HigEzE 49 (4) 383~390 (1980)

51

VA y S S

Bl

z

£

~ j==]

I fE dE B

—— Activation & Inactivation (2% % Stabilizer
FLTDHN Yy AMEH —

K HH B
N B — 5B

ALWR B B A A B 1 G e

K IE A

N R
[EIRG L

K AE B

LS PR R I

Calcium and Excitation-Contraction Coupling

— The Action of Calcium as a Stabilizer on
Activation and Inactivation —

Torao NAGAI, Isao KOSAKA, Kazuo OBARA
and Masaaki TSUTSU-URA
Department of Physiology (Section 1), Sapporo Medical College
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Prof. T. Nagai)

Masaki TAKAHASHI and Nobuaki TAKAHASHI
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The question as to whether extracellular Catt is essential or not for excitation-contraction (E-C)

coupling of skeletal muscle is still debatable.

In the present paper, the reports about the effect of Catt

on E-C coupling were reviewed in aspects of the action of Catt as a stabilizer, the place of which can

be taken by the other divalent cations such as Mg, Mn*, etc.
(Received March 5, 1980 and accepted May 26, 1980)

1 Lo

B ARG o BUEE I 4 # B (excitation-contraction cou-
pling ; E-C coupling) I\ Coh % Catt 2 i@ A gyl
B L C0AHC LR EICHMBRTHLBYY. e, bk
57 Ca influx OWMBBDERSB Z &9, sH Catt
L X - T K Hyf 28l e s (fef L Nat BRETR)
CEY A SRS Lo, oK Ca fEHOBR
BAE e W50 CTlgls. Cofiaw K #ifE © mechanical
activation ¥ XN inactivation O[HE A5 EE | C L.
TR LT E I Licidig, Fciiiinieid iy, ¢
Wi ¥ twitch muscle fiber w22\ TDLDTHB.

2 Activation & inactivation

2:1 Activation KT inactivation curve
K i OEHEAL (activation) 73~ K R (B o
BE) WG LT, baERMECEL, 20 K RE L activa-
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tion DOPIRAE RIEM AL #R (activation curve; H 5
W RIS, threshold curve) 25 S Eik % B4 5 = &k
Hodgkin and Horowicz®) 1€ X » CH LM E T 5.
—7, K Wfgc 15 AN iE ML (inactivation) OFF1E A5
Hodgkin and Horowicz® I X » T P& S h,

Liittgau® 1& X - TGRS ey, fEs 1t h ke K Hifio
B FEMEAE & BAfROIT T B 5 0 Z @ inactivation
HEH L, 190 mMK 1@ X B #fgofic, fix K &ET
T 14rfhic tension OEIETAEE %S > b L0
THHN, D% Frankenhaeuser and Lannergren? |1
YU A HEKMEED Na =2 v & 27 % A inactivation
DOREFED LFEBEOTE, Tihobb, BT EEo K
¢ 15 ERi4LBE (conditioning) %17\, 24U € 190 mMK
TTFALML, ZDOL XD tension OPFIOEE S K #Hy
#io inactivation %X/ b, conditioning K j&& L in-
activation OBRZ SR, T o bAEN L (in-
activation curve) #fi\ T\ b, 512 E BT inactiva-
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tion DOFFEREE A L, inactivation 7% conditioning
KRB O AR 75 IR & & b e Sg AF kAt (full
inactivation) OJFRICHEITT 5 (o2 L, oL K %
BEWCAKAET B) & Eh A\ L. Frankenhaeuser and
Ldnnergren” o & b O AL R - KH® @ X - Chf
i Ehdes

Nagai ¢t all® {32 ® inactivation ORFEIFEHEY X5
WCRHNCBGT L, SR SREBIBICHE T L, H 5 EHE
WCRET B LM &, Lhics| & full inactivation ®
HINHET T 25 2 /0 2B S & E AL ML,
IRy VA PEXRMBED Na 2 v 227 2 VAD in-
activation OME LWL ODDHIC B WCTHET S Z &,
Fh, S K WfEo B R hiELBIRT S LEZBR
5L, B2 Na = v &7 2 /A0 inactivation 1T
DWTIEBHG R TWIRWHTH B & L5A», ThE
% inactivation 1 3 X O inactivation 2 & {7} 7.

activation curve [IEIEE Catt FTichic, {KjLpE Catt
TFickEiw TR, inactivation curve ¥ F foEjiE Catt |
I, ERE Catt Tic/oicdh 879, ht Catt o
ERIEY UV A4 DEKMEED Na 2 v &7 %4 v A0D activa-
tion ¥ L ¥ inactivation X4 % Catt oL LT
WHBTHER Shs (3-2-1 B

TR « K 12 activation 7¢ Lic full inactivation A%
L B (k) 7o Lo %, K e 13 % activa-
tion & inactivation 7' m A XFRFRMIO S D LE
2T\ 5. O B LU CRIT Bezanilla and Armst-
rong® 3V U A AEKFEICOZX Na 2 v &7 2 Vv AD
inactivation 7 = -z A2 pronase I X 5 NEETIC L b
BRI S D LR 25, Na 2 v 47 5 v AL
i % activation & inactivation Ot H % HEY
(coupling) 232 L\ 5F 2 IR L TS T HEH X
5.
2:2 Activation 3 UL® inactivation

Frankenhaeuser and Linnergren” s J: OVgIR - K19
VSR Catt P T o K+ 1 X % conditioning
i X b, activation 7z Lic full inactivation ez % =
LEHELTCWA. ok, Nagai et all9 3 1.8 mM Catt
FTie b TEED K+ i X 5 conditioning & X b activa-
tion 7% LiC, Wifdl#EE2s 2 MM inactivation (inactiva-
tion 1 38 X 0% 2) 2T b, Zh2MERE Catt TiciHic
BEEINBC E2RDI. Fio, Kosaka et all® 13 Lk
DK R Catt F o inactivation 7% Nat % cholinet ¢
BT s L shs C LR RELTVS.

X bz, Kosaka et all® 3444 Catt =1L EbIC
1 mM ethylene glycol bis (f-aminoethyl ether)-N-IN’-

FLRERFE

tetraacetic acid (EGTA) #inz 74 Fic, K HifEo
peak tension 23K [ 7c B O Nat o4 MEickE LTl
ahsfidicES%, Kt )@ X% conditioning (JBis)#k)
I LB 7 < Th activation #Zff 4704 inactivation (in-
activation 1 3L 2) O B LERE L5,
Bk, Catt Briic X 5558 choline B 5% Fic K Hofi
DB H ER TV BIF B Th e KD 10 mV
BETHD, 27 A+ KK X AR ek b e
L, EHRIDOBAIENTH 7 = 4 VHIE ke
BT EMD, ZOZ&BTo K Hfroiifit E-C coupling
DWW X B LB2 T b TO/MRTEDE, WFRED
K conditioning i & % full inactivation OIRFETFIC T,
190 mM K i X B Bix i s b, hotaricn 7
= A VHIESE S D HELSTELD S .

Kosaka et al1® 12X bz, Catt E Tl i K
i peak tension (¥ Nat ¥ L o8 Mgh 1 L h—3a]
BT5C &, Lond it peak tension ®h#, HEIL
peak tension LR TIEHBENT T b —w L EIET A
W D@5 L awiled, Catt 3T @ “activation 7t Lo
inactivation” (inactivation 1 35 L 0% 2) % Catt [dsic &
%50 labilization % %\ MIEFERL (surface potential)
DVEIND 2 RIIEFICHET S 2 ENTEDDTIRIR &
FzCw5b. [AkEoFFE RN K conditioning Fo full
inactivation (¥ Catt # 4 Lick vEIE IS &o
b S 719,

eI Cl~CEL L 5, 4 Catt 12 E-C cou-
pling IC & » TEELFHELFEHLCWB 3BLNTH
. Bk, BUEMARIC IV, A Catt 5%\ ik mem-
brane bound Ca D {Ef & LC—f#ic stabilizing ac-
tion!®) % L ¢F Ca influx @ source® 2FE % LT 5.

3 Stabilizing action

3-1 Stabilizer & labilizer

311 & &

Bk, stabilizer & LTSNS agent 13, HLEAL
DINE T, BB TIMHTEZ B EDL LD & C, It
ek s WA vaarak T ey 73550, BIO(Q)
s K B oBne Catt Rk, oo BRI X » T
SR ENBWIBEIWD BB I T B b0 EEHS
H, Catt (X zofREF L LTHORTWB0. LrL, &
W Catt Tic, Kt @ X 25 Bk it o4 il s
NBD, T E 818 J5C, Lilio (2) oE
MRS T Qe — b T EF o 0B 2B 5.

fili}5, labilizer (¥ stabilizer SO {EREHFTHL D &
EFESIH T 59
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Lo AT, Bkt vairAanT ey zicit Na 2 v &
7 & v A®D activation O 1 & AL inactivation @
it oD 45 M E 2 bbb, Frankenhaeuser and
Hodgkin!D 12 X }uE, EiEE Catt Ficv V) 4 AE KM
k) s Na 2 v &7 2 v A0 activation ¥ LY inac-
tivation 1% & Il Eh, KRR Cat Twdiie, <
NoENEBIRBEIND EV . Lich» T, Eilko sta-
bilizer ®EFHEE LTI, ZOimigE Catt ofEf7s 5 Na
a2 VA7 & VAD activation T AL D EE U2
IR L OETHA D

3:1:2 Surface potential &DBIFK

Chandler et allD 13 ¥V A4 HEREOHBANA 4 v
BREEDOPAIIC X »C, Na =2 v & 27 & v A®D activation ¥
YO8 inactivation curve 23 & I [AJFACT A = & &
PR, Tk P o [ E BT (ixed negative
charge) OBEIICIRT BB 2 HIRR LT, ¥ie, kil
DY o EiERE Catt 13 Na =2 v & 7 2 VAD activation
2L, (KiEE Catt (% activation #{EfE3%. XHic
-2 e Catt Zoofthod 2 fii 2 £ AT O fixed
negative charge #J U, * DFEHE Z D surface potential
BT B EFHLBRTW5. L5, stabilizing ac-
tion ¥ L% labilizing action DAL, EAMD fixed
negative charge ™7k, &5\ it surface potential »
BACOIERNCE ZMZ TEZ B ENTELS.

3-2 E-C coupling & stabilizer #& KU labilizer

3-2:1 Mechanical activation & stabilizer KU

labilizer

Fdo X5, KEERIOEEE Cat 28 K fifgo
activation curve ZthZhAERCTL T Lix L LM
BT, Zhit Na =2 4827 % VA0 activation
curve x5 Catt ofEAW L-BEThs. Lichd
5T, oz kik Catt BEOBESB ST 5 LBk
E-C coupling &% LT% stabilizing action #4345 =
LaanTholBbhs. HHE, Takauji ef all® 1 dan-
trolene 7% mechanical activation curve &G HT
= &Mb, dantrolene (31—ffi> E-C coupling @ stabi-
lizer TH5HH EH2 T 5.

Catt o Z DEAL, Lo 2ffis 2 (Mn#, Ni#, Mg
&) ofITEShEB. SR Catt 2T % L &kt
HFRh o stabilizing action 235 IENCHE Z b, activation
curve PVHICT R B, Fie, Catt 237 WEEIZE
o 2 ffi # # 4iE Catt @ stabilizing action {73
HEELIZBIS.

¥ 7-, &0 labilization & %\ % surface potential ®
B AR T EEL SR TWA NOg % SCN-2) 23 ac-

Aoy sk B I B 385

! tivation curve % 1T B3 & U S 222 o (I R

Catt iz activation curve WK T b &S FHE L —
#%L, ko Catt 28 E-C coupling X} LT stabi-
lizing action AT 5 L\ 5B ETHT 5.

7e¥8, Gordon and Godt?) (3 EE#+ T mechanical
threshold 2METF 3% 2 &R, Thaflam - 4 vif
B LR X AEATO fixed negative charge oA o
MRTHDEEL T D, WHICHEN L 2B, 0
threshold »ZF{kix, WE5EH D E-C coupling x4 %
labilizing action DFEELE VX AL TE L 5.

ko, E-C block fEf% 43 % dantrolene | charge
wHfcIoW G, 2l # £ /L% anomalous anion & Fi7g
%. dantrolene 7% fixed negative charge T84 5.5
B, b2 b LTI OWFIRE 5 psie EASR]
MELTkshs.

3:2:2 Mechanical inactivation & stabilizer &K

U labilizer

(KBRS T OV Catt (% inactivation curve %%
nEhEAR T H3679. %7, anomalous anion (% in-
activation curve AT H48).  Zhb oFE T Ko-
saka et all® p3 Catt [321c L % inactivation 2\ T
E2T5B X5, Mo labilization DEEES B\ (LIS
FIERIC & » C inactivation 1 B X0 2 2MEHEX N B &
EHRRTEEZ B ENTEDL TN, COBKRIC
B\ C, Mnt /g ED 2l # £ /4O inactivation k4%
WEOBRIIEEEL B bR 5. fli)j, dantrolene (% ac-
tivation curve #4513 & 4—7Jj, inactivation curve %
R 318 45T, 24 £ 4% anomalous anion {Ef
LH¥7c%. dantrolene ™ Z @ inactivation ~O{EHEEF
i Bl activation Wi AIERBT & & b IS B
S THBD. HITKHSD |1, inactivation IZ XL H
K #ifio activation curve 135 T S B H, ZoF
AULRIRE Catt Il KB Th ESe D, curve 2
ISR L C— @B S h 2 B340 C b B s iy
By, FrecoFhir Catt ik vl s &z hib,
Wit % stabilization fEHIC X5, T LA labilization
TER EBARTA S LRI LT 5.

LB~ &2 B0, fekinb T 5 E-C coupling
W 8 B\ ik E-C coupling ol ikt Z 3 EK O
¥, (1) activation @ Iic X584 & (2) inactivation
DU X BB EICKITH C ENTE, T (1) oBh
54 stabillzmg action 12, (2) O labilizing action
EBARTBLE ST ENTELD

3:2:3 BE®D hyperpolarization & stabilizing action

Curtis®) 1 i, Catt 535, choline B % T ic de-
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polarizing current WX AILRENHE LTS L X
hyperpolarizing current %5 % 7c56, O S KA
LTC#*ho break response M@ HHRLHE LS. D
Ca* |53 F » anodal break response (L5 i X »C
LG Eh 5. 1, Curtis?® (3 K o b I
FED response DH5H EHHE LTS Zhb DR
1, Catt Bxdsh n ik K i fic X % inactivation!®:13)
7% hyperpolarization ic X W [EIET 5 LD Lfifd5 2 &M
%%, %1, o hyperpolarization OfEfiL Catt i
S22 L % inactivation 0 2 fffi # & /e X BRI {F B2
et 5 LD

VU A AEIKAEED Na = v & 27 2 v 2B Y
o> conditioning TFiZid test pulse & X % activation
2T A (inactivation) O LC, #45 fo> condi-
tioning i, MW RT A L3 fbh Tv %8,
Hodgkin and Huxley® (3 = o592kt LC, fllo pifkic
FEARCER MO IEELAV NS Z &b, in vitro C
e in vive X W ERIETEMAVNE L fr o T B (B
A Z 5T\ %) THA S £HF %, in vitro ClifILIRFICS
TR E » T BB HIC X % inactivation 738 5 HiiC
LI LI T h o EMTEDL LB LTS,
BRI DS A O = O WIEAN, Eilid mechanical
inactivation x4 %5 MOIEH & HiLld 5.

i e, BEO K BT twitch o RS
haz b, b Tl K#ffiomshso
EDRE ST BB, C it NOy 228 KR
Catt’9 o activation BR{EH &, Z OHfetk D ik
TR DH, UL T3

L lofgas, blio#%n s depolarization 35 XY
hyperpolarization ¥ F 7 Zh £+ E-C coupling ixf L
€ labilizer ¥ X O stabilizer (9{EHE T 5 EHE2 B2
ENTCEBpS MRS CHER SRS,

4 Self-exchangeable Ca

4:1 Mechanical activation & Ca influx

BED B FRIC - ¢ Ca influx O I35 2 L3 X<
H1H T 538132 93 Weiss ann Bianchi®® (3 2 o Catt
VG Nafk (sarcoplasmic reticulum ; SR) 2350 Catt
WO Y =& LFRTH EREL T, 0B 2
12 SR m b0 Catt fgfiss Catt i L > CHESR Shb
LS YU Ik S CHE IR BED, o Ca influx
® source & LTCILF & LT self-exchangeale Ca 733
zbh T\ 5.

Armstrong et al3D (344hg Catt R L, 512 1mM
EGTA %Mz 7240FTF 2x10-9M Catt) =4 twitch 23

FLIEER L

10 53 7e o LD BFed 5 & & a2 ile, BT/ IR
(transverse tubular (T) lumen) % & Cobig Catt OfF
1 E-C coupling & - THEThEWEEELL &
FUCH LT, Oota et al3® (I flib DG i35 & &
P, Xbic K #fio peak tension (1 twitch 4%
b M AR IREREI 2 A ie o & & i@ e, Oota et al’®)
1L &5, Armstrong et al’) o4& {FETFic d self-ex-
changeable Ca 7M% & A FIEWICHAET 5 L 2R L,
twitch ° K fifpofifl i < vwii9i % Ca influx o
source & LTC® self-exchangeable Ca 23 38fF LC\ 5%
CETEHPLL S E L. &5, Barrett and Bar-
rett3®) (3 EEREE o Ca buffer (80-90 mM EGTA #%\»
I citrate) iIC X - CHME Catt % 1077 M L Fic 95 &G
WAL Z B b b TR S s c &, &5
WEDEENT7 =4 VISR B Ex W Bhc
L, Ca influx (¥ E-C coupling ic & » CHETHS = &
#FER LT\ 5. o Barrett and Barrett™® o3& 117
HaZ L, XbIflS 04 T self-exchangeable Ca
DA BT C LrEEE B,

Ca influx 78 E-C coupling ic & 5 CHETHSB L H
E2y, e AT 35U C Ca spike B 5
ER &> Mnt0 23, =, twitch muscle » E-C
coupling Z W45 &5 Oota et altV) x2 Chiarandini
and Stefanil® OPEIC L > CH LI 5. 512 Oota
and Nagai®® |3 Mnt 28 K fifmicft7c 5 Ca influx o
MaEMz B ExWbPCL, EOEELEH BT

Ca influx OFEFICOWTCIL, EilofiA Lz Catt 23
EE: SR i LCehm b Catt w45 & 5 Wpe
PE33~36) iz, WA L7c Catt A% SR 256 0 Catt k4
RIS 2 £V 5 EX T B T EhTwd. iz,
Beaty and Stefanif®) 13 Jii 0 i ff: 5 Ca influx 2% T-
system & SR DD electric coupling % {3 % »s,
F 72tk T-system OIC i) BB L, SR b0
Catt i UV &7 —345 EHE 2 B C5 charge move-
ment!3:4) DA E modify T ATREM: A #E 2 T B.

b (3-2-1) @ X 5 Mntt (% activation curve A 451C
TH LY, NOy 3 eha AT 6928 23, F e[,
Mnt (3 i 2> e 5 Ca influx o8 n% iz 3, NO;
(2o Cainflux 4 bbb T B®. METh
1%, E-C coupling &% L stabilizing action %453 %
Mnt (3 Ca influx Iz, iz labilizing action 45
4% NO; (1 Ca influx #Hi4. %7 Reuter®® |1 sta-
bilizer OEH % MBFHEEME i Ca conductance ®
Ml £ TR LT 5B ChbofiaxZiEdhug, ki
® E-C coupling iz #}-4 % stabilizing action & labilizing
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action (¥, Ca influx cx%}9 % stabilizing action & la-
bilizing action ICE &2 B ENTE B0 Liv/gl

P ke, Ca influx 1% E-C coupling ¢ & »Tdh
ZCH Y, influx Lic Catt 2EEEDH % WITHEEENIC SR
2 Catt OWEHECBIR LTV THAH D LIS
AT X, ko E-C coupling iI2%-3-% stabilizer
L O labilizer 23, Ca influx 4B fRic SR »nHo
Catt A WAL CBEVIB2ZTTHHETHA .
Dérrscheidt-Kifer?) (34Mgic5- 2 7o Catt oo 2 fiffi #
Z LD ¥ A mechanical threshold o3t % 3t W]
TB ool E LT, 2hbic XA surface potential
DI LHY charge movement434) (k) L CIEZINC 52 8
LR TH BRI WEEZTnD. LikhisTh
o> Mn# fEfA C O L 5 CRT 5 EbTRRTH LD
b AR

Dl EwkRCcEX o5, 2 Catt B B Wik self-ex-
changeable Ca (¥, iRl 5 Ca influx @ source T
J % M stabilizer & LCHEM L, £hic & b Ca influx
FD b DHBHUNE charge movement o X 5 7gufEls T-
system & SR O OERZERMLHET b0 LB
BT EMTEBDLANIE. ZOFKRCHENT, Ca in-
flux OAMR Catt P KM 3 TO Ut S self-ex-
changeable Ca OB Of5ESNELE S X5,

7e 45, Ca influx @ source 12 L€ Lorkovié® x Ca
influx ¥ & OF self-exchangeable Ca %% pH o
AW L, Catt @ self-exchangeability 3 pH 5 il
Xhicwo &, ¥, self-exchangeable Ca (% pH 5 T
release Xpio\C &, EHCECEES $Ca influx O
#t pH 5 -Gt Ca & HH 7 L pH 7 € loading L
AR S CiRdbh b 2 i EoFFicikow, Ca
influx @ source ¥ self-exchangeable Ca T3/ <, il
DhBb site ® Catt ThbrEELTCB. Fi, Endo?
1. SR 75 o Catt induced Catt release OEHRYE I
BALC, 1) AHNEETied b/ M Magkns Cat induced
Cat release e T 7O LB BT 3x10—4+ M L),
ECHhHp®, ok oileE Catt WEDEHIISEIETIC
BHhs L3z &, (2) procaine € Catt induced
Catt release A <% T, 1EH 7 T-system %
e L AR E o Bl S Rigun o &9 g K o B
Wb, Te LAGERISC H 5. Lorkovié® L Endot?48)
45 10 Thorens and Endo® o = xv b oz, T-
system & SR ORIOEIREEMNE L PE L C, EE LT
Boigd s big.

Bl sl T X 2oilisE X twitch muscle fiber o8y &
B b, RIS X b AT % Catt EasEEN

hov vy s b BUE I E S 387

MEHRLIET 2 oD ) Chd, Ld8hThasr=
@ tonic muscle®®, HFRERFAE52 Z U CEEHCix
BAD, o K {#Ess phasic THBM 4 4 0 catch
muscle (anterior byssus retractor muscle, ABRM)*%
I S BT, IHEOEC I L Sha Catt iz, ir
< EDLDO—HH D L REAIE Catt DIRAIC & - C
LIebE¥NBEEZEZLRTLBHESHN, thbDsbh=
Ao tonic muscle®578) L 1 5 > ABRM) o> acti-
vation curve (34K Catt DA X b, BEIET
THEDPBHBCINTE A ED L LicEEE KT oflcTh
whs, Chud, JHR Catt WEORAC LY, EERE
K+ Fo tension 1z E A EE 4L & 31, activation
curve I T B &5, liAKD twitch muscle fiber
O LW RIS, T oMER, UEERAINET
% Catt 23 fil fa sh i sk 3% 25, AllAA store WHsk4-
BIDFEL LB EFE 2 B A%, Catt @ stabilizing
action 222 b D i o E-C coupling iR\ T 4 [ &
K EREBETHEZOHEB L TOLSCHINTES
Liabhs. bbb, —#ic Ll oMo twitch
fiber » X 51z bk Catt WA DR, Fo
labilization 1 X » fEAME T3 % (activation curve 2%
Eiedhns T activation NI B). Lo,
INFEEERZ MR 2R B oA Catt ik & RFET
B EGE5.5T58) ik, T ofiED oo Catt AV Catt
ORI X - CRIRICS & Eeish, Lichi» T acti-
vation [ZMAICHIHI S h s, hb o8 7FH &
VERAHEEGL LcAb L, BIE AT Tl iasi) |k activation
iz b A EZETIR S, ERE K+ i activation curve
DTFHEThDENI T ENRIDZDTHAS. [AEEDFE
% (3 Kaumann and Uchitel® 12 ) 5 T I T 5.
o1z H =10 slow muscle ©» K fyfic & L€ Catt ik
22O B, Tich b, Mo L5 3 X O tension
DWRRIER % Fio & 0E LT B,

R - R L =0 B R Tk 5 K fifi o
activation curve (I Catt &S OFD s X O &
v, Lk o> twitch muscle fiber OBFA & [rlfk
KhEAEThsZ ExB WK LE DD O RE IR,
Chiarandini ez al% 73,3 L C\ % X 5 1% OIUHHESR
iFEo o Catt piifashic b —ifhzk+ % & T,
bk BRI KT e iz b LinL, ) F =5
VIl B IHRERIIE O /M. Catt 13 2RIF DR
RS, EETHETERIRNTHH . ok,
A - S ) =i K i s B AR
Catt PEEOWINC L B0 L% Catt o stabilizing
action IL LB HDEEZ T 5.

muscle
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4-2 Mechanical inactivation & Ca influx

Weiss and Bianchi®® % Oota and Nagai®® (3 K #j
fi 0 FL AR L O B 0k $5Ca influx oA
BEAERDL RN LRt REERE LB &
oo K #fio inactivation & Ca influx o in-
activation 2" BB BGRT % 2 L aRIET 5 5 CHER X
nas. '

WLl 7= k5, Catt i Fic 4 self-exchange-
able Ca 13 s e < <, KfnssEeciflSh o
5 IR 5 (inactivation 2) 128\ +C % self-exchangeable Ca
e - Tk D), i Z @ inactivation A {EET
% choline BIE T3 1o d self-exchangeable Ca 13281t
L6 Z b oFFE T Ca influx @ source & LTD
self-exchangeable Ca DE#H%x b5, L L, E-C
coupling 1 & » € Ca influx 2L TH B & HILE M
513, Catt 321 X % inactivation %, Catt [ (%
5 e X B labilization) @ X DR & & & 1 self-
exchangeable Ca %@ Z7}7c{ 355 % process HEST
FTHEEZDT L LT, —IEHBATED LI,
CDEZIESTTED Oota et al3®) A o 55
, ThbDEETI K Binhkic X3 Ca influx 235
RIBRVHAEI M ERLUEETHZ LR EET
H5b.

fii )5, charge movement#4) ¢> inactivation & rep-
riming ORKFEIFEMEAY mechanical inactivation & rep-
riming ORFEFE EIERIC X ST W A4 SixiA L
EEVIVIN G (B QINST A

7513, charge movement ¢ activation $5 X0 inac-
tivation BY L CixplIRke? ¢3R4 5.

5 ¢ 9 U

Shk Catt (X BUEMEMLER O — B SB S x5 L[
e, E-C coupling woxf L% stabilizer & U CDIEMA
BHTHEC &Rt E-C block ®P% & LT activa-
tion O & inactivation DEHED —DOEENEL 5
, TiFE DY stabilizing action, $F 0 &85 labi-
lizing action (PR LGz 5 S250:H Eh5. Stabil-
izing action 3} X% labilizing action %, surface po-
tential DAL TEHLTZ Lk h EHREMKLEIRBD,
COBEHEEDI OB bE S b1 agent OFERHAL, T
T BEOSME 2NID, £l h b O kit 5 fixed

negative charge 7t ENEF IhiThiI b, =
oo pE, E-C blocker ofEHEALAY T-membrane s
triadic junction 3% A \WE SR ThHAMLORME L &+ L ic
E-C coupling [ % W45 L CHEECTHS.

FLBR R

T-system & SR o] OlE#EEIE L LT, BI7E Ca
influx ¥} X' charge movement DHEEMNE L ST
WABH, TOWThAKEWTHD, i OBkiL
ESmIgE 20T BAWChs. Lirliarb, Lk
g stabilizing action 38 X ¢ labilizing action (% Ca
influx % charge movement 33 A 4HEIfERA & LCit
Teb SRR FaExbh X 5.

e, LiEoxiut, SoliEH ShTw2 Ko 2 1
PE6360 DR & SBIH L CIEH Sh b,

X [y

L okIET: Mio4Es wiaSEE, i (1974).

2. KIFEE, RE B HUE I E B oMBES, $Re
ANy LD FE D W T FLIREEE 43, 394-406
(1974).

3. Bianchi, C. P. and Shanes, A. M.: Calcium influx
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