A E A MieE A 2F

375 344 3307 Na*-K—ATPase T4 59 3

SRR ERCE L PSR

~

o

e

z

-

= Abstract=

=
=

ol
=

. 0]

ol

N
e

Change in Nat—K*—ATPase Activity in Regressive Corpus Luteal Membrane

In Kyo Kim, Dong Soo Yeoun and Syng Ill Lee

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

Slices of rat corpora lutea(CL) incubated with prostaglandin F.. (PGF3,) in Krebs-Hensenleit

(K-H) Ringer solution showed a decrease in Na*-K*-ATPase activity after 60 min of incu-
bation. However, PGF,, in vitro did not alter Na*-K*-ATPase activity of isolated luteal

membrane fractions.

Following PGF,, induced in vivo luteal regression, reduction of Vmax and elevation of the
activation energy above transition temperature of the lipid phase of the membrane occurred

without changes of Km, optimum pH and transition temperature. These results suggest that
reduction of Na*-K*-ATPase activity after PGF,, treatment may be due to the reduction of

the number of enzyme molecules or to masking of the active site of the enzyme without any

change in enzyme characteristics. In addition, a change in membrane bound enzyme activity

may be an early step in PGF,, induced luteolysis.

M =

PGF..7t A& TF9 THEFENA FA23E do
Avte A2 & degoy 2 FEAdE ok =
2ko] wkv}t. PGF,;,& in vivo(Behrman et al, 1971a;
Grinwich et al, 1976a; Grinwich et al, 1976b; Diek-
man et al, 1978; Kahn et al, 1979; Sotrell et al,
1981) & in vitro (Thomas et al, 1978; Kahn et
al, 1979; Hall and Behrman, 1981) & %« 3} lutei-
nizing hormone (LH) receptor 8] =7} 7435tz LH
ol &) &rl5 3a| A Z 9 adenylate cyclase & 24
=7t g4, o8 g 23EL PGFLoL AA A=
zhef], E2 ojw AW ARE Fte] Al Eutdd g4
T Aolete AL AL

3| -Z Buhr & (Buhr et al 1979) 3} Carlson % (Carl-
*E e 1981 E A EEkAe o Tl Ay 9

1980~1981" = H-3 dFrIxgdor o 5L,

son et al 1982)-& Xray diffraction technic-& A}-&-
gho} PGFo.ol 93 33 53 34 ul-e] phospholipid
bilayer ¢] phase change 7} o geta FFgie), & 1
£ PGF,, % 2 379 phospholipid »} liquid
crystal A o] 4] gel A 2 AR o= A2 S5
o] JAH7 gl FAH fdd Aelstn 4
v}, 3k membrane bound enzyme A X7} 4T}
9] phospholipid ¢f] 2]3] FAEw = A E=tY phos-
pholipid 2] phaser} transition-g Qo7 LE, = liquid
crystal o} 4] gel ﬁhasei A# 3 & X (transition
temperature) ol 4 2rE 42 activation energy 7} @
3}stelw =2 (Taniguchi and Ilda, 1972;Boldyrev
et al., 1974; Wisnieski et al, 1974) PGF,,7} 3
=35 kA2 ga)2hs) 3o gel phase lipid 7} &
Zhgtebd A Zet 549 Nat-K*-ATPase 4 7} o
¥ Aoz Qaas

ool Axtee FAT ELF td NatK-
ATPase ol o} &t PGF:. ¢ E3-8 stz o}-g¢) 3=
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E2: 237 AL oAl 14dA 9 WA (Sprague-
Dawley strain)ell4 ol#4 v &2 JA& WANE 2L
w4 o] human chorionic gonadotropin(hCG)E 100
LU.g slstFasta 38F w4 hCG 501U % w4
RAT F 220 00E, &AL FAL 529 4
AGHEA HA4)E Y 2R AP F daolA
A9t ¥3s] #FAle 739 Lahav 5 (Lahav et al,
1977)8 wlow Ext 4945 E¥e PGF..E
375ug. 4 3 T4 34z FAbete] Eub A 7Y
28 A6 dgth

L4 x| 9| incubation: hCG 2 714
dopregnancy) 4171 WA Y4 HEH F 29 4N
2 utEe] 2 Fs PGF., 150 ug/miM A28 vy
o] 37°C oA pH 7.4¢ K-H Ringer solution (NaCl 118
mM, KC1 4.7 mM, CaCl; 2.5mM, MgSO, 1.2mM,
KH,PO, 1.2 mM, NaHCO, 25 M, gassed with 95%
0, and 5%C0, gas mixture, pH 7.4) o4 95%0:-
5%C0; gas& bubbling 5} 4 - 30Fel4 24087}
preincubation & ¢ =}, preincubation ¢] Ty & o}
o] 7l ssteul 2 A uhEa-g odo] Nat-K*-ATPase
ﬂxé = a =0 7§ O“ﬁ"’}

gajatel 22] : Jd4 Mg Y YA FL& Bu F PG
Fio® T dt WA 442 E A E3)le sucrose-tris bu-
ffer gl ¥m
ALstd A 4°C o] Floll A BA£EA] FEAE wEQ
el&za FEAe  Sorvall 412z s (model RC-2B,
rotor ss-34) Al 4] 1,000 xg 2 1057 QAR AAA cell
debri ¢} nucleus & A A stz AEd L gl o|AE
2 daldel oA 20,000 xg & 20873 AMAA
¢ Beckman &% 4] £g] 7] (model L2—65B
rotor 65) ol 4 105,000 xg & 1A 25 YA R F
AAEL AFFAA AEFEHL A o872
g2 A z=h2-3 9 protein 2= Lowry & (Lowry et
al.; 1951)¢] Wy o= 4as albumin-g EF 02 4}
F3ke 2R gk ’ ‘

Na*-K*-ATPase 241 £0) &% : Na*-K*~-ATPase
9] @4 5% Bramleys} Ryand) ylor F3stg
v} (1978a). ;ATPase ¢] Y EE ATPrs E49%E
medium o] A=} 3132 Y3 incubation &= ATP

Al (pseu-

Teflon- glass tissue homogenizer &

7|3 A&l g

g 3l4 galet Nat-K*-ATPase 2459 yHi-—

7} &85 ] BAEE inorganic phosphate(Pi)e oF
€ &3 8k vebiiglioh

# a}

In vitro A{% : %41 Optimal incubation period &
AR Ak LEY FAHe Na'-K'-ATFases
P Y EE incubation A +-& 2el o] FR SR A
1564 BEute} go] FHr7l ATl Na-Ki—
ATPase ¢ ZA £ incubation 158744 & A& &
Aoz Zrslgvh. 2elB2E o] F¢ 4%-% incuba-
tion A] 7+ 108402 &t T BA “%— %7@ a4k
E Al 124 Bi= spelzie] &5 Aol 2=
A A FAubell 50 ug/mle] PGF,& el 7hEa 2408
74 incubation svjElE Na'~-K*-ATFase 24 X
L oo}l ofgke] glglvt o] 8hzke] PGF,,7) F2]d 3
Ae FBAETO okFY 9T §uhe 2L PCFa,
7} A Zatel A gk Ael ehier oiw intra-
cellular pathway & E8le FL& RojelE A& ¢4
steh, o]® A5 e A S8 hCG 2 AP4lA
7 WA QL s 2AA] L == o Eﬁ‘-ﬂ- PGF ;.
50 ug/ml 8] Fo2 el preincubation & F
o Bg-g e F 3R o4 Na'-K'-ATFase
o BYEE 3 sgvh AETo4 Nar-K'-ATPase:
24 £ preincubation i) 7ke] Frhihel] Wl Fdsg]
= (] 2 %) preincubation 60874} = | £ T3 PGF

e AEFHE Aolrl ggdovt 120888 E PGFoA

978 BEBAEAN HE AL
in vive A3 : PGF,,¢ &3] Na*-K'-ATPaze 24l
27 gadE 98 2524 Na-K -ATFase 9
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Fig. 1. Time course of liberation of Pi from 2 mM
of ATP by Na*-K*-ATPase of isolated
luteal membrane fractions incubated with
or without 50 zg/ml of PGF,,. Each point
represents mean=+S.E. of 5 experiments,
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Fig. 2.
vitro. Intact luteal slices from hCG prim-
med pseudopregnant rats were incubated in
K-H Ringer solution with or without 50
pg/ml of PGF,, for various periods. Mem-
brane fractions were then isolated and
Na*-K+*-ATPase activities assayed. Each
point represents mean of 3 experiments.
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Nat-K*-ATPase activities of intact luteal
membrane fractions from day 14 pregnant
rats and regressing luteal membrane frac-
tions from PGF,, treated lactating rats
as a function of pH of incubation medium
at 37°C. Each point represents mean+S.E.
of 6 experiments.

Fig. 3.

F&d8d B4 Sgd. 857 FAE d4 14
A= e WA o4 dgla Has] FA e TuE
PGFp& T3 B4 o4 dgivh 4] 35E 2
7 ¥ E3s] gAldA Eel" galehe Nat-K*-
ATPase @4 £ o8 incubation medium ¢ pH 2]
q3e el Aelet, g0l FAqhe] 4 AAE
E 243 medium pHY QWAL dAY 23Hr8
A ety E4 FAPYERo) Bgkor) optimal pHE 25
8. 0w o] & oFFe] | Aelst glgiwh. o] E&S opti-
mal pHE 94 #Hawe] g FE&F shid
adenylate cyclase 2] optimal pH e} ») 5§ 3 (Stans-
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Fig. 4. Na*-K*-ATPase activities of intactiland
regressing luteal membrane fractions;as’a
function of ATP concentration. Each; point.
represents mean-+S.E. of 5 experiments.
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Fig. 5. Linewever-Burk‘ plots of data shown in
Fig. 4.

field and Franks, 1971), Bramley and Ryan(1978a)
=0} WA dioll4 Na*-K*-ATPase 34 =& 5
¥ o 443 pH 8.59L% -fAbetsivt

A 4 2= Na*-K*-ATPase 9] »|# 4l ATP 4 me-
dium W} BE=F ZrFA 2w 33 2] Nat-K*-ATPase
45 935 B Aot &%y AW =5y &
A 25 ATP 557 2mMelA A9 Aoghs 2gn
ol ATP 3=3lellAE 7 Aol =8 =Hais]
AN A b GHEA GAYA dgkeh o] AAE
Lineweaver-Burk plot 3+ o] A 5X4qd Nat-K*-
ATPase &4 59 Vmax+ &357 2 5374 1.695
umole Pi/mg. protein/hr, 0.826 umole Pi/mg. pro-
tein/hr o] gz Km.-& Z7 0.714 mM ATP = A5
34 Na*™-K*-ATPase 8] Vmax: H&gA 43
gdovt Km & ofFa gl glgivt. ol® AF4EL
&y A Fel vt S8 35y FAE PGF.= A
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“Table 1. Activation energy of Na*-K*-ATPase in
intact and regressing luteal membrane!

Intact CL Regressing CL
Ea Ea
Temp. (O kcal/mote)® Te™P- (O Keal/mole)?
27.31 5. 06 29.11 1.43
27.31 12.66 29.11 12.74

1. Transition temperature and activation energy
are calculated by the breaking point and slope
of Arrhenius plot of Na*-K*-ATPase activity
shown in Fig. 6, respectively.

2. Transition temperature of lipid phase.

3. Activation energy of Nat-K*-ATDPase

2] &u Na*-K*-ATPase &7} z4£EHL Hol
PGFzol 9a] i 4e] 442 w3z o HEL
g b zhEE ] WY Aoleke AL dAlE FEk
=3 A 3] Nat-K*-ATPase @4 T2 zH4s)
Buhr & (Bubr et al., 1979) 3 Carlson 5 (Carlson et
al, 1982)¢] ¥ 1o & membrane phospholipid¢} phase
change o] 71 Q@ Aclehe ASAE 94 ZAshg
A6 Ey Z5r U H3o FAolA FEd A
4 oz LEAA FZ2  incubation sle] Nat-Kt-
ATPase B4 £ & o1.2 & Arrhenius plot g A o]t}
o] plotdll4 z+ 49 break pointi A Z2te] phos-
pholipid ¢} transition temperature & Vel = 7
419] slope 258] F4&9| activation energy & AALE
4+ 9u}b. o)W Z 2% o]4 9 incubation medium -2
Qx5 alkalinity 24 stdch (OH/H ratio 251,
Howell et al., 1970) #| 6 Eoll A 2y ulelgre] =3
2 el Nat-K*-ATPase &4 5= XE incubation
LESIA B57 FAH 2ARS 99A ¥R
c}, =3+ 332 Na*t-K*-ATPase ¢] transition tem-
perature ¢} transition temperature o|s}ol4]¢] acti-
vation energy & &-%r| A3} =37 A FAbe]
o] o}&-a el §lglvk. 8] v} transition tempera-
ture o] Aol 4 = =3y Fxlzt Nat-K*-ATPase 2]
activation energy 7} 9] olAl UM (EE A 12).

jn} &l

2 48 PGFool 3 371 =3k « A
Na*-K*-ATPase &4 &7} Z&LFE vehiiglel &
25 Fae PGF.,2 Ay @t Na'-K'-
ATPase 34 Eoll o} Jakel gl ovt B4 24 3

delm 8] 29 : FA = 2] A e Na*-K*-ATPase 4T H3l—

TZ
J
/

No-K-ATRosa activity (umstas pl/mg.hr)
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Fig. 6. Arrhenius plots of Nat-K*-ATPase activi-
ties of intact and regressing luteal mem-
brane fractions in a constant medium alka-
linity (OH/H ratio; 251). Breaking points
and slopes of lines represent the transition
temperatures of lipid phase and the acti-
vation energies of enzyme. Each point
represents mean+S.E. of 5 experiments.

& PGF,,0 60% o] A preincubation & wj = o] XF
ol wlal Na*-K*-ATPase &4 E7t &2 g A wobzi vt
(A 2%). |8 ZAEE PGF2 71 3] uha] 24 24
e Aol ofist oA 7kx d#A YA @2 intra-
cellular pathway & %35l A Zufell, 53] 2taso
34% Holehe A4 FA Foh

PGF,, 7+ % uhel gal4 FAE =22 Ael
e AL A& g8 vk & PGF,& in vitro®
Falel Fog-gwl LHol sl Frh¥l& shalze
adenylate cylase &4 £ oA 47| (Thomas et al,
1978) =2 A= 3FA o LHEHE ZsHE cyclic
adenosine monophosphate (cAMP) 7} in vivo(Grin-
wich et al, 1976a; Kahn et al, 1979) &-& in vitro
(Thomas et al, 1978; Kahn et al, 1979) &3 A
PGF,, 5 2 &t a2 a4 ZdA 9 pro-
gesterone ¢] A4 @ Bul ¥ PGF,=E in vivo(Berh-
man et al, 1971b; Grinwich et al, 1976a; Grinwich
et al, 1976b; Diekman et al, 1978; Caffrey et al,
1979; Sotrell et al, 1981) %-& in vitro(Thomas et
al, 1978; Wright et al, 1980) & Fol @ w} zt4H ol
27 B cn @b 2y ojd 4= d A
gt Al zbd Wbl E 24 Raald #wel EF AYF
Fo] wel g2 Apels) gt & kA 24 progeste-
rone g+zke] okg] AL in vivo & PGF., & F43¢ ¥

24] 7} (Caffrey et al, 1979) E-& 22,54 7+ (Diekman
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et al, 1978) Fo] A=} m 3+ YF progeste-
rone & PGF,, & in vivo B2 Fo3 Z F9o ALE
0.5 3£ 24 7 (Berhman et al, 1971a; Grinwich et
al, 1976a) 1Fol9 7% 147 (Sotrell et al, 1981)
oke] AL 7.54 7k (Diekman et al, 1978; Caffrey et
al, 1979) Fell Z4¥ 7 Axgeln @b 28 LH
receptor = in vivo 2 PGF,, 59 & ool A& 22.54]
7k (Diekman et al, 1978), ol A& 244 7 (Grinwich
et al, 1976a) %ol 24 ge}3 ge), in vivo E PGF,,
Eo & cAMP } adenylate cyclase &4 =d v}t A
7bq Hate Bagl el givh Ed PGFE in vitro

g &t 343 4] Lo PGF., & 2] gla 308 ol A2
Wel] LHd 98] <75 = cAMP(LH-induced cAMP)
o 2do padeiz oh = FelF FA A Lol
PGF:, 2 1A 7259k LH 9} zbe] co-incubation §-&-
LH stimulated adenylate cyclase &4 = (Thomas et
al, 1978), cAMP ¢ 24 (Thomas et al, 1978) %]
3 progesterone & 4 4] (Evrad-Herouard et al, 1981)
o] Z&Avtm gl olgkxtel PGFyol &3t 3hAl =l
314 in vitro, & in vivo A& ¢ =EFT o] L3
of 7b A vebde dardRel dsAE o &
A g et 94 PGF,71 Al 2ete) 2gsle] T &b
%-9] 3}11q] adenylate cyclase &) HAHEE AT A
olehe wlel FaEe] YAl Bopxix gluh,

3 Bubhr 5(1979) ¥ Carlson §-(1982)-% 3] 5]
oA Frgle HAE Rudgish 5L Xray
diffraction technic & A}-8-3+e) PGF,7} 34 =3
2 -2 A w4 £2H2] phospholipid bilayer o] phase
change 7} vebvte A& A 5 5] 34|
ol 4 A 27} lipid phase ] transition temperature 7}
40.3°C aldl Hksted PGF,,Fof 34 F 3 5571 dof
v o] 2571 49.0°C 2 F7Makex s (Bubr et al,
1979) Carlson 5-(1982) %= A9 & AxE ¥Rustyd
o}, Phospholipid 7} 4l 22t F49] F4gH4d &
Km s Vmax (Esfahani et al, 1977)¢} activation
energy (Priestland and Whittom, 1972; Taniguchi
and llda, 1972) 5-& w3l A) 5] 4] 2=y o) gel phase
8 FA Axe RREE W3 sla Azt T4
BAHEE 24A]7]7] @ el (Raison, 1973; Dufour
and Goffean, 1980; Johnnsson et al, 1981; Merrisco
et al, 1981;) PGF,, &£« 2 =}¢] phospholipid ¢ tran-

sition temperature 7} #-&o]A ZriEE o L2

=}-2] phospholipid 7} gel phase AFe 2 &4} 5}y & E
o AZY 7)ol Aasls] A Eel Fat A A
ztg Aelel Aol & (Buhr et al, 1979; Carl-
son et al, 1982) sFAlelvl.

2 A8 A &3 lipid phase transition tempe-
rature = 27°C g Al HEA gz ¥ o2y
2 gk, & 433 Buhr5(1979) % carlson &
(1982)¢] X 13t transition temperature o}¢] xe]&
Az 23S Helsll wy &9 transition tempe-
rature 5 3% Wad =2 Aeld + glek 2
Carlson®-(1981) -2 3+ 5814 514 5+ W 2] Cholesterol
5} phospholipid ¢ ul&, Ze]x kil &5 b
ol ul-go| Al Az A d-gol ety
olAL 3lst AP A lipid phase ] transition

temperature o] ¥rE W3r ex e seAE A

23 Al 2ok :

2 48 ARdAE BA HHA @A Na-K-
ATPase @4 5x) A&tz A2 lipid phase &)
transition temperature v} Km —&|a optimal pH ¢
£ ob¥d WEel 93ieh BAY Na-K-ATPase
54% 24 334 1 AL Vmax s g4yide
AHQRPOE ojEHF AE-E A HI4, F2 #HF
7] e in vitro 2 PGF, & F«3 4w Na*-K*-
ATPase 34 X7t 7hd5l Aol PGF,4] s o] &
o Ashebd g dslgle] A4 Gt A GA
U FE 549 ZA4 $-47F Xwk(masking) 337 =
4 Aejebs A& A,

)=t £49 Na™-K*-ATPase & 3z} 44kl
g S 24 i w2 Ruy alsh gt 3
Aetg F LYo B FRIAE FAEE Yrl. F Bra-
mley ® Ryan(1978b; 1980a; 1980b)-& hCG receptor
¢} Na*-K*-ATPase 7/} - light membrane fraction
3} adenylate cyclase &4 X7} & heavy membrane
fraction &2 3x9-g TR Lw hCG receptor &}
Na*-K*-ATPase 7} 2-& H-3o] gloewg Na*-K*-
ATPase o] wzle] 9sfhCG receptor 7} 35 2L
7}5-4¢] 9l = hCG receptor complex 7} adenylate
cyclase o] FE %ol W5 ABHE gvh Tejm
2 o]# AFAE-L PGF.0 93 Nat-K*-ATPase 9]
H5o] PGFpol At A 5 24 si3d =
Qb ZE W ® Adal Zne PGF.7t 34 538
dosleE AAT del B ANAE 49T = 2 5
%] PGF,, 7+ ¢4 intracellular mechanism & E-§}¢

A x4 © = membrane bound enzyme 2] BAHEE ¥
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