Progress towards an accurate molecular muscle model.
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Motivation

Understanding legged locomotion depends on under-
standing muscle contraction. For example, why an
animal prefers to move one way over another depends
on how muscles use energy. Although phenomeno-
logical muscle models exist, each has drawbacks and
none captures all of muscle’s complex behavior. This
lack of reliable models, particularly for energy con-
sumption, has led some movement scientists to call
for more muscle experiments [1]. Yet biologists have
been studying muscle for decades. Recent work has
focused on the molecular level. We hope to use these
existing measurements to make a better model.

State of the Art

Molecular muscle models have a long history, starting
with the “Huxley” model [2]. This simple molecular
model correctly predicts some macro-scale muscle be-
havior (e.g. the force-velocity relationship [3]). Sub-
sequent work made the model consistent with both
biochemical measurements and thermodynamic laws
[4]. Such models are still used today [5].

These models are unsuitable for locomotion studies
because they are too complex and because they do
not capture all of muscle’s behavior. While methods
exist to simplify the models [6], there is no reason
to do so while simpler phenomenological models are
equally accurate. We want to make the molecular
models more reliable.

Our Approach

We develop molecular models based on molecular
measurements. The advantage of this approach is
that such measurements are performed under simpli-
fied conditions. As a result, we model virtually every
aspect of the experiment, from molecular mechanics
to data analysis. The model’s predictions can thus
be compared very precisely to measurements.

Current Results

Under simplified conditions, we developed a molec-
ular model that fits measurements performed with
arbitrary numbers of molecules both in the absence
and presence of external force [7]. The model pro-
vides insight into some puzzling experimental obser-
vations [8]. We recently added regulation [9], allowing
the model to work under conditions where the Hux-
ley model fails (since regulation violates Huxley’s as-
sumption that each molecule works independently).
We are now extending this work to more complex
physiological conditions.

Best Possible Outcome

We progress towards a molecular model that gives
a quantitative description of muscle contraction.
Such a model would relate muscular force, con-
traction speed and energy consumption, allowing a
more quantitative understanding of legged locomo-
tion.  Additionally, such a model would provide
deeper understanding of genetic muscle diseases.
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