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The kinetochore is a specialized structure of each chromosome that is responsible for
mitcrotubule attachment and subsequent chromosome movement. The region formed
kinetochore is defined as a centromere which consists of a number of protein complexes
and centromeric DNA. The centromere’s functions include sister chromatid adhesion and
separation, microtubule attachment, chromosome movement, and mitotic checkpoint
control. Thﬁs, the centromere plays essential roles for acecurate transmission of genetic
material. Because cell division is an essential process from yéast to human, it is
conceivable that the basic mechanisms for cell division machinery are conserved between
many species. But analysis of centromeric DNAs in some species revealed that the
primary DNA sequences are not conserved. In addition the protein components are
relatively divergent. Therefbré, we had failed to identify many centoromere proteins in
higher vertebrate cells, while more than 60 proteins were identified in yeast. Recent
proteomic analyses'helped to identify additional centromere proteins in vertebrate cells.
After identification of proteins it is essential to study organization and functions of these
proteins to understand the mechanisms of chromosome segregation.

The constitutive centromere associated network (CCAN) proteins associate with
centromere region even in interphase and make a platform for formation of functional
kinetochore during mitosis. In previous analyses, our laboratory isolated a multi-subunit
complex including the established inner kinetochore components CENP-H and CENP-I,
and nine other CCAN proteins (CENP-H/I complex) and demonstrated that the complex
is divided into three functional classes (CENP-H class, CENP-M class, CENP-O class)
based on genetic analysis (Okada et al., 2006 Hori et al., 2008). Work from others
identified CENP-T and CENP-S as additional components of CCAN (Foltz et al., 2006).
Both CENP-T and CENP-S have not been identified in our purification with CENP-H,
CENP-1, CENP-O, or CENP-P, suggesting that they may represent distinct functional
classes. To analyze the function of CENP-T and CENP-S, I characterized CENP-S and
CENP-T in DT40 cells by creating loss of function mutants. The purposes of this study
are
(1) identification of new components that associated with CENP-S or CENP-T,

(2) clarification of relationship between CENP-T or CENP-S with the CENP-H/I complex,
(8) understanding of function of CENP-T or CENP-S in centromere.

In Chapter I, I characterized CENP-S-deficient cells and found that CENP-S
complex is essential for proper mitotic progression. To understand the function of
CENP-S in mitosis I tried to identify proteins, which associate with CENP-S. Using
biochemical analysis, I identified an additional CCAN component CENP-X, which makes
a tight complex with CENP-S. Both CENP-S- and CENP-X-deficient DT40 cells were
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viable, but these cells were delayed in G2/M. Moreover, I found that CENP-S deficient
cells showed abnormal mitotic progression by living cell observation. Kinetochore
localization of CENP-S or CENP-X was abolished in CENP-T* or CENP'K'deﬁcient cells,
but kinetochore signals of all known kinetochore components were detected in
CENP-S-deficient cells. To understand how mitotic defects were caused in CENP-S- or
CENP-X-deficient cells, I examined the outer kinetochore structure by electron
microscopy. The analysis revealed that the lengths of kinetochore outer plates in
CENP-S-deficient cells were smaller than those of wild-type DT40 cells. This result
suggests that the CENP-S/CENP-X complex is required for establishment of kinetochore
outer plates. Thus, I concluded that the CENP-S/CENP-X complex is essential for proper

mitotic progression in DT40 cells.

In Chapter II, I characterized the CENP-T complex. My colleagues and 1
characterized the CENP-T containing sub-complex and identified CENP-W, which makes
a tight complex with CENP-T. To understand the function of the CENP-T/CENP-W
complex, I created loss of function mutants of CENP-T. CENP-T-deficient cells
accumulate in metaphase and subsequently die, suggesting that CENP-T is essential for
cell viability and mitotic progression. Interestingly, both CENP-T and CENP-W contain
histone-fold domain and directly bound to centromeric DNA (Hori el al., 2008). Therefore,
it was predicted that CENP-T and CENP-W function upstream of other CCAN proteins.
In our expriment, kinetochore localization of CENP-T and CENP-W did in fact occur
upstream of other CCAN components with the exception of CENP-C, an additional
putative DNA binding protein. Consistent with this observation, kinetohdre outerplate
structure was abolished in CENP-T- or CENP-W-deficient cells.
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MRANSEIT AR, REAEOXR N a7 (BEE) ICHEERAFE L. MEB~ES &S
N, TH2/IERMENTWERAEIDT 2 DOBRMRA~HEIISEEIND, ZOHEART
ko, EaE Loy ) ABREERITZTNFNOBRME~ERIZEEIND A, LAafkoE
OFLEEIFR T EHRT I VRN ERICIERERFAERBOBPFETDEEX
bRTW3, AEEHIE. [FX baT7ERICED S ¥ 37 EEOMIEEYFRIBRT)
CHELT, ¥X T EERTIRAELEOEY b ATERICEETD2Z VB TH
% CENP-S (#1%) BX U CENP-T (2%) \[CBTMREMFNBITEITT2 b0
THhD, Ty NaATHEBRIZIZIDNA EZZCHATHIZ VAV ERHICL YRy FU—J 1
ERERENTEY, MREAHZEL Ty b ATHEBICES T2 7 7 BHRELHRRK
LT, #kttEtzry b A 7HEE Xy U —7 (constitutive centromere-associated
network ; CCAN) &5, CCANZEL LT CENP-H/I, CENP-M, CENP-O ® 32®
75 2B ENTWS A, CENP-S BE U CENP-TIE#ICEDT T RIZFTE LTV D20
FHAREbH o, I TAELRITIE, LLTORNITH > TEFT 217> T\ 5,
Déeg btz AV AL ERRER L BELITARITIC L Y . CENP-S, CENP-T £ €I

BEATHHEZ L N7E D9, CUG2 HEEEL, 73/ BESNEZFRELL, &HI

GFP %% 7 & LI-REMIT L LN THMARZE L Ty hr A THERICFEET D

## CCAN ThHHZ & #H LMz L, CENP-X, CENP-W &4 L7,
2)DT40 #fa% A5 Z &2k v, CENP-S, CENP-X, # XU CENP-T. CENP-W D%

J 77wk (KO) #fakkz#EE L~ (CENP-T, CENP-W 2B L Tid&HF#ER),
3)KO M0 RBIAUETH S, CENP-S, CENP-X X CENP-T. CENP-W [Z1EH 72

RS BUTMEIRZ RV B THH I L ERALNC L, £, &% CENP Z 7 HD

KO #ifatk & A5 b - idiEiz kv, CENP-S. CENP-X iZ CENP-H XY

FTHICEET S - &, CENP-T. CENP-W % CENP-H L Y E#IZFE L, Fic CENP-T

D C RKBAIZE AP HR—AVIFNFAALSUVBREETH I EEZRHELE, Zhix

CENP-T/CENP-W B & k2Mio> CCAN #Z 7 G LA L DD, B ha X7 DNA &

WEBEBREAL VWA LEFTRTDHILOTHY, REBERERLL>TND,
DEFEHELRCEXR a7 - T U —7 L— hOEE%IT\, CENP-S-KO #ifa T

ToE—FL—rDRENREL o TWVWBZ L, CENP-W-KO #ifla TIX7 v & —7 L —

OB DI RO TWAZEERH L, 7V F—7 L — MERIBTRRICK T DHERERN 2K

#]78 CENP-S & CENP-W TENENRR->TWDHZ LEZHALNILT,

PUEDX5ic, AELHRICTHREBOEELFMRAMSEVAENTEY . KRIEL

(B%) IZ+DMETHHOTHS LHBT LTz, 728, CENP-T/CENP-W O¥REMATICEE 4
BHERSVE @%%ﬁ'ﬂuf&)é Cell FEEICHB#FE A TH Y, CENP-S/CENP-X DHSBERRATIZ RS
TAHHSIE, RXOBRBEFEPITH D,

{&Eﬁuﬁﬁ/\f . CENP-S, CENP-T OHUAEWZHBRMFFRERIZOWT, AELHwmX
DE T a o EEMToN -, ¥iZ CENP-S. CENP-T ZhEHICEB{FEETD

—286—




Fi# & 78 CENP-X, CENP-W DOFE L 8% 5 LA, £ KO Mg L 20
ROBEYT. CENP-T/CENP-W HA&E0D DNAREARE. ¥R ha7 - ToH—FL— D
BEFBEMEEELRIIAV PH) T 4 —0BVHIR LB AN, AEERLSOERICE
WTiE, CENP-S & CENP-X (29 5HEHREOEVC, ZE KO MIanRETIANT,
CENP-W @ DNA #& FAA VCBET2EMBRZR SN0, 2abloxt L, BReASSE
1TV, BERBFIRELEZLDE T,

AEEAM T FEB OB 2 A & MCAREIZSS L, &2 CCAN 12817 5 CENP-S,
CENP-T O{&-5F, CENP-T/CENP-W &0 DNA &, 7V ¥4 —7L— NOFEK
BWRICETOEBERLE, AR THELREERMANELBEBVATATNS
ZEEHSRDST N, EEPICEZ OERFERZEV, ThO2ET, BELTELD
BEEH LT REBENDSBORBOTRMELZE Y Z LN TEE,

FRFENCEAL TR, BEXTEIN TV BRBERIIN S, BBV Sz,

D EDBRDG, REERSVIIREMERER AT LEREFEROREEL (8%)
ELTOEHZHZL., FAREICHRE LW BT Ehk-,
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