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Abstract

By using the combination of intense X-ray beams from an undulator-based beamline at SPring-8 (BL45XU) and a
microbeam optics, we were able to record X-ray diffraction patterns from single myofibrils of a striated muscle
(bumblebee flight muscle). Unlike in the conventional method, the muscle cell was irradiated end-on, so that a
diffraction pattern from a myofibril was recorded without isolating it from the cell. The recorded pattern consisted of a
number of hexagonally arranged spot-like reflections, clearly indicating that the reflections originated from a single
hexagonal lattice of myofilaments. Since the muscle cells used were ~3 mm long and contained 1000+ sarcomeres
connected in series, the result means that the lattices in these sarcomeres are exactly in register. The achievement
opens the possibility that the X-ray diffraction technique may be applied to other micrometer-sized protein assemblies

in the cell, such as axonemes and mitotic spindles.
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Fig. 1 Structure of vertebrate skeletal muscle. (a), A whole muscle,
which consists of a large number of muscle cells (muscle
fibers). (b), Structure of a muscle cell (diameter, 50-100 um). It
contains 1000+ myofibrils (diameter, 1-2 pum). (c), Structure of a
myofibril, which is made of sarcomeres (the minimum functional
unit of muscle, length, 2-3 um) connected in series. In each
sarcomere, two sets of myofilaments (myosin and actin
filaments) slide past each other to produce contractile force. (d),
Cross section of a sarcomere. Myosin filaments (green) and
actin filaments (red) are arranged in a single hexagonal lattice.
The area marked by blue lines represents a single unit cell. The
numbers 1,0 and 1,1 are the crystallographic indices for lattice
planes.
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Fig. 2 Expected X-ray diffraction patterns recorded in various
ways. (a), Bumblebee from which flight muscle cells were
isolated. (b), Equatorial diffraction pattern recorded in a
conventional manner. (c), End-on diffraction pattern recorded
with X-ray beams with a large diameter. (d), End-on diffraction

pattern recorded with microbeams small enough to cover only
one myofibril.
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Fig. 3 Diffraction patterns actually recorded from the bumblebee flight muscle cells. (a), End-on diffraction pattern recorded by using 50 pm
pinholes. Note that the reflections appear as a number of concentric circles typical of powder diffraction. (b,c) End-on diffraction patterns
recorded by using 2 pm pinholes. Note the hexagonal arrangement of the spot-like reflections.
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