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BBA 43264
The Ca%+-dependent contraction and relaxation of actomyosin fibers

Since the discovery of native tropomyosin® or complex of tropomyosin and
troponin? 3, this protein system has been regarded as necessary for sensitizing acto-
myosin to Ca?* (cf. ref. 4). Thus far, the Ca?+ sensitivity of actomyosin has been tested
by the inhibition of superprecipitation or the inhibition of the Mg2+-activated AT Pase
activity® 5. A partial reversibility of the contracted actomyosin suspension by the
removal of Ca?+ has recently been reported’. However, a direct test of contraction
or relaxation of actomyosin fibers controlled by Ca?+ has not yet been performed.
The present study is concerned with the Ca?+-dependent contraction and relaxation
of actomyosin fibers and the requirement of the troponin-tropomyosin complex for
the Ca?+ sensitivity.

Fibers were made from surface-spread actomyosin layers on a trough solution,
containing 20 mM KCl, 1 mM MgCl, and 25 mM Tris-HCl buffer (pH 7.0) as described
by HavasHi®, except that a loop of fiber was made®. Tension development was
measured by a sensitive quartz lever as described previouslyle.

Fibers made from natural actomyosin (myosin B) of rabbit skeletal muscle con-
tracted maximally within one minute after addition of 5 mM ATP in a medium con-
taining 0.08 M KCl, 8 mM MgCl,, and 0.02 M Tris-histidine buffer (pH 7.0) (Fig. 1).
When 3 mM (ethylene glycol bis-(f-amino ether)-N,N'-tetraacetic acid (EGTA)) was
added to the contracted fiber to remove free Ca2+, an immediate decrease in tension
occurred. The extent of the drop in tension or the 1elaxability differed from prepa-
ration to preparation, ranging from 15 to 100 % ; the average of 12 runs was 50 %.
A typical result is seen in Fig. 1. On the other hand, when myosin B was washed
5 times by repeated suspension and sedimentation in a low ionic strength solution
containing 1 mM NaHCOy and 2 mM Tris buffer (pH 7.6) to remove native tropo-
myosin®, this washed myosin B became completely insensitive to Ca?+; namely, it

Abbreviation: EGTA, ethylene glycol bis-(8-amino ether)-N, N’-tetraacetic acid.
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did not relax upon the addition of EGTA at all. However, the Ca?* sensitivity was
completely restored by incubating the washed myosin B fibers in a solution of native
tropomyosin prepared from rabbit muscle by the method of EBasHI et a3 (Fig. 1).
Some 30-60 min of incubation was sufficient. The three preparations of fibers formed
this way containing native tropomyosin up to 20-30 %, by weight showed a relaxation
of 34 % (average of 4 experiments). Fibers formed in a different way, by the addition
of native tropomyosin to washed myosin B in 0.6 M KCl, were fragile and difficult
to form, indicating a lack of structural continuity.

The dependence of contraction of actomyosin fibers on Ca?*+ was examined in
a different way: ATP was added in the presence of EGTA, followed by the addition
of Ca?+, Fig. 2 shows a typical result. The contraction of both fibers of intact myosin B
and washed myosin B with native tropomyosin added was very poor in the presence
of EGTA and a rapid contraction was induced by the addition of Ca?+. The washed
myosin B fiber without native tropomyosin was insensitive to Ca?*.

Essentially, the same results as those shown in Figs. 1 and 2 were obtained
with reconstituted actomyosin fibers. Fibers formed of purified actin and myosin
recombined showed no EGTA sensitivity. Similarly, the same fibers incubated for
several hours in a solution of tropomyosin alone or in troponin alone showed no
relaxation when EGTA was added to the reaction vessel. However, the actomyosin
fiber incubated in solutions of both tropomyosin and troponin relaxed and lost tension
upon exposure to EGTA, and recontracted upon the addition of excess Ca?+. Thus,
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Fig. 1. Reversibility of contraction of actomyosin fibers as affected by Ca?t. Fibers were made
from approx. 1z mg of myosin B. When tested, washed myosin B fibers were incubated for 30 min
at 5° in a solution containing 0.1 M KCl, 1 mM NaCHO, and native tropomyosin, 8 mg/ml.
The reaction mixture consisted of 0.08 M KCl, 8 mM MgCl,, 6 mM ATP and 0.0z M Tris-histidine
buffer (pH 7.0). Total volume was 12 ml. The reaction was started by the addition of ATP at 25°.
The open arrow shows the addition of 3 mM EGTA and the notched one shows the addition of
4 mM CaCly. O, intact myosin B; X, washed myosin B; @, washed myosin B incubated with
native tropomyosin.

Fig. 2. Reversibility of contraction of actomyosin fibers as affected by Ca?t. Conditions and

symbols are the same as in Fig. 1, except that 3 mM EGTA had been present before the addition
of ATP and the arrow shows the addition of 4 mM CaCl,.
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both troponin® and tropomyosin are required for the Ca?+ sensitivity of tension loss;
neither troponin nor tropomyosin alone was effective (cf. ref. 4).

It may be concluded from these experiments that the actin-myosin interaction
that produces contraction requires the troponin-tropomyosin system not only to
confer Ca?* sensitivity but also to effect the mechanical changes that make possible
the process of relaxation.
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