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Super-resolution fluorescence lifetime imaging for analysis of mitochondrial
membrane potentials at the cristae level
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We have developed an environment-responsive, super-photostable mitochondrial

inner membrane labeling agent to visualize and quantify mitochondrial membrane potential at the
single-cristae level. We found that the probe exhibits different fluorescence lifetimes depending on
the polar environment of the mitochondrial membrane, and that membrane properties are heterogeneous
even within a single mitochondrion. This heterogeneity is potentially attributable to the ratio of
saturated to unsaturated lipids. Upon disruption of the mitochondrial membrane potential by a
decoupling agent, a significant reduction in membrane fluidity was observed. Changes in membrane
potential lead to alterations in lipid properties, which subsequently induce abnormalities in
inner-membrane morphology and functions.
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