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Chloroplasts (site of photosynthesis in plants) arose from a cyanobacterial endosymbiont in a primitive
eukaryotic host cell. Chloroplasts multiply by division, as do cyanobacteria. A part of the division machinery is
derived from the cyanobacterial cytokinetic activity based on the FtsZ protein. In contrast, other parts of the
division machinery involve proteins specific to eukaryotes, such as dynamin-related proteins and PDV proteins.
The aim of this study is to identify novel chloroplast division proteins of the eukaryotic host origin and to
characterize the evolution and function of the proteins. The results should provide insights into how the
eukaryotic host may have regulated the division of bacterial endosymbionts and later enslaved and turned them
as organelles. Major findings of this study are as follows.

(1) We identified a new eukaryotic chloroplast division protein MCD1. MCD spans the chloroplast inner
envelope membrane and localizes at the division site. We showed that MCD1 determines the division site
through direct interaction with cyanobacteria-derived MinD.

(2) We found that PDV proteins, land-plant specific components of the division apparatus, determine the rate of
chloroplast division in accord with cell differentiation.

(3) To gain insight into the kind of eukaryotic mechanism which evolved to regulate chloroplast division, we
investigated the functions of dynamin proteins that are most closely related to chloroplast division proteins
which we found in Plantae, Amoebozoa and Excavata. These proteins of amoeba and plants turned out to be
involved in eukaryotic cytokinesis. Our results suggest that the dynamin for chloroplast division is derived from
that involved in eukaryotic cytokinesis. Therefore chloroplast division machinery is a mixture of bacterial and
eukaryotic cytokinesis components.




