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Several eukaryotic cell lineages proliferate by multiple fission events, during which
cells grow to severalfold of their original size and undergo rounds of cell division
without intervening growth. For example, the unicellular volvocine green alga
Chlamydomonas reinhardtii forms two to 32 daughter cells in the mother cell by one to
five rounds of successive cell division, and daughter cells hatch out of the mother cell.
In this case, the number of successive cell divisions varies depending on the
environment. In contrast, in some species, such as multicellular members of volvocine
green algae, a defined number of successive cell divisions occur during multiple fission
resulting in coenobium (a colony containing a fixed number of cells). The regulatory
mechanism of the multiple fission cell cycle has been well studied in C. reinhardtii:
however, it has remained unclear how the mechanism evolved and resulted in the
occurrence of a defined number of successive cell divisions as observed in multicellular
volvocine algae. To address this issue, I first examined the relationship between the
number of successive cell divisions and cell size at which cells are committed to cell
division in three species of volvocine algae. Volvocine algae include unicellular
Chlamydomonas, four-celled Tetrabaena, eight to 32-celled Gonium and others, up to
Volvox spp. which consists of up to 50,000 cells. As shown previously, C. reinhardtii
was committed to cell division when the cell had grown at least two-fold and underwent
one to four successive cell divisions depending on the cellular growth in G1 phase. In
contrast, I found that Tetrabaena socialis and Gonium pectorale produced four and eight
daughter colonies by two and three successive divisions, respectively, which were

committed to cell division only when the cells had grown four- and eight-fold,



respectiveiy. As previously shown in C. reinhardtii, the cell size checkpoint for cell
division(s) existed in the G1 phase in 7. socialis and G. pectorale. These results suggest
that evolutionary changes in cellular size for commitment largely contributed to the
emergence and evolution of multicellularity in volvocine algae.

To assess whether a similar evolutionary change occurred in other lineages of
eukaryotic algae and to find a possible common factor contributing to the evolution of
multiple fission cell cycle. I also characterized cyanidialean redr algae, namely,
Cyanidioschyzon merolae, which proliferates by binary fission, Cyanidium caldarium,
and Galdieria sulphuraria, which form up to four and 32 daughter cells (autospores),
respectively, in a mother cell before hatching out. The results showed that a two, four,
and seven-fold growth of newly born daughter cells is required to commit to cell
division(s) for C. merolae, Cy. caldarium, and G. sulphuraria. In the cyanidialean red
algae, the cell size checkpoint for cell division(s) existed in the G1 phase, as shown in
volvocine green algae. In addition, I found that abnormally enlarged, genetically altered
C. merolae cells underwent two or more successive cell divisions without intervening
growth. These results suggest that commitment cell size contributes to determining the
number of successive cell divisions. Moreover, evolutionary changes in commitment
cell size probably resulted in the variation of the number of cell divisions in multiple
fission cell cycle in cyanidialean red algae similar to volvocine green algae.

In order to further assess how the cellular growth is monitored in the G1 phase
and whether the cell is committed to cell division, I examined the expression pattern of
a potential sizer protein, G1 cyclin in C. merolae. In the budding yeast, G1 cyclin has
been suggested to scale with cell size and regulate the commitment point and G1/S
transition. I also found that in C. merolae, G1 cyclin accumulates in accord with cellular
growth and decreases upon cell division. In addition, in the abnormally enlarged C.
merolae that underwent two or more successive cell divisions without intervening

cellular growth, G1 cyclin was stepwisely decreased following the successive cell



divisions. When G1 cyclin was overexpressed in the G1 phase, G1/S transition was
accelerated. These results suggest that the G1 cyclin level likely determines the number
of successive cell divisions in cyanidialean red algae. Because the molecular mechanism
of G1/§S transition is widely conserved in eukaryotes, evolutionary change in this
pathway may result in variation of the number of successive cell divisions in multiple

fission cell cycle in cyanidialean red algae and also in other eukaryotic lineages.
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