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Replicated sister chromatids are faithfully segregated into two daughter
cells. Kinetochore is built at the centromeric region of the chromosome and is involved in the
chromosome segregation. CENP-TWSX complex is a conserved kinetochore component and plays an
important role. It contains histone fold and binds to DNA but its precise mechanism remains elusive.

To elucidate the structure and function of the CENP-TWSX complex, we have undertaken biochemical
and structural analyses. Using isothermal titration calorimetry, we obtained dissociation constant
of the CENP-TW and CENP-SX interaction. Next, we measured interaction between DNA and CENP-TW or
CENP-SX. Using gel filtration, we acquired the stoichiometry of the complex. Dissociation constants
were measured by the fluorescent anisotrophy method. Furthermore, we obtained crystal structure of
the FANC-M-CENP-SX complex. Together, these analyses revealed detailed molecular mechanism of the
CENP-TWSX complex.



DNA

100

DNA

DNA

H3 CENP-A

CENP-A

CCAN

CENP-TW
CENP-SX

CENP-TWSX
CENP-TWSX
4 4
DNA

CENP-TWSX
CENP-TWSX

CENP-TWSX

CENP-T Ndc80

(1) CENP-TWSX

CENP-TW CENP-SX
2
CENP-TWSX
CENP-SX
CENP-TWSX X
(A GO) CENP-SX
A G0=-0.8kcal/mol CENP-TWSX
A G0=-4_8kcal/mol CENP-TWSX
ITC
CENP-TWSX  CENP-SX
pH
CENP-TWSX  CENP-SX
(2) CENP-TWSX DNA
CENP-TW CENP-SX CENP-TWSX DNA
CENP-TWSX
CENP-SX
50bp CENP-TWSX 80-100bp
CENP-TWSX
CENP-TWSX
DNA
DNA
CENP-SX DNA
DNA1 2
CENP-TW CENP-SX
(3) CENP-TWSX
CENP-TWSX
(CCAN)
TWSX CENP-C, -H, -1, -K, -L, -M,
-N, -0, -P, -Q, -R -U 12



@ CENP-TW  CENP-SX
ITC
CENP-SX

700nM

CENP-TW

900nM

CENP-SX CENP-TW
1.5uM ITC

(2) CENP-SX DNA
31
DNA
43
67
CENP-TWSX
37
67

DNA

CENP-SX  CENP-TW, CENP-TWSX  DNA
19
DNA DNA
CENP-SX
DNA 43
DNA CENP-SX
CENP-TW CENP-SX  DNA
DNA  FITC
31
57nM, CENP-SX  121nM
DNA
40nM-80nM

DNA  CENP-TW

CNEP-TW, CENP-SX
DNA

CENP-TW, CENP-TWSX  DNA
DNA

(3) CENP-SX

CENP-SX
49bp DNA
X
6

CNEP-SX
CENP-SX
DNA

DNA
CENP-SX
DNA
CENP-SX

FANCM

CENP-SX
CENP-SX
FANCM

FANCM-CENP-SX
FANCM-CENP-SX

CENP-SX
FANCM-CENP-SX

FANCM CENP-SX

31

Fukagawa T. Critical histone
post-translational modifications for
centromere function and propagation.
Cell Cycle. 2017 Jun 9:0.
doi:10.1080/15384101.2017.1325044.
Nishimura K, Fukagawa T. An efficient
method to generate conditional
knockout cell lines for essential
genes by combination of
auxin-inducible degron tag and
CRISPR/Cas9. Chromosome Res. 2017 Jun
6. doi: 10.1007/s10577-017-9559-7.
Vargiu G, Makarov AA, Allan J,
Fukagawa T, Booth DG, Earnshaw WC.
Stepwise unfolding supports a subunit
model for vertebrate kinetochores.
Proc Natl Acad Sci U S A. 2017 Mar
21;114(12)-3133-3138. doi:
10.1073/pnas.1614145114.

Hori T, Kagawa N, Toyoda A, Fujiyama
A, Misu S, Monma N, Makino F, lkeo K,
Fukagawa T. Constitutive
centromere-associated network
controls centromere drift in
vertebrate cells. J Cell Biol. 2017
Jan 2;216(1):101-113.
doi:10.1083/jcb.201605001.
Nishino T, Fukagawa T. Biochemical and
Structural Analysis of Kinetochore
Histone-Fold Complexes. Methods Mol
Biol. 2016:135-46.
doi:10.1007/978-1-4939-3542-0_9.
Shang WH, Hori T, Westhorpe FG, Godek
KM, Toyoda A, Misu S, Monma N, lkeo K,
Carroll CW, Takami Y, Fujiyama A,
Kimura H, Straight AF, Fukagawa T.
Acetylation of histone H4 lysine 5 and
12 1is required for CENP-A deposition
into centromeres. Nat Commun. 2016 Nov
4;7:13465. doi: 10.1038/ncomms13465.
Abe T, Kawasumi R, Arakawa H, Hori T,
Shirahige K, Losada A, Fukagawa T,
Branzei D. Chromatin determinants of




the inner-centromere rely on
replicationfactors with functions
that impart cohesion. Oncotarget.
2016 Oct 18;7(42):67934-67947. doi:
10.18632/oncotarget.11982.

Nagpal H, Fukagawa T. Kinetochore
assembly and function through the cell
cycle. Chromosoma. 2016
Sep;125(4):645-59. doi:
10.1007/s00412-016-0608-3.
Satrimafitrah P, Barman HK, Ahmad A,
Nishitoh H, Nakayama T, Fukagawa T,
Takami Y. RbAp48 is essential for
viability of vertebrate cells and
plays a role in chromosome stability.

Chromosome Res. 2016 May;24(2):161-73.

doi:10.1007/s10577-015-9510-8.
Kusakabe M, Oku H, Matsuda R, Hori T,
Muto A, lgarashi K, Fukagawa T, Harata
M. Genetic complementation analysis
showed distinct contributions of the
N-terminal tail of H2A.Z to epigenetic
regulations. Genes Cells. 2016
Feb;21(2):122-35. doi:
10.1111/gtc.12327.

Furuta M, Hori T, Fukagawa T.
Chromatin binding of RCC1 during
mitosis is important for its nuclear
localization in interphase. Mol Biol
Cell. 2016 Jan 15;27(2):371-81. doi:
10.1091/mbc.E15-07-0497.

Wood L, Booth DG, Vargiu G, Ohta S,
deLima Alves F, Samejima K, Fukagawa
T, Rappsilber J, Earnshaw WC.
Auxin/AID versus conventional
knockouts: distinguishing the roles
of CENP-T/W in mitotic kinetochore
assembly and stability. Open Biol.
2016 Jan;6(1):150230. doi:
10.1098/rsob.150230.

Samejima I, Spanos C, Alves Fde L, Hori
T, Perpelescu M, Zou J, Rappsilber J,
Fukagawa T, Earnshaw WC.
Whole-proteome genetic analysis of
dependencies in assembly of a
vertebrate kinetochore. J Cell Biol.
2015 Dec 21;211(6):1141-56. doi:
10.1083/jcb.201508072.

Amakawa Y, Sakata Y, Hoki Y, Arata S,
Shioda S, Fukagawa T, Sasaki H, Sado
T. A new Xist allele driven by a
constitutively active promoter is
dominated by Xist locus environment
and exhibits the parent-of-origin
effects. Development. 2015 Dec
15;142(24):4299-308. doi:
10.1242/dev.128819.

Nagpal H, Hori T, Furukawa A, Sugase
K, Osakabe A, Kurumizaka H, Fukagawa
T. Dynamic changes in CCAN

21

22

23

24

organization through CENP-C during
cell-cycle progression. Mol Biol Cell.
2015 Nov 1;26(21):3768-76.
doi:10.1091/mbhc.E15-07-0531.
Perpelescu M, Hori T, Toyoda A, Misu
S, Monma N, lkeo K, Obuse C, Fujiyama
A, Fukagawa T. HJURP is involved in the
expansion of centromeric chromatin.
Mol Biol Cell. 2015 Aug
1;26(15):2742-54. doi:
10.1091/mbc.E15-02-0094.

Fukagawa T. Cell Division: A New Role
for the Kinetochore in Central Spindle
Assembly. Curr Biol. 2015 Jun
29;25(13):R554-7. doi:

10.1016/j .cub.2015.05.016.

Ohta S, Wood L, Toramoto I, Yagyu K,
Fukagawa T, Earnshaw WC. CENP-32 is
required to maintain centrosomal
dominance in bipolar spindle assembly.
Mol Biol Cell. 2015 Apr
1;26(7):1225-37. doi:
10.1091/mbc.E14-09-1366.

Takeuchi K, Nishino T, Mayanagi K,
Horikoshi N, Osakabe A, Tachiwana H,
Hori T, Kurumizaka H, Fukagawa T. The
centromeric nucleosome-like
CENP-T-W-S-X complex induces positive
supercoils into DNA. Nucleic Acids Res.
2014 Feb;42(3):1644-55. doi:
10.1093/nar/gkt1124.

Arimura Y, Shirayama K, Horikoshi N,
Fujita R, Taguchi H, Kagawa W,
Fukagawa T, Almouzni G, Kurumizaka H.
Crystal structure and stable property
of the cancer-associated heterotypic
nucleosome containing CENP-A and H3.3.
Sci Rep.2014 Nov 19;4:7115. doi:
10.1038/srep07115.

Fukagawa T, Earnshaw WC.
Neocentromeres. Curr Biol. 2014 Oct
6;24(19):R946-7.doi :

10.1016/j .cub.2014.08.032.

Fukagawa T, Earnshaw WC. The
centromere: chromatin foundation for
the kinetochore machinery. Dev Cell.
2014 Sep 8;30(5):496-508.
doi:10.1016/]j -devcel .2014.08.016.
Kagawa N, Hori T, Hoki Y, Hosoya O,
Tsutsui K, Saga Y, Sado T, Fukagawa T.
The CENP-0 complex requirement varies
among different cell types.
Chromosome Res.2014
Sep;22(3):293-303. doi:
10.1007/s10577-014-9404-1.
Nishibuchi 1, Suzuki H, Kinomura A,
Sun J, Liu NA, Horikoshi Y, Shima
H,Kusakabe M, Harata M, Fukagawa T,
Ikura T, Ishida T, Nagata Y, Tashiro
S_Reorganization of damaged chromatin



25

26

27

28

29

30

31

by the exchange of histone variant
H2A.Z-2.Int J Radiat Oncol Biol Phys.
2014 Jul 15;89(4):736-44.
doi:10.1016/j.ijrobp.2014.03.031.
Hori T, Shang WH, Toyoda A, Misu S,
Monma N, Ikeo K, Molina O, Vargiu G,
Fujiyama A, Kimura H, Earnshaw WC,
Fukagawa T. Histone H4 Lys 20
monomethylation of the CENP-A
nucleosome is essential for
kinetochore assembly. Dev Cell. 2014
Jun 23;29(6):740-9. doi:
10.1016/j .devcel .2014.05.001.

Fox D 3rd, Yan Z, Ling C, Zhao Y, Lee
DY, Fukagawa T, Yang W, Wang W. The
histone-fold complex MHF is remodeled
by FANCM to recognize branched DNA and
protect genome stability. Cell Res.
2014 May;24(5):560-75.
doi:10.1038/cr.2014.42.

Ishiguro K, Kim J, Shibuya H, Hern
ndez-Hern ndez A, Suzuki A, Fukagawa
T, Shioi G, Kiyonari H, Li XC,
Schimenti J, HC, Watanabe Y.
Meiosis-specific cohesin mediates
homolog recognition in mouse
spermatocytes. Genes Dev. 2014 Mar
15;28(6):594-607. doi:
10.1101/gad.237313.113.

Fukagawa T. Speciation mediated by
centromeres. Dev Cell. 2013 Nov
25;27(4):367-8. doi:
10.1016/j .devcel .2013.11.005.
Kikuchi K, Narita T, Pham VT, lijima
J, Hirota K, Keka IS, Mohiuddin,
OkawaK, Hori T, Fukagawa T, Essers J,
Kanaar R, Whitby MC, Sugasawa K,
Taniguchi Y, Kitagawa K, Takeda S.
Structure-specific endonucleases xpf
and mus81 playoverlapping but
essential roles in DNA repair by
homologous recombination. CancerRes.
2013 Jul 15;73(14):4362-71. doi:
10.1158/0008-5472_.CAN-12-3154.

Sun M, Nishino T, Marko JF. The
SMC1-SMC3 cohesin heterodimer
structures DNA through
supercoiling-dependent loop
formation. Nucleic Acids Res. 2013
Jul;41(12):6149-60. doi:
10.1093/nar/gkt303.

Nishino T, Rago F, Hori T, Tomii K,
Cheeseman IM, Fukagawa T. CENP-T
provides a structural platform for
outer kinetochore assembly. EMBO J.
2013 Feb 6;32(3):424-36. doi:
10.1038/emboj .2012.348.

22

Chaetomium thermophilum

Separase
2016
2017 3
FANCM-CNEP-SX X 2016
2017 3
HP1 2016
2017 3
HP1
2016
2017 3
5 2017 3
FANCM
5
2017 3
Separase 5
2017 3
-DNA
5
2017 3
4 2016 3
4
2016 1
2015 7
2015 8
87
2014 10

Tatsuya Nishino * Crosstalk between
eukaryotic chromosome segregation and

DNA repair’ Gordon Research
Conference, 2014 7
4
2014
" Crosstalk
between eukaryotic chromosome
segregation and DNA repair
2014 5
CENP-TWSX  CENP-SX+



FANC-M:MD 1DP
2014 2
‘* Connecting chromosome and
microtubules: structure and function
of vertebrate kinetochore complex’

HIGO 2014 1
WS 2013 11
2013 11
21
2013 10
22
2013 9
0
o 0
o 0

http://nishinotatsuya.wixsite.com/toppa

ge

o
NISHINO, Tatsuya
50533155

@

®

FUKAGAWA, Tatsuo

60321600

*



