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The Ca'*-and Na'-induced Ca'' Release from Isolated
Cardiac Sarcoplasmic Reticulum
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Agel s FEe] Tag 9ee grpi 3o
Wal A o] of (Ringer, 1883) A 44¢l =y Wolma A
Fell o) FE5ARA S Lt BA Aot o) o
Tl g FAld Aol

AAL THA HEA Y =4 2 % (sarcolemma) &
A7 S olol flele] BEARaERY fuw
Ca'o] AT &4 F Ca® 8419 troponin
Coll AFsted actina} myosin A & A543y
T4 doAz, o Ca'ol tropenin CZE-H £} 4]
el gEAdsw 28524 o] o] ole]rtel,
o] elele] A, % excitation-contraction coupling
(E-C coupling) st ol 2ke] Aaidoletz L rA
= WolEd A glvh(Ebashi, 1976; Fozzard, 1977).

£ FE AT FRLUAS Aol i

jaie

Il e 24z Al xe)d, sarcoplasmic reticulum, v] %
Lylolrt B 9

Az Aol Cuty 5ol A o ghvba 7y
vh &5t A A ZaAl 2hg £l
o
5

AFWE 5
oeg Cag ARHen F5& YJosrde 244
G‘}OI »‘E‘-E] “i(Reuter, 1974) v wad o

binkis 03"4 2 A AEAALE Ho
i e g8 ZTAToAE A 3l
#4471 sarcoplasmic reticulum
013} “&0}-*0‘12 72 9lo} (Ebashi and Lipmann,
1962; Sandow, 1965: Fuchs, 1974; Ebashi, 1976;
Endo, 1977) 4 A 21 4 & 4 2o} ¥ 3 sarcoplasmic

reticulume] 47 ZAdtax, wide] 3o ol wt

*E AT UYE 18IEE YRY 4
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el (Chimoskey and Gergely, 1968: Fawcett and
McNutt, 1968; Page and McCallister, 1973) A+ 3
2 ovlmfeiols} e w] (Laguens, 1971) &%

F Ca'e £4% ¢ dv YR gorng yg
E¥fobrl fel abare] FEoletz FdE A%
X gleb(Carafoli, 1974, 1975; Affolter et al., 1976).
iy gadedAde FRTAARGE ZA9E
sarcoplasmic reticulume] & o}, B4 248
T THe A4 FE-o)dg Yodre 2R
v FH4ste ARSo] = gic}(Fabiato and Fab-
1978; Kitazawa, 1976: Chapman,

win F'i'ﬁ rSl e
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iato, 1975a, 1977a,

1979).
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transverse
Fote] Aol sarcoplasmic reticulum<
JETAG 2R Calol W F FAAE FAA Cat
~1°r HE 2@ “HE T o8 Cat go (Depolar-
ization-induced Ca" releasc)” (Baylor and Oetliker,
19755 Blinks et al.,1978)0] 3, Tl @FFAg wal
A A rdE i Azie ool Je gy
Ca'ol TAZEEYY Foe 28 Ca's §u]A 2
th “Cael ¢[& Ca'$](Ca’induced Ca'release)”
(Endo et al., 1970; Ford and Podolsky, 1972a,b;
Fabiato and Fabiate, 1972, 1977a, b, 1978,
1979; Katz et al., 1977a,b)e] =}
HAe Fqne FESe] 99 Cat
8 7} sarcoplasmic retlculum.‘li—.‘HA Ca* #g
. 2 (Baylor and Qetliker, 1975; Endo, 1977), A
Ao A= Ca'ol 24t Ca* #27} sarcoplasmic reti-
culume 256 9 Cat fejrlder f94 93 gu
(Fabiato and Fabiato, 1972, 1075a, 1977a, b, 1978,
1979 Kirchberger et al., 1977: Kirchberger and

1975a,
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Wong, 1978, 1980).

AR ARdAste ZFel A¥AF FAAAE
digitalis 7AW 23 ) Apge] 4 FHHE FA
Ade Ae A AR 2 484 dHe ¥
A ox gt JAAAAE digitalis A FA 7
Nat, K*-ATPase® Sold o2 A ee] Az Nat
reg 2ANY R, 474 B9 ot AL
v =% 53 free Ca* 5.5 71494 E-C coup-
ling #8e 444 Aclzh F2H 3ot (Lee and
Klaus, 1971). z#id] AA sleZ=e]ez Nat
o o3te] BelA o2 Catel felzldhe ¥zl 4
o] (Carafoli; 1974; Crompton et al., 1976, 1977, 1978:
£,1078; &5, 198D), RlEE=ol2 e ®E AL
W o g A F=EE Natel o3 Ca* f8 7 digitalis
Al Fe] 2esAL AG T F AA @ 47
. ogleh
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245 = sarcoplasmic reticulumol Ao Ca* f2 =&
AL ARstnA st e AdE] oled 2
5.5 sarcoplasmic reticulumol A 2] Ca®l o Ca*

Aol fed gt
Ca"* -] 7} sarcoplasmic reti-
AT vz fydna s

sl g e, wlzEeselo] ] Cat
Natd] £& FeolHql

culumel 4 = ZA dHE
®ERFE

1. Sarcoplasmic reticulume| &

)7 Aol A oF7t W& A7) Harigayash Schwartz
(1969)2] w25t sarcoplasmic reticulumE F
zdtgle. A Az AAxd e AAEL A
el sted, @247 homogenising 9
€0.25M sucrose, 0.ImM Tris-HCl, pH 6. 8)0l L=
A2 A4 AE S 10w &< E<l homo-
genising 8- ol A polytron 2% 24 7] (Kinematica
PCU-2-110, Switzerland)2 FA3bg F, 1,000% gel
A 103 95 g st 2 -E 47 8l A (gauze)
2 gt g o8 A 9,000xgel A 208 W F
QA v FEAE Aot o] 45 A 36,000%
g2 60% 1% g4%dsd 42 sarcoplasmic reti-
culum® T4 3~4w} $akel %9 homegenising &4
o] 2gAA 35 000xgdl A 208 AT AL EEEAA
oot

o] sarcoplasmic reticulum$ 0. 256M sucrose, 0. ImM
Tris-HClL, pH 6.8 Solel bz Fwst Img/ml7t
HEF glass teflon homogenizer o] 28t B4

AT e

3 % sarcoplasmic reticulum$

% ¢ LTS Sarcoplasmic reticulumel A ¢ Ca"ifip—

3. ge zae 2% 0~4°Cel A sl sk
5y Lowry(1951) Wy o2 FA g
2. Sarcoplasmic reticulumg| Ca® Z+2 &2l

H & A ul;.].xg

Sarcoplasmic reticulum®! Ca*-&+ 2t S8 =
=692 65Ca3 o] §3te] Milipore filtration®] (Lee
and Choi, 1966) o & &4 %tgict. 25°C A g & 8z
A F 2wt &o] (20mM Tris-maleate E% 40mM histi-
dine-HCl buffer pH 6.8, 100mM KCI, 10~200.M
CaCl,+%Ca, vesicular uptake®i~ matrix loading &
A 77 ¢l# Al 50mM potassium phosphate™ A 7b)
o] gl &7 0.05~0. 2mg/mle]
culumi} 5mM MgATPS AAAAN2EA F 28
ARt

Ca¥ol 9% Ca' fe1 % zpadds) gldtel 50mM
potassium phoshated @& FF4E5 1o ATP-regen-
erating system (10mM creatine phosphate, 0. lmg/ml
creatine phosphokinase) & # 7dte 25°C A FF& =
Aol A Aztel wlE 7% uptaked FATFA, A
d tte g7ldE T wgzAd AL cold &
ghe FaAA Cat FF4 dA £5 22ade =
whoaly] Ca* BEel 8% FA4 3¢ Axd A
ko] $5Ca% (0. 4xCi/mD) AAFozA PP AelelA
5Car} F4ss 8¢ A8 A4 unidirectional
eflux & & Fagvh F %Ca% AT FAAL AL
A4 o2 0.3mlE %o} Milipore fitler HAWP 13mm,
average pore size 0. 450 §#A FA S.abghell ] o
satgl ek o] o) 0. 1lmlE 10mle liquid scintillation
cocktail(Bray’s solution)e] e} gl =l A 718k
liquid scintillation spectrometer(Nuclear Enterprises,
England) & #Cas] WAt & #4%d ZF efluxs&
A Aot vt

Nat*el ¢ g Ca*
Az 9 Aol g ImlE

sarcoplasmic reti-

gu wAsed, BE FEA
0.5mM ethylene
glycol-bis-(8-aminoethyl ether)-N, N’-tetraacetic acid
(EGTA)"+ =% 0.5mM EGTAS 1~10mM Nat*ol
Solgly &7e &4 BAzA AYg FHEANA
e 97 Az e R Fob el AL
Mo fel gl & A

EBRER

1. Catof 28t Ca* REIXE

A2rz7 2 ] 3 $ol 50mM potassium phos-
phate® Zd wrSd ol A 2 (vesicular uptake =
= matrix loading) Azt @& THAzEY g
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‘Fig. 1. Time course of calcium uptake by cardiac sarcoplasmic reticulum incubated in the medium
containing 50¢M (@), 100xM (A), 120uM(Q), 150;M(A), and 180xM(C]) of calcium,
50mM inorganic phosphate and ATP-regenerating system.
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Calcium efflux at steady state calcium uptake.
External remaining cacium concentrations
are 2.75pM(O), 6.79uM(A), 10.65:M D,
12. 92¢M(A), and 24. 76.M{@).
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Fig. 3. Calcium dependcnce of calcium efflux from
cardiac sarcoplasmic reticulum.

uptakex HF-5 40~50F) A AR EFTE

A DaEEt $E Atdle S Ao
TE AR e 9 gden, e
Fedel e A Fit AdA g Cate] $2ld e
HA4E AAE + At (Fig. .

Cold Zfute 2 wh&A# Futdol g adel
EeglE o e YCad AAGorH 27 Cat
influxs FA3ste] Ca' eflux®E Fehglel. wbga o
o] Ca'e]l 1aMol Al 20u,MEB  Z7}8be] uwe} b4
efluxE F71819 = (Fig. 2), Ao Ca* Txe 24
efflux& 59 Al = saturation kinetics& »o]:=
sigmoid T4 & e A} Hd FE(Vmaod 180
nmol. Ca/mg/min., Kea(B % efluxd 57 A %
2o el 29 A BE BE)E TuMeldl
(Fig. 3).




—7 89 % i . Sarcoplasmic reticulumell A 9] Ca*ifgE—

2. Nat*d| 2|t Cat R2|=E

5X1078Moll 4] 5x107M7t=] 2] Ca* Fx oA sarco-
plasmic reticulum® 4 &< (membrane binding)
+ #Hdgtel 40nmol/mg proteing] sigmoidF4-& =
ofe], Hdgkel Aute] Fr=E Cat FEE 4X107°M
o) 1ch(Fig. 4). 1422 o8 Ca* 5 FiA 3ol
FTE dod F 9= F8E Ca' Txad 107°Me
g8 el Akl A BAE FEFFE 5E
AA A ghg Holn| A2t Ao el 4d o
g4 fesde @4E 2 F2 Jk(Fig 5). Hd
Frgse 2ol Al A 0.5mM EGTA%E =g
0.5mM EGTA% 1~10mM Na*g& AAAN7 & o &
gl g 41.97%~45.18% 2, Na* F7ld o &
Zx Fde BAALE §F9% Aol g 2olA &Yt
(Fig.6A). =% wk-&< o] 50mM potassium phoshate
¥ AAstd £ 444 f8E LR A=
11.43%~12. 0% 2 44 {43 247 A+ (Fig.
6B). o AddelME Nato] g Ca* H]& By
#2317 Aot 24 chelatorel EGTAS A 7beld
Ak $389 242 34 sarcoplasmic reticulume] &
FatA Ear s stgernz 99 AsteE Nate] 94
Cat fel 7t £ 25 A& ole A¢ 2 F7 EGTA
o 93t F4d e EHcs] mee T3
EZet Elo] v Geldeoz FARgd 24& EGTA
7} chelationdl 71 22 A=}
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Fig. 4. Calcium binding at various calcium concent-
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Fig. 6. Na* induced release of calcium from cardiac sarcoplasmic reticulum under the presence of
0.5mM EGTA. Sarcoplasmic reticulum vesicles were ncubated in the absence(A) or
presence {B) of the 50mM inorganic phosphate. Nat; 0mM(C), 1mM(A), 5mM(@),

and 10mM(CD.
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3. Na'n} K'd|&0| Ca' R0 DX ¥E

g sarcoplasmic reticulumel] 4] Nats K'e| o4&
o] Ca* Fu felo dge v AEertE sl
te] wbSo W8 Nat# K'e] v &8 o8 ¢
st A E AL F Fd 2Fd kg g
A= Natzt Kfo] vl ge] Ca* Fe JFE v AA
@z (Fig. 7), #& z20z Ad 43¢ Az ¥
Natst Kte] e8] &of 2= o1& 474 A %Y &
A atA et FEsl 99 Natah Kt w3 593
sted 2 H & Ca'g Rkl Natst Kt v ge)
a*fe el AFE FA4 Fu. (Fig. 8.
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Fig. 7. Influence of Na*/K* ratio on the calcium
binding. Total calcium concentrations in the
media are 10asM([D), 202M(C), and 30,M
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Fig. 8. Influence of Na*/K* ratio on calcium release
from cardiac sarcoplasmic reticulum after
maximum binding (M) of calcium. Calcium
concentrations in reaction media are 20pM
(A), and 10pM(B). (O : Na* 0mM, K+
100mM, @ : Na* 5mM, K* 95mM, A : Na*
10mM, K* 90mM, and (3 : Nat 20mM, K*
30mM).

£ %

Ringer(1883)7F #44& 23 Hx wb&&3

A AR wrEe AAddE AFAE
el ATl e Arde ggol FFd weA
gt PAsle] gk, SolaroT2(1974) Catm =
ZFLT)I0TMeA M A48 wge] 9wl ZAe] 9x107°M
]/ﬁt 95%, 3% 1075Mof A = 10099 49 w5
€ Bt YLy FF FEE FAAYLA
’Q’Q o] F1%e neAFm goh. ze} o 93¢
Az el o] &5 AdFelele 444 €
ol AAZ e TAZge B¢ #49 Hd influx
= 10pmol/kg wet heart/beate]sl2 28 < 077
o ZEd Ca% oFo] 4 10%% ¢dcE vxe 2
o (Langer, 1976), Al x4 9fo] A L]z 25
Wase 77 o A48 ¢ gk
A2 Az Z4F <l¥ FE7} sarcoplasmic
reticulumel] 2}3le] AAHeo g =AFTz FAHEd
(Ebashi and Lipmann, 1962; Sandow, 1965; Fuchs,
1974 Ebashi, 1976; Endo, 1977) ub3le] A 3ol A
= ok Ba gbel sk AR
reticulum 2 =7 2| sarcoplasmic reticulume] ®] 3}
of EAstE el A5, FE uptakeFHol AL
m o] (Fawcett and McNutt, 1969; Harigaya and
Schwartz, 1969), AdlA o2 nEfodols FTHia
s (Laguens, 1971) =3 Z4 545y At P2
#H7 W Foleh zev AFE AT ® FHD #
#% F8¢ + 9+ sarcoplasmic reticulume] 53
o], A4 QA o BFA FEH-olgg zAH
Fhell FEdioa FAstE 2wt ged, #Exd A
[ A7 49 pyroantimonates At&3td EEF
ATe] Az ZE5FAF4aE 2408 A3 sarco-
plasmic reticulume| FH- 2 & o|Fx Qe BEaE
9l o} (Legato and Langer, 1969). Kitazawa(1976)3
A A sarcoplasmic reticulums} v EZ ol E y
w2 AEE A 100xMe] e FERA &7 24
uptake -€-o] sarcoplasmic reticulum® 2 $-20~30n
mol.Ca/mg/sec., 8] EZ =8| o}2] 7% 0.64 nmol.Ca/

mg/sec.

2ag ofd A4

sarcoplasmic

(pH 6.8)cls, apparent calcium binding
constanti sarcoplasmic reticulum®] 7§ 2.0x 108M-1,
RlrZedols] A% 5 9x10*M(pH 6. 8)01™,
2 g2y AAZAHR 0%F 4L F v
sarcoplasmic reticulum <k¢] 10u]9] mlEEceelzm
T Zolgs Yo Z%e sHslgdc}. Fabiatost
Fahiato(1975) & 4 %2 skinned fibers] 4 &¢] azide
9} ruthenium red# o 93l = W3l 988 I3
el s EETHole of 432§ JoEd Ba

oke 5, sarcoplasmic reticulume] T4 %o g3 2




~Z 8|9 % i LKEfS Sarcoplasiic reticulunol e Caifi—

AAstsz gk o4t o F
+ Fdd A 43T AANAAd FE-o g
Fd e Fadd Az fe-AE545 AFEE P&
2z 8] el Bt}E sarcoplasmic reticulume] 4] 3 4
Hxz givH(Endo et al., 1970; Fabiato and Fabiato,
1975a; Kitazawa, 1976; Van Winkle and Schwartz,
19765 Will et al., 1976; Fozzard, 1977; Chapman,
1979.

A8t e AL slared, B AHAAE
TEEFA Ax 2F FEE T E S
F) = ==

sarcoplasmic reticulume 2 28} 2] Ca* 71 &
SRl #§ Ca* Kook Ca*e] <&t Ca* R4
T Az e A9sz Qo FEFe] 4§ Cat #
Hgae, o 242 AHE AF AAAT6d &
22 Azl A$} (Baylor and Oetliker, 1975;
Blinks et al., 1978) sarcoplasmic reticulum-& = &3l
qrg-g&Ad <] 2 x4 (jonic composition) & T4 3
#A# sarcoplasmic reticulum®] 4$] “3}8t3 w83
{chemical depolarization)”& o3 2 %o 25 T
st el F7S Jakstd Azt A g BETe W
& sarcoplasmic reticulum®] ®EFo] FFHo] 0 9.9
Zdad #2544 Aozt 235 glo}(Kasal and
Miyamoto, 1976a,b), #A AATelAE LY

fld A& oke] F4o] sarcoplasmic reticulume]
A8 FEYE ¢ Ca* {85 ety £5& WA
A ek Catol @ Ca' el o $8AA2 9
o dudstdd AR AAASE Al AAAS
o 2]& AHE ¢l5te sarcoplasmic reticulume] v] 7}
949 £4¢ 34 58 (Miyamoto and Kasai, 1973),

B} AEelr] folg Cl-9f 3+2 Zo] 22 A 33 A
Sl Bol & Az AAdA e A ofde &
o] & Aol WE AF Frde] F1dste] Cate] fef =
£ Ae¢letx A 2 5 n(Fablato and Fabiato, 1977;
Chapman, 1979) ¢l+& wlwie], Endo¥ (1970)¢] 53
+ skinned fibero] 41 Ca®d] 2]3 Ca' f8 %88 ¥
28 § sarcoplasmic reticulumol A g -§-8 & Catol
g Ca* felgdo] F5 7|Aeletn FAstE B
Eol =3 %7 =) Felc}t (Ford and Podolsky, 1972a,
b; Fabiato and Fabiato, 1972, 1975, 1977a, b, 1978,
1979; Katz et al., 1977a, b; Kirchberger and Wong,
1978, 1980).

B A 4= Kirchbergers Wonge] =.32(1978,
1980 Al &t A AAA = w-g-gA4q g A4 FES &
2 AR ALY AT R} AdHer Bgo] F

Al 21

o

3] of

Ao, e AEFEA AL uptakegl ofo] Azt
44 5t ] ] v AYE 2oz, 4ES 3l uptake
AN F B Ado A %8Cas d et unidirectional
calcium eflux& vz A of wbg-L A 2] Ca*
FE0F 1Mol A 206ME E7}E e wrel Cat eflux:
Z 7138 R, sarcoplasmic reticulumo Z 58 Cato
o Ca* f917 &4 & k. 2E uptakes]
AR EE (Viax) 7t 180 nmol/mg/min., 3 £x9
AVAE 20 E o el Ca FEE: TuMel
o, = 9bg- G free Ca'"st 2% efluxe] A 7}
sigmoidT 4 & =zelrll: A& ti& 2 3 (Kirchberger
et al., 1977: Kirchberger and Wong, 1978) ¢} #A+8}
et

B A3 3 olil sl A 8 sarcoplasmic reticulum vesicle
o 4 #Cag o] -&3td Ca%f o3 Ca*f2l T Harg
2.3 (Dunnett and Nayler, 1977; Kirchberger et al.,
1977; Katz et al,, 1977a; Kirchberger and Wong, 1978,
1980) $] ol = Fabiato$} Fabiato(1972, 1975a, 1977b,
1978) & skinned A A3 AT & o] &5 Ao A 213
A9 BEFEE 2x10°Mel 4 6x10°ME 7}
HHAAE 5] dejrin], 107Me) A= G50 ut
A ¥ okt 2 27 wmé Fhbdds AdENY
Catoll elste] Ca* el 7 Aot FA& stx gl
o},

o] 8] 4t 4 7 sarcoplasmic reticulumei] 41 2] Ca'ol
o3 Ca* el = Mghel fletd A ¥z = ADPY
9 ste] = &2 5 = % (Fabiato and Fabiato, 1975a,b;
Kirchberger and Wong, 1978, 1980) 2 o} B33}A <
FE ot Zleg wase e, A el Ael A
Aol F-co] de] 9 o] A = sarcoplasmic reticulum
°] 91".\'?-" el -A F 44} °]7,i—— sarcoplasmlr}] 2}

e @ Bel F&uale] Nate] el& Aty 2 4
= ok AXAF B A digitalis 7AW DA o) 2
T AZF5d F74F 2 4 dded, o digitalis 7
A e A3 JgaAe e dAAAx2
£ Al Z2te] Nat-pump2) &) & 4 £ 9] Nat ¥ =7}
F7tetz ¢l Na* 5% 7474 Az Ca* Hr2 g &
A FEHe] Frtsilatz J AR glef (Lee and
Klaus, 1971), Na* F% 77 #42 233z 9=
ofd AW sl FelAEE Fad Fel @ Adsfa 7
d 3AE A2+ 98 Acld J2 vlEZEoln
e Hela o Nate] 218 Cae] Hezalvges A
- el ste] digitalis 28 e A5e 24 2a



1A el shtEa Nat-pump A= A zulel  F7}
Nate] 245 o2 rEZrg sty Cat'sd §1
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]

<
A AR e vdeded A @ gl Bt gl
(Carafoli, 1974, 1975; Crompton et al., 1976, 1977,
19785 4, 1978, £%, 198D1).

o] 2] ¢ Natel ¢ gt Ca* §-2]7]14 2 vl R 25 otef
Ak HelA o g el Yot Aatd b ¢l
o] -4 L=} (sarcolemma)e] 4] Nat-Ca*izzle] F4
H4e & B8 (Reuter, 1974; Lamers and Stinis,
1981) ZAAZY, A& AT shsr =) FHLL
t2] 2} 4 2} =l = sarcoplasmic reticulumel] A 5 =3
¥ Nate] ¢]g Ca* 317]%4_"] 9% F= Atz A7t
=5 @R 7A = B vhak A9 godd 2
22kl Nato] 313& Ca" fel-& g, ¥ A4¥A#

sarcoplasmic reticulume] Z#

I‘

TUP

% <+ (membrane
binding) Al 71 A4y =432E ] #4E uptake
A9 (vesicular uptake ¥ matrix loading) # & =
% Natol st Ca*e] §994 @52, Nas K+
o ug-g HEAA Bi5E uptakedz AT =E
uptakeA 7l Zg& Fel Az A ¢} B ovh A 9%
4 v A" g vl ¢]#] g A = Fabiato$} Fabiato
(197737} skinned A <4 Zo] Kt ol Aol Natg A
Fatglg A FEol dejviA] @S FBee] sarco-
plasmic reticulume] 4 & Na*-Ca'* 3£ dojrviz &
vtz & 2a g {459

A9 ASER wFe] & o AT v} tEuin
2] Ca*z4 2 sarcoplasmic reticulume] 4 o] Feofzlz,
sarcoplasmic reticulumel] A} Ca*2] -§#]e¢) = Nat& <
FE oA R AR Rolu, Ca'e ¥ Ca* +
Ao AAE FEe Hed Catg Tt ALAA
& ghvtet Ao

23 g FA THAA AHT wELE ot
sarcoplasmic reticulums} o €] 7}=] 2}o] 4 (Kitazawa,
1976)¢ soln| weZElolrt A Yol A AT 7
Tz gdd@dcie AAFHd FAEE £ 4 d
th. zEcta v EF e olrt AT A Al xy
& FE 246 R Ddsx Posvz 75 v
4 4 wx grh vkl sl EZ el ol Na'el €
# Ca*& $#+2]8ts(Carafoli, 1974; Crompton et al.,
1976, 1977, 1978:4%, 1978; &%, 1981) <Al 24 Ca®
FEZF AXIOM o139 W wlE HAE FA e
= BAgk g8 oo g EFddE A (Fabiato
and Fabiato, 1875), 100uMel4ale] Cat*Fx Z o
E FEH AATL srdEeeldd gyl i sarco-
plasmic reticulum=l o £33 ojglo] o] HolAx &t}

= 83 (Kitazawa, 1976)7) glofd A Aaeq A 2o
A ohdAeE wAde AZoAe ¥ EZed el
g Aad Hem A 4 s WEes, m A
A AT A digitalisZ A vl FA T A42% = Nat-
pumpE A F224 Frid Ca'el $5¢ Yo
of F#F %2 X+t sarcoplasmic reticulum® ¥
Ca*g R A7 trigger® A 83ld $2& Qo

afe et Asdn 44% 4 9
¥
A 4Tl 4

2
2] Ca"sl Nate] 9 gl
o] 349 a4 F

%8 sarcoplasmic reticulume A
Ca*f2] -2 Fatsigdch
EF 2T S84 A7t

& E uptakeE wbE 40~50He] Hdge AA

Mz g $E Re Afdle Y Feel 4
B 2AE fARg e, we ¥R gE o
A= Azl A whot Bge AdAen fo4

"

AT & 7 g

wEd Fe Ca*e] 1uMol A 20pME 275 o uh
& 7AE efluxes Fsigz, 2 Ca* ¥=e A+
efflux-& 7] A= saturation kinetics® Ro]:=
sigmoid% 4 & ®gloh o %% (Vmaa)i= 180nmol.
Ca/mg/min, apparent Kca® 7uMo] ¢l o},

Sarcoplasmic reticulumsl Zr4 FT4E 5% 10 Mol
A 5x107M7H=] 8] Ca* F %ol 4 sigmoid T 4.2 »yg
a2, 2132 40nmol. /mg proteine] v 4 x 10-8Mo] Aj
Helle] AR F4sigldd,
Ad FoUES 9ozl AdlefA 0.5mM EGTA=:
- = 0.6mM EGTASE 1~10mM Na*t2 7143
&+ o 15‘1 = AES 41.97%~45.18%¢°1H4,
uptake A 71 7 Foll = 11.43%~12.40% 2 Nati] 7}d
Ag Cat fole AR Fo% AelE nelx &
Skt

Na®# Ktel ulge] Ca* £4 =t Foe ==

FEE FAEs] et Natsd Koo vl g2 45447
Ca*s Fr42 AS, YA% 542 F a4

-5 Hole B Cat frele] 938 4 4o

99 A#EE v Fo] ¥ o) sarcoplasmic reticulum
A8l Ca¥ feell Nate g 3& nAx & Hdon
Bolrl, A ol whFe] o] g5E Cat o] 22 AR
T sarcoplasmic reticulume] A Ca*e] ¢zt Hzlg
= Ca¥Y = 9¢ Aoz 44

o

4

o

o

b




—2s g

—ABSTRACT—

The Ca*-and Na*-Induced Ca* Release
from Isolated Cardiac Sarcoplasmic
Reticulum

Hae Won Kim, Myung Suk Kim,
and Chan Woong Park

Department of Pharmacology, College of
Medicine, Seoul National University

The Ca"-and Na*-induced Ca" release was studied
in sarcoplasmic reticulum isolated from porcine ven-
tricles by milipore filtration method using radioisot-
ope %(Ca.

The isolated cardiac sarcoplasmic reticulum took
up calcium maximally 40 to 50 min of incubation in
the presence of 50mM inorganic phosphate. After
reaching the maximal uptake, the spontancous release
of calcium was observed at high concentrations of
CaCl; (above 1504M)} in the medium, at the low
concentrations of CaCl,, however, the amount of
calcium taken up was retained for prolonged period.

Unidirectional calcium eflux, calulated from mea-
surements of influx of tracer *Ca at steady state
calcium uptake, was stimulated by increasing extern-
al remaining calcium concentrations in the range of
1 to 20pM. The initial calcium eflux showed satura-
tion kinetics with the apparent Kea of 7uM and a
maximal caleium efllux of 180 nmol of calcium/mg
protein/min.

In the absence of 50mM inorganic phosphate, ma-
ximal calcium binding by isolated cardiac sarcopla-
smic reticulum in the free calcium concentrations
of 5x107® toe 5x10°M was 40 nmol/mg protein.
Calcium release was not observed by 1 to 10mM
containing 0.5mM EGTA to
prevent sarcoplasmic reticulum from rebinding the

Na* in the medium

released Ca®.

The changes in Na*/K* ratio also did not influence
the calcium binding or release.

From the experiment, the Ca*-induced Ca* release
from cardiac sarcoplasmic reticulum may be one of

the calcium release mechanisms, and the released Ca*
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could initiate the cardiac contraction in the physio-
logic conditions. The Na' itself and changes in Na*
/KF ratio might be no influence on calcium binding
and release mechanism in cardiac sarcoplasmic retic-

tlum,
REFERENCES

Affolter, H., Chiesi, M., Dabrowska, R., and Caraf-
oli, E.: Calcium regulation in heart cells. The int-
eraction of mitochondrial and sarcoplasmic reticulum
with troponin-bound calcium. Eur. J. Biechem., 67:
380-84G, 1976.

Baylor, S.M., and Qetliker, H.: Birefringence exper=
iments on isolated skeletal muscle fibres suggest a
possible signal frem the sarcoplasmic reticulum. Nat-
ure, 253:97-101, 1975.

Blinks, J.R., Riidel, R., and Taylor, S.R.: Calcium
transients in isolated amphibian skeletal muscle fib-

res: Detection with aequorin. J. Physiol., 277:291-
323, 1978.

Carafoli, E.: Mitochondrial uptake of calcium ions
and the regulation of cell function. Biochem. Soc.
Symp., 39:89-109, 1974.

Carafoli, E.;: Mitochondria, Ca" iransport and the

regulation of heart contraction and metabolism. J.
Mol. Cell. Cardiol., 7:83-89, 1975.

Chapman, R.A.: Exzcitation-contraction coupling in
cardiac muscle. Prog. Biophys. Molec. Biol., 35:
1-52, 1979.

Chimoskey, J.E., and Gergely, ].: Effect of ions on
sarcoplasmic reticulum fragments. Arch. Biochem.
Biophy., 128:601-605, 1968.

Crompton, M., Capano, M., and Carafoli, E.: The
sodium-induced efflux of calcium from heart mitoc-
hondria. A possible mechanism for the regulation

of mitochondrial calcium. Eur. J. Biochem., §9:
453-462, 1976.
Crompton, M., Kiinzi, M., and Carafoli, E.: The

calcium-induced and sodium-induced efffluzes of calc
ium from heart mitochondria. Evidence for a sodi-
um-calcium carrier. Eur. J. Biochem., T9:549-558,
1977.

Crompton, M., Moser, R., Lidi, H.,
E.: The interrelations between the transport of

and Carafoli,

4 —




—XKim et al.: Ca* release from eardiac SR-—

sodium and calcium in mitochondria of varicus ma-
mmalian tissues. Eur. J. Biochem., 82:25-31, 1978.

Dunnett, J., and Nayler, W.G.: Dependence of calci-
um efflux rate from cardiac sarcoplasmic reticulum
vesicles on external calcium concentration. Effect of
magnesium fon. J. Physiol., 266:79P-80P, 1977.

Ebashi, S.: Ezcitation-contraction coupling. Ann.Rev.
Physiol., 38:293-313, 1976.

Ebashi, S., and Lipmann, F.; Adenosine triphosphate-
linked concentration of calcium ions in a particulate

Sraction of rabbit muscle. J. Cell. Biol,, 14:389-
400, 1962.
Endo, M.; Calcium release from the sarcoplasmic

reticulum. Physiol. Rev., 57:71-108, 1977.

Endo, M., Tanaka, M., and Ogawa, Y.: Calcium ind-
uced release of calcium from the sarcoplasmic reti-
culum of skinned skeletal muscle fibres. Nature.,
228:84-36, 1970.

Fabiato, A., and Fabiato,
coupling of isolated cardiac fibers with disrupted or
closed sarcolemmas. Calcium-dependent c¢yclic and
tonic contractions. Cir. Res., 31:293-307, 1972.

Fabiato, A., and Fabiato, F.: Contractions induced by
a calcium-triggered release of calcium from the

of single skinned cardiac
cells. J. Physiol., 249:469-495, 1975a.

Fabiato, A., and Fabiato, F.: Effects of magnesium

F.: Excitation-contraction

sarcoplasmic reticulum

on contractile activation of skinned cardiace cells.
J. Physiol., 249:497-517, 1975b.

Fabiato, A., and Fabiato, F.;: Calcium release from
the sarcoplasmic reticulum. Cir. Res., 40:119-129,
1977 a.

Fabiato, A., and Fabiato, F.: Variations of the mem-
brane potential of the sarcoplasmic reticulum of
skinned cells from cardiac and skeletal muscle det-
ected with a potential-sensitive dve. J. Gen. Phys-
iol., T0:6a, 1977b.

Fabiato, A., and Fabiato, F.: Calcium-induced release
of calcium from the sarcoplasmic reticulum of ski-
nned cells from adult human, dog, cat, rabbit, rat,
and frog hearts and from fetal and new-born rat

N.Y. Acad. Sei., 307:491-529,

ventricles. Ann.
1978.
Fabiato, A., and Fabiato, F.: Calcium and cardiac

excitation-contraction coupling. Ann. Rev. Physiol.,

41:178-484, 1979.

Fawcett, D.W., and McNutt, N.S.: The wltrastructure
of the cat myocardium. I. Veniricular papillary
muscle. J. Cell. Biol., 42:1-45, 1969,

Ford, L.E., and Podolsky, R.J.: Calcium uptake and
Jorce development by skinned muscle fibres in EGTA
buffered solutions. J. Physiol., 223:1-19, 187%a.

Ford, L.E., and Podoelsky, R.J.: Intracellular calcium
movements in skinned muscle fibres. J. Physiol.,
223:21-38, 1972b.

Fozzard, H.A.:Heart: Excitation-contraction coupling.
Ann. Rev. Physiol., 39:201-220, 1977,

Fuchs, F.: Striated muscle. Ann. Rev. Physiol., 36:
461-502, 1974.

Harigaya, S., and Schwartz, A.: Rate of calcium bin-
ding and uptake in normal animal and failing hu-

Membrane wvesicles (relaxing

25:781-794,

man cardiac muscle.
system) and mitochondria. Cir. Res.,
1969,

Kasai, M., and Miyamoto, H.: Depolarization-induced
calcium release from sarcoplasmic reticulum fragm-
ents. I. Release of calcium taken up wupon using
ATP. J. Biochem., 79: 1053-1066, 197Ga.

Kasai, M., and Miyamoto, H.: Depolarization-induced
calcium release from sarceplasmic reticulum fragm-
ents. Il Release of calcium incorporated without
ATP. J. Biochem., 79:1067-1076, 1976b.

Katz, A.M., Repke, D.I., Dunnett, J., and Hasselba-
ch, W.: Dependence of calcium permeability of
sarcoplasmic reticulum vesicles on external and int-
ernal calcium ion concentrations. J. Biol. Chem.,
2521 1950-1956, 1977a.

Katz, A.M., Repke, D.1., Fudyma, G., and Shigek-
awa, M.: Control of calcium eflux from sarcopla-
smic reticulum wvesicle by external calcium. J. Biol.
Chem., 252:4210-4214, 19778,

4 Nat 2 Kto| 818 A3 Mitochondrias) A
o Ca*fefztg. ) gobef shahA] 14:1-11, 1978,
A4, wAE, AW Q2T Mitochondrias) A 9|
Ca* #3o dlat Notel Qg ddgelstyg] 17:1

-8, 1981,

Kirchberger, M.A., Wong, D., and Katz, A.M.:Ca*-
dependent calcium efflux from cardiac and skeletol
muscle sarcoplasmic reticulum. Clin. Res., 2519554,
1977,




—A Y % ¢ L8 Sarcoplasmic reticulumel] 4] 2] Ca*fig—

Kirchberger, M.A., and Wong, D.: Calcium eflux
Srom isolated cardiac sarcoplasmic reliculum. J.
Biol. Chem., 253:6941-6915, 1978.

Kirchberger, M.A., and Wong, D.: Calcium eflux
from cardiac sarcoplasmic reticulum vesicles, Adv.
Mpyocardiol., 1:179-187, 18980.

Kitazawa, T.: Physiological significance of Ca uptake
by mitochondria in the heart in comparison with
that by cardiac sarcoplasmic reticulum. J.Bischem.,
80:71129-1147, 1976,

Laguens, R.: Morphometric study of myocardial mito
chondria in the rat. J. Cell. Biol., 48:673-670,
1971.

Langer, G.A.: Events at the cardiac sarcolemma:
localization and movement of contractile-dependent
calcium. Fed. Proc., 35:1274-1278, 1976.

Lamers, J.M.]., and Stinis, J.T.: An electrogenic
Nat/Ca* antiperter in addition to the Ca* pump
in cardiac sarcolemma. Biochim. Biophy. Acta.,
640:521-534, 1981.

Lee, K.S., and Choi, S.}J.: Effects of the cardiac
gylcosides on the Ca" uptake of cardiac sarcoplas-
mic reticulum. J. Pharmacol. Exp. Ther., 153:114-
120, 1966.

Lee, K.S., and Klaus, W.: The subcellular basis for
the mechanism of inotropic action of cardiac glyc-
osides. Pharmacol. Rev., 23:194-261, 1971.

Legato, M.]., and Langer, G.A.: The subcellular
localization of calcium ion in mammalian myocard-
ium. J. Cell. Biol., 41:401-423, 1909.

Lowry, O.H., Rosebrough, N.J., Farr, AL, and

Randall, R.J.; Protein measurement with the folin
phenol reagent. J. Biol. Chem., 193:265-275, 1951.

Miyamoto, H. and Kasai, M.: Reexamination of
electrical stimulation on sarcoplasmic reticulum
fragments in vitro. J. Gen. Physiol., 62:773-786,
1978.

Page, E., and McCallister, L.P.: Quantitative electron
microscopic description of heart muscle cells. Appl-
ication to normal, hypertrophied and thyroxin-stim-
ulated hearts. Am. J. Cardiol., 31:172-181, 1973.

Reuter, H.: Exchange of calcium ions in the mamm-
alian myocardium. Mechanisms and physiclogical
significance. Cir. Res., 34:599-605, 1974

Ringer, S.: A further contribution regarding the
influence of the different constituents of the blood
on the contraction of the heart. J. Physiol.(Lond-
on), 4:29-42, 1883.

Sandow, A.: Ezxcitation-contraction coupling in skele-
tal muscle. Pharmacol. Rev., 17:965-320, 1965.
Solaro, R.J., Wise, R.M., Shiner, ]J.S., and DBriggs,
F.N.: Calcium requirements for cardiac myofibrillar

activation. Cir. Res., 34:525-580, 1974.

Van Winkle, W.B., and Schwartz, A.: Ions and ino-
trophy. Ann. Rev. Physiol., 38:247-272, 1976.

Will, H., Blanck, J., Smettan, G.,and Wollenberger,
A.: A quench-flow kinetic investigation of calcium
ion accumulation by isolated cardiac sarcoplasmic
reticulum. Dependence of initial velocity on free
calcium fon concentration and influence of preincu-
baticn with a proteinkinase, MgATF, and cyclic
AMP. Biochim. Biophys. Acta., 449:205-308, 1976.




