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Migration of neurons in the central nervous system

Summary diagram of Golgi staining of
cerebral cortex. Ramén y Cajal (1911)




Live-cell observation of granule cell migration in slice culture
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Umeshima et al., PNAS 2007
Umeshima et al., Mol Cell Neurosci. 2012
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The Cytoskeleton and Cell Migration: Vic Small lab Website
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Nuclear movement in fibroblasts and neurons
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Figure 16-85. Molecular Biology of the Cell, 4th Edition.
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Nucleus migrates independently of leading process elongation
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Push or pull?
What do cytoskeletons do for nuclear migration?
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Estimate the force applied to the nucleus from its motion

translocation

Force can cause various motion.
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Nucleus rotates in migrating neurons

young neuron (2 days in culture)
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Microtubules: EGFP-DCX
Nucleus: DsRed2-Nuc

mature neuron (6 days in culture)
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Golgi1-GFP

Centrosome and Golgi do not rotate with the nucleus
Cetn2-GFP



Hypothetical Mechanism of the Nuclear Rotation

Uniform (bilateral) force drives migration Unbalanced (unilateral) force drives rotation
j ) A= —
If so...
1. Rotation axis should be orthogonal to 2. Rotation should stop when the nucleus
the migration trajectory is disconnected with cytoskeletons
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HP 1B-mCherry Spot tracking 3D movie

MIP images 1 hr (interval: 15 sec)



Angles between the rotation axis
and migration trajectory
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translocation
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Synchronous movement of microtubule network and nucleus
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cytoplasmic dynein
Lis1N KLC1-TRP
(dynein inhibition) (kinesin inhibition)
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previous view:
MTs are uniformly oriented
with (+)-toward the nucleus
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Both Kinesin and dynein
can contribute to
nuclear transport
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Dynamic interaction of MT motors is critical for driving nuclear rotation



Summary and conclusion

dynein microtubules
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kinesin-1
Wu et al., Development 2018
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