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In neurons, the position of the centrosome during final mitosis
marks the point of emergence of the future axon. However, the
molecular underpinnings linking centrosome position to axon
emergence are unknown. GAP-43 is a calmodulin-binding 1Q
motif protein that regulates neuronal cytoskeletal architecture by
interacting with F-actin in a phosphorylation dependent manner.
Here we show that GAP-43 is associated with the centrosome
and plays a critical role in mitosis and acquisition of neuronal
polarity in cerebellar granule neurons. In the absence of GAP-43,
the centrosome position is delinked from process outgrowth and
is only capable of mediating morphological polarization, however
molecular specification of the axonal compartment does not take
place. These results show that GAP-43 is required to link centro-
some position to process outgrowth in order to generate neuronal
polarity in cerebellar granule cells.

Introduction

Control of cell proliferation is essential for normal morphogenesis
of the central nervous system. During early cortical development,
progenitor cells in the ventricular zone produce daughter cells
that are mitotic progenitors. Later, progenitor cells produce a
postmitotic neuron and a mitotic progenitor.l Production of a
postmitotic cell versus a mitotic progenitor is controlled by the
orientation of the mitotic spindles relative to the ventricular zone.2
Furthermore, migration of the newly born postmitotic neurons out
of the ventricular zone, a process that involves polarization and
formation of a leading edge, is coupled to the centrosomal position
during the last mitotic division.3 In the cerebellar cortex, granule
neurons are produced from the external granule cell layer (EGL)
during the first three postnatal weeks in mice. Analogous to the
cerebral cortex, the production of mitotic progenitors is followed
by cell cycle exit and migration to form the internal granule cell
layer (IGL).* Orientation of mitotic spindles in the EGL and its
impact on progenitor proliferation and cell cycle exit is not known.>
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Further, although mitotic spindle orientation requires the coopera-
tion of the both the microtubule and actin cytoskeletal elements
the mechanism by which positioning of the mitotic spindle and
the direction of polarization are regulated by extracellular signals
is not understood.®” GAP-43 is an actin binding phosphoprotein
that is involved in the transduction of extracellular signals mediated
by fibroblast growth factors (FGFs) and neural adhesion molecules
of the immunoglobulin superfamily class (IgCAMs) in the growth
cone and is essential for axonal path-finding.8-19 Phosphorylated
GAP-43 stabilizes, whereas unphosphorylated GAP-43 inhibits
F-actin polymerization. GAP-43 homozygous knockout [GAP-43
(-/-)] mice show decreased cerebellar size and reduced foliation
(Mishra R, unpublished observations). In this study we show that
GAP-43 regulates progenitor proliferation and cell cycle exit and
is important for normal centrosome duplication and determining
spindle orientation in the EGL. In addition, we show that GAP-43
is an essential link between centrosome positioning and neuronal
polarization in cerebellar granule neurons. We further present
evidence that suggests that the mechanism by which GAP-43 links
the two processes is by transducing CAM mediated extracellular
signals that may position the centrosome during initial polariza-
tion.

Results

GAP-43 is expressed in the EGL and is associated with the
centrosome. In the cerebellum, during the first postnatal week, GAP-
43 (detected with an antibody that recognizes all forms of GAP-43)
is expressed in an intense and uniform pattern in the differentiating
inner EGL, molecular layer (ML), inner granular layer (IGL) and in
the fibre tracts of the developing white matter (Fig. 1A and C top).
Examination of the highly proliferative outer external granular layer
(EGL) under high power showed that GAP-43 was localized to the
plasma membrane and within a punctate region suggestive of the
Golgi-centrosome complex in this region (Fig. 1A, arrowheads). The
PKC phosphorylated form of GAP-43 (pGAP-43) was detected with
a phospho-specific antibody. High levels of pGAP-43 were seen in
the fibre tracts of the white matter as well as in the ML and the IGL
(Fig. 1A, bottom left). In the outer EGL, in contrast to the expres-
sion of GAP-43 at P1, pGAP-43 was predominantly and intensely
expressed in all phases of mitosis in EGL cells (Fig. 1A and B).
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