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CaMK11 GIuN2B

To maintain local protein phosphorylation, we found that CaMKIl induces
liquid-liquid phase separation (LLPS) with the glutamate receptor GIUN2B subunit to achieve spatial
separation of phosphorylation and molecular activities of the cofilin protein by a mechanism that
includes cofilin kinase LIMK1 but excludes phosphatase, slingshot. During long-term potentiation
(LTP), we found that the gradient of molecular activity of the cofilin protein is achieved by an
LLPS mechanism that incorporates kinases but excludes phosphatases in neurons. This mechanism may be

one of the molecular mechanisms that persists synaptic structural plasticity.

CaMKl1



LTP LTP
LTP
(NMDAR) Ca*
Il CavKll
AMPA (AMPAR)
LTP
- LLPS
LLPS
LLPS
CaMKIl Ca*
CaMK11 PSD  20-30%
PSD
PSD  LLPS
PSD
PSD CaMK11
CaMK11
LLPS
CaMK11
CaMKI1 Rac
Neuron, 2019
CaMKI1 Tiaml Ca*

activation within a kinase-effector complex)

NMDA
Ca?/
LTP

LTP
Ca?

LLPS
RNA

(postsynaptic density: PSD)

LTP

CaMKlII
CavKl11

Neuron, 2014
CaMK11
LLPS Ca*

LLPS

Tiaml Ca*/
Tiaml  CaMKlII

Tiaml
RAKEC (reciprocal
CaMK11



LTP

LLPS RAKEC
LTP
LTP
LTP
AMPAR
CaMKlI1 LLPS
LLPS  RAKEC
CaMKl1 Ca?
CaMKlI1
CaMKlI1
CaMKlIl1 LLPS
AMPAR
CaMKIl LLPS
CaMK11 Ca*
RAKEC LLPS
Tiaml PAK
LIMK1 CaMKI1 LLPS Tiaml-Rac-PAK-LIMK1
PAK  LIMKII CaMKI1
FRET
PAK LIMK1 CaMKII ca*
ca* EGTA Rac SSH1L (Soosairajah et
al. 2005) LLPS LIMK1
CaMKI1
RNA
CaMKlIl1 LLPS
CaMKll LLPS

CavMkIl  LLPS 2 AMPAR  NMDAR



AMPAR

100 nm AMPAR
AMPAR
AMPAR LLPS
AMPAR  NMDAR
CaMKl11 AMPAR
AMPAR NMDAR integrating exchangeable

single-molecule localization (IRIS)(Kiuchi et al. 2015) 5

synapto-pHluorin

Miesenbock et al. 1998 AMPAR
AMPAR
GluSnFR (Helassa et al. 2018) GluSnFR AVMPAR
Mikuni AMPAR GluSnFR
Mikuni et al. 2016
3. CaMKlIl
CaMKIl  LLPS
CavMK11(PA-CaMKIT) Phototropin
Lov2 CaMKl
PA-CaMKI1 LLPS
LLPS TEV protease
ENLYFQGS CaMKl1 TEV
LLPS TEV TEV
FKBP/FRB Wehr et al. 2006

CRY/CIB Taslimi et al. 2016

PhoCL(Zhang et al. 2017)
LLPS

4-1 VT T ATIHEARASEEC L o T 7 & X7 B O 5
CaMKI1 Pak1l LIMK1
CaMKIl  Pakl, LIMK1
GIuN2B
LIMK1 TIAML
Pakl  LIMK1



CaMKll  Pakl Pakl GIuN2B  CaMKI1

Pakl Pak-
interacting eXchange factor (PIX) GIT1 SHANK
CaMKIl  GIuN2B CaMK11
LIMK1
slingshot (SSH1)
LIMK1
SSH1

5 12O B & D

4—  CaMKIl 23> < BIE—RARSy B X 2 i
P T AT OWREARTEED AR Ak
DRI L > THHFEEN TN D, —FH T, ¥ F 7 RN L 2 ekIE B K 770 72 -t

CaMK11 CaMKIl  {E—IRARTEECBI L Cld, Ao he
CaMK11
CaMKT1
K42R  D135N
TE IRV OWRRAR S BE U 720 & 0 V2 0 DIEELE T CIIMERF T & Z2u, FE 72, CavKll
CN21
CaMKl1 TEV protease
ENLYFQGS CaMK11 CaMK11
CaMKII_TEV ~ CaMKI1_TEV TEV
GIlun2B WA S S & 2 R A a8 CaK
TEV
CaMK11 CaMK11
TEV TEV  FKBP/FRB
Wehr et al. 2006
CRY/CIB Taslimi et al. 2016 split-TEV
TEV TEV (Renna et al., 2022)
TEV CaMK11

CaMK11_TEV



74 (1)
2023
62-66
DOl
Can 0zden,Roman Sloutsky,Tomohiro Mitsugi, Nicholas Santos, Emily Agnello, Christl Gaubitz, 40(2)
Joshua Foster, Emily Lapinskas, Edward A. Esposito, Takeo Saneyoshi, Brian A. Kelch, Scott C.
Garman, Yasunori Hayashi, and Margaret M. Stratton
CaMKIl binds both substrates and activators at the active site 2022
Cell reports 111064
DOl
10.1016/j .celrep.2022.111064
Saneyoshi Takeo 12
Changing the size of dendritic spines 2023
eLife €91566
DOl
10.7554/eLife.91566
Ripoli Cristian Dagliyan Onur Renna Pietro Pastore Francesco Paciello Fabiola Sollazzo 9
Raimondo Rinaudo Marco Battistoni Martina Martini Sara Tramutola Antonella Sattin Andrea
Barone Eugenio Saneyoshi Takeo Fellin Tommaso Hayashi Yasunori Grassi Claudio
Engineering memory with an extrinsically disordered kinase 2023
Science Advances eadh1110

Dol
10.1126/sciadv.adh1110




Yasunori Hayashi, Miquel Bosch, Pin-Wu Liu, Tomohisa Hosokawa, and Takeo Saneyoshi

Molecular Mechanisms Underlying Synaptic Tagging and Consolidation 2024
Synaptic Tagging and Capture 63-76
DOl
10.1007/978-3-031-54864-2
Kaizuka Takeshi Hirouchi Taisei Saneyoshi Takeo Shirafuji Toshihiko Collins Mark 0. Grant 22
Seth G. N. Hayashi Yasunori Takumi Toru
FAM81A is a postsynaptic protein that regulates the condensation of postsynaptic proteins via 2024
liquid-liquid phase separation
PLOS Biology 3002006
DOl
10.1371/journal .pbio.3002006
42
- 2024
Al 1068-1073
DOl
6 3 0
CaMK11

2022




2022

CaMK11

2022

CaMK11

2023

2023

96

2023




97

2023

(Hosokawa Tomohisa)

(30602883)

(14301)

University of Massachusetts

University Cattolica del
Sacro Cuore

University of Edinburgh




