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Ultrastructural analysis of kinetochore
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Chromosome segregation during cell division is essential for maintenance of life
including reproduction and de{relopment in all organisms. Center to accurate
chromosome segregation is the assembly of kinetochore on chromosome that forms a
dynamic interface with microtubules from the ‘mitotic spindle. Centromere is a
specialized region of chromosome that directs kinetochore assembly and plays an
important role for accurate chromosome segregation.

A tri-lamina plate structure ihcluding an inner plate, an outer plate, and an inter
zone is observed in the kinetochore by electron microscopy. Many proteins have been
mapped in the tri-lamina structure of kinetochore. However, it is still unclear how these
proteins are involved in formation of the plate structure. Therefore, I tried to observe
the plate structure in chicken DT40 cells with knockout of various kinetochore proteins,
including CENP-H, CENP-C, CENP-T/W, Knll, Mis12, and Ndc80. I did not detect any
plate structure in Ndc80 (Hecl)-deficient cells, suggesting that Ndc80 itself or Ndc80
interacting proteins can play critical role for formation of the outer plate structure.

CENP-S/X complex is recently found as a component of constitutive centromere
associated network (CCAN) protein complex. Interestingly, we found that CENP-S/X
-deficient DT40 cells are viable. However, we observed defects during progression of
mitosis in CENP-S/X-deficient cells. Therefore, I am interested to examine the outer
plate structure in the CENP-S/X-deficient cells. I found that the outer plate length was
shorter and intra-kinetochore distance was increased in CENP-S/X-deficient cells
without tension, suggesting that CENP-S/X complex is inyolved in stable assembly of
the outer plate. Consistént with my observation, amount of Nde80 and KNL1, which are
located atlouter plate, was decreased. Thus, I concluded that the CENP-S/X complex is
an important CCAN component involved in formation of outer kinetochore structure.

Ultrastructural analysis of kinetochore has lasted over 50 years, because
kinetochore is wunique. Kinetochore locates primary constriction of condensed
chromosomes and it directly interacts with microtubules. Kinetochore has a tri-lamina
structure I mentioned above. Although we could observe electron dense outer plate
structure in mitotic chromosomes without microtubules, it is difficult to observe outer
plate structure in mitotic chromosome under tension. In addition, it is also difficult to
detect inner plate structure because of technical limitations. As inner plate locates
within electron dense chromatin regions, it is difficult to distinguish inner plate from

“chromatin by conventional electron. microscopy observation. As a result, the structural
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dynamics within the kinetochore during mitosis is still unclear. To address this question,
I examined the kinetochore dynamics in details by immuno-electron microscopy
analysis. |

CENP-T is a component of constitutive centromere associated network (CCAN)
proteins and has associated with centromeric DNA. I firstly determined localization of
CENP-T in the kinetochores of DT40 cells treated with nocodazole. I found that
CENP-T localize ~100 nm inside the outer plate, suggesting that CENP-T localizes into
the inner kinetochore. I then used CENP-T to visualize the inner plate structure and
measured length and width of the inner plate. Interestingly, I found that width of the
inner plate was increased, treating cells with MG132, in which microtubules attach to
the kinetochore and pull chromosomes with tension. These results suggest that the
inner kinetochore is stretched under tension caused kir;etochore-microtubiﬂe
interaction. I also measured length and width of Ndc80 staining, which is an outer
kinetochore protein and observed that width of the outer plate is not increased in cells
treated with MG132, suggesting that the outer plate structure is stable even under
tension.

I also examined that this structural change within inner kinetochore was occurred
in various knock out cell lines of representative kinetochore proteins. I found that
kinetochore-microtubule binding was essential for the inner kinetochore stretching,
because I could not detect it in Ndc80-deficient cells. However, I found that the inner
kinetochore stretching was not required for cohesion. By contrast, the structural change
within inner kinetochore was not observed in cells expressing a mutant form of Ndc80,
which shows low affinity with microtubules and these cells were arrested at mitosis by
activation of the spindle assembly checkpoint (SAC). I proposed that the structural
change within inner kinetochore is essential for faithful chromosome segregation and

required for proper kinetochore-microtubule binding and inactivation of SAC.
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