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In the development of the mammalian brain,
neurons migrate long distances to form the complex
laminar structures of the cerebral cortex. The
molecular mechanisms involved in the initiation of
neuronal cell movement, guidance of migration,
and recognition of final position, are not well
understood. Phosphorylation, which dynamically
modulates protein activity, is a fine way to control
these events. The study of neuronal migration
disorders as lissencephaly can help to elucidate
the genes and pathways involved. Lissencephaly
occurs in individuals with mutations in either the
autosomal LIS7 or the X-linked doublecortin (DCX)
genes. Both of these gene products are microtubule
associated proteins. Our recent data demonstrates
the involvement of the c-Jun N-terminal kinase
(JNK) signaling pathway in controlling neuronal
migration via its action on DCX. DCX is a JNK
substrate and interacts with JIP (JNK interacting
protein). The localization of this signaling module
in the developing brain suggests its functionality
in migrating neurons. The localization of DCX at
neurite tips is determined by its interaction with JIP
and by the interaction of the later with kinesin. DCX
is phosphorylated by JNK in growth cones. DCX
mutated in sites phosphorylated by JNK affected
neurite outgrowth, and the velocity and relative
pause time of migrating neurons. We hypothesize
that during neuronal migration there is a need
to regulate molecular motors that are working in
the cell in opposite directions; kinesin a plus-end
directed molecular motor versus dynein a minus-
end directed molecular motor.
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Fig. 1 A model of a neuron migrating along radial glia.
The migrating neuron has an elongated structure with a
growth cone. There is more p-DCX located in the growth
cone where it interacts with JNK, and JIP. JIP is mobilized
there by kinesin. JIP interacts also with ApoER2 that binds
to the extracellular matrix protein reelin, and to kinesin that
is a plus-end directed motor. DCX also interacts with the
membranal protein neurofascin, and with the m-subunits of
the AP-1/2 complexes. At the MT plus-end tips we can also
find CLIP-170, that recruits LIS1, and the dynein-dynactin
complex. The dynein-dynactin retrograde motor is recruited
to MTs with LIS1 and DCX followed by enhanced activity
of this motor. Nucleokinesis is assisted by the activity of
the dynein motor that is associated with the MT cage and
the centrosome (there also mNudE and Nudel can be
found). Within the nucleus the transcription factor c-Jun is
phosphorylated by JNK. The activity of JNK may thereby
indirectly regulate the differential activities of kinesin and
dynein.
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