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The actomyosin cytoskeleton provides the structural framework for an array of directed
cellular movements such as cytokinesis and morphogenesis. Myosin is possibly the
major mechanochemical transducer in such movements. The exact structural state of
myosin in nonmuscle cells is unknown and may involve cycles of assembly and
disassembly.' Therefore, the regulation of myosin structure and distribution in cells
may have a fundamental physiologic role. In a number of cells the redistribution of
myosin has been observed to correlate with changes in cell state."?

Myosin’s catalytic activity resides in the head of the molecule, and phosphorylation
of myosin light chains in this region mediates conformational changes necessary for
the regulation of activity. The formation of bipolar filaments is a function of the rod
portions of myosin heavy chain. The head-rod junction of myosin heavy chain contains
the binding sites for the light chains and plays a role in conformational changes.” This
head-rod junctional region retains a large degree of flexibility. Thus, the neck region
determines myosin’s shape and, consequently, filament assembly and enzymatic ac-
tivity.**

We have identified a myosin-binding protein in sea urchin eggs that mediates
myosin’s low ionic strength solubility. This protein has the subunit molecular weight
of 53 kD and binds to myosin in a nucleotide-dependent manner. In this study the
53K binding site on myosin was examined to determine the mechanism of interaction
that gives rise to a change in myosin’s properties. We used several methods to identify
the 53K binding site on the myosin molecule (summarized in FIGURE 1).

Myosin and 53K were isolated from soluble sea urchin extracts as described by
Yabkowitz and Burgess.® Papain and chymotrypsin digests were performed on myosin
and the insoluble and soluble fragments were separated according to Barylko et al’
Papain gives rise to 165, 130, 107, 80, 62 and 24-kD fragments. The 80, 62, and 24-
kD fragments are head fragments as defined by actin binding and ATPase activity
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and solubility at low ionic strength. The remaining fragments are from the rod as
defined by lack of ATPase activity and insolubility at low ionic strength. Chymotrypsin
generates a 165-kD rod fragment and two head fragments (69 and 52 kD).

Blot overlay experiments were carried out using the papain myosin fragments
essentially as described by Glenney and Weber.® The bound 53K was detected with
the use of a rabbit antibody against 53K. 53K was observed to bind strongly to the
papain 107- and 80-KD fragments and weakly to the 130- and 165-kD fragments.
The other head fragments did not bind 53K.

Chemical cross-linking 53K to myosin head and rod papain fragments was ac-
complished by preincubating fragments and 53K for 1 hour on ice. Cross-linking was
initiated by addition of disuccinimidy! suberate or m-maleimibenzoyl-N-hydroxylsuc-
cinimide and incubation at 25°C for 30 minutes or 5 minutes, respectively. The
reactions were stopped by addition of 4 X sample buffer. The 53K protein was cross-
linkable to the 107-, 130-, and 165-kD rod fragments and also to the 80-kD head
fragment.

To further identify the binding site for 53K, its ability to inhibit proteolyic cleavage
at specific sites was determined. Whole myosin was incubated in the presence or
absence of 53K in buffer containing ATP for 1.5 hours on ice. Digestion was carried
out by addition of papain or chymotrypsin and incubation at 25° C for up to 1 hour.
In both cases 53 kD inhibited proteolytic cleavage at the site that gives rise to the
165-kD rod fragments.

In summary, these experiments indicate that 53K binds at or very near the head-
rod junction (F1G. 2), placing 53K in a region known to be important for myosin
regulation. It is possible that 53K promotes or inhibits conformational changes in
myosin, leading to altered solubility characteristics. The mechanism of this interaction
is currently under investigation.
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FIGURE 1, Myosin-53-kD complex.
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FIGURE 2. (A) Established map of smooth muscle myosin. (B) Summary of blot binding and
protection experiments with egg myosin.
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