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Dysregulation of glycan expression often causes various diseases, including cancer and Alzheimer’s disease. This suggests
that disease-related glycan alterations are biomarkers and/or therapeutic targets of these diseases. Therefore, methods and
tools are required for detection of a certain glycan with high specificity. However, in the glycobiology field, techniques are
insufficient to detect the slight changes in glycans with high sensitivity and specificity, and development of new techniques
are desired.

Here, we design and chemically synthesize novel sugar analogs and assess their sensitivity, toxicity and usefulness by
applying these compounds to in vitro glycosyltransferase assay and click chemistry-based labeling and detection of cellular
glycans. Using this strategy, we try to develop new chemical probes of glycans with high sensitivity and selectivity. In addition,
we examine their inhibition potency against glycosylation and try to develop new inhibitors. Meanwhile, using these
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techniques, we aim at identifying fucosylated glycoproteins specifically secreted from lung cancer cells. We also assess
usefulness of the identified glycoproteins as disease markers and drug targets.

In this project, we tried to develop new sugar analogs as novel glycan probes. A prominent shortcoming of sugar analog
for glycan detection is the limited number of available sugar residues. Analogs of 4 sugars, GalNAc, GlcNAc, sialic acid and
fucose, have so far been developed as glycan probes. In animal cells, roughly 10 kinds of sugars constitute glycans, and
therefore this technique cannot cover all glycans at this moment. To overcome this issue, we established animal cells
expressing plant metabolic enzymes which allow for utilization of many sugars. Treatment of these cells with newly
synthesized sugar analogs resulted in efficient glycan labeling. Furthermore, the newly synthesized analogs were found to
inhibit cell growth and biosynthesis of glycosaminoglycans. These findings showed that we developed new probes and
inhibitor candidates.

We also discovered that a fucose analog, 6-alkynyl-fucose, that had been used as a glycan probe, is a potent inhibitor of
fucosylation. Addition of this compound resulted in a sharp drop of fucosylated glycan endogenously expressed in cells. In
addition, inhibition potency was much higher than the existing fucosylation inhibitor, 2-fluorofucose. Moreover, we revealed
that the inhibition mechanism in which this compound specifically inhibits a GDP-fucose synthase FX. As no specific inhibitor
of FX has been reported, that was the first case in the world. Furthermore, we found that inhibition of fucosylation by 6-
alkynyl-fucose suppresses invasion of liver cancer cells. These findings were published in a paper (Kizuka et al., Cell Chem.
Biol., 2017, 24, 1467-1478). In addition, we tried to develop sugar analogs as inhibitors for an N-glycan branching enzyme
that is highly involved in diseases. 11 candidate compounds were designed based on the enzyme structure and synthesized.
Enzyme assay in vitro revealed that some of these compounds indeed had inhibition activity of the enzyme.

We also identified fucosylated proteins which were labeled with highly sensitive clickable probe 7-alkynyl-fucose and
related fucose analogs. Prior to these experiments, we examined the proteins labeled with 7-alkynyl-fucose and 6-alkynyl-
fucose. As a result, 7-alkynyl-fucose was found to efficiently label cellular proteins but not secreted proteins. We also found
that 6-alkynyl-fucose is suitable for labeling O-fucose on Notch which is essential for cell differentiation. To understand the
mechanism, we carried out systematic fucosyltransferases assays using GDP-fucose analogs and revealed that O-fucosylation
enzymes, POFUT1 and POFUT?2, can effectively use fucose analogs as donor substrates compared with other enzymes. As to
the structural basis, the catalytic pockets of POFUT1 and POFUT?2 have a space around 6 position of fucose and therefore are
tolerant for various fucose analogs. These results were published as a paper (Ma et al., Int. J. Mol. Sci., 2020).

We finally tried to identify fucosylated glycoproteins from lung cancer cells using these fucose analogs. 6-Alkynyl-fucose
was added to A549 cells, and the proteins in the media were modified with these analogs into the glycans. The labeled proteins
were further biotinylated by click chemistry, purified with avidin-beads and identified by proteomics. We succeeded in
identification of over 30 glycoproteins. We plan to further investigate whether some of these identified proteins are biomarkers

or therapeutic targets of lung cancer.



