FROM LATEST RESEARCH
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Abstract

X-ray diffraction/scattering techniques using synchrotron radiation offer a wide range of applications
to biological sciences. Protein crystallography is the best-known example. The lesser-known but equally
important applications include small-angle scattering and fiber diffraction. Unlike protein
crystallography, these techniques can be applied to proteins or protein assemblies functioning under
physiological conditions. Here we briefly describe what can be achieved by using the fiber diffraction
technique using synchrotron radiation, with an example of our own recent results on the contractile

proteins in muscle fiber.
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Fig. 1 Structure of the contractile machinery of muscle. (a), structure
of a sarcomere consisting of two sets of filaments (myosin and
actin). (b), mechanism of contraction, which is caused by the
sliding of the filaments relative to each other. (c), structure of a
single myosin molecule. (d), structure of a myosin head,
consisting of motor and lever arm domains. (e), conventional
explanation of the mechanism of contractile force production,
caused by the swing of the lever arm domain on the motor
domain bound to an actin filament in a stereospecific manner.
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Fig. 2 Schematic diagram of the diffraction pattern obtained from
actin filaments. The pattern consists of a series of layer line
reflections, of which the ones indexed to the periods of 1/5.9
nm-tand 1/5.1 nm- (arrows) are the strongest.
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Fig. 3 Diffraction patterns recorded from an array of overstretched single rabbit skeletal muscle fibers. (a), pattern recorded in the absence of
exogenously introduced myosin head. Layer lines typical of bare actin filaments are observed. (b), pattern recorded after myosin heads
had been exogenously introduced in the absence of ATP. The actin-based layer lines are strongly enhanced because of the
stereospecific labeling of the actin filaments by the myosin heads. (c), pattern recorded in the presence of ATP after exogenously
introduced myosin heads had been cross-linked. The actin-based layer lines are as weak as those of bare actin filaments and there is

little sign of stereospecific binding.
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