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Cells are always subjected to wound by physical or chemical damages from the external
environment. Wound repair of cell membranes is essential for cell survival. The study of wound
repair has been conducted on large and small interphase cells of various organisms including
Xenopus eggs, Drosophila embryos, mammalian cells, nematodes, amoebae, budding yeasts, and
Dictyostelium cells. Myosin II contributes to wound pore closure by interacting with actin
filaments in larger cells; however, its role in smaller cells is unclear. In this study, we observed
wound repair in dividing cells for the first time. The cell membrane in the cleavage furrow, where
myosin II localized, was wounded by laserporation. The wound was confirmed by observing the
entry of PI dye through the wound pore from the external media. We observed after wounding,
Ca?" immediately entered the cytosol from the external medium, actin transiently accumulated,
and myosin II transiently disappeared from the wound site. The initiation of actin and myosin II
dynamics at the furrow occurred much later than at the cortexes of interphase and daughter cells
which indicating different wound responses of dividing cells from those in interphase cells.
However, Ca?" influx from the external medium triggered both actin and myosin II dynamics and
free Ca’" concentration higher than 10* M in the external medium was required for the
disappearance of myosin II filaments from the wound site. We also observed, immediately after
wounding, calmodulin (a Ca?" binding messenger protein) accumulated at the wound site, and
inhibition of calmodulin reduced both actin and myosin II dynamics. These results indicate that
both myosin II and actin dynamics are regulated by Ca*" and calmodulin. We also observed, actin
accumulated at the wound site normally in myosin II-null cells while myosin II disappearance
was prolonged in the presence of actin filament stabilizing drug Jasplakinolide, suggesting that
actin dynamics are independent of that of myosin II and the disappearance of myosin II depends
on actin accumulation. However, the wound closure time in myosin II-null cells was the same as
that in wild-type cells, suggesting that myosin II is not essential for wound repair.

We also found that GFP-3ALA myosin II filaments and GFP-E476K (motorless) myosin II
filaments disappeared in a manner similar to that of wild-type myosin II, suggesting that the
disassembly of myosin II filaments by phosphorylation and the motor activity did not contribute
to their disappearance, therefore indicating a novel mechanism for myosin II delocalization from
the cortex.
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Furthermore, we observed that several furrow-localizing proteins such as GAPA, PakA, myosin
heavy chain kinase C, PTEN, and dynamin disappeared upon wounding and among the mutant
cells deficient in individual proteins expressing GFP-myosin II, only the initiation time of GAPA-
null cells was significantly earlier than that of wild-type cells, suggesting that GAPA was
responsible for the delay in the initiation time of myosin II dynamics at the furrow. We also
observed that upon inhibition of calmodulin, GFP-GAPA dynamics was significantly affected at
the wound site indicating that calmodulin regulates myosin II dynamics via the regulation of
GAPA activity at the wound site. Together, we proposed possible mechanisms of myosin
dynamics during wound repair.
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