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Skeletal muscle is one of the most sensitive organs to human activity, and it is strongly
influenced by the degree of physical activity. For example, disuse skeletal muscle atrophy can
occur during extended durations of inactivity, including long periods of bed rest, or spaceflight;
muscle hypertrophy can also be induced by physical training. Skeletal muscle is exposed to
mechanical stress during its activities, and now it’s been known that moderate mechanical
stress plays an important role in maintaining muscle function. The ability of skeletal muscle to
respond to mechanical stress suggests that skeletal muscle has mechanosensor that sense and
convert mechanical signals into biochemical signals. However the details of those sensors or
signals remain unclear.

Recently it has been reported that mitochondrial dysfunction causes various diseases
including muscle atrophy. In addition, mitochondria have been demonstrated to activate several
intracellular signaling pathways upon mechanical stress. Therefore, we hypothesize that
mitochondria can feel and respond to mechanical stress as mechanosensors, and that
mitochondrial responses against the excess or deficiency of mechanical stress may collapse
skeletal muscle homeostasis. In this project, we try to verify our hypothesis and to investigate
the mitochondrial signaling pathways that regulate skeletal muscle atrophy or hypertrophy.

(Higashitani’s group) To examine if mitochondria can function as mechanosensors, we
analyze mitochondrial responses (dynamics or signaling) induced by mechanical stress by using
cultured animal cells, myotubes formed in myoblast cells, or the nematode C. elegance. This year
we confirmed that in response to mechanical stress live cells could elevate mitochondrial Ca2*
concentration in a minute, suggesting that mitochondria may be mechanosensors. We also
started to develop ways to observe mitochondrial signaling in myotube cells and in intact
nematodes, or to apply mechanical forces on them under microscopic observation.

(Nikawa’s group) We have investigated how mechanical stresses can induce mitochondrial
responses, and how those responses can regulate muscle functions. In particular, we focus on the
association of mitochondria with ER (or SR). This year we examined if mechanical stress could
change the amount of mitochondria-ER association, and started to produce the mice with
conditional mutation of the gene that encodes the molecule responsible for mitochondria-ER
association. We also have a plan to analyze the structure of that gene product.

(Ishihara’s group) To elucidate the role of mitochondria in mechanical stress signaling under
progression of disuse muscle atrophy, we established and analyzed several mutant mouse lines
in mitochondrial morphology. In this year, we analyzed muscle-specific knock-out mice of
mitochondrial fission regulating factor Drpl, and found that the Drpl gene silencing in muscle
caused severe defects.

(Sato’s group) To examine the role of inter-organelle and intra-organelle interaction
(inter-mitochondria or mitochondria-ER) in skeletal muscle homeostasis, we have started

gene-targeting experiments in mice or human primary muscle cells.
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