FEEEAGE 20075 122: 215-20.

G EBRSE A & Bhothik

/N JTI

B o5

TR B R R S SR A A
(2 PER1947 H 18 H)

PROFESSOR SETSURO EBASHI AND
HIS ACHIEVEMENTS IN THE STUDY MUSCLE RELAXATION

Yasuo Ocawa

Department of Pharmacology, Juntendo University School of Medicine

This review article aims to trace the achievements of Professor Ebashi in elucidating the
mechanism of muscle relaxation, identifying the vesicular relaxing factor, and establishing the
pivotal role of Ca?* in the regulation of muscle contraction, and isolating troponin C, the first

Ca?* receptor protein to display binding activity and effector functions.

The central role

played by Ca®" in various cell signaling processes as well as muscle activation is accepted.
Through re-examination of arguments concerning the Ca?*"-ATPase reaction mechanism in
relation to the terms “Ca®" binding” and “Ca?* transport,” the significance of ATP-ADP
exchange reaction was revisited and the initial step of formation of the phosphorylated interme-
diate E~P - Ca was found to be critical in relaxation from muscle twitch. This finding is in
marked contrast to the finding that cycling of the whole reaction of ATP hydrolysis is

important for relaxation from tetanus.

(Tokyo Jikeikai Medical Journal 2007 ; 122: 215-20)
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Fig. 1. Superprecipitation of EDTA-washed
actomyosin and its response to Ca?*. Figures
attached to curves represent Ca®*" concentra-
tions (in xM) added to the medium. It is
astonishing that contaminating Ca®*' was as
low as 0.1 uM or less without usage of EGTA-
Ca?* buffer (from reference #3).
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pl See Methods for further details.
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E + ATP + Ca—E-ATP-Ca—E~P-Ca + ADP

l
E + Pi +Ca

Fig.2. ATP-ADP exchange reaction and ATPase
activity of rabbit skeletal muscle SR as a func-
tion of pH. This clearly indicates that
ATPase reaction follows the reaction steps as
shown above (from reference #4).
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Fig. 3. Transient time course of Ca?*-uptake by
the heavy fraction of the SR from frog skeletal

muscle. One syringe contained 0.72 mg pro-
tein/ml of SR and the other syringe, 1.0 mM
MgATP. Equal volumes of the two media
were mixed rapidly at 15°C and the following
time course of the [Ca?"] change was detected
by murexide (from reference #38).
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Fig. 4. Possible reaction sequences of substrates in
Ca?*-ATPase and its partial reactions
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OV B R S Tes Catt IREHIPA T 2 MM T
L7z28, B2l u iy g8 A, EER1 X
ErAtsd, 2F72338EZLONET.
BESOTIRIEE CIIER L 2 BEOEE & 21
BOEF, FvA r¥ax—ya VRHTRIERE
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Fig.5. Transient kinetics of EP formation and its
dependence on substrate addition sequence.
Note that a delay in EP formation was observ-
ed in the case of Ca?* preincubation of 20 ms.
No delay, however, was not seen after a longer
preincubation of 86 ms (from reference #11).
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Fig. 6. Summary of transient kinetic experiments
of EP formations as shown in Fig.5. This
study shows ATPase protein can be activated
by Ca** or ATP, but ATP activation is very
rapid to form EP intermediates with occluded
Ca?* which is critical for rapid relaxation from
the twitch (from reference #11).
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