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Abstract

AAVFYRILBINZZIVBERET7I)—ICBTD2H1 2 BEZ A (kainate receptor; KA
R) &, HBITZ2F vy XL ORMAZNL THEROBESEX S F7ACEZRATIZEELERERI N
VETHD, IBEF, KARFEFYRILELTOALZ ST, ilBRNOCKRFEEFEZNL TSI FIE
EREZRFETED, Whwd TEFrRILER, 2H#SI3II-—IBZRFELTERAEATVS

o LAL., KARICKZFF ¥ R EFBOHENERICOVTR, SER., FHERKNZV,
BB IKHFE, MOEBRRBOIZ—>J 1) REES)

EEZDERET A — 7 %ARERE E4R#E (climbing fiber; CF) - Z'IL¥ > TH#HR>+7 A
(CFZF7RA) ABICBWVWT, KARFZFTARZRBELTHVTVWSRCEZRELE, EE
BRRWC EIZ, KARD 1712y RERKKA-RKOYJ AR, CFYF7ALOKAREXIZH
SDTEEBINEBREEEZEL ., FRBERIEI. CFOFTTATELD YT TAZRER
(excitatory postsynaptic current; EPSC) @5 5, KA-REHXRDEPSCE 7 F5%ICE/REEL, TD
Iz, CFYF7ALOKARRF ¥ RILEBHE BELZHEXNENL TINEIRBREZHEL TWVS
WHEMEA RBEND, CORBEMERIETDLOHIC. BEBE5REKA-RKOYTANDHEHRER %5
F- MR - B3R - EEL RILOEEBICHIZ> THMAICHETL ER., NNEBRIEZ XX DKA-
ROFLUVWEBRRNZRHT & ICKIIL I,

lonotropic glutamate receptors (iGluRs) mediate fast excitatory neurotransmission and synaptic
plasticity such as long-term potentiation and depression (LTD), a molecular basis of learning and
memory, in the CNS. Accumulating evidence suggested that iGIuRs behave not only as ion
channels but also as non-ionotropic receptors. However, it remains unknown whether and how
iGIuRs serve as non-ionotropic receptors in vivo. Recently, we found that kainate-type iGluRs (KA-
Rs) are selectively and functionally expressed at the synapses between climbing fiber (CF) and
Purkinje cells in the cerebellum. Interestingly, mutant mice lacking a high-affinity type of KA-R
subunit, exhibited an impaired LTD at parallel fiber (PF)-Purkinje cell synapses and poor
performance in cerebellum-dependent motor learning. Despite its importance, KA-R is involved in
less than 5% of CF-mediated excitatory postsynaptic currents (CF-EPSCs). Furthermore, applying
a selective KA-R blocker effectively blocked a KA-R component of CF-EPSCs but not LTD in acute
cerebellar slices from wild-type mice. These results raise the possibility that KA-R in Purkinje cells
works in vivo in an ion channel-independent manner.
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A novel role of kainate—type ionotropic glutamate receptors in synapse integrity and cerebellar motor learning.

1. HIREBRFROBE

AFoFvRINEB G AU BZRAET7IV—ICET 2HhA U B2 RIK (kainate receptor; KA-R) (&, £& T 5F v ~ILDEHRA%E
NMLTHREOBREE O T TR GEERATTIEELRESIVNNIVETHS, BFE . KA-R[FFrRILELTOHFEST, MIBBRD C XK
B ENL T FIVEERZRESES, LWhRR AT EFrRILEFHIZHEIAZ—IEZREELELTEESA TS, LAL., KA-
RICEBIEFrRILEHDOHEEMEZRICOVTIE. §HH. FALZEAZL,

BIET(RE MBS REDIS—J )L GREES) £RASEMTA)—T i E R E LR (climbing fiber; CF)—
TILFUITHRSF TR (CFUFTR) AHITEWT . KA RV FTREZBARELTEHLTWSAIEFZR B LT, T-EKENIE
IZ.KA-R D197 1=vbE RS KA-RKO YORIE. CFUFTALED KA-REKIZE>TEEL/M N EES R ERELZE2L-. T2
B LIZ.CFUFTRTEHELBVFTRAELER (excitatory postsynaptic current; EPSC) M55 . KA-R HAE D EPSC A4 & 5%(2%
W=, FD=8 ., CF U F TR ED KA-R (FF ¥ RILEEEIFELDHXEN L CT/MNNEBREEEEHEHL TUO S ATREEATRESA
b, COREEMZEREL T A1=012, Frf=BIL KA-R KO YO RDKBHRIFEZ D F - M — EIE —EAELARIILOBBEREChHh-> T
MU R MMESSRIEE T 25 KA-R OFLLEEEXE R &I/ TILE,

2. RERREEBEOWE (FER)

Ionotropic glutamate receptors (iGluRs) mediate fast excitatory neurotransmission and synaptic plasticity such as long—term
potentiation and depression (LTD), a molecular basis of learning and memory, in the CNS. Accumulating evidence suggested that
iGluRs behave not only as ion channels but also as non—ionotropic receptors. However, it remains unknown whether and how iGluRs
serve as non—ionotropic receptors in vivo. Recently, we found that kainate—type iGluRs (KA-Rs) are selectively and functionally
expressed at the synapses between climbing fiber (CF) and Purkinje cells in the cerebellum. Interestingly, mutant mice lacking a high—
affinity type of KA-R subunit, exhibited an impaired LTD at parallel fiber (PF)-Purkinje cell synapses and poor performance in
cerebellum—dependent motor learning. Despite its importance, KA-R is involved in less than 5% of CF-mediated excitatory
postsynaptic currents (CF-EPSCs). Furthermore, applying a selective KA-R blocker effectively blocked a KA-R component of CF-
EPSCs but not LTD in acute cerebellar slices from wild—type mice. These results raise the possibility that KA-R in Purkinje cells
works in vivo in an ion channel-independent manner.

3. ABIREBREICET D H£

RRERAL REFREL TR FWNEL FINEERITEA
(FE - #BHEE) (FEA - HE) CEERITHT - #ETR) EERITHER - HHEER)
QOjima, K*, Kakegawa, W.* |Coordination chemogenetics for |bioRxiv 2021 £ 10 A
(*equally contributed), |direct activation of GPCR-type
Yamasaki, T., Miura, Y., Itoh, |glutamate receptors in brain tissue.
M., Michibata, Y., Kubota, R,
Doura, T., Miura, E., Nonaka,
H., Mizuno, S., Takahashi, S.,
Yuzaki, M., Hamachi, 1,
Kiyonaka, S.
Kawamura, A., Katayama, Y. |The autism—associated protein |Cell Reports 2021 £ 4 A
Kakegawa, W., Ino, D, |CHD8 is required for cerebellar
Nishiyama, M., Yuzaki, M., |development and motor function.
Nakayama, K.
B 5, RS BE—-/DRHAREORK: DR | ERORZE 2021 % 2 B
LTD/LTP—/Mi#BE X252 T
TRET .
B 5, HELENT A  novel role of ionotropic | 99 B HAAEEEKRE 2022 £ 3 A
glutamate receptors in cerebellar
synaptic plasticity and motor
learning.




