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Glycoconjugates are a group of biological molecules

197



that contain glycan chains. They are involved in a variety
of biological events such as cell-cell recognition, malignant
transformation, cell differentiation, and signal transduc-
tion. In fact, a majority of proteins produced in eukary-
otic cells are glycoproteins. Syntheses of these classes of
molecules are a significant problem and may be expected
to provide useful molecular probes to clarify the biological
functions of glycoconjugates. Our current research activi-
ties are directed to at: (1) synthesis of glycoprotein struc-
tural motifs for analysis of their functions, (2) development
of novel synthetic methodologies and their application to
glycoconjugate related molecular probes, and (3) studies
toward facile and automated synthesis of glycan chains.
The following are representative achievements for the fis-
cal year of 2003.

In recent years, functional roles of asparagine (Asn)-
linked glycan chains in glycoprotein quality control have
been attracting attention. In particular, high-mannose
type glycan chains are proposed to play major roles in
this process, being recognized by a variety of intracel-
lular proteins. For instance, the endoplasmic reticulum
(ER) residing molecular chaperons calnexin (CNX) and
calreticulin (CRT) are suggested to recognize mainly the
oligosaccharide portion (GlciMangGlcNAcs) of glycopro-
teins and assist in their folding in collaboration with pro-
tein disulfide isomerase ERp53. Subsequently, the termi-
nal glucose (Glc) is removed by glucosidase II and gly-
coproteins carrying undecasaccharide (MangGlcNAcy) are
transported to the Golgi for further processing. Other
major players in glycoprotein quality control are gluco-
syl transferase (UGGT), mannosidase-like lectin (EDEM),
cargo receptors (VIP36, ERGIC-53), and ubiquitin ligase
(Fbsl). All of these proteins likely recognize precisely
different oligosaccharide structures, although the molecu-
lar basis for these phenomena is unclear. We achieved:
(1) the first chemical synthesis of a dodecasaccharide
(Gle1MangGlecNAcs), which is a putative ligand of CNX
and CRT, and, (2) putative ligand structures of EDEM
(MangGlcNAce and GleciMangGleNAcz). By using these
glycan chain molecular probes, systematic analyses of their
interactions with various proteins (chaperones, lectins and
UGGT) involved in protein quality control were conducted,
via isothermal titration calorimetry (ITC). We also focused
our attention on the aforementioned interaction of Fbsl
and glycan chains. To analyze its specificity, a series of
oligosaccharides, which are candidates for Fbsl ligands,
were prepared. Their interaction with Fbsl was measured
using ITC.

In order to conjugate synthetic oligosaccharides with
proteins to create artificial glycoproteins, various ap-
proaches are under current investigation. In particular, a
novel method was developed that utilizes the strong in-
teraction between dehydrofolate reductase (DHFR) and
its ligand methotrexate (MTX). Using this strategy, we
successfully prepared oligosaccharide-MTX-DHFR conju-
gates, which are going to be used as artificial glycopro-
teins for our future studies. We also discovered that
GlciMangGleNAco-MTX was accepted as a substrate of
UGGT. This represents the first example of a small
molecule substrate for this enzyme. Systematic studies
toward analysis of specificity of UGGT are in progress.

As a part of our effort to provide molecular probes to
delineate the function of C-mannosyl tryptophan (Man-
Trp), systematic syntheses of Man-Trp carrying glycopep-
tides, as well as their analogues, were continuously con-
ducted. Evaluation of the biological activities of these
glycopeptides, as well as Man-Trp itself, is under way
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in collaboration with laboratories both inside and outside
RIKEN.

For the systematic analysis of the functional roles of
glycan chains, facile access to various oligosaccharides and
glycoconjugates is desired. To achieve this, our investiga-
tions have been directed toward polymer-support oligosac-
chaide synthesis, which aims for the development of an au-
tomated process. We developed novel methods for the real-
time monitoring of both solution-phase and solid-phase
oligosaccharide synthesis employing a chemolselective color
test. We also developed a methodology that makes it pos-
sible to fish-up the correctly assembled oligosaccharides
by one-step capture-release. This strategy was applied to
the synthesis of a bisubstrate-type compound that was de-
signed as an inhibitor of N-acetylglucosaminyl transferases
(GnTs). The synthetic compound was revealed to have
significant activity towards GnT-IX.

Toward the development of efficient methodologies in
oligosaccharide synthesis, the following investigations were
conducted. (1) The rate acceleration effect of frozen sol-
vents for glycosylation was investigated systematically us-
ing mannosyl thioglycosides. In all cases, the reactions
were found to proceed with markedly higher velocity in
frozen p-xylene, compared to unfrozen systems. (2) A
novel system for rapid screening of reaction conditions was
developed. It utilized deuterium substituted protecting
groups and proved to be applicable for micro-scale parallel
reaction screening systems.

Research Subjects

1. Reconstruction of the functional domain of glycocon-
jugates, especially glycoproteins

2. A new strategy for glycan synthesis and its applica-
tion to the creation of glycoconjugate related molecu-
lar probes

3. Studies toward automated oligosaccharide synthesis
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