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Myoblast fusion and subsequent establishment of cell polarity in myotubes are fundamental steps to build
skeletal muscle fibers. Distribution of phospholipids is thought to be tightly controlled during myoblast fusion
events, despite dramatic alterations in the membrane structure. However, it is obscure how changes in
phospholipid distribution govern the processes involved in myotube formation. Here we show that phospholipid
flippase, which catalyzes translocation of phospholipids from the outer to the inner leaflets of the plasma
membrane, is crucial for determination of the morphology in myotube formation. Deficiencies in one of the
main unit of, and a gene encoding the auxiliary subunit of phospholipid flippase, caused abnormalities such as
excessive myoblast fusion, aberrantly enlarged myotubes, and impaired localization of actin / myosin complex
(actomyosin), indicating that phospholipid flippase is essential for regulation of myotube morphology.

We next sought to elucidate the molecular mechanisms underlying phospholipid flippase-dependent
regulation during myotube formation. We hypothesized that phospholipid flippase might regulate the
biophysical properties (such as membrane tension) of the plasma membrane. To address this hypothesis, we
focused on mechanosensitive cation channels that were known to be activated by membrane tension.
Interestingly, deficiency in one of mechanosensitive cation channels recapitulated abnormalities that were
observed in phospholipid flippase-deficient syncytia. Moreover, the candidate ion channel was activated in wilt-
type but not in phospholipid flippase-deficient myoblasts, suggesting that the candidate ion channel could be
functionally interact with phospholipid flippase.

To address the possibility that phospholipid flippase could alter the biophysical properties of the plasma
membrane, we measured membrane tension using optical tweezers, by collaboration with Professor Motomu
Tanaka (Heidelberg University / Kyoto University). However, contrary to our hypothesis, comparable
membrane tension was detected between phospholipid flippase-deficient myoblasts and wild type cells. We
instead assumed that phospholipids exposed to the outer leaflet of the plasma membrane due to the deficiency
in the phospholipid flippase could be involved in impaired ion channel activity of the candidate. Indeed, when
one of the phospholipids was administrated to wild type myoblasts, the ion channel activity was clearly reduced
in a dose-dependent manner. Thus we propose the novel mechanism: distribution of phospholipids via
phospholipid flippase positively regulates the mechanosensing machinery that is required for morphogenesis
during myotube formation.



III. RO~ DFEE

(1) =56 - HEEEFICRB 2mX—% (HWNEE 0 fF EESE 0 )

(2) &« VURY T LEIIBITAD A « RAX—FE

1. The role of phospholipid flippases in myotube formation, [8H, Yuji Hara, Masaki Tsuchiya, Karin Itoh,
Masaki Okuda, Ryotaro Nishioka & Masato Umeda, 55 94 [a] H ARABAA RE () |, 2017/3/28,
EH

(3) TEREORF - HFRFHER ) IR 50 #1%
U IEL

(4) FFFFHiE
EHEL



