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Proteomic analysis with high spatiotemporal resolution at the synapse
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Biological proteins do not function alone, but interact with a variety of
proteins to perform their physiological functions. Disruption of these protein-protein interactions
could cause dysfunction of the protein, sometimes causing diseases. Therefore, identifying the true
protein-protein interactions with high spatiotemporal resolution is extremely important. In this
study, we selected the epilepsy-related proteins, ADAM22 and LGI1, and the enzymes that regulate
protein localization as model proteins. We succeeded to identify novel protein-protein interactions
which occur in the insoluble synaptic fraction and transiently occur in cells.



¥ X C—19. F—19—1, Z—19 ({5m)

1. fFZERHAA S WD 5

AR X7 IR 2 Gl 2 & SRR FTRECFREAER T2 Z LI XL 0| B3, Bk & Tl
FTCRTE b 5 Z & C, ABRE A BET 5, ZNOWVTHOBBENPEESNLTH X /N7
BIXE ORER BT, BFRICIRBOHERN 7D, LEN-T, ERkZ 78, Lob
R EBEEE X LR B O EAER Y TR R - ZERMAMEE 2 B CRIET 5D 2 ik, iid T
BETHD, WEOT T A7 ARNTHMNIIRE SEHR U, (1) REPED B O s
RANH R T RERINTHL Z B Z R EFAEAER, (2) Ml FER A 72 X X7 EAR AR
R EEHE L HEMF A D X 9 e —Bi R 2 AR ORI L TITRE 45
(AR ST, 72 & 20E, IMERRE D 45 1 HAE Ok i RERs A 2 BIFR 3 2 7= DIz, v
T AT D & o8 B AAERH OBEN VL ER K THDH, L, Ty T AL N
7B DEACFEHREMEII D TIRL . VU F FRICBITFA X 7%y MU — 7 Bf%RIzo
W, D ENISAIEE LRI LTI & EE o T B ONBUIRTH 5,

2. WFED B

AWFZETIL, v F 7T AMBERENCED D TTANABEY H K LGII-Z ADAM22] &
[V A VLIREEAREERESR | 25T VX VB L LT, BT a7 4 7 Ak
DOBIFRIZPRERT 5, N FECTCRIBSNTE X VAN EMHAEERZHLZLT, v F 7 &
IR C > T 7 AR BB O BRI SR N DR A 155 Z L 2 BT,

3. WFED LA

(1) T FAREHERS NS DE X7 EFHALEHAORE

BN BB R LIREE T, T P ARBME /6 & 8 7 EEA IR % AIEA
b, BT 2 EBREMERET L, fadfb L7z, WRIZ, 77 4 =7 4 — % 7 %A L7z ADAM22
J I A =T AMD T AEESTIZRBT D ADAM22 X LR B AR E R E L MR
B, FFEROICHERL, 707 ) —E&EE&OIEC THAEER S F2RE LT,

(2)BBIEOEWZ 7 EHESERORE

TT7 4 =T 4 —FIE SV A ACIREEEEEREE D ) v I A v T AN D R
BMEZHEE L OO RBLMREL NV TOMBEASFERERL, 77 ) —iF
EEEOINEIC CHAEERY F2RIE LT, F72. ADAM22 OV U EMbREE R~ 7 2%
FAWT, U B LIERRAERY 72 2 L R 7 AR AR 2 i~ T,

4. MR

(1) T F T AREMEE S D5 DX 37 A EAER DR E

B R EARR A HEER LIRRE T, T 7 A RIEMERI S 0 6 7 R0 B 2 Al al, Rl
95 Z LN A[RER RS TS TERIOFRE E IR AWML LT, RIZ, 77 4 =T 4 —
2T HFEANLTZADAM22 /) v 7 A v~ RAEAERI L AR~ I AE X TT 7 ba
— T 5T L TRERMEE LR T D EBRFME ST, K 1IRT X 91T ADAM22 & te s T
T AL R EEEREIEFITFEE  FFRAICK R C& /= (X, High stringency), 7
7 AWy D ADAM22 B & e X R EEARITIL, NMDA Z AR (Tl Grin & Ki) . £
A F 2 F ¥ %L LRRTM4A-Neurexin & Wo 75 SR ENEEN TV, 2 HDOFE
e X, ADAM22 BF~ 7 2 &2 W T & HITHED W H AL, PSD-95 (X Tl D1gd) 2+ &4
D MAGUK v F 7T ARGZH L NRIET7 7 IV —%2 N LERETHLZEEZHLMNMILE
(Fukata et al., PNAS 2021), %< OfE&EIX. BH I N TE2IEA A MEREIEMEA (Low
stringency) Z W& ETIIMHINRNEDTH Y . REMBIE, v F T ADX X IE
MEERZRIETHT2DICETHD EEZ LN,

Anti-FAH IP

Suingency: Low  _ High °l Hig:;:ggiﬂs. family s 'Kcr“.i)igz y >
X > :MAGUKsarudF‘;DZscallolds oSyngept 1 FAH & 7 ff*ﬁ)\ L
Adam22: \>§Y ng « PDZ-binding ion channols and regulators & adhesion proleins |
o ALY N QYW 5]« mmzc"m?;q SR o 714: AD AM22 % %Efﬂ‘ _a_ 6 /
~ shrend . o '.nnn?hzl:f:':m "“"S:S' P4 JA = ]7 A Hi‘l{l D
o5 «Ginz E ' Ry S e . Dt we 07 AW Gy KD
- D i S e ADAM22 F R AR
i int, Digte & %4 shiaNna) g - gide ) =
T REED TR I e R L ERMEH
70- <€ Lmtm4, Kena12 2] e 1 * E=NYAN N - "\ rrdulalhd
& _— - Lgit . e Adam1 1 %%g{fﬁ ;Ci;lﬂ;ﬁg IE;J]%
= H
50 2 3 1 =
N L7- (Fukata et al.,
= I P ———— PNAS 2021 KV #5#).

3 4 5 6 7
Logg Ratio (ADAM22-FAH vs control)



S BT, MAGUK B354 v X787 7 U —3 FRER (D1g1-4) 121, ADAM22 & DN & &l
KEREND Y . ADAM22 Z 5 v F 7 An il A & ADAM22 %I S 22 W B DR IS DM EF
ETHZ BB/ >7 (Chen, Fukata et al., PNAS 2021), X512, ZhbHDFE
PMOLCI 77 IV —H X7 EICH IS LT CREE).

(2) BRBUEOENZ 7 EAAEADORE

i v 2 A MLEER OFECHIE X v RV BERIET H20C, T7 4 =T 4 —HX Jft
EW NNV A NMEEER E R T 5 ) v 7 A v~ AR L, FRREZHE L TEDER
WCIMN D BRJEEE 2 L R 7 B R Uiz, Bl od FAH & 77 & 135100 GFP & A \ME HA % 7' %
AL~ AREEND Z LT, KFZ 7 ORFT & EH 2 EV4y1), 200 FEEZ 8 2 5
R AEAER D 72155 Z LIk Lie CGR¥EE), IRIZ, ADAM22 OV ER{L &k 15
B2 2 R R AEAER A SN T 572012, ADAM22 DV U ERL KA R~ 7 2 ZF
L7, WA~ 2Ll G, ADAM22 1IN TEEIZY Vb Tnbs Z e, U
fe{t ADAM22 |XE &I 14-3-3 I FREEFEG T D05, U U Rb/RIEZE FA ADAM22 13 14-3-
3SMOfREEL . a—adaptin & —1EAYICHES L, HNZ Y 7 A Y ARG KA h—
VA SRR~ BN A Z 2 R L7 (Yokoi, Fukata et al, Cell Reports 2021),
ZDOEHIT, UV UBLERICEE L il X N HEHEAEERERA OMNCTH Z &I
I Uiz ARENRIZ. TAMARIEICEbD S X X EEOREHELZ 25 ETHEER
BWE L5 Uiz, &5, MMy T T AZ RV BEERERIET 5720
DEERY — NV EERR L, EBRTEORBEEZ#ED T (R¥ER) .

BEE ™ 5 FE K im L

1) Yokoi N, Fukata Y*, Okatsu K, Yamagata A, Liu Y, Sanbo M, Miyazaki Y, Goto T,
Abe M, Kassai H, Sakimura K, Meijer D, Hirabayashi M, Fukai S, Fukata M* 14-
3-3 proteins stabilize LGI1-ADAM22 levels to regulate seizure thresholds in
mice. Cell Rep 2021;37:110107. *corresponding author

2) Chen X, Fukata Y, Fukata M, Nicoll R. MAGUKs are essential, but redundant, in
long—term potentiation. Proc Natl Acad Sci USA 2021;118:e2107585118.

3) Fukata Y, Chen X, Chiken S, Hirano Y, Yamagata A, Inahashi H, Sanbo M, Sano H,
Goto T, Hirabayashi M, Kornau HC, Priiss H, Nambu A, Fukai S, Nicoll RA, Fukata
M. LGI1-ADAM22-MAGUK configures trans—synaptic nanoalignment for synaptic
transmission and epilepsy prevention Proc Natl Acad Sci USA 2021;118:
e2022580118.



17 17 9 8

Yokoi Norihiko Fukata Yuko Okatsu Kei Yamagata Atsushi Liu Yan Sanbo Makoto Miyazaki 37
Yuri Goto Teppei Abe Manabu Kassal Hidetoshi Sakimura Kenji Meijer Dies Hirabayashi

Masumi Fukai Shuya Fukata Masaki

14-3-3 proteins stabilize LGI1-ADAM22 levels to regulate seizure thresholds in mice 2021

Cell Reports

110107 110107

DOl
10.1016/j .celrep.2021.110107

Chen Xiumin Fukata Yuko Fukata Masaki Nicoll Roger A. 118
MAGUKs are essential, but redundant, in long-term potentiation 2021
Proceedings of the National Academy of Sciences

DOI
10.1073/pnas.2107585118
Fukata Yuko Hirano Yoko Miyazaki Yuri Yokoi Norihiko Fukata Masaki 194
Trans-synaptic LGI1-ADAM22-MAGUK in AMPA and NMDA receptor regulation 2021

Neuropharmacology

108628 108628

DOl
10.1016/j -neuropharm.2021.108628

Nakamoto Chihiro Goto Yuhei Tomizawa Yoko Fukata Yuko Fukata Masaki Harpsoe Kasper 14
Gloriam David E. Aoki Kazuhiro Takeuchi Tomonori

A novel red fluorescence dopamine biosensor selectively detects dopamine in the presence of 2021
norepinephrine in vitro

Molecular Brain 173

DOl
10.1186/s13041-021-00882-8




Kreye Jakob Wright K Sukhvir van Casteren Adriana Stoffler Laura Machule Marie-Luise 218
Reincke S Momsen Nikolaus Marc van Hoof Scott Sanchez-Sendin Elisa Homeyer A Marie Cordero
Gomez Cesar Kornau Hans-Christian ----- 12 ———-- Wickel Jonathan Geis Christian Fukata
Yuko Fukata Masaki Pruss Harald
Encephalitis patient-derived monoclonal GABAa receptor antibodies cause epileptic seizures 2021
Journal of Experimental Medicine
DOl
10.1084/jem.20210012
van der Knoop M Marieke M* Maroofian Reza* Fukata Yuko* van lerland Yvette Karimiani G
Ehsan Lehesjoki Anna-Elina Muona Mikko Paetau Anders Miyazaki Yuri Hirano Yoko Selim
Laila ----—- 32 - Striano Pasquale Severino Mariasavina Fukata Masaki# Hilhorst-Hofstee
Yvonne# Houlden Henry#
Biallelic ADAM22 pathogenic variants cause progressive encephalopathy and infantile-onset 2022
refractory epilepsy
Brain
DOl
10.2198/electroph.65.41
Fukata Yuko Chen Xiumin Chiken Satomi Hirano Yoko Yamagata Atsushi Inahashi Hiroki Sanbo 118
Makoto Sano Hiromi Goto Teppei Hirabayashi Masumi Kornau Hans-Christian Pruss Harald
Nambu Atsushi Fukai Shuya Nicoll Roger A. Fukata Masaki
LGI11-ADAM22-MAGUK configures transsynaptic nanoalignment for synaptic transmission and epilepsy 2021
prevention
Proceedings of the National Academy of Sciences
DOl
10.1073/pnas.2022580118
Yoshida Tomoyuki Yamagata Atsushi Imai Ayako Kim Juhyon lzumi Hironori Nakashima Shogo 12
Shiroshima Tomoko Maeda Asami Iwasawa-Okamoto Shiho Azechi Kenji Osaka Fumina Saitoh
Takashi Maenaka Katsumi Shimada Takashi Fukata Yuko Fukata Masaki Matsumoto Jumpei
Nishijo Hisao Takao Keizo Tanaka Shinji 6
Canonical versus non-canonical transsynaptic signaling of neuroligin 3 tunes development of 2021
sociality in mice
Nature Communications 1848

DOl
10.1038/s41467-021-22059-6




Watanabe Hidenori Sano Hiromi Chiken Satomi Kobayashi Kenta Fukata Yuko Fukata Masaki 11
Mushiake Hajime Nambu Atsushi
Forelimb movements evoked by optogenetic stimulation of the macaque motor cortex 2020
Nature Communications 3253
DOl
10.1038/s41467-020-16883-5
65
APEGS 2021
DOl
10.2198/electroph.65.41
Oda Yukako Sugawara Taichi Fukata Yuko lzumi Yasushi Otani Tetsuhisa Higashi Tomohito 295
Fukata Masaki Furuse Mikio
The extracellular domain of angulin-1 and palmitoylation of its cytoplasmic region are required 2020
for angulin-1 assembly at tricellular contacts
Journal of Biological Chemistry 4289 4302
DOl
10.1074/jbc.RA119.010491
Kornau Hans- Christian Kreye Jakob Stumpf Alexander Fukata Yuko Parthier Daniel Sammons 87
Rosanna P. Imbrosci Barbara Kurpjuweit Sarah Kowski Alexander B. Fukata Masaki Pruss
Harald Schmitz Dietmar
Human Cerebrospinal Fluid Monoclonal LGI1 Autoantibodies Increase Neuronal Excitability 2020
Annals of Neurology 405 418

DOl
10.1002/ana. 25666




Sada Ryota Kimura Hirokazu Fukata Yuko Fukata Masaki Yamamoto Hideki Kikuchi Akira 12
Dynamic palmitoylation controls the microdomain localization of the DKK1 receptors CKAP4 and 2019
LRP6
Science Signaling
DOl
10.1126/scisignal .aat9519
Cao Yang Qiu Tian Kathayat Rahul S. Azizi Saara-Anne Thorne Anneke K. Ahn Daniel Fukata 15
Yuko Fukata Masaki Rice Phoebe A. Dickinson Bryan C.
ABHD10 is an S-depalmitoylase affecting redox homeostasis through peroxiredoxin-5 2019
Nature Chemical Biology 1232 1240
DOl
10.1038/s41589-019-0399-y
Boncompain Gaelle Herit Floriane Tessier Sarah Lescure Aurianne Del Nery Elaine Gestraud 5
Pierre Staropoli Isabelle Fukata Yuko Fukata Masaki Brelot Anne Niedergang Florence Perez
Franck
Targeting CCR5 trafficking to inhibit HIV-1 infection 2019
Science Advances
DOl
10.1126/sciadv.aax0821
Kanadome Takashi Yokoi Norihiko Fukata Yuko Fukata Masaki
Systematic Screening of Depalmitoylating Enzymes and Evaluation of Their Activities by the 2019
Acyl-PEGyl Exchange Gel-Shift (APEGS) Assay
Methods in Molecular Biology 83 98

DOl
10.1007/978-1-4939-9532-5_7




Hasegawa Daisuke Ohnishi Yumi Koyama Eiji Matsunaga Satoru Ohtani Shouhei Nakanishi Akio 33

Shiga Takanori Chambers James K. Uchida Kazuyuki Yokoi Norihiko Fukata Yuko Fukata Masaki

Deleted in colorectal cancer (netrin- 1 receptor) antibodies and limbic encephalitis in a cat 2019

with hippocampal necrosis

Journal of Veterinary Internal Medicine 1440 1445

DOl
10.1111/jvim.15492

Fukata Masaki Fukata Yuko

Trans-synaptic LGI1-ADAM22-MAGUK protein complex in synaptic functions and disorders

SYNABS Symposium (Germany, Virtual meeting)

2021

Fukata Masaki Yokoi Norihiko Fukata Yuko

Acyl-PEGyl exchange gel-shift (APEGS) assay for palmitoylation quantification

71

2020

Fukata Masaki Yuri Miyazaki Yokoi Norihiko Fukata Yuko

Synaptic function regulated by palmitate cycling on PSD-95 and trans-synaptic LGI1 and ADAM22

43

2020




Fukata Yuko Hirano Yoko Inahashi Hiroki Miyazaki Yuri Yokoi Norihiko Sanbo Makoto Goto Teppei Hirabayashi Masumi
Fukata Masaki

Physiological roles of trans-synaptic LGI1-ADAM22-MAGUK complex

Neuroscience Meeting SfN 2019

2019

Fukata Yuko

Functions of trans-synaptic protein complex of epilepsy-related ligand-receptor, LGI1 and ADAM22

McGilI-NIPS Joint Workshop

2019

2020

17

https://ww.nips.ac.jp/fukata/
https://ww.nips.ac.jp/release/2021/12/_adam22.html

https://ww.nips.ac.jp/release/2021/01/post_426.html




(Fukata Masaki)

(Yokoi Norihiko)

(Miyazaki Yuri)

(Inahashi Hiroki)

(Hirano Yoko)

(Egawa Tkahiko)

(Suzuki Yumi)




The University of Edinburgh

uCL

UCSF

DZNE

Charite-Universitatsmedizin

Erasmus University

Leiden University

Aarhus University

IST

University of Helsinki




