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Fig. 1 A phylogenetic tree of human 
ppGalNAc-Ts 
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�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, GalNAcα1→Ser(Thr), 
Manα1→Ser(Thr), or GlcNAcβ1→Ser(Thr).  Among 
them, GalNAcα1→Ser(Thr) is the most frequently 
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 
of enzymes, UDP-GalNAc: polypeptide N-acetyl- 
galactosaminyltransferases (ppGalNAc-Ts).  ppGalNAc 
-Ts consist of a large gene family with 20 isozymes in 
humans (Fig. 1).  Interestingly, ppGalNAc-T8, -T9, 
-T17, and -T18 are catalytically inactive when assayed 
with classical assay methods, while ppGalNAc-T9 and 
-T17, which are 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. 

Fig. 3  Suppression of ppGalNAc-T18a in zebrafish 
embryos gave rise to the altered tail formation during the 
development. 

WT 

T18a KD 

T18a KD WT 

Fig. 2  Hypothetical roles of ppGalNAc-T17 
in membrane trafficking 



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 ppGalNAc-T17 is one of the genes upregulated, 
which are possibly involved in the fluid phase 
endocytosis.  To assess its roles, we first biochemically 
characterized recombinant ppGalNAc-T17 in COS7 cells, 
and demonstrated that it was N-glycosylated, and 
localized mainly in the Golgi apparatus.  We then 
suppressed the expression of endogenous ppGalNAc-T17 
in HEK293T cells using siRNA.  The suppression led to 
phenotypic changes of the cells with reduced 
lamellipodia formation, altered O-glycan profiles, and 
unusual accumulation of glycoconjugates in the late 
endosomes and lysosomes.  Analysis of endocytotic 
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 ppGalNAc- 
T17 overexpressed in HEK293T cells inhibited macro- 
pinocytosis, 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 
ppGalNAc-T17 is involved in the control of dynamic 
membrane trafficking probably between the cell surface 
and the late endosomes through macro- pinocytosis, in 
response to the nutrient concentration as exemplified by 
the environmentally available GlcNAc (Fig. 2).   
2) Analysis of ppGalNAc-T family using zebrafish 
  We have been investigating ppGalNAc-T8 and -T18 
that are catalytically inert under the conventional assay 
conditions.  To characterize these isozymes, we first 
screened the database, and found that zebrafish have 5 
and 2 paralogue genes for ppGalNAc-T8, and -T18, 
respectively.  For ppGalNAc-T18, we cloned both 
paralogue genes, and showed that they were expressed 
throughout the early embryos with the stronger 
expression in the brain and the tail.  Suppression of 
ppGalNAc-T18a in the embryos with specific 
morpholino oligos demonstrated the abnormal tail 
formation (Fig. 3).     
3) Analysis of other O-glycosylation 
  We investigated the expression and roles of glycosyl- 
transferases that are involved in the O-GlcNAcylation.  

We found that the suppression of O-GlcNAcylation in 
zebrafish resulted in the abnormal development of 
embryos.  
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