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Equal partition of genetic material (chromosomes) lies at the heart of cell
reproduction. The kinetochore is a large proteinaceous structure formed on the chromosome. The
microtubule is a major component of division apparatus. For each pair of chromosomes to segregate
equally, the microtubule captures and pulls the Kkinetochore towards each pole. The aim of this
program was the in vitro reconstitution of the interface that recapitulates the
kinetochore-microtubule interaction. Using fission yeast, we first showed that Ndc80 (a core
kinetochore component) and Disl (a microtubule polymerase) genetically interact. The following in
vitro study indicated that these two proteins do not interact directly; instead, the third
component, the third protein Mal3/EBl is necessary for Ndc80 to interact with Disl. These result
have suggested that three factors, namely Ndc80, Disl and Mal3, comprise the minimal requirement for

the in vitro reconstruction of the kinetochore-microtubule interface.

in vitro



in vitro

Ndc80
Alp7, Alpl14, Disl
in vitro -
g
: Ndc80 S
» complex 8
ceerpetstiil ﬁﬁ‘iﬁﬁ Kinetochor. Microtubule ¥
e
g i‘,ﬁi{-‘& Microtubule Disl
Centrosome/ SPB
Kinetochore Microtubule
Centrosome/SPB
Ndc80 Disl -
in vitro -
Ndc80, Alpl7, Alp7, Disl
in vitro (Total Internal
Reflection Fluorescence Microscopy TIRF) XA b a7 PUNE
(1) GFP Ndc80 Disl, Alp7, Alp14
(2) Disl, Alp7, Alp14
(3) GFP-Ndc80 +Disl GFP-Ndc80 +Alp7+Alpl4 GFP
TIRF
(4) Ndc80 (GFP )
kD2 [ -IPTGNdCBO/NuQi»IPTG
z0- e = D
150 150 Ndc80 complex =
100 /*l? ”‘.‘.
100 | Disi-HA 6His-Z-TEV-Ndc80 | 4 5 :gg{{:ﬁfifiﬁﬁ?‘?’. — -
75 - SN e en e e,
Z-TEV-Nui2 | TSI TITIEITITITITTUTEOSTOEReeeesS .?'_‘ Sy
il -r .
37 37

Disl ( ) Ndc80 (=Nuf2)( ) in vitro



invitro

invitro
Ndc80
Hsu and Toda, 2014
Matsuo et al ., 2016 Disl
Ndc80 Disl Matsuo
et al., 2017 Ndc80-Disl-
negative
Disl Mal3/EB1 Matsuo et al .,
2016 Dis1, Mal3, Ndc80 Ndc80
Ndc80
Mal3/EB1
Ndc80 complex+Cy5-tubulin
On its own +Dis1 +Dis1+Mal3 Ndcso Disl
Mal3
Ndc80
in vitro
(Total Internal
Reflection
Fluorescence
c Microscopy TIRF)
E
10 um
Ndc80 complex
Disl1-Mal3
Disl
Ndc80
M
Disl
Ndc80
Disl

Hsu, K.S., and Toda, T. (2011). Ndc80 internal loop interacts with Dis1l/TOG to ensure
proper kinetochore-spindle attachment in fission yeast. Curr Biol 21, 214-220.
Matsuo, Y., Maurer, S.P., Surrey, T., and Toda, T. (2017). Purification and
characterisation of the fission yeast Ndc80 complex. Protein expression and purification
135, 61-69.

Matsuo, Y., Maurer, S.P., Yukawa, M., Zakian, S., Singleton, M.R., Surrey, T., and Toda,
T. (2016). An unconventional interaction between Dis1/TOG and Mal3/EB1 in fission yeast
promotes the fidelity of chromosome segregation. J Cell Sci 129, 4592-4606.



10
Yukawa, M., Yamada, Y., and Toda, T. (2019). Suppressor analysis uncovers that MAPs and
microtubule dynamics balance with the Cut7/Kinesin-5 motor for mitotic spindle assembly
in Schizosaccharomyces pombe. G3 (Bethesda) 9, 269-280.
Yukawa, M., Kawakami, T., Okazaki, M., Kume, K., Tang, N.H., and Toda, T. (2017). A
microtubule polymerase cooperates with the kinesin-6 motor and a microtubule cross-linker
to promote bipolar spindle assembly in the absence of kinesin-5 and kinesin-14 in fission
yeast. Mol Biol Cell 28, 3647-3659.
Matsuo, Y., Maurer, S.P., Surrey, T., and Toda, T. (2017). Purification and
characterisation of the fission yeast Ndc80 complex. Protein expression and purification
135, 61-69.
Matsuo, Y., Maurer, S.P., Yukawa, M., Zakian, S., Singleton, M.R., Surrey, T., and Toda,
T. (2016). An unconventional interaction between Dis1/TOG and Mal3/EB1 in fission yeast
promotes the fidelity of chromosome segregation. J Cell Sci 129, 4592-4606.

37
Ahmed Shakil ,
51 ,
9 2018.

- . 22
’ 9 2018.
Toda T., Okazaki M., Yamauchi T., Yamada Y., Kawakami T., Teratani Y., Oishi M., Yukawa
M.
Exploring the molecular pathways leading to bipolar spindle formation. Joint Annual
Meeting of 51st JSDB and 70th JSCB 70 51 )
Tokyo, Japan, June, 2018.

83 s ,
2017.

- . 34

, 7 2017.
Corinne Pinder and Takashi Toda
Exploring the Mitotic Roles of Kinesin-8 in Fission Yeast. Pombe2017:9th International
Fission Yeast Meeting, Banff, May, 2017.
Masashi Yukawa and Takashi Toda
Exploring the molecular mechanism of mitotic spindle assembly and chromosome segregation.
14" International Commission on Yeasts, -9 , 2016

0



http://mccb._hiroshima-u.ac.jp/
http://hiha_hiroshima-u.ac.jp/

€y

Masashi Yukawa

8 50403605

@

Yuzy Matsuo



