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Studying molecular mechanisms of centromeric localization of Shugoshin
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Shugoshin family proteins are involved in various aspects of chromatin
regulations, such as chromosome segregation, chromatin structure, and gene expression. In growing
yeast and mammalian cells, C-terminal phosphorylation of histone H2A by Bubl kinase is essential for

the localization of Shugoshin proteins to chromatin. In this study, | have revealed two new insight
about chromatin localization of Shugoshin. First, | showed that malonylation of histone H2A at
lysine 119 inhibits Bubl-dependent H2A phosphorylation and chromosomal localization ofshugoshin
proteins. Second, I found Bubl kinase- and H2A phosphorylation-independent regulation of Shugoshin
proteins under glucose-restricted conditions.



DNA CHD) 2
o)
2
(Shugoshin) 2004
@
PP2A
) AuroraB
Sgol  Sgo2 Sgol
(¢)) Sgo2  (2) Sgo2
DNA
2010 Bubl H2A
Bubl H2A
(Kawashima et al. Science (2010))
H2A
H2A Sgo2
Sgo2
Sgo2
Sgo2
Bubl H2A
Bubl H2A  C 121
120
119 (K119)
Bubl H2A
Bubl H2A Sgo2
K119
H2A C 119
invitro
Bubl H2A H2A
Sgo2 C GFP Sgo2
bub1 H2A 121
h2A-S121A Sgo2

(Ch1P)



Sgo?2 Sgo2

Sgo2 Bubl H2A
K119
K119D (K119E)
K119R
Sgol
Sgol  Sgo2 K119D K119E
K119KR
H2A K119

@gﬁ metaphase cell \
§121A K119D KI19E Ki19R

sgo2
. tubulin
. DAPI

ol 1111

metaphase | zygote
WT S121A KI19D Ki119E K119R tubulin - . - . ‘
tubulin

negative [] 5pm
Sgo{-ﬂag-GFP[stiﬁve -

p<0.01

| £<0,0001

8 (%) & 140
o2 60 100 =120
$ = 80 o 2100
g2 ¥ 60 BE ® R
83 g @O g
wm = 40 & N
3 . P i i
20
. :%’ o
WT  S121A K119D K119E K119R WT  S121A K119D K119E K119H

(

0
\ WT S121A KI119D K119E KITQFI

E1 : H2A-KIOZEREZKICEIT 3 a Ty OREEKRE

H2A C 119
in vitro Bubl SpBubl1C
H2A K119 H2A
K119 H2A
K119 Bubl H2A

N-terminus
extensiun

SpBub1l 1 EEEE -m‘I 044
631 Iwhoim

o o
11

HNT T 0H

L,

A Lys The-Sor AAS M’*Lw—ms-!:mﬁ; | '
unmodified 3 20000 counts
NG S [ LATP
+SpBub1C =gl
; +ATP 2
St
EL
TCA prg€ipitation 9 o L
we sup. cfllection o §
o o E [ +ATP 120000 counts
orom r"-r:'- [ +Bub1C
VAV Ly TheSer AAS W tlye ThrSer, AAN 5 + 10

detection of phospho-peptide by LC-MS/MS retention time / min

E2 : KN9o<RA=L{tiZBublic L H2AD U »E{LEMEIT 3

H2A Bubl Bubl
K119 H2A K119 H2A
Bubl 929
E929 Bubl H2A
Bubl E929 H2A K119
H2A 121 K119 Bubl

H2A H2A




K119 S8 & h T AL B

3 1 K119%4} L7=Bublic &L 2H2AY) Y B{t@EoTT L

Bubl H2A
Sgo2 C
GFP Sgo2
bub1
Sgo2-GFP ob 1.5 bubl
Sgo2-GFP
Sgo2-GFP
WT bub14
Oh 3h 6h Sh 14h Oh 3h 6h 9h 14h
- RS B R
Sgo2

Cnp3
~tdTomato

E4 :Sgo2idartERIc B LW TBub1d B THREEKT S

(ChIP) Bubl
Sgo2

bubl h2a-S121A

bubl h2a-S121A Sgo2

Sgo2 Bubl H2A

Sgo2 Sgo2
Set2 Sgo2 N
H2A Sgo2

Distanca from the end (tslmers) of chromasama Il ight arm (kb)

16 ChiP: Sgo2-3FLAG (log. phase) ChIP: Sgo2-3FLAG (stationary phass)
. 4

12 [ | WT s [ wWT
s W bubta 7 W bublA
£ h2a-S121A £
o 08 a 2 h2a-S121A

o b L b i i .

subtel ostel-1 oswi-2 such-1 dg dh

subtel ostel ostel2 euch-1 dg  dh
cantromers centiomers

E 5 : Sgo2#&E&F[EDChIPRER




Sgo2 Bubl H2A
0
0.08% “ 0.08%
2%
Sgo2-GFP bt bubl Sgo2-GFP
Bubl H2A 2002

SRR

2% Glucose log. phase J—
{precuiture) {OD=-03 — ¥ fixation
0.08% Gilucoss
~15 hia
2% Glucoss 0.08% Glucoss

WT  bubid WT  bubid

Merged

£

Sgo2

-GFP

Cnp3

<tdTomato

. -

DAPI WT  bubid WT  bubid

2% Glucoss 0.08% Glucose

6 : B Na— R FicH T 2BublFEKEN L Sgo20 L& kBE

5
1. Kobayashi Y, Kawashima SA. Bubl kinase- and H2A phosphorylation-independent
regulation of Shugoshin proteins under glucose-restricted conditions. Scientific Reports,
9:2826 (2019). DOI: 10.1038/s41598-019-39479-6

2. Chen Z, Suzuki H, Kobayashi Y, Wang AC, DiMaio F, Kawashima SA, Walz T, & Kapoor TM.
Structural Insights into Mdnl, an Essential AAA Protein Required for Ribosome Biogenesis.
Cell, 175, 822-834 (2018). DOI: 10.1016/j.cell.2018.09.015

3. Ishiguro T, Tanabe K, Kobayashi Y, Mizumoto S, Kanai M, Kawashima SA. Malonylation
of histone H2A at lysine 119 inhibits Bubl-dependent H2A phosphorylation and chromosomal
localization of shugoshin proteins. Scientific Reports, 8:7671 (2018). DOI:
10.1038/s41598-018-26114-2

4. Kawashima SA, Chen Z, Aoi Y, Patgiri A, Kobayashi Y, Nurse P, Kapoor TM*. Potent,
Reversible, and Specific Chemical Inhibitors of Eukaryotic Ribosome Biogenesis. Cell,
167(2):512-524 (2016). DOI: 10.1016/j.cell.2016.08.070

5. Aoi Y, Kawashima SA, Simanis V, Yamamoto M, Sato M. Optimization of the
analogue-sensitive Cdc2/Cdkl mutant by in vivo selection eliminates physiological
limitations to its use in cell cycle analysis. Open Biology, 4(7) (2014). DOI:
10.1098/rsob.140063

6
1. Bubl H2A
36 17 2019
2. Bubl H2A
51 2018
3. H2A 119
Bubl H2A

12 2018



4. Bubl H2A

2017 2017
5. Zhen Chen Tarun M. Kapoor
12 2017
6. Zhen Chen Paul Nurse Tarun M. Kapoor
AAA+ 39
2016
0
o 0
o 0

¢y
@



