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Abstract: Objective Neuronal migration is a fundamental process during mammalian brain development 

and impaired neuronal migration causes neurodevelopmental diseases like lissencephaly. In migrating 

neurons, the translocation of nucleus is mediated by a nuclear membrane protein Nesprin-2, which recruits 

both minus-end and plus-end-directed microtubule motors, dynein and kinesin-1/ KIF5 onto the nuclear 

envelope to generate nuclear movements. Dynein is widely recognized as the major driving force of 

forward nuclear translocation while the role of kinesin-1 in neuronal migration is poorly understood. 

Moreover, due to the opposite nature of dynein and kinesin-1 motilities on microtubules, novel 

mechanisms are needed to elucidate how opposing motors coordinately drive one-way nuclear transport. 

Methods Firstly, the dynamics of nuclear translocation during migration was analyzed through ex vivo 

and in vitro time-lapse observation of post-mitotic cerebellar granule cells (CGCs). The interactions 

between Nesprin-2, dynein and kinesin-1 were further revealed by co-immunoprecipitation and 

intracellular cargo trafficking assay. Additionally, by suppressing the function of dynein or kinesin-1 in 

migrating CGCs as well as utilizing CGCs from CRISPR/Cas9-edited Nesprin-2 knockout mice, the 

changes of nuclear dynamics was investigated to study the functional interplay between Nesprin-2 and 

motors. Results (1) We found that the nucleus of migrating CGCs moves forward with frequent pausing 

and backward stepping, indicating involvement of bidirectional motors. (2) It was demonstrated that 

Nesprin-2 binds to both dynein and kinesin-1 to generate bidirectional cargo motilities. (3) Inhibition of 

either dynein or kinesin-1 diminished nuclear translocation to both directions, suggesting that a co-

dependent mode of motor activation is achieved via Nesprin-2. (4) Knocking-out Nesprin-2 in CGCs 

impaired nuclear translocation and neuronal migration. Conclusion Nesprin-2 serves as a mediator to 

facilitate cooperation between dynein and kinesin-1 motors, generating smooth nuclear translocation in 

migration CGCs.  
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