EfEAXFZZHMBHRI NI U
Keio Associated Repository of Academic resouces

Title

B QR GHEE OEBRENSMRAA A IREEIC XD HIHEE O E A

Sub Title

Investigation of new regulation mechanism of synaptic transmission by activity dependent
extracellular Ca2+ dynamics

Author

i, #&(Arai, Itaru)

Publisher

BERBRAKE

Publication year

2018

Jtitle

FERELESHRAREEREE (2017.)

JaLC DOI

Abstract

PREERCHSVT, BEEHNf TETREDFTAEEOHRATCa2+ENREN —RKNICE
TR ENASNTVSDN, TOBENERICOVTRERTHEIN ZV, R2BITILERZIVEBRER
K (GIUD2) I NN TFATHRMES T 7T ACEEL, DEU EREL T FTATNERZFIET S,
MR FEIIC Ca2+HiE S IR ZF Do L, in vitroRER D SGIuD20DE Y > I3 2 H M IF Mk
HNCa2+BE KT T B C & E iz (Hansen et al. 2009, J

Neurosci)e €0 &R/ PNFITRES T T AOAEMNDED VT TEL,
fRRNACa2+REICEFBEhTVWD AEMEZRKRL TWS, KR, GluD2%Z 7 )L IC 4 #E5E
BIC K2 MRANC2HEERILADEY V-GUD2Y T UV IANRIEIZEEZMBFL, iR T7
AHHEBERSH TR EZBARNE L. TOLEHIZEGIUD2OCa2+Ic N T 2 EEREERE
LCEBGEFRENIVAZERTIXLEN $D, TCTHREFEREICGUD2ICRERZZEALL/
YOA I VADEREIT2 Iz, BEEATMIZ DV TE, Hansen et al. (2009)IC ¢V,
@DD782AIC &k 2 TCa2+fiE & HEE KB L 12GluD2, @E521CR U D782CIZ & 2 THBEFCa2+iE &5 IR K8
ZHEML ZGUD2ZERRFT Lz, /Y IAUNTADIZDOVT,

BWIEERSIZETH 1 RRNAZIEEERL, ThThCas9 mRNARY R —DNAE HIZEH4E
BYIIDARERUAEZRWICA DI 023 it £FNTELFICHL TS —T 2 ABEN
ULi#ER, —SIC /Y IOAVKRENVARAZRRLE, /Y IA RN TAQICODVWTIRIVYDE
BR2OFRICEREZBATR O,

ZREANZ2EICHFTISFEER Iz, 2FEREF1IR/RBEEL TD782

COERBAZ /Y IAUNIVAQELREDFETITV,
REXDVANEENL-BERRELL, 55,

REXNVADSERL -ZRNEFE> T2RENDES21CHOERBAZTV,
IVIAUIRITAQEZERTDTFETH B,

It has been well-known that extracellular Ca2+ concentration ([Ca]o) at synapse can change by
neural activity in the central nervous system. However, the functional significance of this [Ca]o
dynamics in synaptic transmission is still elusive. Delta 2 glutamate receptors (GluD2), that are
expressed at cerebellar parallel fiber — Purkinje cell synapse (PF-PC synapse), has been reported
to regulate synaptic plasticity by binding to D-serine. It has been reported that GluD2 has Ca2+
binding site near its ligand binding domain, and that the affinity of GluD2 to D-serine can be
influenced by [Ca]o (Hansen et al. 2009, J Neurosci.). This suggests that the synaptic plasticity at
PF-PC synapse can be regulated not only by D-serine but also by [Ca]o. In this study, using D-
serine-GluD2 signaling at PF-PC synapse, | aimed to investigate the possibility of the synaptic
transmission being regulated by the [Calo dynamics. For this aim, in this year, | tried to produce
two knock-in (KI) mice which have mutations in GluD2 by CRISPR/Cas9 system; (1) D782A single
mutation to impair Ca2+ binding ability, and (2) E521C and D782C two points mutation to mimic
constitutive Ca binding state. Regarding KI mouse (1), KI homo mice were already obtained
successfully. KI mouse (2) is in the process of production but will be obtained soon.
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Investigation of new regulation mechanism of synaptic transmission by activity dependent extracellular Ca2+ dynamics

1. HIREBRFROBE

FIRHERICENT, R FENAETIESFTREEDHAS T Ca2+ENREN—BNIZELLTE2IEAHMON TGS, £
DHBENERICTOVWTIEFTBALGENZ L, §2 BT ILASUEEZ R (GIuD2) IZ/MHFTHRIES FTRIZHEEL.D BUVEREEALT
SFTAAEEEFIET BH., HIRES FEIIZ Ca2+HIE A BRI ZE D, T, in vitro EE&HMS GluD2 D D ) Ikt 2|14 (L
5 Ca2+iBEIZIRTFET A EMNHRE SN T- (Hansen et al. 2009, J Neurosci.) o D &L /NN TFITRRIES FTRADO A EMHEMN D )
(+T4<, #RaS Ca2+REICHHIHEN TWDETEEME R L TV, ABFEIX, GluD2 Z2ETILICHIRFENIC LSR5 Ca2+iREE
ZEIEA D £ —GIuD2 V5 F VU ARIZTEELXBITL, R T TR G HEEBERLNICTHIEZEHNEL-, ZD=HIZIE
GluD2 @ Ca2+|=HF BIE G REF IR IELEBEFREVIREFETINENH S, T TAREE T TICGUD2 ITREEEZEALS:
IIDAIIRADEREIToT=0 TEBASRIIZDULVNTIL. Hansen et al. (2009)IZ4ELY, DD782A [T&HT Ca2+i & BEx RiELT=
GluD2, @E521C B Uf D782C |2k > THERE Ca2+iE A IREEZ ML= GluD2 ZEREHLT=, /710 IRADIZDNT, EZERIEEEFI
ST HAF RNA £ 3FEEEMERIL ., #hFh Casd mRNA B UKF— DNA EHICBAR Y R LVIERL-ZHBMIz ooy
Lifze £EFENTEFITHLTO—T U RBHLEHKR., — I/ 9O A VRERDRERER L=, /Y940 IIRQIZDWTIETIVY
DEED2HIFRICEREEATDEEH. EREAZ 2B T TITOIAERERE - AEEITET 1 SEHELTDIS2C @%E%A
/994D ADERBDFETITV. REI VAN EEN-FEHEL -, §&. REY VRN ERL-ZHMNEFE -T2 =B
M E521C DERBAZITI, /9IMUIIRQEEKRTE2FETHS,

2. MIRERRAEEOBE R

It has been well-known that extracellular Ca2+ concentration ([Calo) at synapse can change by neural activity in the central nervous
system. However, the functional significance of this [Calo dynamics in synaptic transmission is still elusive. Delta 2 glutamate
receptors (GluD2), that are expressed at cerebellar parallel fiber — Purkinje cell synapse (PF-PC synapse), has been reported to
regulate synaptic plasticity by binding to D—serine. It has been reported that GluD2 has Ca2+ binding site near its ligand binding
domain, and that the affinity of GluD2 to D—serine can be influenced by [Calo (Hansen et al. 2009, J Neurosci.). This suggests that
the synaptic plasticity at PF-PC synapse can be regulated not only by D—serine but also by [Calo. In this study, using D—serine —
GluD2 signaling at PF-PC synapse, I aimed to investigate the possibility of the synaptic transmission being regulated by the [Ca]o
dynamics. For this aim, in this year, I tried to produce two knock—=in (KI) mice which have mutations in GluD2 by CRISPR/Cas9
system; (1) D782A single mutation to impair Ca2+ binding ability, and (2) E521C and D782C two points mutation to mimic constitutive
Ca binding state. Regarding KI mouse (1), KI homo mice were already obtained successfully. KI mouse (2) is in the process of
production but will be obtained soon.
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