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Key Sentence:

1. Synthesize glycan chains.

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

Key Words : Biomolecules, Organic synthesis, Stereoselectivity, New synthetic methods, Glycans, Glycoproteins, Folding,
Endoplasmic reticulum, Microbial glycans, Carbohydrate binding agents

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. Development of synthetic methods for glycan chains and glycoproteins (Manabe, Ishiwata, Mimura, Ito, Takahashi)

Analysis of stereoselective glycosylation using glycosyl donors carrying cyclic protection on 2,3-positions has been
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 studies based on combined
experimental and computational approach was conducted, which have led us to understand its mechanism. In order to
demonstrate versatility and practicality of this approach, studies toward synthesis of a-GlcNAc containing glycans was
conducted. For example, Mycothiol, a microbial redox molecule that is attracting attention as drug target of anti-
mycobacterial agents, was achieved in a highly stereoselective manner. Continuous endeavor is in progress to discover
novel findings concerning relationship between stereochemistry and reactivity as well as selectivity of glycosyl donors
having cyclic carbamate or carbonate groups, which aims to establish a new paradigm in synthetic carbohydrate chemistry. .

Modification by glycan chains is often found in various prokaryotes, whose functions in microbial infection and
pathogenicity are of recent interest. In contrast to glycan chains derived from animals, many of them are composed of 5-
membererd ring pentofuranosides. Our recent study successfully established a methodology to construct arabinofuranoside
containing glycans and achieved the synthesis of glycopeptide repeating unit of extensins. In continuation of the project, we
have conducted studies to create molecular probes that will be helpful in understanding mechanism of enzymes responsible
for metabolism of these glycans.

2. Analysis of glycoprotein processing by synthetic substrates (Ito, Aikawa, Ishiwata, 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). In continuation of our study on
ER-mannosidase I, which is known to play critical roles in degradation of misfoded glycoproteins, its property to
preferentially act on misfolded glycoproteins was conducted. Previously, we found that 1) this enzyme is able to conduct
trimming of monoglucosylated glycans involved in glycoprotein folding cycle, and 2) the trimming was accelerated when
glycoproteins were denatured. To further deepen our understanding of this enzyme, its activity toward several branches of
target glycans was examined. In addition, its variants which have substrate binding sites of Golgi-residing mannosidases
were prepared. Analysis of their properties is in progress. Studies on UGGT, in terms of its substrate recognition, glycan
composition, and domain analysis were also conducted.

On the other hand, glycoprotein producing systems of bacterial origin are interesting subjects in light of their connection
with evolution and therapeutic potentials. Using chemically synthesized oligosaccharide donor and its derivatives, we
conducted studies to reconstitute bacterial protein glycosylation system, which revealed its specificity.
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3. Synthesis of N-acetylmannosamine (ManNAc) derivatives (Ito, Sakamoto, Seto, Takahashi)

Previous studies have suggested that N-acetylmannosamone (ManNAc), a biosynthetic precursor of sialic acid containing
glycoconjugate, exhibits effects to improve brain functions such as recognition. In addition, more recent studies discovered
its ability to enhance production of orexin. Given these promising observations, we synthesized various analogues and
derivatives of ManNAc to conduct structure-activity relationship studies. We successfully identified novel ManNAc
derivatives that exhibited strong activities to enhance production of orexin.

4. Analysis of molecular mechanism of carbohydrate binding agents (Nakagawa, 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 A (PRM-A) is 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-A. Recently, we
have successfully obtained crystallographic data of a complex comprised of water soluble PRM-A analog and Ca®>". In
combination with binding experiments using various means, we are now able to propose a novel mechanism of molecular
recognition of PRM-A, particularly toward Ca*".
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