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Motor force regulation in skeletal muscle contraction

Bin Chen

Zhejiang University

Objective In skeletal muscle contraction, individual myosin motors appear to randomly attach to and detach
from actin filaments, while multiple motors can perform coordinated and synchronous actions. How order out of
chaos in this system is an intriguing issue. Methods With a multiple scale model for skeletal muscle contraction,
we theoretically investigate this issue with coupled Finite Element method and Monte Carlo simulation method.
Results We show that the unique force-stretch relation of myosin motor is critical to cause the average number of
working motors to increase in linear proportion to the filament load so that the motor force is rather precisely reg-
ulated. We also show that the stochastic features of an ATP hydrolysis cycle can be sufficient while those of
catch-slip bonds can be dispensable for motor force regulation. At the level of a single motor, we hypothesize
that a “working” motor is arrested in a transitional state when the motor force is ~6 pN, based on which the u-
nique force-stretch relation of myosin motor is recovered. We also investigate the temperature effect on various
aspects of the power stroke of a working motor. Our analysis suggests that, though swing rates, the isometric
force, and the maximal stroke size all strongly vary with the temperature, the temperature can have a very small
effect on the releasable elastic energy within the power stroke. Conclusions Our theoretical studies are consist-
ent with many experimental results and provide important insights into understanding motor force regulation in
skeletal muscle contraction. (NSFC.11572285,11621062)
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