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In plants, sugars are major substrates for synthesis of complex carbohydrates such as starch and
cell wall, as well as respiratory substrate. In addition, sugars play an important role as signaling
molecules modulating expression of various genes involved in diverse physiological processes.
For example, genes encoding photosynthetic enzymes are repressed by sugar supply since
photosynthesis is not necessary under such a condition. Genes for starch breakdown are induced by
sugar starvation to generate more sugars. However, the mechanism by which these genes are
regulated by sugars remains to be elucidated. In this study, I focused on identification and
characterization of genés that are regulated by sugars using a model plant, Arabidopsis.

In the chapter I, I screened genes whose expression was regulatéd by sucrose using cDNA
macro-arrays, and confirmed thirty-six genes to be regulated by supply of sucrose in detached leaves
by RNA blot analysis. Eleven of them encoding proteins for amino acid metabolism and
carbohydrate metabolism were repressed by sugars. The remaining genes induced by sugar supply
were for protein synthesis including ribosomal proteins and elongation factors.

In the chapter II, I characterized genes encoding putative B—galéctosidase, B-xylosidase and
B-glucosidase that were induced by sugar depletion. Since those proteins showed a high similarity
with cell wall-degrading enzymes, it was conceivable that those hydrolases were induced to break
down cell wall materials producing carbon source under sugar-starved condition.

In fact, activities of B-galactosidase, B-xylosidase and B-glucosidase increased in culture medium of
suspension cells. Secretion of B-galactosidase into culture medium was also confirmed using
antibody. In addition, suspension cells grew with galactose, xylose and glucose as carbon source as
well as with sucrose. These sugars repressed induction of genes for the putative cell wall degrading

enzymes, suggesting that plant cells released those sugars from cell wall and consumed them. This



was directly confirmed by measurement of cell wall polysaccharides contents showing a marked
decrease of pectin and hemicellulose I associating with sugar starvation. These resultg supported the
idea that one of functions of cell wall is to serve as ‘storage of carbon source’. RNA blot analysis
and the experiment using GUS reporter gene indicated that genes for those cell wall degrading
enzymes were induced in most of organs when plants were kept in dark for one day. It was also
suggested that induction of these genes was not mediated by hexokinase-dependent signaling
pathway that 'oﬁén plays a role in sugar signaling.

In the chapter III, I attempted to identify cis-element of sugar responses using a typical!
sugar-induced gene. I analyzed the promoter of gene encoding a protein kinase which was induced
by sugar as well as cold and salt stresses. Promoter dissection suggested that the elemént for sugar

induction was different erm those for other stresses.
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