EfEAXFZZHMBHRI NI U
Keio Associated Repository of Academic resouces

Title

MRS ST ANEN SRR UEICHSHRA A RERMNITREREZRHIT D

Sub Title

Synaptic activity dependent extracellular Ca dynamics regulates synaptic plasticity

Author

R, #&(Arai, Itaru)

Publisher

BEESEEZES

Publication year

2021

Jtitle

BENSCSERBRFEREESEREEE (2020.)

JaLC DOI

Abstract

PRCFATIRME-T )L THRR (PF-PC ) >+ 7 Ak, PFOEBITEICK > THIREICaRE ([Ca
o) MRESFEDTREHFHSNT VWD, PF-PCOFTARAICBETINHINZIVEBRIRHKE
(GluD2) ICDVWTIEE, DEUVERABTDETRAS T 7ACRBINE (DEY>-LTD) %3]
ERITE, ELEERBERND) SDE) VREEMUIEEICCaEFEIHUNI FETIEELHS
M2 e BT, invitroDRBRA S, GuD2ODE VICH T2 HAMER ZDCaEAIuENL
T[CaloNHEEZZ TR ENREETNTVD, KXHKRTIE. [CaloDEERKFHNZZENLA. PF-PC
SFTACEIDRBREECRETHEZHEERLARIL, BETHLARILTHBTDEZH
B9, 20205 ER. EREEFRRRCTHBEMASUTICRITRNBET—REBRENT
&l
HEAIIVAOPRDL SSUARATA ABEEREZERL, EREEFNERET >/, PCHSK—I
NS TEZBERLUCPF-PCO T AZBFL ER, BT TATEEESNBDEY VLT
Dix[CalofkFEZE "L =, EIE, DT -
LTD[CaloZE TE B LB, LRE D LMFEThBERZRL I,
o, CafRREZBRELLERAEGUD2ZRATAKINVAZE > TAROERERFNERE
727, CaREEZEML ZRGIUD2ZRETBKINTA (D) T, BEREHXTDEY
V-LTDAHEE B ERZ R LIz, —5. CaEREANREBL ZEGIUD2ZRRTBKIN T A (
@) TR, DEVUZ-LTDRTE T ZEEAZRL 2o ch S DREREE, NNPF-
PCF7AILETBDE)-GUD2S T+ ) TN [Calod FEEZ B Z2RLTWS,
BICKINJVARZE S TBRTERABL L. KIRDAOZAWVWTOKRZT 2123, FEFH
EROBETHZ N, BFERICENTEBENMMBT T2 U Z R 12,
It has been well-known that extracellular Ca concentration ([Ca]o) at cerebellar parallel fiber-
Purkinje cell (PF-PC) synapse can dynamically change by its synaptic activity. Delta 2 glutamate
receptor (GluD2) is known to be localized at PF-PC synapse. Our laboratory recently has reported
that GluD2 triggers long term depression at this synapse by binding with D-serine as a ligand and
that GluD2 has Ca binding sites near its ligand binding domain (LBD). In addition to these findings,
it has been reported by in vitro experiments that the GluD2 affinity to D-serine may be regulated by
[Ca]o. The goal of this study is (1) to investigate whether the activity dependent [CaJo dynamics
can regulate the GluD2-D-serine signaling at PF-PC synapse and (2) to elucidate the functional
significance of this new synapse regulation mechanism at behavioral level as well as cerebellar
local neuronal circuit level.
In 2020, two kinds of experiments were performed: (A) electrophysiological experiment and (B)
behavioral experiment. (A): cerebellar acute slice preparations were obtained from wild type mice
and whole-cell clamp recordings were performed from PCs. When D-serine was applied in different
[Ca]o condition, D -serine dependent LTD (D-LTD) showed [Ca]o dependence; higher [Ca]o
generated more suppressed D-LTD.
Similar experiments were performed using two kinds of KI mice; (i) expressing the mutant GluD2
whose structure mimics its Ca bound state so that the affinity to D-serine is lower than wild type
GluD2, and (ii) expressing the mutant GluD2 which is disabled to bind to Ca so that the affinity to D
serine is higher. When electrophysiological experiments were performed using these two Kl mice,
Kl mice (i) showed smaller D-LTD but KI mice (ii) showed larger D-LTD. These results indicate that
D-LTD can be regulated by [Ca]o via the Ca binding site near the LBD of GluD2.
(B): To get some insight about the functional significance of this new synapse regulation
mechanism, OKR adaptation, well established cerebellar motor learning paradigm, were performed
using these Kl mice. Preliminary data showed the tendency that KI mice (i) showed more
suppressed OKR adaptation and Kl mice (ii) showed more enhanced adaptation compared to wild
type mice.
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1. PR EEOBE

INCEAT IR ME—T LS THARE (PF-PC) U+ T RIL. PF OEHTTHEIZL > THIRES Ca B ([Calo) MRESHADTHIEAHDS
NTWB,PF-PCLUFTRIZBETD §2 B IIAIVERBIAR(GIUD2) [CDWTIHE. D UV EERTAHETRVFTITRIZES
HIE (D £ -LTD) ZBIEFRIT L. T REERITAD D U S EAAEEIC Ca A MUNFEET A ELBHELMITLES
1=o EIZ. in vitro DEEXMS . GluD2 D D ) UIZx T HHEME LD Ca fEEEGIZENLTlCalo DEEEZITHIENHESINT
L5, REFE TIE. [Calo DFEMRIFMILETIL A PF-PC O+ T RIZH T B ERIGEICRIFTEEL HEEBL AL, BARTELA
ILCHEBRT A2 LEB19.2020 £EIL. EREBEEZERRVTEBT NS UTITRT REMNET 3585 ENTES,

FERITIADIMEISRERSA REEREEEL, EREEFMEREIT o=, PC hoh—ILEIILIFTEHEERLT PF-PC
DFTREBLEHER. RV FTRATEESNS D £)-LTD (X[Calo KEFME R L=, BIH. D ') -LTD IE[Calo Z#IE TS5
Ligsal . ERSEHEMFIENBERZERLI=,

Tl CafEAREFIRELI-ZER GuD2 ZHITT B KI Y IREF > TCRIB D ERE B FMREEF1Tol=, Ca BHESZEML -
ZEGUD2 ZHBFTEHKITIRA(D) TlE. AR ELLERTD U -LTD AFIEhBIERZERLI=. — /. Ca fEAEENRIBL-E
B GluD2 ZHIRWIT B KIYIR(Q)TIL. D £J-LTD [ETET B HERERLI=. CNODEER(E. /M PF-PC FTRIZEITS D
1) -GluD2 T 12T MCalo DEEAZ(THIEERLTLNS,

FHIZKI TYOREE = ITEIRT LRI L= KIRORDERT OKR Z{T01=,Ch . FEFHERDEBETH I, BFAER(CH
RTEEHINETTHRIREMNEFRLT=,

2. MERRAEEOPME (R

It has been well-known that extracellular Ca concentration ([Calo) at cerebellar parallel fiber—Purkinje cell (PF-PC) synapse can
dynamically change by its synaptic activity. Delta 2 glutamate receptor (GluD2) is known to be localized at PF-PC synapse. Our
laboratory recently has reported that GluD2 triggers long term depression at this synapse by binding with D—serine as a ligand and
that GluD2 has Ca binding sites near its ligand binding domain (LBD). In addition to these findings, it has been reported by in vitro
experiments that the GluD2 affinity to D—serine may be regulated by [Calo. The goal of this study is (1) to investigate whether the
activity dependent [Calo dynamics can regulate the GluD2-D-serine signaling at PF-PC synapse and (2) to elucidate the functional
significance of this new synapse regulation mechanism at behavioral level as well as cerebellar local neuronal circuit level.

In 2020, two kinds of experiments were performed: (A) electrophysiological experiment and (B) behavioral experiment. (A): cerebellar
acute slice preparations were obtained from wild type mice and whole—cell clamp recordings were performed from PCs. When D—
serine was applied in different [Calo condition, D —serine dependent LTD (D-LTD) showed [Calo dependence; higher [Calo generated
more suppressed D-LTD.

Similar experiments were performed using two kinds of KI mice; (i) expressing the mutant GluD2 whose structure mimics its Ca bound
state so that the affinity to D—serine is lower than wild type GluD2, and (ii) expressing the mutant GluD2 which is disabled to bind to
Ca so that the affinity to D—serine is higher. When electrophysiological experiments were performed using these two KI mice, KI mice
(i) showed smaller D-LTD but KI mice (ii) showed larger D-LTD. These results indicate that D-LTD can be regulated by [Calo via the
Ca binding site near the LBD of GluD2.

(B): To get some insight about the functional significance of this new synapse regulation mechanism, OKR adaptation, well established
cerebellar motor learning paradigm, were performed using these KI mice. Preliminary data showed the tendency that KI mice (i)
showed more suppressed OKR adaptation and KI mice (ii) showed more enhanced adaptation compared to wild type mice.
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