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Key Sentence :

1. Synthesize glycan chains.

2. Develop new synthetic methods.
3. Study functions of glycoproteins.
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Outline

This laboratory is working on the interface of synthetic chemistry and glycobiology. Glycoconjugates are involved in a
variety of biological events such as cell-cell recognition, malignant transformation, cell differentiation, and signal
transduction. In fact, a majority of proteins produced in eukaryotic cells are glycoproteins. Although syntheses of these
classes of molecules are significant challenge, they are expected to provide useful molecular probes to clarify the biological
functions of glycoconjugates. Our current research activities are directed to 1) development of novel synthetic
methodologies and their application to glycoconjugate related molecular probes, 2) synthesis studies toward delineating
biological functions of glycoconjugates and discovery of novel bioactive compounds, and 3) synthetic approaches to
understand intracellular behaviors of glycoproteins especially in the ER, and 4) analysis of sugar recognition mechanism of
carbohydrate binding natural products.

1. Analysis of glycoprotein processing by synthetic substrates (Ito, Aikawa, Sakamoto, Nakagawa, Seto, Ohta,
Takahashi)
Most of proteins are functional only when they are correctly folded. The process that regulates and maximizes protein
folding is called “protein quality control”. In the endoplasmic reticulum (ER) of eukaryotic cells, many molecules play roles
in this process.
High-mannose-type oligosaccharides, which are cotranslationally introduced to nascent polypeptides during N-
glycosylation, play critical roles in protein quality control. Our particular interest has been directed to key enzymes of this
process, UDP-glucose: glycoprotein glucosyltransferase (UGGT) and glucosidase II (G-II). This year, analysis of human
ER-mannosidase I was conducted, which revealed its glycan specificity and gave an indication that this enzyme strongly
favors misfolded glycoprotein, while trimming of folded glycoprotein was sluggish.
O-Linked glycosylation by N-acetyl-D-glucosamine (GlcNAc) is a widespread posttranslational modification of cytosolic
and nuclear proteins. A 2-keto analogue of UDP-D-galactosamine has been employed as a useful probe to identify O-
GlcNAc modified proteins. This year we developed efficient route which provides this compound in an unperecedentely
selective manner.
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2. Development of synthetic methods for glycan chains and glycoproteins (Manabe, Ishiwata, Aihara, Ito, Takahashi)

1) Analysis of stereoselective glycosylation using glycosyl donors carrying cyclic protection on 2,3-positions was conducted.
Our study in previous years has provided novel findings as for the mechanism of facile isomerization of glycosidic linkages
and evidences that endo-type glycoside bond cleavage took place. Further study based on combined experimental and
computational approach was conducted, which led us to understand its mechanism.

2) Effects of added sulfide to glycosyl cations were studied based on analysis of stereoselectivity and low-temperature NMR
experiments. Our study identified storable glycosyl sulfonium ion which is potentially useful as active species in glycoside
bond formation reactions.

3) Intramolecular aglycon delivery, which was established in this laboratory as a highly reliable method to construct b-
glycosides of D-mannose was shown not to require any cyclic protection, unlike other procedures reported so far. As an
application of this method, insect-derived polysaccharide was chosen our research target and achieved synthesis its partial
structure. Our result provided strong support of reported structure of the polysaccharide.

3. Synthesis of glycoprotein glycans of bacterial origin (Ishiwata, Fulse, Takahashi, Ito)

Recent study has discovered various types of protein glycosylation from numerous prokaryotes. They are known to play
important roles in bacterial infection and motility. Among them, Pseudaminic acid (Pse), which exists in its O-linked
glycosides is particularly interesting from biomedical as well as synthetic point of view. Although synthesis of Pse was
reported form this group, a number of problems, particularly in terms of selectivity, have remained unsolved. This year our
study has directed to develop refined synthetic route to Pse, which is in progress. In addition, in continuation of preceding
years’ study, synthesis of gigantic glycan conjugates of Mycobacterium tuberculosis was conducted.

4. Analysis of molecular mechanism of carbohydrate binding agents (Nakagawa, Taketani, Ito, Takahashi)

Viruses such as HIV carry high-mannose-type glycans on their surface in a dense manner. Molecules that bind these glycans
are known to have antiviral activities. Among them, pradimicin (PRM) are particularly interesting as a drug candidate,
because, in spite of its small molecular weight, it has an activity to selectively bind to mannose. We conducted analysis to
understand the mode of its mannose-binding capability, using solid state NMR with mannose and PRM both of which were
labeled by stable isotope. Our study has confirmed that PRM specifically forms complex with mannose in the presence of
Ca®" and obtained important finding as for the mode and sugar binding specificity of PRM. Further study conducted this
year successfully obtained information as for interacting sites of PRM and d-mannnose.

5. Modification of polysaccharides for the creation of functional polymers (Kano, Ito, Takahashi)

Cellulose is the living resources which exist abundantly on the earth. In order to expand its utility as raw materials for
functional polymers, this subject directs to the creation of cellulose-modified polymers. To achieve this goal, various
conditions for substituent introduction to cellulose in environmentally benign media were examined continuously. We have
been able to clarify factors that caused decrease of molecular weight and propose measures to suppress this unfavorable
phenomenon. Study conducted this year gave more detailed insight of this observation and succeeded in identifying
conditions that gave acylated cellulose in higher efficiency.
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