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Synchrotron X-Ray Diffraction Studies on Muscle Contraction

Katsuzo WAKABAYASHI

Department of Biophysical Engineering, Faculty of Engineering Science, Osaka University

Our recent X-ray diffraction studies on muscle contraction and muscle proteins using
synchrotron radiation are described. Although unequivocal interpretation on changes in
diffraction patterns observed during contraction has not yet been made, our explanaticn is
introduced, emphasizing structural changes of the thin filaments induced by the
interaction with myosin heads. Distinct shape change of the myosin heads during an
hydrolysis of ATP was detected by small-angle X-ray solution scattering. Discussion is

made in relation with energy transduction of muscle contraction.
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Fig.1 Comparison of X-ray diffraction patterns in

the resting (left) and during isometric con-
traction (right) from the same frog skeletal
muscle recorded with imagig plates by using
synchrotron radiation. Background inten-
sities are appropriately subtracted. Half of
each two-dimensional pattern is shown with
its meridional axis coincided. Fiber axis,
vertical. Numbers, spacings of the thin
(actin) filament reflections in the axial direc-
tion.
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Fig.2 Structure of the sarcomere, the functional and structural unit of the

Fig. 1l 61 2 ERIRREDEHT A3 & blz o

muscle (a). The whole striated muscle is built up from thousands of
muscle fibers, each of which has a diameter of 100 um. A single fiber
is a cell consisting of many long, thin elements, called myofibrils with

a 1 pm diameter. Each myofibril is made up of thousands of
sarcomeres, in which two kinds of filaments, thin and thick ones lie in
paralell in an interdigitating manner. The filament arrangement in the
cross-section of each part of the sarcomere is shown in the lower
side. (b) Structure of the thin (actin) filament. (c) Structure of the thick
(myosin) filament. (d) Interaction of actin and myosin heads. (Note
that the myofibril has a single crystal-like structure, but each myofibril
in the single fiber has a different orientation. Thus, the diffraction
pattern from muscle corresponds to a rotation diagram from the
crystal.)
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Fig.3 Comparison of intensity distributions of the
thin (actin) layer-line reflections in the rest-
ing and contracting patterns in Fig.1. Solid
line, contracting state. Dashed line, resting
state.
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Fig.4 Preliminary models of the actin filaments
derived from the rigid body transformation of
the a-carbon coordinates of the G-actin
crystal™. Left, a resting model. Right, an
active model. In each figure, two cylindrical
ropes denote the tropomyosin molecules.
Upper, a side view. Lower, a top view. Each
actin molecule consists of four subdomains,
shown by different colors. Red, subdomain 1;
blue, subdomain 2; yellow, subdomain 3;
green, subdomain 4. (The numbereing of
subdomain, after Kabsch et al.™)
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Fig.5 Small-angle X-ray solution scattering curves from nucleotide-free
myosin heads (S1) (A) and myosin heads during an hydrolysis of
MgATP (B). The best-fit model is shown in each figure. Solid curve in
each figure denotes the scattering curve calculated from the model
shown. (C) The two head moieties are drawn superimposed on each
other by placing the center of the large domain of the (B) model over
that of the (A) model. In the active state, the displacement of the

small domain was about 4 nm.
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