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Abstract

Chemical biology research of natural products or bio-active compounds has been actively
studied. In contrast, understanding the functions of glycolipids by means of chemical biology is
still challenging. Considering the difficulties for handling of membrane proteins and
microdomains, which are transiently formed depending on glycolipids functions, all experiments
for analysis of glycolipids should be conducted at cellular level. But molecular probes based on
native glycolipids are often ineffective due to their facile metabolism in living cells. In this
thesis, author focused on proof-of-concept studies of novel methodologies applicable for
chemical biology research in glycolipids.

In chapter 1, background of ganglioside GM3 and purpose of this research was mainly
described. Then, concepts of molecular design and validity of sialidase-resistant GM3
analogue, recently developed by Sodeoka group, was introduced as a key molecule in this study.
Based on drawbacks of reported photoaffinity probes of GM3, the author designed new
metabolically stable photoaffinity probes, and proposed two challenges to be addressed in order
to develop the desired probes.

In chapter 2, the first challenge, synthesis and biological evaluation of sialidase-resistant GM3
analogue with an alkyne tag, was described. For the synthesis, optimization of the protecting
group was essential for efficient glycosylation and introduction of alkyne moiety. Biological
evaluation of the synthetic analogues revealed that the position of alkyne in lipid part affected the
biological activity, and appropriate position of alkyne was determined.

In chapter 3, the second challenge, attempts at development of novel non-hydrophobic
photoaffinity groups toward analyzing sugar-protein interaction, was described. To examine
the potential of a-ketoamide as a new photoaffinity functional group, mannose and its binding
protein Concanavalin A were selected, and several mannose derivatives possessing an
a-ketoamide functionality were prepared. Preliminary biochemical experiments revealed the
designed probes successfully labeled Con A by photo-irradiation, though there is a room for
improvement of efficiency. In addition, scope and limitation of an interesting photo-induced
cyclopropanol formation reaction of a-ketoamides discovered during the course of above studies
were also summarized.

In chapter 4, photochemical reaction of a-ketoesters was described. Photolysis of a-ketoesters
without Oa-protons resulted in the formation of coupling products with alcohols, amides, and so
on. The coupling reaction with an amino acid derivative also proceeded smoothly to give
B-amino acid derivatives, suggesting the potential of a-ketoesters as a photoaffinity group.




