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Study on the regulatory mecanism of synaptic plasticity by calcium / Rho signal
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We performed phosphoproteomics to identify CaMKIl substrates and found that
CaMKI1 phosphorylated ARHGEFZ (RhoGEFg and stimulated its RhoGEF activity downstream of NMDAR.
Glutamate induced CaMKIl-mediated ARHGEF2 phosphorylation and Rho-kinase/ROCK activation in the
striatum/nucleus accumbens (NAc). Inhibition of Rho-kinase in dopamine D2 receptor (D2R)-expressing
medium spiny neurons (MSNs) in the NAc attenuated aversive learning. We also found that Rho-kinase
phosphorylated SHANK3 and increased its interaction with NMDAR and AMPA receptors via DLGAP3.
Manipulation of SHANK3 in D2R-MSNs regulated aversive learning in a phosphorylation-dependent
manner. These results demonstrated that NMDA-induced phosphorylation of SHANK3 via the
CaMKI1-Rho-kinase pathway regulates aversive learning.

Rho CaMK Rho-Kinase



1 AMPA

NMDA ca* CaMK
PKC Rho G
Rho-Kinase  PAK
« )
1 ( CaMK Rho-Kinase)
2)
3)CaMK Rho-Kinase
GST PGEX-14-3-3 pGEX-Check2-FHA pGEX-Pinl-WW pGEX-ARHGEF2(84-
130 aa) pPGEX-ARHGAP21(740-922 aa) pGEX-ARHGAP39(339-489 aa) pGEX-SHANK3-SH3-PDZ(461-
812 aa) (BL21 ) LB ( ) 37
0D600  0.5-0.8 IPTG( 0.1 mm) 25 4
(35,000 rpm 4 1 )
GST 4B
(C57BL/6J 7 )
350 pm
30 30 (40 mM KCI)
(100 pM NMDA) 15
Rho-kinase (20 uM Y27632) 60 (350 nM Calyculin-
A) 60
GST-14-3-3 GST-Check2-FHA GST-Pinl-WW
4B
3
Speedvac M
/Lys-C 37
Titansphere Phos-Ti0O tip SPE c-tip
Orbitrap Fusion
in vitro GST-ARHGEF2 GST-ARHGAP21 GST-ARHGAP39  CaMK GST-
SHANK3-SH3-PDZ  Rho-Kinase-CAT [y -32P]ATP 30 30
GST-RhoA-G17A Pull down GST-RhoA-G17A 4B
C0s7 HA-ARHGEF2  GFP-CaMK (
)
3 1XSDS 99 10
(AAV) Cre Flex
AAV-Cre-Flex Rho-Kinase

(Rho-Kinase-DN) ~ SHANK3 (SHANK3-DN)  Adora2a-



Cre D2R-MSN
( )
a
@ )
O.7mA 3 )
(€] ) 1 300
@
C a2+
(KCI)  NMDA (NMDA)
CaMK NMDA NR2B AMPA GIuR1
CaMK
KClI ~ NMDA
KCI ~ NMDA NR2B  S1303
GIuR1 S831 CaMK T286
14-3-3
Check2  FHA Pinl ww
KCl ~ NMDA
/Lys-C
KCI 390
124 14-3-3 67 FHA
105 Ww NMDA
395 98 14-3-3
60 FHA 151 Ww
Rho
G
Rho-kinase
(Calyculin-A) Rho-kinase
(Y27632) Rho-kinase  MYPT1
Calyculin-A MYPT1  T850
Y27632
14-3-3
Rho-kinase 221
(SHANK3 DLG2 DLG4 DLGAP2
DLGAP3  SYNGAP )
@
Rho
G (GEF  GAP) in vitro
CaMK ARHGEF2 ARHGAP21 ARHGAP39
(ARHGEF2 T103A
ARHGAP21 S875A ARHGAP39 S380A) CaMK ARHGEF2
T103 ARHGAP21  S875 ARHGAP39  S380
ARHGEF2 T103
ARHGAP21  S885 ARHGAP39  S390
KCI NMDA ARHGEF2  ARHGAP21
ARHGAP39 CaMK (KN-93)  NMDA
(MK-801) NMDA CaMKl11
ARHGEF2  ARHGAP21 ARHGAP39
ARHGEF2 RhoA
Cos7 HA-ARHGEF2  GFP-CaMK (
) RhoA (RhoA-G17A) Pull down
RhoA Rho-GEF
CaMK RhoA-G17A
ARHGEF2 CaMK ARHGEF2 GEF
NMDA Ca* CaMK
RhoA RhoA



Rho-Kinase

Shank3  Sh3-PDZ
(T551A/S694A/S781A)

SHANK3

SHANK3 ~ S551 S694

Rho-Kinase SHANK3
DLGAP3

T551A/S694A/S781A

DLGAP3
AMPA

DLGAP3 NMDA

®

SHANK3 (T551 S694 S781)
in vitro Rho-Kinase
(461-812 aa) SHANK3
SHANK3 7551 S694 S781
Calyculin-A SHANK3  S551 S694 S781
Y27632 KCI  NMDA
S781 Y27632
Rho-Kinase SHANK3
SHANK3
DLGAP3
T551D/5694D/S781D
Rho-Kinase SHANK3 NMDA
Rho-Kinase SHANK3
AMPA

O BRI TR S 41 % A a1 ORI B E - RN R LV — 7)) B E e el 2 RI- LTV D,

D1 D1R-

MSN D2 D2R-MSN) D1R-MSN
D2R-MSN D2R-MSN
Rho-kinase
D2R-MSN Rho-kinase cre Rho-kinase
(AAV-Flex-Rho-kinase-DN)
AAV-Flex-Rho-kinase-DN Adora2a-cre D2R-MSN
Rho-kinase Rho-kinase-DN
Rho-Kinase SHANK3
cre SHANK3  SH3-PDZ DN (AAV  Adora2a-
cre D2
D2R-MSN SHANK3
SHANK3  SH3-PDZ (DN )
SH3-PDZ
(T551A/S694A/S781A)
( )
CaMK ARHGEF2
ARHGAP21 ARHGAP39 Rho-kinase SHANK3
MYPYT1
RhoA g RhoA )
D2R-MSN NMDA Ca? o GrearE OOP
D2R-MSN ca?* DR- | + @
MSN CaMK 1 1—RhoA—Rho-kinase R“Li
SHANKS Rho-kinase e s
1. /Rho
¢ D




5 5 0 3

Funahashi Yasuhiro Watanabe Takashi Kaibuchi Kozo 63

Advances in defining signaling networks for the establishment of neuronal polarity 2020

Current Opinion in Cell Biology 76 87
DOl

10.1016/j .ceb.2019.12.009

Funahashi Yasuhiro Ariza Anthony Emi Ryosuke Xu Yifan Shan Wei Suzuki Ko Kozawa Sachi 29

Ahammad Rijwan Uddin Wu Mengya Takano Tetsuya Yura Yoshimitsu Kuroda Keisuke Nagai Taku

Amano Mutsuki Yamada Kiyofumi Kaibuchi Kozo

Phosphorylation of Npas4 by MAPK Regulates Reward-Related Gene Expression and Behaviors 2019

Cell Reports

3235 3252.e9

DOl
10.1016/j .celrep.2019.10.116

Nishino Tasuku Tamada Kota Maeda Akane Abe Takaya Kiyonari Hiroshi Funahashi Yasuhiro 12

Kaibuchi Kozo Takumi Toru Konishi Hiroaki

Behavioral analysis in mice deficient for GAREM2 (Grb2-associated regulator of Erk/MAPK 2019

subtype2) that is a subtype of highly expressing in the brain

Molecular Brain 94
DOl

10.1186/s13041-019-0512-x

Takano Tetsuya Funahashi Yasuhiro Kaibuchi Kozo 7

Neuronal Polarity: Positive and Negative Feedback Signals 2019

Frontiers in Cell and Developmental Biology 69

DOl
10.3389/fcell1.2019.00069




Ariza Anthony Funahashi Yasuhiro Kozawa Sachi Omar Faruk Md. Nagai Taku Amano Mutsuki -
Kaibuchi Kozo

Dynamic subcellular localization and transcription activity of the SRF cofactor MKL2 in the 2021
striatum are regulated by MAPK

Journal of Neurochemistry -

DOl
10.1111/jnc.15303

11 0 3

Rijwan Uddin Ahammad, Yasuhiro Funahashi, Emran Hossen, Md. Omar Faruk, Md Hasanuzzaman Shohag, Sachi Kozawa, Hiroki Kato,
Shinichi Nakamuta, Tomoki Nishioka, Daisuke Tsuboi, Mutsuki Amano, Kozo Kaibuchi

Phosphoproteomics of NMDA pathway leads to Rho-Kinase mediated synaptic plasticity through Shank3 phosphorylation.

71 19

2019

Yasuhiro Funahashi, Anthony Ariza, Ryosuke Emi, Yifan Xu, Shan Wei, Ko Suzuki, Sachi Kozawa, Tetsuya Takano, Yoshimitsu
Yura, Keisuke Kuroda, Taku Nagai, Mutsuki Amano, Kiyofumi Yamada, Kozo Kaibuchi

Phosphorylation of Npas4 by MAPK regulates reward-related gene expression and behaviors

Neuro2019 ( 42 62 )

2019

Mengya Wu, Yasuhiro Funahashi, Tetsuya Takano, Daisuke Tsuboi, Rijwan Uddin Ahammad, Mutsuki Amano, Kozo Kaibuchi

Discovery of a key missing signaling between RhoA/Rho-kinase and Ras during LTP

Neuro2019 ( 42 62 )

2019




Mengya Wu, Yasuhiro Funahashi, Tetsuya Takano, Daisuke Tsuboi, Rijwan Uddin Ahammad, Mutsuki Amano, Kozo Kaibuchi

Discovery of a key missing signaling between RhoA/Rho-kinase and Ras during LTP

2019 ISN-ASN meeting

2019

Anthony Ariza, Yasuhiro Funahashi, Kozo Kaibuchi

MAPK mediated phosphorylation of MKL2 regulates nuclear localization and transcriptional activity in striatal neurons

Neuroscience2019

2019

Yasuhiro Funahashi, Anthony Ariza, Ryosuke Emi, Yifan Xu, Shan Wei, Ko Suzuki, Sachi Kozawa, Rijwan Uddin Ahammad, Mengya
Wu, Tetsuya Takano, Yoshimitsu Yura, Keisuke Kuroda, Taku Nagai, Mutsuki Amano, Kiyofumi Yamada, Kozo Kaibuchi

Phosphorylation of Npas4 by MAPK regulates reward-related gene expression and behaviors

93

2019

Rijwan Uddin Ahammad, Yasuhiro Funahashi, Md. Omar Faruk, Emran Hossen, Kozo Kaibuchi

Phosphorylation of Shank3 by Rho-Kinase regulates surface translocation of NMDA and AMPA receptors in PSD

WCP2018 KYOTO

2018




Rijwan Uddin Ahammad, Yasuhiro Funahashi, Md. Omar Faruk, Emran Hossen, Kozo Kaibuchi

Phosphorylation of Shank3 by Rho-Kinase regulates surface translocation of NMDA and AMPA receptors in PSD

70

2018

Rijwan Uddin Ahammad, Yasuhiro Funahashi, Xinjian Zhang, Emran Hossen, Md. Omar Faruk, Md Hasanuzzaman Shohag, Yifan Xu,
Wang Huanhuan, Shinichi Nakamuta, Keisuke Kuroda, Daisuke Tsuboi, Tomoki Nishioka, Mutsuki Amano, Kozo Kaibuchi

Phosphoproteomics of NMDA pathway leads to Rho-Kinase mediated synaptic plasticity through Shank3 phosphorylation.

43

2020

Yasuhiro Funahashi, Anthony Ariza, Ryosuke Emi, Yifan Xu, Shan Wei, Ko Suzuki, Sachi Kozawa, Rijwan Uddin Ahammad, Mengya
Wu, Tetsuya Takano, Yoshimitsu Yura, Keisuke Kuroda, Taku Nagai, Mutsuki Amano, Kiyofumi Yamada, Kozo Kaibuchi

Phosphorylation of Npas4 by MAPK regulates reward-related gene expression and behaviors

43

2020

Yifan Xu, Yasuhiro Funahashi, Taku Nagai, Kozo Kaibuchi

Inhibition of PKA impacts brain reward system

43

2020




http://www.fujita-hu.ac.jp/1CMS/research_category/res06-22054/index.html

(Kaibuchi Kozo)

(00169377) (33916)

(Amano Mutsuki)

(90304170) (13901)

(Kuroda Keisuke)

(80631431) (13901)

(Nishioka Tomoki)

(70435105) (13901)

(Tsuboi Daisuke)

(80584672) (33916)




(Zhang Xinjian)

(10850430)

(33916)




