oigrg el ere A A20W A2E

A wkoj 4 9] Ca**-ATPased] E4

SEELEICER LI TR

37 =272 %29 =
: Abstract =

Partial Characterization of Physicochemical and Kinetic Properties of

Ca**-ATPase System in Luteal Membranes

Gyu Bog Choi, Bon Sook Koo and Inkyo Kim

Department of Physiology, Yonsei University College of Medicine

It has been reported that the luteal function may be regulated by the intracellular calcium in luteal
cells (Higuchi et al, 1976; Dorflinger et al, 1984; Gore and Behrman, 1984) which is adjusted partially by
Ca**-ATPase activities in luteal cell membranes (Verma and Pennistion, 1981). However, the physico-
chemical and kinetic properties of Ca**-ATPase in luteal membranes were not fully characterized.

This study was, therefore, undertaken to partially characterize the physicochemical and kinetic
properties of Ca**-ATPase system in luteal membranes and microsomal fractions, known as an one of
the major Ca't storge sites (Moore and Pastan, 1978), from the highly luteinized ovary. Highly luteinized
ovaries were obtained from PMSG-hCG injected immautre female rats. Light membrane and heavy
membrane fractions and microsomal fractions were prepared by the differential and discontinuous
sucrose density gradient centrifugation method desribed by Bramley and Ryan (1980).

Light membrane and heavy membrane fractions and microsomal fractions from highly luteinized\
ovaries are composed of the two different kinds of Ca**-ATPase system. One is the high affinity
Catt-ATPase which is activated in low Ca** concentration (Km, 10-30 nM), the other is low affinity
Ca**-ATPase activated in hgiher Ca** concentration (K,,,, 40 #M). At certain Ca** concentrations,
activities of high and low affinity Ca**-ATPase are the highest in light membrane fractions and are the
lowest in microsomal fractions. It appeares that high affinity Ca**-ATPase system have 2 binding sites
for ATP (Hill’s coefficient; around 2 in all membrane fractions measured) and the positive cooperativity
of ATP bindings obviously existed in each membrane fractions. The optimum pH for high affinity
Ca**-ATPase activation is around 8 in all membrane fractions measured. The lipid phase transition
temperature measured by Arrhenius plots of high affinity Ca**-ATPase activity is around 25 °C. The
activation energies of high affinity Ca**-ATPase below the transition temperature are similar in each
membrane fractions, but at the above transition temperature, it is the hightest in heavy membrane
fractions and the lowest in microsomal fractions.

According to the above results, it is suggested that intracellular Ca** level, which may regulate the
luteal function, may be adjusted primarily by the high affinity Ca**-ATPase system activated in
intracellular Ca*™ concentration range (below 0.1 xM).
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luteinizing hormone-releasing hormone(LHRH)
v} #uk ol 2} (Bigdeli 2 Synder, 1978; Ojeda &,
1980; Ojeda % Negro-Vilar, 1985) ] s} 5= A o] A
LHRH<) 93] %78 = #A 5L
719 (Samli 2 Greschwind, 1968; Wakabayashi 5,
1969; Williams, 1976; Marian ® Conn, 1979; Bourne
% Baldwin, 1980), =3 ojuf 3jFA 25 ¥ Ca*r
2] fr&o] dojrde] . = (Williams, 1976).

3] Ao 7iszAe Catte] F23% &S ¢
ttx ¥ aE ek, Higuchi 5(1976) 2 A A%
o4 LHel <8 2715+ progesterone? A<
Catto]l 8% 9% dd3vx 9o, Gore ¥
Behrman (1984) <&
phosphatase (Na*-K*-ATPase) 2] 4] 42l ouabain
3} Na* jonophoredl monensing 2 35 A E ol A
2§ A3 LHel 2&) Z7}5+ cyclic adenosine
monophosphate (cAMP) & %A 3} progesterone 341
o] AAl ot AEYF Catd AAL2EZH o
2y AAEH7t 2dEHE Ao R Hol oG o4
HAAL AFUY Nat 35 27} 2bAld] 7]l st 7]
ofve} o] abA o2 M EHF o Catte]l HEWRE {9
o] HEZY Catt 2 w7t Zr7159g 7] g Folalx B
3lgd o}, =3 Dorflinger 5 (1984)-2 Ca** ionophore
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Na*-K*-activated adenosine tri-

ql A23187& ZAMNEE AXFlS ol LHe of+)
2718+ cAMP &3 o] A=Y, o] A Xy
Ca*¥x% Z7117Z & o LHe 3 F71s+

adenylate cyclase &4 27} 27 AAPe RAoE B
o Al Ca™ gx o W (F71) 7t 3 = 3 A ¢
Z71d Zlolztm F4& wup sich ol W=
Veldhuis % Klase(1982) ol <j3] ZA A ZE A 23187
2 2 x3as A9 LHel 93 progesterone 4 o]
Z7teohe Ba% gle] oA A A o)A 2l Cattel
A& FustA da ofwt AV eI A EW Cat
b dAds] gl Aelgn F5H Folrt,

A EUk Catt F = (2 0.1 M) 7} A ¢ (1 mM o}
et v A £A" 5 e RS A R4
Ca**/Na* 28 (Van Breeman %, 1978; Miyamoto
2 Racker, 1980) ¢4} Ca**-stimulated Mg**-depen-
dent adenosine triphosphatase(Ca**-ATPase)ll <
gt Alxe 2] Ca* vl (Dipolo ¥ Beauge, 1979;
Pershadsingh 2@ McDonald, 1980; Iwasa 5, 1982;
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1983),
reticulum (% sarcoplasmic reticulum) i 22} Ca**
2] #boll &} &) o] Fo &t} (Carafoli ¥ Crompton, 1978;
Martonosi ¥, 1978; Moore % Pastan, 1978).
ANz Axgz Ca& wWlEFdE Ca'-
ATPase7} 24 8o Fal=¢ v} (Verma R Pennis-
tion, 1981) ol9} EAo| tha = oba & U A
sk-2m o] ATPase”}t Cat* 1% pumpele 2 A 2] 2l
A gleh, 28inz 4 Habe] g Fes
Z 93 microsomeol] A Ca**-ATPases 4 EE
o Eelgay 44 W HeERE
(kinetic) Hal B4 & dolduzt B AP & A gfslg]

.
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=
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HE 22~244%
strain)o] pregnant mare serum gonadotropin
(PMSG, Sigma 3|4t #F) 501.U. & 32 FAstn
66417+ 3~ t}A] human chorionic gonadotropin(hCG,
Profasi®, Serno AH#l¥) 251.U. & F4}sle hCGE
FAF g (Day 0) 256 444 5= g (Day 4)
E mAelod difEeo] FA2 PR G2 (FAF @
2, highly luteinized ovary)E < ¢t} (Bramley %
Ryan, 1978a).

al % olzl 3 (Sprague-Dawley

4

B. Mgy

1) Plasma membrane £ 22} microsome &9} =
H : PMSGe hCGE FAhst #2RE] 92 A3
2F FH AAZAA Feld g %i A Az
20812 #A 34 (10 mM Tris-HCI, 1mM ethylene-
diaminetetraacetic acid(EDTA),
pH 7.4)E 718 ¥ Virtis homogenizer(Virtis 3} A} #)
¥) ¢} teflon-glass homogenizer& @A 3}slglct, 74
3el AL 800xgE 15%7 21 JEdA e st ol
Jojxl FAE-L 10mM Tris-HCl, pH 7.47F 283 20
% sucrose &% F-4#H heavy membrane ¥ &
s dgol AY B3 FA 800X g FEF YL oA
20,000X g2 2037k 24 WAl sta.e ol

0.3 M sucrose,
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o]# AAE 94 10mM Tris-HCl, pH 7.47F =3¢
20% sucrose £l FHA1#A light membrane + ]
2435t} (M 1%, Bramley % Ryan, 1978a, 1980),

Microsome®-38-2 20,000xg4359& oA 105,
000X g2 1A12H5e WEdAFesle 2 AHES 10
mM Tris-HCl, pH 7.4¢ #fFA#A QA 1%), ]
EE AAL 0~4°Coll A P =,

2) Light membrane®} heavy membrane2| &2 :
Light membrane¥ heavy membrane2 Bramley ¥
Ryan(1978a, 1980)<] #hyo 2 Al (A1x) oiwf
4% BE sucrose 9o E 10mM Tris-HCL, pH
7.47v 235 el 20% sucrose el FFHAA
800xg AAEE 30% sucrose, 36% sucrose?t 50%
sucrose® o]-F A discontinuous sucrose gradient$]
o ¥, 3 20% sucrose £Y ol FF= 20,000xXg H
8% 25% sucrose, 32% sucrose$}t 50% sucrose
1 discontinuous sucrose gradiente] & ¢
Beckman SW 40Ti rotor® 63,000x gell 4] 903+ 3
Z A 8254t Heavy membrane 82 800Xg

DA B2 HE 30~36% sucrose Alojdl] HAH 7L R

o} 40mM Tris-HCI, pH 7.4 34 &}5, 10,000Xg
2 2087 4R F 2 AHES o4 10mM
Tris-HCl, pH 7.40] £8% 0.3 M sucrose £ o} 2§
A1A 29k, Light membrane ¥3-2 20,000xg A4
F2HE 25~32% sucrose Abo) el 25 7S Rof o
Al 40 mM Tris-HCI, pH 7.42 34 3}31 105,000Xg=
60%-7F BE AT T dojal 10 mM
Tris-HCl, pH 7.40] ##A1A <o, dojx 7
membrane 8- Ao 74x] —70°Cel] viire] B3
shod ek,

A9l microsome 3 2] th¥Adzke Lowry 5
(195D &) Wy o 2 ZAselen FFINAL bovine
serum albumin(Sigma 3] A} A )& A3t}

3) Ca**-ATPase M= 2| =% : Ca**-ATPased
A £+ adenosine triphosphate(ATP) 2 %8 -]
= inorganic phosphate(Pi) & Fiske ¥ Subbarow
(1925) W eo = ZAsto] che] wh A} b9 A) 73
#858: Piz Jebd 927 (nmole Pi/mg protein
per min) 1 3-& Ca*e] e A2 E4 =
4 Cattel @l A& S FAHA=E A3}

&S

Highly luteinized ovary

Homogenize in 0.3M sucrose, |IOmM Tris~-HCI
ImM EDTA, pH 7.4

Centrifuge at 800 xg, 15 min

—
pellet

suspend 20% sucrose
63,000xg, 90min

30% sucrose density

gradient

36%| | dilute with 40mM Tris HCI
@'/} 10000xg, 20 min
L 1 .
pellet supernatant, discard
heavy membrane
fraction

1
supernatant
20,000xg, 20 min

1
supernatant
105,000 xg, 60 min

—
pellet

suspend 20% sucrose
63,000xg, 90 min

pellet supernatant,
Microsomai] discard
25% | sucrose density | fraction
2% gradient
|| dilute with 40mM Tris -HCI
@ 105,000x1g, 60 min
pellret supeﬁum, discard

light membrane

fraction

15, 349 light @ heavy membrane ¥8 3 mijcrosome 8 Ry,
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wreo o 50 mM - Tris-HCI, pH 7.4, 0.2mM
ethyleneglycol-bis- (8-aminoethyl ehter) N, N'-tetra-
acetic acid(EGTA), 0.1 mM ouabain, *i87}# ¥
=9 CaCl,, 10~30 xg2l membrane #3% “12] 1 o
A2 exe ATPE A= ok HA A xqte
Ca**-ATPase ¥4 £+ w& Mg s oA &4 3}
o B3 gtel Q& Mg HoZE %3 B4
o] Fol] (Verma % Pennistion, 1981) 4t-3-<4 o] MgCl,
e 274 BARE A3, o
of e A x b4 £k (Pershadsingh Mc-
Donld, 1980), 7t {(Iwasa 5, 1982; Lin 5, 1983) A &
ute] Ca**-ATPase®] Z$oME= Hag wh g,
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H2E, W%§A 2l @& 72 membrane ¥ 8 o A 9

Ca**-ATPase ¥4 =,

ub2- oo 50 mM Tris-HCI, 0.2 mM EGTA, pH
7.4, 1uM $3 Ca* 10~30 ug*] light
membrane(C), heavy membrane(e) %
microsome(A) 22 o} Fo1x gles (.3mM
ATPE #H71g A2 e dAA o] 73
¥ 20% TCAE 713t wbg-& AAAHY, 74
& triplicate® 1~23 A ¥ 4 A-& F7FF¢ A
ojct,

il
=
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g9 membrane ¥ & o] 3= 9l & o Ao A
Z7b ub3 A gbe]l R atgte) mpa} Ao _337}3}\:1(
7} 45%- o] Fo M A3 Frtste RS AAM2E) S}
ool & RE AL TS 0%
7 on, whg& 20% trichloroacetic acid (TCA) & 3
7hatel A AR A,

ubg-ol i o} §-28 Catt ¥x+= Ca**/EGTA ¢3¢
AgE ol&3le]l AAsH o oluf A4 H
association constant (K) = Sillen % Martell (1971)
o] d& & AHE-stsich FoiA pHel A apparent
association constant(K')-2 o33} Zo] A3t e

o

-1
=

o8 JAA

true

[Mel*’]
[Me*"][L]

(3714 [L]& % +#% ligand(EGTA)S ¥ %,
[MeL* ]+ ligandell Z%3 Me? 2} %=, [Me®]
= &8 27 &) (Car) e Exolt)
obefgh 2w ofsf ALHEAL,

’ —
K MeL —

K\IeL _ [L] . - 72 .
K'mee  [L7] +[H7JK + [H KK, +
[HPPKiK:Ks+ [H K KKKy eoeeeeeeeees (1)
_ ) _ L]
714 K= [ 1] K, (] T
ML) e [HL]
K= )i N LT
o L' = ligandel oFo]-2o] A=A ¢ A&,
HL*, H.L*, HiL'& H*el 271 1, 2, 37 2%
5 74, H,Le ligandol 4709 Hwo] Ao 9l

AL 9gu)stx, K, K; Ki Kie 2z 249 ligand
o] o9& H*¢ association constantZ vtetie A2
2 o4] Sillen 2 Martell(1971)¢] AFH o2
H& ol gt e g A Q)N PR F 3
a2 kol wl % ztomz RAjsg, oA deixl
t Alxd FE39, WA NY Rl Catt w2

>~_;..

i

W do o

o

fir

[CaEGTA™]
[Ca~][EGTA] ~

[Ca**]+[CaEGTA*]=[Car](d7] 4 [Car]e &
Ca=smelhel 4oz 8 Afstded Ca

selective electroded o} -43le] ) alsldc}, Ca't

K'cazota=

electrode® 107"M o] 319 Ca”" ¥5 & EAHs=74L
og¢m2 10'M )3l Ca™t 5+ A &1z ¢
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H1E. 2 AA 249 Ca™/EGTA &53499 true(K)et apparent (K') association constant.

log K (M™) log K' (M™)*
oFeol & ligand e — —_— pH
EGTA EGTA :

H* L+ 9.38
H* HL%* 8.77

Ca* L+ 11.00 4.84 6.0

5.85 6.5

6.84 7.0

7.63 7.4

8.78 8.0

9.64 8.5

10.32 9.0

e K'e K23e 2 pHzAs A (DAE o) 43he] AArsl ol

3 B8 8
TPase activity (a'mois Pl mg 'min){D)

cétA

cd*-ATPase activity {n mole Pi mg' mif'}(0,8)

et o
Concentration of free caicium ( uM)

6'L

min (s )

cd-ATPase actlvity (nmole Pi mg ' min "}{0.®)

.
-0
a=
T T
LT —
[ a
£z 400 2
. e £
320 3 & £
cs 3007,
240 » = 2
2 200 &
60 8 8 H
o @ o
. = HOO &
\ ©EE <
N . o X3 %
0 10 20 30 40 (o,an) b o v
v/ kd'lxo? v/ Ca*

H3E. uhgAe frg Ca* Fxwlsle] o} & Ca'*-ATPase A xo ¥3f,

Light membrane ¥ 3 (0), heavy membrane 32 (@) 9 microsome ¥ 3 (A)o]l 4 922 10~30 pg A =9 o

WS 0.3mMATP EA sl 3087 Wh-gA17 o2 53] AAste] 4L AAE FFLEFLLAE e

©}, Microsome ¥-3 9] Ca**-ATPase #4 =& vi-% ol 7t 2ol 2 E2F) w2 F5& XA

A gy Catt ¥ 55 Z7MA 2 A Cat-ATPase A= 9 W2y 1239 H32 Ca™* 5 & g
Hr 2 el Zlejoh

B, C: A9 AxE Hofstee(1959) W o2 A 7122 B: heavy membrane Ca**-ATPase(r# Ca**
EFEE 0~5uM7IA) 2] 2¥elxz Cx low affinity Catt-ATPase(f2l Ca™ X 10 uMeol A §-€] 100 M
7AA) & vepd el
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gkth, Ca* selective electrode & 50 mM <] Tris7} £ microsome ¥ 3o A 7Aoo (A2%), =3 Hill
3% Ca**/EGTA ¢85 CaCl.2 3 &3 39, oy o g w gl Axp (2 A2k Hill’s coefficient

ul-g-of o] pHE #3714 o Ca-ATPased &4 7t Aol 1ol 747hE 122 ¥l (Al 2 &) high affinity
v 7 pH &8 el A K'carera(apparent associa- Ca**-ATPase?| Ca**ol] thg AFH-9]= st AL

tion constant) & A Ao 24 (A 1 B) §g Catt & 2 F5-,
=5 dASA A0 M) ZRAAAM HA s o, olo wuta] o} Ite F o] L& f8l Cat ¥ x
+2xEE W42 & 9+ OH/H¥ (OH/H ratio; (10 Mol el A B3 =522 low affinity
16) 5 dAsA FAF22ZH 2] CatgxE A Ca**-ATPasez} =7 3l% 2 Hofstee(1959) 4 2
A7) Z2A QM)A FHES ZA st 2 24 A3 (A 3% C) Kmo] A9 1~2 uMo]l K
Sl (A 28) o] g Cat FE 107 (BA R A4

3 0) & £33t 10 pMof A B 100 M Ako] o] A4 A&
4E Y

= Eu) 2 Hofstee W & & s 4]3be] Fabich, 2en}
A, B3y Cat* zco| wE Ca**-ATPase Ca”" ¥x=7F 1uMelslal 7% high affinity Ca*-
SMTol Hs ATPase’t 84357 HEe] o] Km g 4907}

uhgol o] fa] Cat* 528 WA 7|0 A4 & ok, ze= 2 high affinity Ca**-ATPases} 79
AxE 4% AHA 3EA) light membrane, A2 FAsd Cat FE(o] AT W0aM A2
heavy membrane ¥ microsome # 38 Z 5o F£F A Zx) ol At low affinity Ca**-ATPaser}
9] Ca**-ATPase7} ZA43<& &% 4 et st 48 sl S o o] £47) e Vmaxe
= e % Ca* ¥=(10°M)elA BX3E == 1/29 g4 =5 el = Ca™* ¥52 K, 2 A5

hight affinity Ca**-ATPase2 Hofstee(1959) 4 2 o] K 3% 548 23 7 membrane ¥ 3 <)
22 =48 A3 (A3% B) Kmgte] 97 20nM & A B5 AL 40 M ARl A Th (Al 2 X)

%olu} light membrane £8 o) 4 1gte] 7} =gt Vmax+ high affinity Ca**-ATPaseo] ¢} u}
°on, Vmax¥ light membraneedl s 713 73 742 2 light membranest 4] 7}& &9t mic-

X 2 . 2z} membrane 34 Ca* X otE& Ca*ATPased =22 W (kinetic parameters),

High affinity Ca**-ATPase®

Membrane ¥ &

Km(nM)¢ Vmax (nmole Pimg ™' min)¢ Hill’s coefficient®
Light membrane 13.66 1175.3 0.899
Heavy membrane 29.82 945.1 1.066
Microsome 20.04 289.7 0.743

Low affinity Ca**-ATPase®

Membrane ¥

Km(pM)*© Ky, (uM )€ Vmax (nmole Pi mg™' min™')¢
Light membrane ' 1.58 39.8 1360.3
Heavy membrane 2.06 31.6 1118.3

Microsome 2.32 39.8 339.5

e & Catt yEo A (0~5 M) A 3tEe Catt-ATPase,

;S #8 Catt oM (10 M ~100 pM) B4 3tE= Ca**-ATPase,

:Km3 Vmaxe 2% B % C2¥E A=A,

DHille} wpj o2 mAjste] 2 7]&7| 256 73 golp(@ 4 =),

: High affinity Ca *-ATPasert 79 2 #4355 Ca'* v o] Aol Mt (10 uM, A2%= A #F=Z) low affinity
Ca**-ATPase’} #4351tz 714geld & of o] £A7b 2k Vmax® 1/238 Vel ts4ul 9 2] Catt 5
L%

(63N = N o TN o ol )
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rosome ¥ 8 o] A 7} Goprh(A2%), Z-e & Catt
F X4 Ca'*-ATPases 34 %7} light membrane
NA bR F S FohsbAl 3 A 3= (highly
luteinized) % & Ao A Ca**-ATPase’t & light
membranee] EAFE HoFe HAHAo|ti(A 3=

A),

Cd™ATPase activity(n mole Pimg' mir')

{

1 i A i 1
o] 100 200 300 400 500
Concentration of ATP( uM}

N
8

{n mole Pi_mg " mir
g 8§ 8 ¢

400+

Cd-ATPase
»
3

GO

3 4
v/ [ATE)

B. gt ATP 5% #sto|l o high
affinity Cat'-ATPase 24 £ 2| H5}

gl ute] ol high affinity 2 low affinity

Ca**-ATPase® high affinity Ca**-ATPase’t &2

Ca** o] 5o Hod& Aolztm &= (Verma ¥

z_c

|.

1000 S| B0 b L
£l 4
) L Iog[ATF’ﬁ(nM)
[J
-t
Ll

M 45, ATP 559 3to] m2 high affinity Ca**-ATPase @4 £ 9] # 3}, .
A:ATPE=u8 249 Ca*-ATPase $4 X2 WA e Ca™* ¥5& 1xM2 mAsked high affinity
Ca*-ATPase’t A9 A2 BAHHA & & ATP) 555 20 uMel 4 1 mM7A Z7HA] 718 A 10~30

pg wh A e] light membrane(©), heavy membrane(e®

2 microsome ¥ 38 (A)9] Ca**-ATPase 4%

2 2759, ATPY =71 500 uM 7AAl & 549 FAES Frhsht 2 o)Al 238 gy
7] A o 7)) (substrate inhibition) @4Fe 2k, 7|A QA AA4e] sle A Vmaxg Ao 4 glonz o
A e TAAel #1482 apparent Vmax 2 Ao stgdch, & 4L 539 AAS T3y gFrrEes

2 vhepd el

B: A9 A#}E Hofstee(1959) W22 =417 A

Bl e 14 Kme BT & 4o,

o 25 A posivite cooperativityd Balch, ojal A

C:A® A3% Hille) i o2 A3 A2 449 7| &7l 2FF 99 5 deidixz, 5 dHL Vmax
9] 172845 F debl = ATPY 5= (Kyp)eloh
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Penniston, 1981) ® X A3le]A % high affinity
Ca**-ATPasest 4 % Ca* % (0.1 M) ol A 84
st =2 (4 3% A) 714 & high affinity Ca**-AT-
Pasent $-A13taith, & high affinity Ca™-ATPased]
A w7 233 S JepllE Catt = (1 M, A3
T Aol A ATP 558 e 7)n 7 349 {29
Ca**-ATPase 84 5% =248 475 (4= A) ATP
2w 2 500 uM7HA] Z71A1 7 Wl = Catt-ATPase

CAI209 Al 2 5 1986—

g4 %7 Z71EY 1mM ol e 238 Ca*
ATPasesl ZAHE7L A olejd oAkt
ATP 555 6 mM7t%| F7HA1 4 & Wl = et (A A
Ay A4l 7] A4 (substrate inhibition) 4
% el o (Dixon 2 Webb, 1979), =3 ATP 5=
Z 500 uM7HA| 274212 A $- Cat*-ATPase &4 = 9
25 sigmoid ¥& vtelue] Hofstee
(1959) wyjor =Ajgt AR (4% B) o Hiod

37 [e]
FAEAL

S5EQ WA

X 3 E. * membrane ¥ 8o} 91+ high affinity Ca**-ATPase2] ATPo)] 3t
Membrane & & Ky (eM)? Apparent Vmax(nmole Pi Hill’s coefficient®
mg ' min~!)°
Light membrane 142.9 1160.4 1.829
Heavy membrane 62.4 883.0 1.929
Microsome 90.2 436.8 1.867

a . Apparent Vmax9 1/2 34 =2 Jelu& ATPY =24 A43=CY x5

AR 2RE FT goldh

b: Ca**-ATPase &4 =7} ub-g-4) o] ATPel| o 5}o] 7]4 o] A (substrate mhxbltlon) & A+ 3} positive cooperativity &

4% dep e e Vmaxsh Aol 8 A 7] die] A3E A% T A 71 ¥

o) seleh,
c: A3 Co e AA 71& ]i—rEi AlAbE R s 7
B AR 20 AL & 5 9l

1200}
o

1000

ATPase activity(n mole Pi mg' mif’) (o,e)

Ztol 24 el 2 2 high affinity Ca**-ATPasesdl] =

i/

o] / pya
"

< B4 =9 gh& apparent Vmax®

ATPel of

<

:

Ca=ATPase activity (nmole Pi mg™ mir!)(a)

¢

% %
g8 & 3

@
[=]

4001
]
| 200}
e
obss L 2 : i N ‘ wh 0
6 6.5 7 7.5 8 8.5 9 95

pH

H 5%, pH¥ 3l a2 high affinity Ca**-ATPase &4 © ¢ H3},

7t B 10~30 ug s

A 2] light membrane(0),

heavy membrane(®) % microsome 28 (A)<$ 1

Y]
M) Ca'*, 300 xM2 ATP7} sle B&AelA WA A Aok, 2k 2 53] A3 44¢ FF+EEL

A2 vepd Aol
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ATP7F Agste #91 Alejel positive cooperative
effect7k sle & dobia AHel= high affinity
Ca**-ATPaseoll &= ATPol dig A7t 57 o

o o Yraledr, A4x Ce 7 A2 Hille

wyeg £ Aoz z A FFe Hill's
coefficientz} 72 2¢l 722 Hol(xl 33%) high
affinity Ca**-ATPaseol & ATP9 ZAFHF A7 574
ZAse Ao® elyfh, o] #ae] apparent
Vmax: 94 light membraneo|sd 713 =z 3
microsome = &oll 4 7} 2kgt o, Vmaxd 1/2 &
HEE Jeplle ATPY S 2K e 4= Ce x
Z Adf A & A3} 2 gho] 60~150 uM H =] A
oA 3 %),
C. ut2oHy pH #35tofl w2 high affinity
Ca'*-ATPase 24z o| #3}

s} #) 4] £ 2t (light membrane3 heavy membrane)

]

°Q

ATPase activity (n mole Pi m§' mir™)
\n

cat

|

DA ol Aol Cat*-ATPased 54 —

9] high affinity Ca**-ATPases] 24 pH=71%& %
A pH ¥ 3ol u} & Ca**-ATPase?] 8458 &7
s, HbgAdue] feE Catte:xE HAAHA=
apparent association Constnat(K'caEcm) = pHH3
of Wlztsle e ¢ pH Wistd & K'&
ZHE Hristodel & & CaCl,d & ﬂ]ﬂ-s}ﬂia{ pH
il §}"T f8 Ca™ 55=F 4AsA A M) HA31G 2

, o1 g 27 3}ol 4 Ca'*-ATPase ¥4 =& &4 3}
of 22 pHE 3tstch, el pHAlA Al 4R Keupora
B oAl Eol &5, Al 5%+ pHHE o2
light2} heavy membrane, microsome & ol 4 high
affinity Ca**-ATPase®] #4 =& el d 7122 24
pH % light membranel] 4 += pH 7~8¢] %1 2.9 heavy
membraneel 41z pH 8.5 A,
T pH8.5%xa A2 viepytoh

microsome ¥ & of] A

iO 3‘5 30 2? Zp \;‘) I&PC)
320 s 330 335 34'30 3"35 350 (10%K")
Temperature
M6z, &x W3l w}E high affinity Ca**-ATPase &4 =2 w3},
Hh-gohge] OH/Hu (=16) ¢ L AsA #AAA 78 Ca* 355 A0 M E 2183 300 pM2)

ATP7}t o= 24354 B4 =L ZA31e] Arrhenius Wy 22 =A)slgdel, Zh49 71 &7l 549 A3
A & velhlly] ZHAde] 3oz A (breaking point)2 lipid phase?] #o] 2w 2 vlel o},
zk d% llght membrane(O), heavy membrane(®) % microsome %3 (A) 2 8% 53 A5 9L A3
£ 9 F2A2 Jep o},

— 265 —



—ojgh 2] a3 A A20W Al 25 1986—

M4E, 2 FAGEY Hol2x ¥ Ca**-ATPase®] #

Az A

Membrane # 3 25 (°C)® Ea(kcal/mole)®

Light membrane 25.21 3.74
25.21 10.58

Heavy membrane 22.41 8.44
22.41% 10.61

Microsome 28.61 1.97
28.61 9.34

a:A6xe 184 24 el 3eixx A (breaking
point) & Z3e A4t A 2] lipid phase?] A o]
x, .

b AeEel uetd AAe AErlAAYH AR
Cat*-ATPases] &43} oA,

D. 23l £ high affinity
Ca**-ATPase &4 T o] ¥s}

ex g WA o) gt £ A4 (onization
constant) 7} M3l o)== OH/HY w7} H3lge 1}
epdicl, & &xwWste] mhe} pHyLF WEta pHell U7}
A %el Catt el H3slng dHFg fe Catt
FEo A @A 2w 23 Ca™-ATPase #A4 =
o] HzE B7] 98l Eole 34 OH/HA
v & 4A A (OH/H=16) ®AAA FAch, o1#
F zA3A 7 BAL BHe high affinity
Ca*-ATPase ¥4 =% L=wsto] met 27 s
Arrhenius 22 =48t ch(A 6 =),

7zt membrane ¥ & o] 4 lipid phase®) He]7} # &
Helxz 2 Aol X+ light membraneo] A 25.2 °C,
heavy membraneel| 4} 22.4 °C, 18] 31 microsome ¥
3o Al = 28.6°CE microsome ¥4 713 ¥x
heavy membranedl| A4 7}AF vigkoh (Al 4 %), 2 A
"ol 9l Cat*-ATPased] @43 oAl & Mol x
olstoll & M Aozt AN, Hol XL ool A
= A2 gl e AolE YR (A 4 X),

] &
Bramley @ Ryan(1978a, 1978b, 1980)2 PMSGHt

F T 94E R (o] A$E dadl Ae gy
dxgre] EATT A TS

de no

continuous

sucrose density gradient ¥ &.2 ¥-2]& v JH A ¥}
€ 1.16~1.188] HMZo A FEH 74 &
Mg**-ATPase, 5 -nuclectidase, adenylate cyclase2]
@Aol & Ao vebdrh PMSGE F3 664 7%
o hCGE FA}sl¥ X+ wigh-g sla A7t 5o
i e AY #AR o] F A dAHH o]F sucrose
density gradient ¥} &2 membraned ¥el&d o 2%
7l M2 o2 R A L8+ F membrane ¥8-&
e F otk F FAAELE 1.16~1.189 U=
o A ¥2] % 1 adenylate cyclase &4 %7} & heavy
membranes} AR} P& 1.12~1.139 U4
2 gn Mgt-ATPase, 5-nucleotidase, Na*-K*
ATPase &4 =2} hCG bindinge] %2 light mem-
brane2 2 v}o] A =4l heavy membrane< A
basolateral surfaceZ2%¥|, light membrane< mic-
rovillous surface® ¥¥ f Atz gt PMSG9
hCG F4kell 98 A 7] & light membrane& hCG 34}
F 494 1A Reo] et 129 %o = FA 9 g
3o} tjEo] t}A] light membraneo] 24 (Bramley
% Ryan, 1980)H 22 & A g AL hCG F4F F ¢4
AR ol FA&E AEste] APl &3]

BA Y 7S AEW Catt 5o & 28 A
o] 2} 3} (Dorflinger 5, 1984; Gore @ Behrman,
1984), A E U Cat* v A XY 9l Cat* w3
1981) &&/aelx
mitochondria®} endoplasmic reticulum (microsome
)W 29 Ca* A#(Carafoli @ Crompton, 1978;
Martonosi 5, 1978; Moore % Pastan, 1978) ) )&
FAH 2 ook, AEW Catt 2= i 1 M o] 5Hal
d 20nMe] Ca** FX=olAl Hlo] #4435 high
affinity Ca**-ATPase’} EAlsle AL g v]Fof =
o o] Aixw AMEM Catt FE ZF7H4] Catt s A X9
H2 vl &3ls pumpE 243ld A E2Y Catt 22 E
A ad rangeR A FEH FdtE AoE &
o ey & Aol @& Cattel g SE28
¥ == (kinetic parameter 5, Km % Vmax) Verma
2 Penniston (1981)¢] B33t 3k = }o) sl gled] o
T 2 FES v A Aol (R AYdAE
Hofstee b o2 Km g AAsg =l
half-maximal activity® zt& Ca** 328 K, 2 Y
el o ddzAe) zle] wFo B2 AL A

pump(Verma % Pennistion,

=
=

I o
pr A
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24, & 2 AgdAe s dy ATP ¥2 & 300
sME A&3l9l 2 Verma ¥ Penniston(1981) 2 6
mM ATPE Algstgded 2 Ag4a ATP 5 =71
500 uM o] Aol 4= Ca**-ATPase’t 7131 ATPel
o9& 1 #Ae] JA s A4 (substrate inhibition)
o] Jetut= 2 6mM ATPE A& Ao & Catt-ATP-
ased) ¥Ax7 Wg dA=EA A2 & 2HE G
el Aoz AR, o12ld AL 2mM ATPE
A% 7% microsome 2 ¢ Cat*oll o3 Kmo] <
1WA = Z7hsle Ao o& siiadd 5 (A

A ),

7} membrane ¥ ¥ €] high afflmty Ca**-ATPase:
Hill’s coefficient7} 1l 7} 748 ZA .2 Mo} Cattel of
g AgEde s Aoz AzhEy o) A
X (Pershadsingh ¥ McDonald, 1980)v} A3
(Schatzmann % Bliirgin, 1978) %] <+ Ca*-
ATPase®] Ca**ol i AFF 97 2 Ade 0
Atoltl, o] o]gelm 10 uM ol Abel 4 T A= &
low affinity Ca**-ATPase7} &) & o] &al5glon
ol 40pxMAE Ca' 3 XA half-miximal
activity S zte A2 2 vebygth, a2 o AY 9
o 2= low affinity Ca**-ATPase”} high affinity
Ca**-ATPasest = 334 o= Ca' 5= (10 «M)
olabell At A HEE AAA EFL2 10 M o] 3t
Ca'* F=olAx HAS= = high affinity Ca™-
ATPase] @ o uls] o2 o] Ay oz atel
29 (masking) ¥l & AAAE ¢ 5 @A 227
Ve E F5Y ol

7+ membrane #82] ATPel ¥ kinetic 2 -&
ZAg A e Cat XA #A3s = high
affinity Ca**-ATPase¥ ATPd| w3 A2g¢ %471 F
Aolm (A 3X), olE AgPHF Azl positive co-
operative effect’} & (A 3= B)AL2 2 Ho} ATP
7t shutel H9le Aggo 2 o E ¥4l ATPY
AL Lol3tA sFEcta A 5 sk ol v
2%t A= A 94 E (Pershadsingh 2 McDonal,
1980) 2} A& Fato) 9l & (Richards ¥, 1978) Ca**-
ATPasedl A= s v} it}

3 qt o) light membrane®} heavy membrane %
microsome ¥+ ¥ 9 AHA pH+ ot =3, <& €4

45 A EW 9 sarcoplasmic reticulum(Maclennan,

. 3 2ol 4} 2] Ca*+-ATPased] 54—

1970) &-& A8} A £ 7} (Pershadsingh % McDonald,
1980) o} 9l Ca**-ATPaser}t A2} d pH #H 9l A 3
e SAEE e Ade g b dAeFes
olEx¥o] Q& AL ¥ & Ak ol wRdA ¢
e A Y FHEE Heplle A4 52 HelA
%29 high affinity Ca**-ATPase(Shami % Radde,
1971 > 9 microsome ¥ 84 29 Ca™-AT-
Pase(Nakamura %, 1967), 3 2te] &3t Na*-
K*- ATPase(Kim % Yeoun, 1983) 5°] ¥ 2= g},
et o oldl EAFo] dgeldA Hu $AE
FhA ol sl A FAZME & 5 oy o]y A
23l oo Eolr),

A xate] A Qv B A4 HHEE
2o 354, & AELE FAHsn gle AAY
liquid-crystalline A eh o)) wat Walgcin 4aiA gl
t} (Inesi 5, 1973; Kimelberg, 1975), & Ao A ut
Lde] v WA EARHEY WHIE FE L
lipid phase® Aoj &= disf 25°C A5 24 X-ray
diffractione] 1} fluorescence polarization && A4
atod Fo FalaM 4E& A} (42°CAF; Buhr 7,
1979; Carlson 5, 1984) 2.} ol §- st ol & Ao}
2x AAuby e} o) M & AAetn F5F ), o
& A3 AR Y LR Ee £ % microsome
¥ 3 Nat-K*-ATPase® #o]-2% (Kim % Yeoun,
1983)7F & Ado A AL A FA% RALE v F
o B o elgsielzly Azdd, v 2 A
A4 Wy oRye st os 54 d9A(E
Ao e Ca*-ATPase) ZHe ole AA F&
Ca**-ATPases} A3 282 83 9l& 242 Yol &
Zute] &A= S sbeAel ek, & Ca**-ATPase
o AuzEs sty A AEDE FA}L de
& ANAERT G Ao LEF g A AHelztd o
o Ho]l2x9 2}(Buhr 5(1979)8] A& 42°CA
F, B ARNME 25°CAF)7F Jepd 5 glow,
olglgt AAES Abdlzt wiHHEA <AFE Ca-
ATPase?] 724 Wi3g doA 1 &40 H3td A
olg}a A7Za 4 qlvd, =& Zt membrane Alololl
Aol X ol o7kl Apolrt BAEHGEH ol 7
membranee} /B FH7t 2R 28 T}
AE A" Ao ctEHd A Rolgpa F&
& 4 glov} 7t membraned] A AZAo] duir} )

0

o
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2= old Bud vr} glvh, =3 Cat'ell thd Km
gtol 20nM AEE A v & B3 (R2R)
heavy membraneel light membrane® o} %2
Ca*-ATPase Y4 =S ZE ol fE B$LE 37C
o) A heavy membranec] light membrane®.t} %
Hol Wiz BA S A st Z7|wfEe] et (A4
F)A 2", 28} microsome £33 9 A$dle A

ojLx7t ¥ ¥4 dUAs o=z Cat-AT-

Pase®] ¥A =7t #& o]f& ojal g Aneze A
9y 4 9. ALAEM EmP upsh ol
microsomed] 3+ Ca**-ATPases} U2 #4355
7] s A A zate] 3l Cat*-ATPasert ¥4 35
7] $j8) 9o oku} g oke Mgtolt Kol ¥
238tz S22 (Black ¥, 1980) & AdAM= o
9} 78 o] ¢ wl ol microsomed] 9} Cat*-ATPase
7 A% BA4sE A Gk shsAel sded ol E
b el st

o|ate] A} E ZF¢3le & of light membrane &
3o ZA sk high affinity Cat*-ATPase systeme]
heavy membrane ¥ 3] o]l 5 Bt} Ca**ol] of & affinity
% Vmax7h 22 (A2%) = 843 ¥z = 2ok (A
48), 28922 FAAEW Ca* 527t $71 2
o g2 Y E Ca™t v EE F3 & d = light
9l+ high affinity Ca**-ATPase
systeme] heavy membrane ¥#] <l Ca**-AT-
Pase system®.tt o] A Aolatz Az,

membrane % ol

Z =

gAshdadA E2E light membranes} heavy
membrane 28] Al X Ca*t A1 #4<l microsome
¥35 9 Ca**-ATPase? €2 3e4 A=A ¥ kinetic 4
Ag zApste &3 2 AFAE A,

1) 7} membrane ¥ 38 2] Ca*-ATPase $4 =& b
LX) 7ko] Aol wa} A A2 Frhsles) 468
o] Feo A3 F7tatch,

2) 2+ membrane ¥l = Cattell di3] & Ca'
F x| 4 34 3} == high affinity Ca™-ATPase(Km
e HA 2X10M A )} 52 w29 Catol 9
&) ¥4 35 %= low affinity Cat*-ATPase(K,,2 40 ¢
M 4 )7t £A8e, F £579 Ca-ATPase ZFol

4 Vmax ¥ light membraneod] A 73 3lo9
microsome ¥4 7}A it

3) 2z} membrane ¥ & 2| high affinity Ca**-ATPa-
se?] Hill’s coefficient® A9 181 A2 & Ho} o] &
A9 Cat* AgFHe vt Aoz A4,

4) 7} membrane &2} high affinity Ca**-ATP-
ase®] ATPel didt AgFdAs Fololn A4
Ztoll & positive cooperativity7} a1},

5) 72t membrane ¥ <& high affinity
Ca**-ATPased & A pH+ light membrane®} 7%
pH 7~8¢]™ heavy membrane® microsome ¥ 2 ol
A= pH8.50ddth,

6) 2t membrane ® 3o U= higﬁ affinity
Ca**-ATPased] Aol2=¥& i 25C AF 4z, &4
Fo iz ol g xo]stell A= AL Fovd 1 o4
9] £%oAEx heavy membraneo| & A3
microsome ¥ o] 7}4 2ot}

ol el AZHE Ayt wEEHEA A7 light
membraneo] 9l Ca**-ATPasex t}& membrane
% heavy membrane¢]} microsome £&dl Q&
Ca**-ATPases} ®lu¥d o A= (Vmax)e At
kinetic 44 & f2tsl=, A3 pHet Ae] L& 79
ulsatgh, A EZW Cattel $AI7lgd] T3 9%
& 923l e o) A ojzhd o) ¥ A £ Catt
FXE A X% microsome +Y 2 Ca**-ATPasedl
g8, 53 ligh{ membrane & ¢l 1+ high affinity
Ca**-ATPasec] os] ZAWE HAo2 Y7o,
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