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Elucidation of the pathogenic mechanism of neurodegenerative diseases related to
abnormal regulation of 1somerization of proline
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It has become clear that dysfunction of the LC domain is associated with
neurodegenerative diseases such as amyotrophic lateral sclerosis (ALS), and many gene mutations in
the LC domain occur in proline. Therefore, when the polymerization was evaluated by the hydrogel
binding assay under various conditions, it was shown that the polymerization was controlled.

There is also a repetitive sequence of C9orf72, the most common genetic abnormality in familial ALS.
Therefore, when the effect on phase separation control was evaluated, polymerization was promoted.
This indicates that ALS-related genetic abnormalities cause dysregulation of the LC domain.

ALS LC PR PPlase



MSP
ALS

MSP

organelle

cross-p3

low-complexity LC

ALS

RNA
membrane-less
LC

«(nH -

liquid-liquid phase separation ( 2)

Lin, Mori et al. Cell 2016

MSP/ALS
PNAS 2017 LC
LC
LC
LC
isomerase PPlase LC

hnRNPA2 LC

1 cross-f

hnRNPA2 LC

LC
Shi, Mori et al.

2 -

cis/trans peptidyl-prolyl cis/trans

Xiang et al. Cell 2015 -
[Yoshizawa et al.2018 Cell;

Qamar et al. 2018 Cell] PPlase LC
LC ALS
LC
PPlase
hnRNPA2
LC s
cross-f LCaU I8V E 1 &k ALS
R \
NMR

Science 2014;
Nature 2016

PPlase
hnRNPA2
LC

ALS

""‘ IIIIH
U/"l} D ey = A

Ah=Zh: \| HoLe gEE [ ALSO
SrRAY swwff- BET3 |
hnRNPA2 /| vxnmy /0 28R | ADZAL

3 hnRNPA2




ALS

ALS LC
PPlase Pre-formed
mCherry-FUS gel
ALS
Confocal
LC plane
Hydrogel binding assay 4 hydrogel binding assay
« 9
NMR
NMR LC
LLPS NMR PPlase
LC
NMR
Science 2014; Nature 2016
92 179 218 296 319 341
His-GFP/ Ch tag hnRNPAZ  LC = | = E T I:I
¢ 9 -
IPTG NLS
Ni-NTA LC-domain
181 41
hydrogel binding assay - % m I
5 hnRNPA2

Xiang et al. Cell 2015
PPlase MSP/ALS
hnRNPA2  LC

PPlase

hnRNPA2  hydrogel binding assay
PPlase

hnRNPA2  LC
¢ ©

mCh-hnRNPA2-LC

6 hnRNPA2

GFP GFP-hnRNPA2-LC

PPlase

PPlase
hydrogel binding assay

GFP

GFP-hnRNPA2-LC

Kapp 2 [Yoshizawa et

al.2018 Cell; Qamar et GFP
al. 2018 Cell]
Kapp 2 mCh-hnRNPA2-LC
hnRNPA2
LC
(G

01 03 1 3 10

7 hnRNPA2

Kapf2 (uM)

KappB 2




FUS His-GFP/ Ch tag

LC
( 8 hydrogel binding assay
Kapp 2 FUS LC
« 9
GFP GFP-FUS-LC:NLS _
1 163 214 285 37 421 453 501 S26 GFP
QGSY-rich RGG  RRM ZnF
LC-domain mCh-FUS-LC
1 214
GFP LC-domain .
Kapp2
8 FUS 9 FUS Kapp 2
ALS
C9orf72 1 GGGGCC
(PRn)
PRn
hydrogel binding assay
PRn KapB 2 _ GFP GFP-hnRNPA2-LC
Le GFP
10
ALS
LC
mCh-hnRNPA2-LC
PRn Kapp 2 - Kapp2
MR PRn
PRn  Kapp 2 10
Kapp 2 PRn
LC ALS

(BioRxiv 2019 doi: https://doi.org/10.1101/812099)




5 3 2 3

Ito Soichiro S., Nakagawa Yosuke, Matsubayashi Masaya, Sakaguchi Yoshihiko M., Kobashigawa 295
Shinko, Matsui Takeshi K., Nanaura Hitoki, Nakanishi Mari, Kitayoshi Fumika, Kikuchi Sotaro,

Kajihara Atsuhisa, Tamaki Shigehiro, Sugie Kazuma, Kashino Genro, Takahashi Akihisa, Hasegawa
Masatoshi, Mori Eiichiro, Kirita Tadaaki

Inhibition of the ATR kinase enhances 5-FU sensitivity independently of nonhomologous end- 2020

joining and homologous recombination repair pathways

Journal of Biological Chemistry

12946 12961

DOl
10.1074/jbc.RA120.013726

Eura Nobuyuki, Matsui Takeshi K., Luginbhl Joachim, Matsubayashi Masaya, Nanaura Hitoki, Shiota 14

Tomo, Kinugawa Kaoru, lguchi Naohiko, Kiriyama Takao, Zheng Canbin, Kouno Tsukasa, Lan Yan Jun,

Kongpracha Pornparn, Wiriyasermkul Pattama, Sakaguchi Yoshihiko M., Jong Miyong, Kobashigawa

Shinko, Nakanishi Mari et. al.

Brainstem organoids from human pluripotent stem cells 2020

Frontiers in Neuroscience 1 14
DOl

10.3389/fnins.2020.00538

Matsubayashi Masaya, Sakaguchi Yoshihiko M., Sahara Yoshiki, Nanaura Hitoki, Kikuchi Sotaro, 35

Asghari Arvand, Bui Linh, Kobashigawa Shinko, Nakanishi Mari et. al.

27-Hydroxycholesterol regulates human SLC22A12 gene expression through estrogen receptor action 2020

Federation of American Societies for Experimental Biology journal 1 15
DOl

10.1096/fj .202002077R

Nanaura Hitoki, Kawamukai Honoka, Fujiwara Ayano, Uehara Takeru, Nakanishi Mari et. al. preprint

Toxic PR poly-dipeptides encoded by the C9orf72 repeat expansion target Kapf 2 and dysregulate 2019

phase separation of low-complexity domains

bioRxiv 1 15
DOl

10.1101/812099




Shiota Tomo, Nagata Riko, Kikuchi Sotaro, Nanaura Hitoki, Matsubayashi Masaya, Nakanishi Mari, preprint
Kobashigawa Shinko, Nagayama Kazuaki, Sugie Kazuma, Yamashiro Yoshito, Mori Eiichiro

C9orf72- derived proline:arginine poly-dipeptides disturb cytoskeletal architecture 2020

bioRxiv 1 18

DOl
10.1101/2020.10.14.338566




