K Za)

FA (BRS )

FAREER

il

FALES O A

FALIREG DM

+
=
E
b3
i
il

£
s
B
i
P
m

TN

t (E%)

WU KHEE 1524 &

T2 44382 3H

EmBFEHER BEFPEY

AR 6 40588 1 T

Biochemical and cell biological studies on the
constitutive kinetochore proteins: the CENP-T-W-S-X
complex functions as a critical scaffold in kinetochore

assembly
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Faithful chromosome segregation during mitosis is essential for the accurate
transmission of genetic material. To facilitate this process, replicated each sister
chromatid assembles the multi-protein kinetochore complex on centromeric DNA which
forms a dynamic interface with spindle microtubules. In most eukaryotes, the
kinetochore is formed at a single genome locus on each chromosome and the
kinetochore specification is occurred by a sequence-independent epigenetic mechanism.
To establish a functional kinetochore structure, a subset of kinetochore proteins must
make strong and specific contacts with centromeric DNA. Nucleosomes containing the
centromere-specific histone H3 variant CENP-A might provide an important epigenetic
mark to establish a kinetochore-specific chromatin structure. However, although
CENP-A deposition is necessary for kinetochore specification, it is not strictly
sufficient for the formation of functional kinetochores in vertebrate cells. This
suggests there are additional proteins that are required to direct
sequence-independent kinetochore assembly. In addition to CENP-A, a group of 16
chromatin-proximal proteins termed as the Constitutive Centromere-Associated
Network (CCAN) is present at centromeres throughout the cell cycle in vertebrate cells.
Some CCAN proteins such as CENP-T or CENP-C possess DNA-binding activity and
these proteins might be candidates to function as a platform for kinetochore assembly.
Our laboratory has previously shown that CENP-T forms a complex with CENP-W
(CENP-T-W complex) and the complex does not directly associates with
CENP-A-containing nucleosomes. As these data suggest that this complex has a
distinct function from CENP-A, I focused on the CENP-T-W complex to define the
mechanisms that direct kinetochore assembly and examined this complex with chicken
DT40 cells in my thesis.

Chicken CENP-T is a 639 amino acids (aa) protein and contains histone-fold domain
in its C-terminal 109 aa region, which is responsible to bind to DNA and to form a
complex with another histone-fold containing protein CENP-W. In contrast, function of
the 530 aa N-terminal region is unclear. To clarify the functional role of the CENP-T
N-terminus, I analyzed DT40 cells in which endogenous CENP-T is replaced with
several CENP-T mutants with deletion in the N-terminus. I found that cells expressing
a CENP-T mutant with 100 aa deletion in N-terminus showed mitotic abnormalities
and growth defects. I found that Ndc80, which directly binds to spindle microtubules,
does not localize to kinetochores in these cells, suggesting that the N-terminal 100 aa
region of CENP-T is required for the Ndc80 complex to localize into kinetochores. Next,
to directly address whether the CENP-T N-terminus is sufficient for localization of the
Ndc80 complex into kinetochores, I created a GFP-fusion construct in which the
C-terminal DNA-binding domain of CENP-T was replaced with Lacl
(GFP-CENP-TAC-Lacl) and ectopically localized the GFP-CENP-TAC-Lacl protein into
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non-centromeric LacO region. Interestingly, I found accumulation of many outer
kinetochore proteins including Ndc80, Nuf2, Mad2 and ZW10 on the LacO region in
cells expressing GFP"CENP'TAC'LacI, suggesting that the CENP-T N-terminus is
sufficient for outer kinetochore assembly. Finally, I tested whether the outer
kinetochore proteins recruited by GFP-CENP-TAC-Lacl on the non-centromeric LacO
region induces a functional kinetochore. Fof this assay, I deleted the endogenous
centromere by a genetic engineering method and examined behavior of chromosome
with outer kinetochore assembly on the LacO region. I found that these chromosomes
with the ectopic outer kinetochore assembly divided equally at least several cell-cycles
even in the absence of the endogenous centromere. As CENP-A was not detected on the
LacO region, I conclude that ectopic localization of the CENP-T N-terminus results in
functional kinetochore assembly independent of CENP-A. These results indicate that
the CENP-T-W complex functions as a structural platform for kinetochore assembly in
vertebrate cells.

I showed that the N-terminus of CENP-T provides a structural platform for
kinetochore assembly independent of CENP-A in Chapter I. However, it remains
unclear how CENP-T makes a strong contact with endogenous centromeric chromatin.
To address this question, I examined the C-terminal DNA binding region of CENP-T in
Chapter II. Firstly, I found that the histone-fold domain of CENP-T forms a complex
with CENP-W and the complex binds to DNA in sequence independent manner. To
analyze detail feature of the histone-fold region of the CENP-T-W complex, I also focus
on a second group of histone-fold containing CCAN proteins, the CENP-S-X complex
and found that the CENP-S-X complex forms a tetramer and has the DNA binding
activity. Next, I showed that the CENP-T-W complex associated with the CENP-S-X
complex by both in vivo and in vitro analyses to generate a stable CENP-T-W-S-X
heterotetramer, which showed structural similarity to canonical histone complex in
the nucleosome. Finally, I identified critical amino acids in CENP-T for its kinetochore
localization, which are independent of DNA binding activity. Based on my biochemical
and cell biological data combined with other results in our laboratory, I propose that
tetramer formation of CENP-T-W-S-X is essential for kinetochore assembly.
Structural and biochemical analyses of the CENP-T-W-S-X heterotetramer suggest
that the CENP-T-W-S-X complex form a distinct structure with DNA, like canonical
histones with DNA (nucleosome structure). Then, in Chapter III, I analyzed DNA
binding mode of the CENP-T-W-S-X complex. The canonical histone octamer wraps
DNA along the surface of the nucleosome. As basic amino acid residues for the DNA
binding surface of the CENP-T-W-S-X heterotetramer are similar to those of canonical
histones, it is possible that DNA is wrapped along the DNA binding surface of the
CENP-T-W-S-X heterotetramer. To test this hypothesis, I used a DNA supercoiling
assay and found that the CENP-T-W-S-X complex induces supercoils into plasmid DNA
as canonical histones do, suggesting that the CENP-T-W-S-X complex forms a
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nucleosome-like structure. Mutants designed to compromise the supercoiling activity
result in abnormal kinetochore assembly in vivo, suggesting that the formation of
nucleosome-like structure of DNA-CENP-T-W-S-X complex is essential for proper
kinetochore assembly. I further examined topological state of the DNA-CENP-T-W-S-X
complex. So far, topological state of the centromeric chromatin is unclear. Some data
using minichromosomes combined with mutants for kinetochore components in S.
cerevisiae suggested that a centromeric nucleosome in S. cerevisiae might induce
positive supercoiling. On the other hand, reconstituted human CENP-A nucleosomes
induce negative supercoils into plasmid DNA in vitro as canonical histone HS3
containing nucleosomes. Under this situation, it is important to determine the
topological status of the nucleosome-like DNA-CENP-T-W-S-X complex. My data
indicated that the reconstituted CENP-T-W-S-X complex induces positive supercoils
into DNA, suggesting that the CENP-T-W-S-X complex provides special topological
feature on centromeric chromatin. In total, I propose that the unique nucleosome-like

structure of the CENP-T-W-S-X complex functions as a critical scaffold in kinetochore

assembly.
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