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The Influence of Sedium on the Calcium Release from Cardiac Mitochondria

Yong Sik Kim, Chan Woong Park and Myung Suk Kim

Department of Pharmacology, College of Medicine, Seoul National University, Seocul, Korea

The Na*-induced calcium release and the effect of sodium on the transmitochondrial calcium
flux were observed in mitochondria isolated from pig ventricular myocardium by Milipore
filtration technique using radioisotope 45Ca.

The release of calcium from cardiac mitochohdria was induced by small amount of sodium,
and was promoted by increasing sodium concentration in the incubation medium. The extent
of the Na*-induced calcium release was much greater in the absence of extramitochondrial
calcium than in the presence of calcium.

At steady state of calcium binding on the mitochondrial membrane unidirectional calcium
influx was inhibited by sodium and unidirectional calcium efflux was increased.,

From the above results, it was suggested that calcium might be released from cardiac

mitochondria in exchange with sodium through the mediation of the postulated “Na*/Ca**
exchange” mechanism.

al, 1974: Langer, 1968, 1973: Fozzard, 1977).
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“8lebam Rzg eb gl.2k(Chance, 1965, Lehninger
et al, 1969. 1970; Carafoli, 1974, 1975; Affolter et
al, 1976; Dhalla et al, 1977) ©]&] 3t mitochondria 7}
excitation-contraction coupling (E-C coupling)el]
Satelete dlole Lides 44¢ v gon o
+ mitochondria 7} transverse tubule == 4 ®=l3}
d€del gledl Fldstm Y=t 28y AsH BE
of ety Bele o] 2 Q4§ i 234 53
o Ca**e] 4212 4 glvbe E-C coupling o] 4 mito-
chondria ] 9 @= WAT + 9L Aolch
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W T4 oe]-& 5L 243 mitochondria ¢] Cat*tZ3 7
Aol gk 3T/ AldEz 9o (Crompton et al,
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Ho g Cat*f-2l7F dejdrt= Carafoli(1974), Crom-
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ATPase 9] AL A=A EY F7 Catter E719F
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Fig. 1. Sodium-induced calcium relase from pig
heart mitochondria incubated in a medium
with 10zM{Ca*+].
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Fig. 2. The release of Calcium from heart mitoch-

ondria by sodium in the presence of 1mM
EGTA.

Table 1. Net Na*-induced Ca** release rate
(Mean=+S.D.)

Ca™ bound Net Na*-induced Cat* release rate
(nmol/mg. (nmol Ca**/mg. prot. /min)

6.6910.45 23.6342.51
1 0.1 +£0.02 1.2 #0.35
3 0.36+0. 06 1.8 #0.45
5 0.810.23 2.1410. 53

@] 6.6974-0.45, 30 «M &= 23.63-+2. 51 nmol/mg. prot.
ojgler dbgo AEste CattyEe 22k 3.31%
0.45, 6.3712.51 pM o] &l &},

Cat*F4r) 9gFd 2 kg Nate
dod AFR Carto] FAE HeEizigon, u
10 M Cat*S- A73E A9 feldbe 18 &

Cattgkl NatgZE 1,8, 5 mM B Z714] A 7+
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Table 2. Na*-induced Ca** release rate in the pre-
sence of 1mM EGTA (Mean=+S.D.)

bound Ca** Na*~induced Ca** release rate
(nmol/mg. (nmol Ca**/mg. prot./min.)

prot)
6.69-+0.45 23.63+2.51
Na*, mM
0 0.50--0. 09 2.36230.52
1 0.58720. 04 2.6410.80
3 0.804-0.25 3.3124-0.91
5 1.43-0.31 5.05+1.25

0.5140.23, 0.854-0.48, 1.91-+0.64nmol/mg. prot.
o8 Az Zrlargd = (Fig. 1).

ofw) 2& 30& Eogbol] HEH = Cato) &= glassware
o] wjAsAq Cat*ule] THEE Fakslwlzl weiA
2 b AR 45 E Cattgro® ¥ Net Nav
Faged, o8 &
Nets 2ol web 570 e

induced Ca*t release rate &
HEe Z 13 3]
(Table 1).
s Ak 42 Cattel ASA L AFRA Dot
=z 2EE fglukgode Catt chelator ¢ EGTAE 1
Arkekm Navol o3l $2l8& Cattibe 273
A3k, 10pM Catto] Hrbd ubg 2AA et
13 & $eg L Cattefe] Na*¥E7}0,1.8,5mM
w77 1.3120.69, 1.78:0.74, $.21:+1.06, 3.70
-4-0.74 nmol/mg. prot & & Natx% F7te] wel F
7+ gek(Fig. 2).

e wyom EGTA 1mM ZA4 Na*~induced
Telgm, o’k Catrfel&ol
4 NateE Z7bol =18k A& 2gh(Table 2).

5 EGTA f714¢ Catt-fel g3 gbx Natal &
Aelel Qe Carrgul gL wad A5k BGTA 2744
4 C3++‘H‘El’57 x5 FrHEE Byek(Fig. 3).

mM
Els
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Cat*+* release late =

2) Unidirectional Ca** influx 9} Ca** efflux

4] % mitochondria ¢ Ca**$-4l-& Fpub-&3f 71”31
s AR vhE e B oE YT 2
#} (Crompton et al, 1976: Carafoli and Crompton,.
1978) Na*ell &g Ca**f#]&= Ca** influxe] GaF<

AAY, mi Ca't effluxdl 932 W4 el
4 9L g@Aalo|m R gteady stated] A& unidirecti-
onal Ca** influx 7} Na‘tel] &3] oJ®@/] #3H =18
A& Ax el Catte] 2.31 aM 8l A% 3E Zqld]

F4H = & Cattgke 9 &A| 3.28740.53 nmol/mg.
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Fig. 3. The Na*-induced Ca**release rate in the presence(e) and absence(X) of extramitochondrial(Ca**].
A: Mitochondrial bound[Ca**): 6.69 rmol/mg. prot.
B: Mitochondrial bound(Ca**]): 23.67 nmol/mg. prot.
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Fig. 4. Unidirectional calcium influx at steady state of uptake reaction. Total calcium concentration in the
incubation medium: A) 10 M, B) 30 uM.
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Fig, 5. Unidirectional calcium efflux at steady .state of uptake reaction. Total calcium concentration in the
incubation medium: A) 10.4M B) 30 uM

prot &4 Nat 1,3,5mM ¢ 54519¢ = 242 2.59  efflux & sl &3] 3.10£0.53 nmol/mg. prot o4} Na*
+0.32, 2.43+0.29, 2.047+0.36 nmol/mg. prot &2 ¥E7 1,3,5mM 4 4 3.1540.32, 3.847+0.29 5.93
Na*FE4 Z7}o] wiel unidirectional Ca* influx =40.36 nmol/mg, prot 0.2 F7} & He (Fig. 5)
7b Ha AAFH P (Fig. 4), unidirectional Cat+ Natel]l 2] Ca**-fE]L unidirectional Ca** influx
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TFig. 6. The inhibition of unidirectional Ca** influx by Na'.

Table 3. Unidiractional Ca** influx rate and efflux rate

5

o -
5 mM Nat

The Influsnce of Sodium on the Calcium Release from Cardiac Mitochondria-—

(Mean=+£S.D.)

bound Cat+ Unidirectional Ca** influx rate Unidirectional Ca** efflux rate
(nmol/mg. prot.) (nmol Ca**/mg. prot/min) (nmol Ca**/mg. prot/min)
Nat, mM 6.697-0.45 23.63:12.51 6.6910.45 23.63
0 0.7371-0.34 2.6 --0.87 0.73170.35 2.950.78
1 0.68710.14 2.6 +0.84 0.787£0.15 3.6 +0.68
3 0.51 40.15 2.25140.59 0.92 40.23 4.0510.59
5 0.47 +0.19 2.0540.79 1.28 =420.22 4.7 +0.91

o} efflux BFof] Jakg wjx

Tt
=g o] B2 4 o

Kel steady state o] 4 9] unidirectional
Ca** influx rate &} efflux rate & ¢lglo»], Na*x
=9 Z7F2 unidirectional Ca** influx rate & ==}
Z78% Byl (Table 3

zZras 3, efflux rate =

and Fig. 6).

% =

Mitochondria 8] 4] 2 CattEx Zao 9 ale] o
-‘F% &EW ?%3‘4-, AZ A EAE o), 4"
£ E A A E3) == mitochondria ¢} oxidative
phosphorylation uncoupler Ed] 23 Cat*F<9} §
elof] dgk 4 HEuse] o] ik o slAle] 43
2z gl v} (Crompton et al 1976, 1977; Harris, 1979:
Carafoli, 1974).

ol ¥t Ca* b5 d & APANANAE EFda
o84 Ex ATP £ &t energy ol a4 3
H gtz o 4.0 (Carafoli: 1974: 1975. : Cro-
mpton et al, 1976), iﬂbﬂoi 1AL o€ RF7l HAF

T Aok 23 glont o] FAHEL oby oy

A glA

ok 1;1{_

gtsd s A7t E-C Coupling o 55 A 8-L 3

ul o] 2] &= sarcoplasmic reticulum ¢f 4] & energy & &
4o Cattgubgdo] gl-g-2 Fx8 Apdolrl(Ebashi
and Endo, 1968: Ebashi, 1976: Endo, 1977) mitoh-
ondria 8 Ca**dksti g2 Xol7k g & 5 3
e}, o & = sarcoplasmic reticulum o) 4] = mitoch-
ondria ¢t ] Ca**-stimulated, -Mg**-dependent
ATPase & 44 =9% + I,
X Ca**tE&47} oligomycin, azide, dicumarol, dinitr-
o= 47 dAE S o,
reticulum ¢ Ca*t* &<l W J3FL w|AA ZEshE
A=, 5-AMP, 3-AMP 5o &J3le]
reticulum 7= v 24 mitochondria & Catt&<7F 7+
&X vt 7 So| vt (Dhalla, McNamara et al, 1970).
Mitochondria ¢} Cat*&4= X ¢} F-Fo] sarcop-
lasmic reticulum B el 2Fo ), Carafoli(1975) = 4
Zol| A &) mitochondria o] oF, Ca*+x}e] 2134, Catt
O A WAFgELEER Rol 4 Q2] 2, o)g
& 2ASRE F& uE FE2¢ Catt3ulsdgo] gl
3 Boaglyg ol (Chance, 1965; Lehninger et alv

mitochondria o} 4]
ophenol =

sarcoplasmic

sarcoplasmic
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1969, 1970; Carafoli, 1974, 1975; Affolter et al,
1976; Dhalla et al, 1977), o}X|7}x]= mitochondria
9] E-C coupling o8] ahofo] 3= o414 wkw gl&w]
o] & mitochondria 7} transverse tubule XX 4 xu}
I d<LAo] go] Axe F%4dqre] A4 mitochond-
rino] AW A5dol stk A AEol=

2} Y mitochondria ¢ Catt-g2l7} A7 A 23 (}
gyl Eebl ofwd 318 wiAAe] odte] zHpiAl
dojrteled mitochondria 2] E-C coupling ¢ 2] =
€ WA = e AolH, 4AR Hjgd St
o] Ca**F=£7} dolvh% mitochondria 8 Y] Catt
Helh e Hgas Suslel Qolge & +
9l 3z (Lehninger et al, 1969), Haugaard £ (1969)-o
ATP, Pi, Mg**¢] Auld X7} mitochondria 9]
Cat+-gube) whkd] F23% 3-8 Jelisle ¥aust
drt. 3] Natd] 9 ste] A mitochondria & 28]
Cattfg] 7} doj e B 4 glof (Carafoli et al, 1974;
Carafoli, 1974; Crompton, Cepano et al, 1976; 4,
1978) oi=l & Natell 25t Cat*-fgst FAZANA
ol 4 9= o 2olul, % e oy /]

4% 9
P g Eote4 Natzl Catte] mglr)de] &= AL

3.
&

_(}(_, r_u.,

iﬂ,_&}m_

2 Hob FAdeld saeletn 48T F don, &
How ue HEs dETA P 5T Narf
FAFE Nato] AZRTE fi5ctEe 42 Hep
E Nate] Z siAA7 A 4 gledstz 34T 5
=k

2 AgeA Cat*fe]st Natgxo] el =t 4
b SR FAY de Bash $gE o, Quk

A 0 & mitochondria &] Ca*tZ<r, fe]lsdA4-& b3}
Ly A4 5 Cat*-selective microelectrode =i
Cat* &9 Awideql dA gl Ruthenium Red &
glsle] Hud (Crompton et al, 1976, 1977; Carafoli,
1975, 1978) Cat*frE|-¢uul: Yo 28 ¥y},

[t

@3 Natel 23 Carrfel$& EGTAE o]
g Agach Natwhd Felat A% 4 25
Byer o)t Natgol gl A%ole wbgahnel 3

(=)

o] Ca**3} mitochondria o) A= Cattafe]¢] Cat*-
Cat*agrldel ¢35t feE]lE gyl Catto]l vhA] AF
22, EGTA & o] Fsld R Cattsr e
A 002 oz odu)k fely Catto] AF4HzA
Z5A S Wil 32 AFE He ALoE wef
A"k, 9o ®E kel el e Catte] Natel
9 Carvel Al Aaked AUAQ B 47

AL d7 EolnE 4FT + ges,

Q

s _125

L

gle] w3k Nate] jya—

unidirectional Ca** influx 7} Natel] ¢35} 343
A5E Bl steady state o4 2] ub-Zefu zbke] Cat+
3+ mitochondria o] A Cat*apol]d] Cat+-Catta
Zoll Nato]l A3 ¢3-& nxy Cat*-Catrmatg oA
e o F e

ol4e 43 AsE FiFste] 2 Nate] 93 Catt
42 33L& Nate] Catt—-Ca**m3k-& o Al 5)e steady
state ol A1 ¢] Ca™* influx & Z&A]7)w, =g 4bgy
Well EAshe Cattake] chbd A E G 3-& gl
522, mitochondria el 418} Catr-guld] % sarcole-
mma o) £ gtz o# 2 Nat-Cat*:3k7) A (Reuter,
1974)0] e H el e} Alzsl et

3+ Crompton 5 (1976)-2- £=F¢] Ruthenium Red
3ol
4l e] mitochondria & Cat*&<E oAkt Catt g
dle 93& T2 Gerha sgla, oW Na‘tirstz
Cat*fe| 7 4¢ %ﬁ_i Ho} Cat*F<X Ruthenium
Cat+g-z] = Na'-

7} mitochondria 2] energy transduction o] =

Red-sensitive system -2 %53},
sensitive 3+ t1 & ERE 3l dolnustm gt
22+t 3= Crompton ¥ (1977) 2
Ca**ke] = }E 713 2 Rutheninm Red-insensit-

ive §}3, La*+*-sensitive 8 m8}—&+4k-g-uks) (Exch-

mitochondria 2]

ange-Diffusion Carrier) 9] & & FAsla gon, o
2 u8}x] 2 %3} mitochondriav] Ca**sl db-2d] Cat+
Aole] mme Nate] g3l Aoz oas,
=3t Nato] 9% Ca**e4 ole] Saks]e] Nato]
mitochondria W} & -FH vtz B udtg ).

ol 2] & Na*-Ca*t*m3l 7|49 &A1& #4349 593
71 &A= Cattf-2lo] Euts mitochondria ) Na*
B2 Erte] 2T, 783 ¢] 4 A mitochondria W =
$4]=l Na*o] mitochondria ] Na*al= A73A =&
& 2 AQAE FH okt A Aolch,

Digitalis A3l wf a1 &] A &3 E-C coupling o]
Fa5el e A%Y RoE 4R g,
AA 7R = LR Ee Ao gon, A :LW}X] o FHT
5 A32%E EC coupling off AAH = A7 845
of WetE J8-g HAA g, AZH I
eable free Cat*pX¥nl-g =7} }7‘15}3‘5 A Eo)e] 4],
digitalis 741w Al ¢ ZFAAAE P s gold
olgigt Catte] FrhdE /1AL ¥ %]% Ael & F
23 AY R JAXEZ Yrr(Lee and Klaus,
1971; Schwartz, 1969).

gl AAEFAE HolE o8 FEAAE Nat-K*-
ATPase 8] A7} wb=4] theldx =

exchang-

orom, sarcol-
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emma Nat-K*-ATPase ol = & 4o o) g dig-
italis &) #QJ Y 29 =gre] H3u ¢l o1}, digitalis
ZAW G 24 Nat-K*-ATPase 7} Eo] 314 o
AR Aol Hug Aslkery A A
S AR B AR fEEes FyHm ¢

ot 5
FE2E WEAY B4 F4T Nt

Q4024

RN B L
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W 339 AR A2y Naty:E
b S, oelE NatyEe] Zusk fakelxl e &
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a8y digitalis 74 8 'ﬂ—Aﬂ off 9 &
Na*$} 717 devh=rt
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T/r/q 7] 71 <l %‘r‘”’} Xé EE 4 Zu Catt
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_>c,

B TTE

e 2 A 3 T

SEE =Y P de AWAY Frol Hadd, =
FAASY B apE@ad Al g 4k o)y

x| —2-

3] Na*-sensitive microelectrode 2 A}£3)e] digit-
alis B 2 &) T Na*e] Frighels Bust i g
Akera and

A

= B xolvt(Lee and Fozzard, 1975:
Brody, 1978).
R x‘,lzgﬁ;;gw_ o] ARL

1o BRmeld BE Ca**ﬂ} Natgj
ksl A A o

9
19T mne e 249 4=

An e
deHm Y' 4024, digitalis o] ZA71 o F
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o A=z 2 FE ATAZRE Catrig e =t
s =

o o
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% A WolAleh,
gt steady state of] A 2] unidirectional Ca*™* influx
7F Nate] sted 74 Ho R nlfof, Natd] 4

g+ Cat*fgl = Nate] Catr-Cattmzl-g 2 oA s}
o] Ca*t influx & z&AA vehl: HAiz g2
Hrh

Natel] €]+ unidirectional Ca** influx ¢ ojAl+&

e

Cat*-Ca**mgkell Na*te] FH =g, = ub-&
W Catte] mhid] wiel Natel] &7+ Ca**%’rﬂ?éliﬂ

d
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