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At all levels in biology, form and function are closely related; functions of a given biological
entity ranging from molecules to tissues are often ruled by its form, and vice versa. One such
example at a subcellular scale is the form-function interplay at intracellular organelles.
Mitochondria have particularly attracted attention in this context, as altered morphology is
often observed under pathophysiological conditions such as heart failure, Alzheimer’s disease
and Charcot-Marie-Tooth (CMT) disease. Despite the significance, it has long been out of
reach to test a causal relationship between mitochondrial morphology and functions, primarily
because existing experimental approaches are limited in manipulating the morphology of this
submicron length-scale entity inside cells. We therefore developed a novel strategy based on
genetically-encoded molecular tools which can rapidly generate constrictive force against
target organelles in living cells with high precision in space and time. We then implemented
the tools and revealed the causal relationship between form and function of mitochondria. The
modular design and genetically encoded nature of the molecular tools will enable their
application beyond isolated culture cells, or mitochondria. To our knowledge, there is no report
of molecular probes that can generate force in living cells in a rapidly inducible manner,
making our approach highly unique and powerful in deforming, and even moving, biological
entities, thus addressing biological questions associated with physical characteristics in situ.
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