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Integrative biology of muscle and locomotion. Vigoreaux’s group has spearheaded
and participated in several multi-team collaborative efforts aimed at understanding
the emergent properties of muscle, utilizing insect flight muscle as a paradigm for
integrative biology. Using genetics as their foundation, they investigated how
changes in protein structure and function manifest at increasing scales of biological
organization, up to the intact animal.
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(iii) Biomechanics of thick filaments. In addition to their fundamental role in contractility,
thick filaments are major contributors to structural and viscoelastic properties that define
differences between muscle types and between healthy and diseased muscle. The
Vigoreaux lab has described basic mechanical properties of thick filaments and examined
the effect of mutations on these properties and their subsequent manifestation in the living
animal. One study established that a cardiomyopathy-associated mutation in myosin
binding protein C (MyBP-C) reduces the filament’s Young’s modulus, underscoring the role
of MyBP-C in maintaining left ventricle elastance during systole.
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1. Muscle energetics. The Vigoreaux lab has explored fundamental mechanisms and
specialized adaptations in muscle energetics using a comparative approach.
Empirical evidence accords with models of supramolecular complexes for
glycogenolytic and glycolytic enzymes. The existence of complexes in vivo that
effectively channel substrate intermediates has long been speculated based on
circumstantial evidence and thermodynamic principles. The studies have
implications for multisystem diseases that exhibit underlying mitochondrial
dysfunction (e.g., myalgic encephalomyelitis).
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1. Pleiotropy of myosin regulatory light chain function. The regulatory light chain of
myosin (RLC) is a highly conserved protein that is an integral component of the
muscle contractile machinery. Combining genetics with a multidisciplinary
approach the Vigoreaux lab has uncovered the mechanistic basis for RLC’s roles in
contractile regulation and stretch activation. These results have informed studies of
function and mutation effects in skeletal and cardiac muscle. They have further
characterized pleiotropic effects of RLC mutations on distinct muscle-driven
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behaviors, results that shed light into the functional constraints that drive evolution
of RLC, and possibly of other muscle proteins.
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