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PROFESSOR EBASHI AND HIS CALCIUM THEORY
OF EXCITATION-CONTRACTION COUPLING
— THE ROAD TO ITS ACCOMPLISHMENT —

Makoto ENDO

Saitama Medical University

The steps through which Professor Ebashi achieved his epoch-making accomplishment in
the field of excitation-contraction coupling and molecular mechanism of physiological contrac-
tion of striated muscle were thoroughly reviewed. In the early 1950s Ebashi discovered,
independently of Marsh, a relaxing factor in muscle homogenates capable of inducing relaxa-
tion of glycerinated muscle fibers that had been contracted by ATP. The essential part of the
relaxing factor was found to reside in the particulate fraction, later found to be fragmented
sarcoplasmic reticulum. Since EDTA was known to cause relaxation, Ebashi compared the
Ca?*-binding activity and relaxing activity of various chelating agents and found that they
were exactly parallel. He further demonstrated that the relaxing factor strongly accumulated
Ca?* in the presence of ATP. He also demonstrated that the contractile reaction of the
actomyosin system requires micromolar quantities of Ca®". Ebashi concluded that the relax-
ing factor causes relaxation by removing Ca?" from the contractile system. He further
discovered that for the Ca?" requirement of the myosin-actin system the presence of
tropomyosin and of troponin, a new protein that he discovered, is necessary. Tropomyosin and
troponin are present along with actin filaments and in the absence of Ca®* cooperate to exert
inhibitory action on actin to prevent it from interacting with myosin. Ca?* binds to troponin,
and the resulting conformational changes of troponin molecules are transmitted through
tropomyosin to actin to remove the inhibition and allow the contractile reaction. Thus,
Professor Ebashi elucidated the mechanism of physiological contraction.

(Tokyo Jikeikai Medical Journal 2007 ; 122: 201-13)

Key words : calcium ion, relaxing factor, sarcoplasmic reticulum, troponin, excitation-contrac-
tion coupling
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Fig.1. A. Contractions and relaxations of glycerinated psoas muscle of the guinea pig by the
application of ATP and of ATP plus relaxing factor (R.F.) respectively.
B. Contractions and relaxations of glycerinated psoas muscle of the guinea pig by the
application of calcium ion and of ATP plus relaxing factor, respectively. Time: 1 minute per
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Relaxing effect of original relaxing factor (leftmost) and its various fractions fractionated

with ammonium sulfate. Glycerinated psoas muscle of the guinea pig. Time: 1 minute per
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Fig.3. Effect of fractions A and B on a muscle
fiber shortened in ATP. For further explana-
tion, see the text?".
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Fig. 4. Relationship between Ca-binding and
relaxing activities of chelating compounds.
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value relative to that of EDTA. Modified
from 36).
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Fig.5. ATP-dependent calcium ion binding with
various concentrations of normal and aged
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actomyosin and its response to calcium?®?.
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Fig. 7. Electron micrograph of the bottom layer of a particulate-fraction pellet.
14. The arrows indicate the local membrane thickening that characterizes the terminal

cisternae.
in the triads of intact muscle fibers.
intact vesicles.
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Fig.8. Effect of tropomyosin-like protein on the response of trypsin-treated “natural
actomyosin” to a chelating agent. A. The effect of glycoletherdiaminetetraacetic acid
(GEDTA) on the trypsin-treated “natural actomyosin.” B. The effect of GEDTA on the
trypsin-treated “natural actomyosin” plus purified tropomyosin-like protein®®.
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Fig. 9. Effect of troponin, tropomyosin, and their complex on the superprecipitation of native
tropomyosin-free myosin B®%.
Table 1. Comparison of relative sensitivities to Sr and Ca ion of contractile systems reconstituted
from protein components of skeletal and cardiac muscle®.
Myosin B
Native Reciprocal ratio of Type of response
Actomyosin . equally effective
Tropomyosin ) (skeletal type or
concentration of .
Srt+ to Catt cardiac type)
Myosin Actin Tropp- Trqpo-
myosin nin
S 1/20 (S)
C 1/3 ©
C S 1/20 S
C C 1/4 C
S S 1/23 S
S C 1/3 C
C S S 1/19 S
S S C 1/4 C
S S S S 1/24 S
S S S C 1/4 C
S S C S 1/24 S
S S C C 1/4 C
C: cardiac. S: skeletal
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25 ZENTE LD, IGEERIFERIZDOWTO Ca
L Sr OEBRMBHE,» S, ZOREOBHRNE

otz B O™ Tk Ca kb L ¢ Sr ofEH
53 L, [ERRDONEEIER % b 72 5 311389 20 50
BEZLEET 5D, LTS Cad3~4
BOBRENDNITEROER 2R, 22T, Z
® Ca & Sr DENERRBHEC & 5 o0LF BT 7
Bink EOBHABRD TV IR, 4V, 7
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