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Figure 1. The beamline layout for the diffraction experiments on muscle. (a) For the high-spatial
resolution measurements and (b) for time-resolved measurements. The crystals were adjusted to
pass the first harmonic of the undulator beam. The first monochromator crystal was cryogenically
cooled by liquid nitrogen. In (b) a 20 cm-long platinum-coated bent glass mirror is inserted at ap-
prox. 95 m from the source and 1.8 m upstream of the specimen position. The mirror was used to fo-
cus the X-ray beam vertically to ca. 0.26 mm at the specimen.
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Figure 2. The X-ray diffraction pattern taken from a
frog skeletal muscle in the living relaxed state. The pat-
tern was recorded on an imaging plate in an exposure
time of ca. 30 min at a camera length of 2 m with a ring
current of 4 mA. The fiber axis of the muscle is vertical.
M is the meridional axis and E is the equatorial axis. M1-
MO: thick-filament-based reflections, A59, A51: 5.9 nm
and 5.1 nm actin layer lines. An arrow indicates the 14.3
nm thick filament-based meridional reflection.
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Figure 3. The intensity distribution on the meridian in the X-ray pattern from a live frog skeletal
muscle. The intensities after subtraction of the background are shown by multiplying the square of
the axial coordinate. M2-M10: thick filament-based meridional reflections with a basic repeat of 43
nm in which M3 (the third order) is the 14.3 nm reflection. C: a 44-nm reflection from C-proteins
bound to the thick filaments. Tnl-Tn3: reflections with a repeat of 38 nm from troponin molecules

on the thin filaments.
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Figure 4. The schematic structures of a sarcomere and a thick filament in the vertebrate muscle®.
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Figure 5. (a) The calculated model for the thick filament structure projected onto the fiber axis

(left page) . (b) Comparison of the calculated meridional intensities from the best-fit model and the
observed ones (above). Discrepancy factor (R) between them was ca. 0.1.
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The rotating-drum imaging plate (IP) system used for the time-resolved X-ray experi-

ments during the length oscillation of the muscle fibers. The IP (200 x 1000 mm) is attached on a
drum with a 1080 mm circumference. The drum rotated at a speed of 20 rps. A one-dimensional X-
ray pattern which passes through the receiving slit is recorded on the IP along the drum axis while in-
tensity changes of the pattern as function of time are recorded along the circumference. The time
resolution was 185 us. The length of the muscle fiber (set horizontally) was oscillated at 500 Hzby a
fast-moving servo motor in synchronism with the rotation of the drum using a rotary encoder. Ten-
sion changes of the muscle were measured by a force transducer. The drum circumference accommo-
dates the streak diffraction image of 25 complete 2 ms oscillations.
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Figure 7. An example of the summed 2 ms-oscillation
diffraction patterns from a muscle bundle (chemically
skinned rabbit psoas) during steady-state Ca-activated
contraction, recorded on the IP on the drum shown in
Fig. 6. The streak diffraction image (25 complete 2 ms 0s-
cillations) represents the sum of the diffraction from
90000 oscillations in a total exposure of 3 min. One oscil-
lation cycle corresponds to a length of 43.2 mm on the
IP. The direction of rotation of the IP is horizontal. The
streak of the 14.5 nm reflection was marked.
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Figure 8. Length change of the muscle fibers and intensi-
ty changes of the 14.5 nm meridional reflection in one os-
cillation cycle. (a) Oscillatory length change from either
active fibers or rigor fibers. The muscle bundle was oscil-
lated at 500 Hz and with an amplitude of 0.3% of the
fiber length. Tension changes occurred in synchronism
with the length changes (not shown). (b) A change of
the 14.5 nm intensity in the active state, and (c) a change
of that in the rigor state. In (b) and (c) the data points
were taken from the sum of ca. 90000 oscillations in a
total exposure.
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Figure 9. Schematic views of the possible behaviors of
myosin crossbridges in response to sinusoidal length oscil-
lation and their mass projection along the fiber axis
(right) . Although each myosin projection has two heads,
it was represented here by single head. (a) In the active
muscle, and (b) in the rigor muscle. M-line is upward. A:
thin filament, M: thick filament, MH: myosin head.
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