAMPE 58} o] oA 22 Fril 4
Z ] Ca*+o] adenylale cyclaseE o 4] A] 7] 7] wj&<q]

2.2 (Gore & Behrman, 1984) A 7z} v o] = 2}
£ PGF,,¢) #8714 fAbshch,

CEERELETE S L AR PRy

membrane- g3

ouabain

=
v}
j =4



—ojgtAE a2l A 15 1987—

% 28714 9 4 9l chat A4 ZelA) LH(or
hCG), PGF.;, % ouabaino] high affinity Ca*+-
ATPases] Ca*+o] i3t 45274 W4o] G5 7
= Ae2 Mol 0|5 FEou} opFo] AL Catr
=% 2F%o2A PYYE 232 Aolgn 3

5% Folth

r

ofr

A

< 1=

3hA sl 4ofl4] H2]3 light membrane, heavy
membrane %) microsomal %] ©] high affinity
Ca**-ATPase?] A4 % o) hCG, PGF,, % ouabain
o] u]A& YFE invitroZ ZAFSI] ohga} e
AEE Ik

1) 2 %F &2 EE£°] microsome #39]
Ca**-ATPaseg A 5o uvjxE P& oaEqH
membrane@ AA A% Aol vehgch,

2) 7} membrane®-&|-&- 24037} preincubation &}
| Z2Fol 4] Ca*+el o] g1 Km{ heavy membraneoi]
A 713 Fov], Vipat light membraneo) A 7}
2.3 microsome® oA 1A gk},

3) hCGE AA X 1| light membranes} heavy
membrane?] Cat+-ATPase?] Cattofl o3t Km&
243901}, Vs L5 (100 IU/mi) ol 4 &=
3 2o sge

4) PGF,, &+ ¥%9| w2l 7zt membrane$% 9
Cat+-ATPase?] Cat+ol] t 3t Kma} Vol vl 3]+
dgol thzA vehgeh, 2 AFEY (5 pg/ml) o)
PGF,,+ light membraneol| A V& #* 8] Z7}4]
7)31 heavy membraneoj A= Kmg Z71A] 7o},

5) A% % (10-°M) 2| ouabain-g light membrane
ofj A} Cat+oll g Vyaxr S %+4A] 7] i microsomeo]|
A Kme Z7AART, 2ot mEEe (10-M)
ouabain® V.o ¥ <33kl o] microsomet-3] 3}
heavy membraneol] 4] Cat+ol] & KmE Z7}A)7
.

6) 7t membrane&-§ 240471} preincubation3d}
tj 2ol 4] ATPo] g K,,,-& heavy membraneo]]
A] 7}A ytgl o v] apparent V., heavy membrane
oA 74 Z 3 microsomeFH oA 7t wgiot,

7) 7} membrane®-# oA th2F2| high affinity

Ca* *-ATPaseZd A == ATPE %7} 300 uM o] A
o 71 A A A A4S e ol2l s @42 hCG,
PGF,, % ouabain® 2 AAX359E wl heavy
membraneo]| 4] 7}A &8 ] 5te] 100 puMojAke]l ATP
FEolA vebteh,

ol 4+e] ZA24-# LH(or hCG) & 270+ A2
W Catt 558 Fof PRAE ZAA7, S0
+ high affinity Ca**-ATPaser} &A3}=|n g A2
W Cat*5=E Wolx cAMPE %3l Pg4E 5
7HX 3 Aoz &&=, a2 PGF,,2} ouabain
2 high affinity Cat*-ATPase® 2% oJA|5led A
I Catt 2 & Z7MA]7|2 84 basal P, 3AS
%7HA1714, LHe| o3 ZFrstsel= P,g4L LH
-dependent adenylate cyclase @A & JAgto g
A REAAE Aoz 2EH0,

rir
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