
Molecular mechanism behind the microtubule 

poleward flux and its role in suppression of 

aneuploidy  

Summary 
During each cell division equal number of chromosomes must be distributed to the two 

daughter cells in order to avoid the occurrence of aneuploidy, a characteristic of most 

human cancers.  

Mitotic spindle microtubules (MTs) in metazoans undergo continuous poleward flux, 

which was proposed to contribute to prevention of lagging chromosomes and aneuploidy. 

Microtubule flux is a conserved process during cell division that is defined as a continuous 

poleward motion of the tubulin molecules within the MTs of the mitotic spindle. This 

interesting phenomenon was discovered by photoactivation of the MTs labelled with caged 

fluorescent tubulin thirty years ago and since then it still remains a matter of debate. It is 

believed that continuous poleward flux requires simultaneous MT minus-ends 

depolymerization near spindle poles and MT-plus ends polymerization near kinetochores. 

In addition to that, antiparallel interpolar MT sliding was proposed to drive MT poleward 

flux in several cell systems. Despite the progress in understanding this complex cellular 

phenomenon, the molecular and functional basis underlying MT flux in human cells 

remains controversial. 

Herein, we used a combination of siRNA, chemical inhibitors and photoactivation-based 

live imaging of bipolar and monopolar spindles in human cells to re-investigate several 

known candidates required for flux (kinesin-5/Eg5, kinesin-13/Kif2A, CLASPs), while 

testing additional potential players (kinesin-12/Kif15, kinesin-7/CENP-E, kinesin-

10/hKid, kinesin-4/Kif4A). We identified human chromokinesin Kif4A as a particularly 

strong candidate for MT flux driving during late prometaphase/metaphase through its 

motor activity and chromosome arms-based localization. We showed for the first time that 

stable end-on kinetochore-microtubule (KT-MT) attachments, which are well-established 

in late prometaphase/metaphase, rather limit MT flux than generate. Given that, we 

identified kinesin-7/CENP-E as a novel important driver of MT flux in early mitosis. 

Furthermore, we revealed that MT-crosslinking activities of NuMA and kinesin-14/HSET 

contribute to the equal distribution of MT flux-dependent forces across the mitotic spindle.  

In summary, we propose a model in which MT flux in early prometaphase is largely driven 

by CENP-E that slides away MTs that are laterally-bound to kinetochores. Upon the 

establishment of end-on KT-MT attachments, most of CENP-E is striped from 

kinetochores and Kif4A cannot move the chromosomes any further due to equivalent 

opposite forces. Consequently, Kif4A slides away chromatin-bound MTs generating MT 

poleward flux via the action of MT-crosslinking molecules.  

 


