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Elucidation of cardiac excitation-contraction coupling by in vivo nano-imaging
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1) In cardiac muscle, a change in sarcomere length (SL) by a mere ~100 nm causes
a substantial change in contractility. To accurately analyze the motion of individual sarcomeres with
nanometer precision, we developed an experimental system for simultaneous nano-scale analysis of single
sarcomere dynamics and intracellular Ca changes via the expression of AcGFP in Z-disks in
primary-cultured rat neonatal cardiomyocytes. 2) A rapid increase in temperature to >~38° C induced
Ca-independent high-frequency (~10 Hz¥ sarcomeric auto-oscillations(HSOs) in rat neonatal cardiomyocytes.
3% We developed a high-speed high-resolution in vivo _cardiac imaging system in mice. This system enabled
three-dimensional analyses of sarcomere dynamics during the cardiac cycle, simultaneously with
electrocardiogram and left ventricular pressure measurements. 4) We demonstrated that the Frank-Starling
mechanism of the heart was dependent on the “ on-off” equilibrium of the thin filament state.
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