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Chloroplast membranes of plants mainly consist of galactolipids, monogalactosyldiacylglycerol (MGDGQG)
and digalactosyldiacylglycerol (DGDG). Biosynthesis of these galactolipids is essential for the
photosynthetic capability of plants. Model plant Arabidopsis thaliana has three MGDG synthases, MGD1,
MGD2 and MGD3, and two DGDG synthases, DGD1 and DGD2. MGD1-DGDI1 pathway is responsible
for the bulk of galactolipid synthesis in photosynthetic organs, wherecas MGD2/3-DGD2 pathway is
activated in non-photosynthetic organs under phosphate deficiency and provides DGDG for extraplastidic
membranes. It is also known that nitrogen deficiency, high temperature, drought and freezing stresses
influence on the galactolipid metabolism, but the physiological significance is not fully understood. In this
study, 1 focused on sugar supplementation and acidic conditions, and analyzed lipid metabolism under
these growth conditions.

In the first half of this study, I showed that MGD3 contributes to the plant growth enhancement under
sucrose supplementation with maintaining appropriate cellular sugar level. In the last half of this study, I
revealed activation of DGDG synthesis occurred under acidic conditions through MGD1-DGDI1 pathway.
In addition, it is suggested that increased DGDG in acidic conditions mainly accumulated on chloroplast
envelopes. I also conducted lipid analysis on the plants grown under phosphate-deficient conditions with
acidic environments, and found that acidic environments suppress the increase of DGDG in roots during
phosphate starvation.

Under stress conditions, plants adjust their balance between growth and stress adaptation
appropriately. Although root growth enhancement during phosphate deficiency is beneficial in acquisition
of inorganic phosphate from soil, it is harmful to increase the contact surface with acidic environments.
Under phosphate deficiency with acidic environments, suppression of DGDG synthesis in roots contributes
to modulate root growth, and accomplishes adaptation to complex stress conditions. This study uncovered
the pleiotropic effects of galactolipid metabolism, and demonstrated that plants sense their internal and
external conditions, regulate MGD1-DGD1 and MGD2/3-DGD2 pathways appropriately in each organ,
and modulate lipid compositions of cellular membranes for adapting to complicated environmental

stresses.
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