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Summary (Abstract) of doctoral thesis contents

In eukaryotes, the kinetochore forms on the centromere to attach the microtubules
from the mitotic spindle and is essential for chromosomal segregation. The
centromere is specified by a sequence-independent epigenetic mechanism in most
eukaryotes and the centromere specific histone H3 variant CENP-A is the primary
candidate as the epigenetic marker for kinetochore specification. Once the centromere
is specified, various proteins are assembled on the centromere to establish the
functional kinetochore. As these proteins associate with the centromere throughout
the cell cycle, they are called the Constitutive Centromere Associated Network
(CCAN) proteins. CCAN proteins also create a scaffold for the formation of the
kinetochore and subsequently recruit outer kinetochore components that bind to the
microtubules. Whereas considerable progress has been made in understanding the
relation between CCAN components as well as between the inner and outer
kinetochores, the exact temporal order, dependencies and the functional roles of each
component are still unclear. While it has also been shown that CENP-C and CENP-T
form two distinct associations with centromeric chromatin, questions remain as to
whether there is any connection or interdependency between these pathways.
Similarly, CENP-C and CENP-T form the two pathways for recruiting the outer
kinetochore and subsequent microtubule attachment, yet it remains unknown
whether they actively stabilize outer kinetochore—microtubule interaction or mainly
function as platforms. Therefore, it is essential to clarify the organization of the
CCAN proteins and the functional role of the CCAN in recruiting the outer
kinetochore. The aim of this thesis is to study the various interaction networks
during kinetochore formation to elucidate; (i) How the CCAN components are
organized during the recruitment of the kinetochore? (ii) Whether the CCAN proteins

affect outer kinetochore—microtubule binding?

To answer these questions, I used chicken DT40 cells as a model system and first
concentrated on the interactions between CENP-C and other CCAN components. I
expressed various deletion mutants of CENP-C in CENP-C deficient cells and found
that CENP-C appeared to localise to the centromere through multiple binding
pathways. The middle region of CENP-C was essential for its localization to the
centromere in a CCAN dependent manner whereas the CENP-C C-terminus localized
to the centromere in a CCAN independent manner. I demonstrated that CENP-C
localized to the centromere through direct interaction with CENP-A through its
C-terminal region during M-phase, but also that it localized to the centromere via the
CCAN during interphase. To analyse CENP-C interactions in vitroI used a
biochemical approach and found a weak interaction of CENP-C with CENP-N/L.
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Subsequent 2-D NMR experiments confirmed the interaction between these proteins.
I found that CENP-C lacking the middle region, which is suspected of being the
interaction domain with CENP-N/L, could not rescue CENP-C deficient cells. In
addition, cells expressing this deletion mutant showed a marked reduction in
CENP-H localization to the centromere. These results suggest that CENP-C middle
region is essential for centromere localization through interaction with other CCAN
components including CENP-L/N and CENP-H in interphase, while CENP-C
C-terminus largely contributes to centromere localization during mitosis via direct
interaction with the CENP-A nucleosome. I propose that this dynamic change of

CENP-C interaction may be essential for the formation of a functional kinetochore.

The second question is whether the CCAN proteins affect outer
kinetochore-microtubule binding. For this question, I focused on the role of the Mis12
complex which is recruited by the CENP-C pathway and CENP-T on stabilizing the
Ndc80 complex—microtubule interaction. Our laboratory has previously shown that
CENP-C and CENP-T induce the formation of an artificial kinetochore when these
proteins are localized to an ectopic site on chromosomes, whereas the Ndc80 complex
does not induce an artificial kinetochore. In this study, I show that members of the
chicken Mis12 complex did not induce an artificial kinetochore suggesting that a
CCAN dependent pathway for the Ndc80 complex is required to form a functional
kinetochore. Then, I prepared human CENP-T, and Mis12 complex in vitro and tested
whether these proteins affect the Nde80 complex—microtubule binding based on single
molecule total internal reflection microscopy (smTIRF), I demonstrate that both the
Mis12 complex and CENP-T can enhance the microtubule binding ability of the Ndc80
complex. Thus, I show that a mechanism exists to regulate kinetochore—microtubule

binding through CCAN components.
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