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Regulation of Neuronal Cell Function by Glyco-signals
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Gangliosides and proteoglycans with various sugar chains exist abundantly in the brain. They participate in intercel-

lular recognition by revealing the sugar chains on the cell surface, and some of them show neurite-extension activity.
Several recognition features that are mediated by the sugar chains are known such as saccharide-saccharide interaction
and cell-surface sugar-chain receptor-mediated recognition. Experiments on animals lacking the sugar-chain synthetic
system with the technique of gene targeting suggest that phylogenetically ‘‘old’’ sugar chains such as chondroitin sulfate
appear necessary for early development of the organism while relatively ‘‘new’’ sugar chains such as gangliosides, which
appear with further development of the brain, are necessary for differentiation maturity processes. On the other hand,
research using primary cultured neurons showed similar effects of the gangliosides and chondroitin sulfate on cell
differentiation. It is possible that these sugar chains share the glyco-receptor-mediated signal transduction system.
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Fig. 1. Biosynthetic Pathway of Gangliosides

Double lines show the blocking sites at deficiency of GM2 (GA2/GD2) synthase and GM3 synthase.
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Fig. 2. Structures of the Typical Chondroitin Sulfate (CS) and Dermatan Sulfate (DS) Units
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Left side: Oligosaccharide portions of GD1b or GT1b ganglioside are preferably recognized by probable cell-surface glyco-receptor and the saccharide signal is

transduced to intracellular signal to activate CaMKII in seconds. The saccharide activates local CaMKII that is presumably anchored to actin via CaMKIIf
isoform. Activated CaMKII induces cytoskeletal actin-reorganization to form filopodia via cdc42 activation within 2 min. Right side: Oligosaccharides with non-
reducing terminal GalNAc residue such as that of GM2 ganglioside are recognized by probable cell-surface glyco-receptor and the saccharide signal is transduced to
intracellular signal to activate local adenylate cyclase to produce local cAMP which activate neighboring PKA in seconds. The saccharide signal presumably acti-
vates actin-anchored PKA via an A-kinase anchoring protein (AKAP). PKA activates cdc42 in non-phosphorylation manner to induce re-organization of
cytoskeletal actin to form filopodia within 2 min. Long-term exposure (3 to 7 days) of the cell to the saccharides enhances dendritogenesis of primary cultured neu-
rons. Exposure to oligosaccharides probably mimics intercellular recognition via saccharide-receptor interaction.
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Fig. 4. Synapse Formation between Cerebellar Granular Cell
and Purkinje Neuron

Purkinje neurons elongate their dendrites to molecular layer of cerebel-
Ium. Granular layer consists of granular cells (neurons) which elongate axon
to the molecular layer to make synapse with dendrites of Purkinje neurons.
Immunohistological study showed granular cells contain GT1b and GDI1b
and the gangliosides are present in molecular layer, thus their axons most
probably express these gangliosides.
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