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Cell division is essential to cell growth and development. When a cell divides into two daughter
cells, the total cell surface area should increase. However, the many projections and wrinkles on
the cell surface complicate the accurate measurement of cell surface area. The cell membrane
must be supplied to increase the cell surface area. There are two models for membrane supply to
support cell division: (1) unfolding of small surface membrane reservoirs such as microvilli or
wrinkles and (2) exocytosis of intracellular vesicles, which remains controversial. Previous
researches have focused either the decrease of endocytosis or the increase of exocytosis to
explain the increase of cell surface area. However, both endocytosis and exocytosis have not
been simultaneously discussed.

Here, we precisely measured the total cell surface area in dividing Dictyostelium cells,
flattened by the agar overlay, which eliminated the complexity of unfolding surface membrane
reservoirs. Because the cells divided normally under the agar-overlay, we concluded that
unfolding of surface membrane reservoirs is not required for cell division. Under the agar overlay,
we could precisely measure the cell surface area, without influence of surface membrane
reservoirs. Under this condition, the total cell surface area slightly decreased from the interphase
to the metaphase and then increased about 20% during cytokinesis, suggesting that this increase
is due to the imbalance between exocytosis and endocytosis.

To measure the uptake of cell membranes in dividing Dictyostelium cells, they were stained
with the fluorescent lipid analog, and the fluorescence images were acquired over time by
confocal microscopy. The uptake of cell membrane was suppressed in the early mitotic phase but
recovered during cytokinesis.

The change in cell surface area during cell division in animal cells has been explained by
suppression of clathrin-mediated endocytosis (CME), although this is still controversial. We
measured CME of dividing Dictyostelium cells by observing cells expressing GFP-clathrin light
chain under a total internal reflection fluorescence microscope. CME remained suppressed during

the entire cell division. Next, we examined the total cell surface area during cytokinesis in clathrin
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heavy chain null cells. The total surface area of these null cells increased by about 20% similar to
that of wild type cells. These results indicate clathrin-mediated endocytosis is also substantially
suppressed during cytokinesis. However, contrary to previous reports in cultured animal cells, it
does not significantly contribute to the regulation of the cell surface area.

Next, to further clarify the contribution of exocytosis to the increase of cell surface area, we
used thiabendazole as an inhibitor of exocytosis or secA (encoding an exocytic protein) mutant
cells. These cells failed in cytokinesis without furrowing and the total surface area did not
increase. Therefore, exocytosis is necessary for cytokinesis.

To examine whether cytokinesis is required for the membrane surface area increase, we used
myosin Il null cells, which failed in cytokinesis and became multinucleate in suspension. The
increase of surface area of myosin Il null cells in suspension culture was not consistent with
predicted increase of surface area in wild type cells. These results indicate that cytokinetic
furrowing is required for the increase in the cell surface area.

Together, the total cell surface area increased by 20% during cytokinesis. This increase was
not due to unfolding of surface membrane reservoirs, but was due to the imbalance between
exocytosis and endocytosis. The furrowing observed during cytokinesis was indispensable for the
increase in cell surface area, and vice versa. Both exocytosis and endocytosis are strictly

regulated to control the cell shape changes during cell division.
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