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In mitosis, accurate chromosome segregation depends on 
kinetochores that connect centromeric chromatin to spindle 
microtubules. The centromeres are connected to individual 
microtubules via a kinetochore constitutive centromere 
associated network (CCAN). However, the molecular 
organization and regulation of CCAN remains elusive. By use of 
cryo-electron microscopy and functional analyses, we have 
recently revealed the molecular basis of how human CCAN 
interacts with duplex DNA and facilitates accurate chromosome 
segregation. The overall structure relates to the cooperative 
interactions and interdependency of the constituent sub-
complexes of the CCAN. Surprisingly, CENP-N does not bind to 
the RG-loop of CENP-A but to DNA in the CCAN complex. The 
DNA binding activity is essential for CENP-LN localization to 
centromere and chromosome segregation during mitosis, 
which is also tightly regulated by CDK1 phosphorylation. Phase 
separation of biomolecules drives the formation of subcellular 
compartments with distinct physicochemical properties. These 
compartments, free of lipid bilayers and therefore called 
membraneless organelles, have emerged as a new paradigm to 
account for subcellular organization and cell fate decisions. I 
will also discuss our recent studies linking phase separation to 
mitotic spindle, heterochromatin, and centromere assembly 
and their plasticity controls in the context of the cell division 
cycle.
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