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Fig. 1 A phylogenetic tree of human
GalNAc-Ts
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3. Research projects and annual reports

O-Glycosylation is an important post-translational
modification of proteins, and is classified into several
types based on the carbohydrate-protein linkage
structures. We have been investigating roles of sugar
chains with the linkage structures, GalNAcal—Ser(Thr),
Manoal—Ser(Thr), or GlcNAcp1—Ser(Thr).

them, GalNAcal—Ser (Thr) is the most frequently

Among

observed linkage, and O-glycans with this linkage are
called the mucin carbohydrates since they are highly
expressed in mucins secreted from epithelial cells. The
mucin carbohydrate biosynthesis is initiated by a group
UDP-GalNAc:

galactosaminyltransferases (GalNAc-Ts).

of enzymes, polypeptide N-acetyl-
GalNAc-Ts

consist of a large gene family with 20 isozymes in



humans (Fig. 1). Interestingly, GalNAc-TS, -T9, -T17,
and -T18 are catalytically inactive when assayed with
classical assay methods, while GalNAc-T9 and -T17,
which were cloned by us, are brain-specific isozymes
and are biologically important for the neural
differentiation. Based on these backgrounds, we have
focused on the functions of glycosyltransferases to make
O-glycan carbohydrate-linkage structures, and obtained
the following findings.
1) Roles of mucin-type carbohydrates in intracellular

membrane trafficking

Recent genome-scale analysis of HEK293T cells
treated with a high GlcNAc concentration demonstrated
that GalNAc-T17 is one of the genes upregulated, which
are possibly involved in the fluid phase endocytosis.
To assess its roles in membrane trafficking, we first
biochemically characterized recombinant GalNAc-T17
in COS7 cells, and demonstrated that it was
N-glycosylated, and localized mainly in the Golgi
apparatus.
endogenous GalNAc-T17 in HEK293T cells using
siRNA. The suppression led to phenotypic changes of

We then suppressed the expression of

the cells with reduced lamellipodia formation, altered
O-glycan profiles, and unusual accumulation of
glycoconjugates in the late endosomes and lysosomes.
Analysis of endocytic pathways revealed that
macropinocytosis, but neither clathrin- nor caveolin-
dependent endocytosis, was elevated in the knockdown
cells. This was further supported by the findings that
recombinant GalNAc-T17 overexpressed in HEK293T
cells inhibited macropinocytosis, and rescued the
influences observed for the knockdown cells. Our data
provide the first implication that a subset of mucin-type
O-glycosylation produced by GalNAc-T17 is involved in
the control of dynamic membrane trafficking probably
between the cell surface and the late endosomes through
macropinocytosis, in response to the nutrient
concentration as exemplified by the environmentally
available GIcNAc.
2) Comprehensive Analysis of GalNAc-T family in

zebrafish embryos

Recently, functions and endogenous substrates of
some of the GalNAc-T isozymes have been clarified.
The overall function of the family, however, still remains
to be elucidated. We have been investigating
GalNAc-T7 and -T17 that are -catalytically inert

isozymes under the conventional assay conditions. To
carry out comprehensive analysis of the GalNAc-T
family, the expression of all the isozymes in zebrafish
embryos were investigated by WISH, finding that most
of the isozymes have characteristic expression patterns
in the embryos with most frequent expression in the
brains and the tail muscles. We then suppressed the
expressions of GalNAc-T18. Since it has two
paralogue genes, designated GalNAc-T18a and -T18b,
antisense morpholino oligos specific for each paralogue
was designed to suppress each paralogue independently.
Suppression of each paralogue gave similar
morphological alterations in the embryos, giving rise to
abnormal fin fold with cysts in some of the morphants.
This indicates that GalNAc-T18 is involved in tail
development in zebrafish.
3) A rapid and efficient method for neuronal
induction of P19 embryonic carcinoma cell line

P19 mouse embryonic carcinoma cells are pluripotent
cells, and can differentiate into neurons and glial cells by
performing nonadherent cell culture in the presence of
retinoic acid (RA) to form cell aggregates. The method,
however, has several drawbacks that it takes long time to
differentiate into mature neurons, and that non-neuronal
cells occupy the majority of cell population after day 10.
To overcome these problems, we employed an adherent
serum-free culture in a laminin-coated dish. A
y-secretase inhibitor, DAPT, and a neural inducing factor,
FGF8 were included in the medium together with RA to
accelerate neurogenesis. The cells were first cultured
with RA, FGFS8, and DAPT for 2 days, with FGF8 and
DAPT for the following 2 days, and with DAPT for the
last 2 days. With the new method, P19 cells efficiently
differentiated into cells with neurite-like protrusions
within 4 days. Western blot analysis demonstrated the
expression of neural progenitor and neuron markers 2
and 4 days after the induction, respectively.
4) Analysis of other O-glycosylation

We investigated the expression and roles of glycosyl-
transferases that are involved in the formation of novel
O-glycosylation. We found that the enzyme was highly
expressed in the brain, and that its suppression in
zebrafish embryos resulted in altered brain development.
This indicates that the enzyme is responsible for the

normal development of brain.
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