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PROFESSOR A. F. HUXLEY AND HIS STUDIES OF MUSCLE

Makoto Enpo
Saitama Medical University

Professor Andrew F. Huxley's life and his studies of muscle are reviewed. After performing his famous
studies of nervous excitation with A.L. Hodgkin, A.F. Huxley turned to muscle research. He had noticed a
report from the 19th century about "reversal of striation," which some insect muscles show as a result of
contraction, and thought that an investigation of this phenomenon might help elucidate the mechanism of
contraction. For this purpose, he designed and constructed an interference microscope with parts supplied by
microscope makers R. & J. Beck. Using isolated single muscle fibers, he and R. Niedergerke used his
microscope to observe changes in striations and found that, in contrast to descriptions in textbooks, the length
of the A band remained constant when fibers were stretched passively or shortened during active contraction.
This finding suggested the presence of a rodlike structure in the A band. On the basis of this and other
observations, in 1954 he proposed the sliding filament hypothesis, which H.E. Huxley and J. Hanson had
independently developed at about the same time. In 1957 A.F. Huxley proposed a theory of the sliding
mechanism of contraction, which could explain the important physiological characteristics of muscle. He then
constructed a length clamp device to determine the relation between sarcomere length and isometric tension,
accurately avoiding nonhomogeneity of striation spacing toward the ends of a muscle fiber, and demonstrated
that the properties of muscle contraction were entirely consistent with the sliding filament theory. Then he
studied phenomena after quick release and proposed the Huxley—Simmons model to explain these transient
properties. Both the kinetic behavior of myosin—actin binding, described in the 1957 Huxley model, and the
transient—force—generating behavior of cross—bridges while bound to actin, described in the Huxley—Simmons
model, appear to be essentially correct. We appreciate the great contribution of Prof. A. F. Huxley to our
understanding of the mechanism of muscle contraction.

(Tokyo Jikeikai Medical Journal 2013;128:261-76)

Key words: muscle contraction, interference microscope, sliding filament theory, length clamp, transient responses
(to step changes of length or tension),
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Fig. 1. Diagram of optical arrangement of low—power interference microscope. A, polarizer; B, iris; C
and H, Wallaston prism; D, condenser; E, object plane; F, specimen; G, objective; I, analyzer;

J, collimating lens; K, eye piece'?.
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Fig. 2. Edge of isolated muscle fiber from the frog, with pipette in contact. A
contraction is produced only if the pipette is opposite an I band. For further
explanation, see text'®.
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Fig. 3. Slow contraction of an isolated muscle fiber opposite
cathode of a slowly rising current. Sarcomere length in
microns indicated on the left of each figure®.
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