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Complex yet precise neural networks are formed by
axons that have elongated and reached their appropri-
ate targets. The tip of an elongating axon, called the
growth cone, explores guidance cues in its microenviron-
ment and navigates the axon along the correct path. The
growth cone expresses a variety of cell surface molecules
including cell adhesion molecules (CAMs) that serve as
receptors for the guidance cues and play critical roles
in axon tract development. For example, mutations of
L1, which belongs to the immunoglobulin superfamily of
CAMs, cause defects in major axon pathways, such as the
corpus callosum and the corticospinal tract, in humans
and mice. In response to cell-cell or cell-extracellular ma-
trix contacts, CAMs generate intracellular signals, inter-
act with cytoskeletal components, and regulate the motil-
ity of growth cones. Spatially localized actin polymeriza-
tion/depolymerization and actin-myosin interactions gen-
erate a retrograde flow of actin filaments (F-actin), which
then produces the traction force to pull the growth cone
forward when coupled mechanically with CAMs via a
molecular clutch. Furthermore, the growth cone actively
internalizes, transports, and recycles CAMs in a way im-
portant for its directed migration. Therefore, we aim
to investigate the region-specific and coordinated roles of
CAMs, signaling molecules, and cytoskeletal components
in the growth cone and to reveal how dynamic interac-
tions between these molecules control growth cone migra-
tion and navigation. These revelations will help elucidate
the fundamental mechanisms of axon growth and estab-
lish the molecular and cellular biological basis for axon
regeneration. In the fiscal year 2004, we have obtained the
following results:
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1. Functional analyses of the cytoskeleton in the
axon

Using 3-dimensional neuronal cultures, we found a
novel mode of growth cone motility that is driven by the
actin cytoskeleton in the filopodia. This motile behav-
ior of the filopodia is likely to influence the direction of
axon elongation. We also demonstrated that SIV spectrin
and ankyrinG form a selective barrier in the initial axon
segment that blocks lateral diffusion of an axon-specific
molecule into the somatodendrites. In this way, these cy-
toskeletal components may be involved in the maintenance
of axon-dendrite polarity.

2. Studies on the intracellular signals that reg-
ulate axon growth and guidance

We demonstrated that axon guidance is controlled by
Ca’" influx to the growth cone cytoplasm via the ryan-
odine receptor type 3 (RyR3). While a localized elevation
of cytoplasmic Ca?" concentration on one side of a growth
cone induces axon turning, the turning direction is depen-
dent on the secondary Ca®" release (CICR) from the in-
ternal stores through the RyR3. Unilateral Ca’" signals
accompanied by RyR3-CICR induce growth cone attrac-
tion whereas Ca®" signals without CICR induce repulsion.

3. Functional analyses of lipid rafts in growing
axons

The plasma membrane of the growth cone periphery
contains lipid rafts (detergent-insoluble glycosphingolipid/
cholesterol-enriched membranes) that are required for axon
growth stimulated by L1 and N-cadherin. We performed
comprehensive surveys to search for proteins that translo-
cate into or out of lipid rafts in response to L1 ligation. We
identified about 40 protein spots by 2-dimensional elec-
trophoresis analyses and about 20 proteins by antibody
microarrays.
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