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WFIEE R OBEE (F30) : The objective of this study is to verify a working hypothesis that the
expression and stability of glutamate receptors, including (further) transition to synapses
and removal, are responsible for (are involved in) different modes of neuronal regulation
depending on each kind of brain cells and regions, which transforms simple inputs into
various types of outputs, thus underlying complex neuronal expressions. For this
purpose, we established floxed mice of 4 AMPA-type- and 4 NMDA-type-glutamate
receptors, as well as several kinds of synaptic functional molecules floxed mice. We also
generated Cre-driver mice such as GAD67-Cre mouse. By inter-crossing these mice, we
have clarified that a GluN2B subunit is crucial for synaptic functional expression of
NMDA-type receptors in a CA3 area of hippocampus, and that TARPvy -2 andvy -7 are
essential for the expression of AMPA type receptors in cerebellum. We have also shown
that at developing synapses GIuN2A and GIuN2B suppress AMPA receptors in their own

mode, by using a single-cell NMDA receptor subunit deleted mouse.

SN IR TE AR
(BAEHAT - 1)
[EEESEH LIEESES ¢ & &t

2009 F 4,700, 000 1,410, 000 6,110, 000
2010 F 1 4,900, 000 1,470, 000 6, 370, 000
2011 4R 4,900, 000 1,470, 000 6, 370, 000

G

R

=6
=>4

il 14, 500, 000 4,350, 000 18, 850, 000




WFIE5 B« $a A pEik

FARE DR« fIH - AfER - PR

F—U— K4 - Mlahitfl

1. AFFEBR LA S HI DTS 5

H S5 5813 IS RE D 45 1~ SR 2 F A3
Dbt & U CE BB M T ARz E D
TNEITEZRERTFT Y FRVICERL, £D53
T ENHE LR RE D B A LA RIS FRMT L CTE T,
NMDA #& Z8AKY7 2= GluR ¢ 1/NR2A K&

O GIuR € 2/NR2B D /7T 0 =7 ADFENTIE,

IS BRI RR I R T &R E O — %
DML, —FBE D /v T I NEZED
HODRS % 7R L7z (Sakimura et al. Nature
1995, Kutsuwada et al. Neuron 1996) , #Z CH
FHA X, IEEBED 43 T L~V TOMRIITIL, F
A BERE COBIERRER T BT OND | idD
AL R A I R T AN TELar T
AT a NI T NERBHATHHEE Z
Cre/loxP #l#faz 2% V- A B~ ADBA R %
1 6> CTE7=(Kitayama et al. BBRC 2000,
Takeuchi et al. ] Neuroci 2005), F£7-. iM% REMF
Hr CRIEEESNDBAR T D REE R T 5
7291, IS REFRATICE L 72T 22 2~ A
C57BL/6 FK#ELVAM H IZ ES Ak RENKA %
BISZL | 129 RHEH 3K ES MRk EZE DL
RCREBFUE~YT A ERCEL 5 EEZ T
b+ 5Lk E L7~ (Mishina & Sakimura,
Neurosci Res 2007),

FHFEEEIL. YY) AMPA T RO
H~DFBLE T T A~DBIEICEA G- T 5L
&7z stargazin 53 (Bredt & Nicoll, Neuron
2003) , APMA Z RARLE R A LZ DT v
RWENEE RSS2 =y T
BHHZ AN R H LT (Yamazaki et al.
Neurosci Res. 2004), stargazin 7 73 —Z /X
Z1% TARPs (transmembrane AMPA receptor
regulatory proteins)& @4 S, AMPA I 7%
ROV 7 2=y "B FREIND IS -
7

HEEE S5 I3, ZNDDORERZ T TARP 773
U—%E 1 AMPA B OYNMDA B L 23 i
TR THECOY T 2=y haaT 4
TaF I RIBTED floxed <7 ABRINIL, fif
Wrathdlz, T ORI NEIVEZ HERT v

RNVDLEEMEFEBIAT =K I EHITTE M i
B Fr ORI AR (BERAL) (28D F e > T
By EVMERRGHAFFOICE ST,

2. WD B

AWFFED B BT, ZNVEIU W SR D3
HEZEMN, SOV T T2A~OBIT LR
EDMR OB AL ICKY R R T
BRATHE SN, ZOZENHMAR AN &
ZAR TR TS ML 1 e T R K e
Bl o FBERR AR &7 D WD E £ % 5iE B
THIETHD,

3. gD ik

AT Tl Fex D3BAFE L7z C57BL/6 ki i
Sk ES ABARRE RENKA % F WO CHRE OB G 14
B AR L THT 2B 2oz, £
INE I U REDRTEY T =y M R

O 7 AMBERENC B D 5 50 T RE 2 1)

LT3 floxed B~ R &R L, 3AEHH
IZA2H T Cre 5Bl 5~ 7 A L ZFLEHT
HCHEETFRELZEZ L7onull /v 277

U U REEH LT, £To. FEEDOMERL
B DUV T Cre 2R3 5 KT AN
—< AL floxed M~ 2 2%/ X, R
NERIZR ) 7 T R EEH LT, Zhiun
DEHE~ T A ZREY, EXAEET, AT
LOTEERRE L AT ERB 2 o7,

4. WFFERE

AT TIE, ET I NVEIVBZHERD
KBV T 2=y D floxed BIFE H) ~ 7 2% 1E
U7, 4 FEEH O AMPA Bl K97 =
=vh GluA1-4), 4 FE¥H D NMDA &l 5% 7%
K497 2=k (GluN1,GluN2A,B,D) . 2
BmEHOIA=VBER YT 2=y}
(GluK2,5). 6 FEJH ® TARP 4y F Bf(g2-17)
O, > F T AR EFEIZEADDLP/QEAT T
LT LF v RIVA F D floxed B~
AR N LT, o, RIAN—v T REL T,
S CALl $ER#IIE D CP14, CA3 #E{K



A e > GRglCreN, # il £ #h #¢ 4 i o>
GAD67Cre 72& | 2O g 1235 )R
TR Z2ERL CEH~YTAZR L
720 BT, K= Z K DIR KO
D2R Bz F+DO 7 uE—F—TCE#T5
Cre YUALFNFNEILLZ, ZNHD
VUAEREEIECEE O T 4 a)
NI I T IR AEEH LT 282
ROVIR DI IR R 15T,

NMDA 52 784K GIuN2B ¥ 7 = FNa i 5
CA3 BLE MM CR IR/ v TIN5~
I AEVER L TR B 2o T-, T ORE R,
GIuN2B #f5 CA3 R~ ATiX, GluN2A &
GluN1 MY F 7 RIAFET DICH b H T
CA3 IZ A /15 NMDA ZRARISE N EL
Tz, L, v 7 24 ClriiE a2 Ff o
KARNDIFAET DI ENHALNI o7, 2D
&1% GluN2B 725 NMDA B2 AR DIEMEAL L2 4
FTHY, O F T RIZEBITH NMDA 2K
KB & OREEY T T A% IRIEPSD) D5y
THEAEOHEFFZE 5L TV LI ENRIES
iz, S5 NMDA ZFIKD 7 VidT o
F &L TPSD EREOEAROEEL L
TEMIZRE G355 R A5, —J7 . /NKEERL
HiES F 7 2 TlE GluN2B BFAELRLEH Y
T 7 A TNMDABIZ AR DTEMEITFR O HID
ZEMBNMDA BIDZRARD L F T AP
BATLIEPERE LI LV B> T BT e
DIRESHIZ, BT, FEW 7 RITBN
THE AT GluN2A & GluN2B 2K #H
SHDHE AMPA BUSZ GRS B ST kR AT
EMEHESNDZEMALINT 25T,

T INE IS AR OTE VTR E OB A
D120, ZOZ KR EHER T HEY T 2=y
FDEEEZIBI/RoT, ANTENE DK
BHURD iz R ELTZ, ZOEEFAWT,
ERIY AKX T oy NEIZID ST 7 2=y
cOEERET=, #EE TIX GluAl & GluA2 23
BRI L TWADIZRIL T, KIMEE T
1% GIUAL 20 GIuA3 23 WAL TV
77o — 7. /NI TIE GluAl-4 BOBDODOEN
FIERIC CThHoT, 2 DA =V R RAK
L AMPA B ZRRIOEHFE Y IR &N
BT oT2, — 5 NMDA Bl 5 RAKILHS
MAZH EDDY, AMPA U2 5K J 000D 700
BETH-T-, — . /IR V% o fiiaic

KNI L8 2 5 C&T- GluD2 B 7 =vh
IS, TA =2 5% AR & TRV L2 B 0 K
RSO ET DB R 5T,

NI VA s ISR IZ GluAL B
=y RELTZ~T AT, GluD2 O &3
B, GluA2 KR LT=~7 ATl GluD2 D&
DN DI ERHBINI o7, ZDOZEF,
GluD2 75 AMPA Y52 AR DIEAE A AT B D TE
THEIL CWDZEZRIBLTERY, HiRDHM#E
Wrattd s,

TARPy -8 KB~V AH/RT AD/HD %
FOFREL T, MEERTOR— I8N E
HLUTWAZERHALMI ST, F-. FDOFE
EREIEE, RN E CTHLATREMERS B L
W, AT qatIv oI T I SO DS
HINZI8oT,

MBI R 25 DO T2 NMDA RISz 25K
2=y NIk B AR THLHL O
(FAET DI H I AT ) — = THEIZ IV AL
HL7,

5. FE/RFE K HF
(BFgEfCE | BFgE oy 8 I OSBRI 728 1
7))

GdEREamC) (BF 31 1)

1. Changy, She ZG, SakimuraK, (. 34)
Stallcup WB. : Ablation of NG2
Proteoglycan Leads to Deficits in Brown
Fat Function and to Adult Onset Obesity.
PLoS One. (&FtA) 2012;7(1):e30637.

2. Miyazaki T, (fth 3 4) Yamazaki M, Abe M,
Kano M, Sakimura K, Watanabe M. :

Cav2.1 in Cerebellar Purkinje Cells Regulates
Competitive Excitatory Synaptic Wiring, Cell
Survival, and Cerebellar Biochemical
Compartmentalization. J MNeurosci. (% #t
A) 2012 32(4):1311-1328.

3.Gray JA,(fth 3 4) Sakimura K, Nicoll RA.:
Distinct Modes of AMPA Receptor
Suppression at Developing Synapses by
GluN2A and GluN2B: Single-Cell NMDA
Receptor Subunit Deletion In Vivo.Neuron.
(##4)2011  71(6):1085-101.

4.Hashimoto K, (f. 3 44) Yamazaki M, Shin
HS, Watanabe M, Sakimura K, Kano M. :
Postsynaptic P/Q-type Ca2+ channel in
Purkinje cell mediates synaptic competition

and elimination in developing cerebellum.
Proc Natl Acad Sci U S A. (#&#i4)2011




108(24):9987-92

5.Uchigashima M, Yamazaki M, ({2 %)
Sakimura K, Kano M, Watanabe M. : Molecular
and morphological configuration for
2—arachidonoylglycerol-mediated
retrograde signaling at mossy cell-granule

cell synapses in the dentate gyrus./J Neurosci.
(&EFHEA) 2011 31(21):7700-14.

6.Wu S, (f 9 4) Sakimura K, Kaneko T,
Tamamaki N. : Tangential migration and
proliferation of intermediate progenitors of
GABAergic neurons in the mouse
telencephalon. Development. (5%
138(12):2499-509.

) 2011

7.Yamasaki M, , Abe M, Natsume R, (i 4 44)
Mishina M, Sakimura K, Watanabe M. :
Glutamate receptor 82 is essential for input
pathway—dependent regulation of synaptic
AMPAR contents in cerebellar purkinje cells.
J Neurosci, (#£#i4A)2011 31(9)3362-3374

8.Hill RA, Natsume R, Sakimura K, Nishiyama
A. : NG2 cells are uniformly distributed and
NG?2 is not required for barrel formation in the
somatosensory cortex. Mol Cell Neurosci.

(FEFHA) 2011 46(4):689-98.

9.Yoshida T, (fth 3 44) Yamazaki M, Sakimura
K, Kano M, Yoshioka M, Watanabe M.
Unique inhibitory synapse with particularly
rich endocannabinoid signaling machinery on
pyramidal neurons in basal amygdaloid nucleus.
Proc Natl Acad SciUS A (& #A)2011
108(7):3059-64.

10.Miyazaki T, (fiti 2 44) Sakimura K, Mishina M,
Watanabe M. :Ablation of Glutamate Receptor
GluR{delta}2 in Adult Purkinje Cells Causes
Multiple Innervation of Climbing Fibers by
Inducing Aberrant Invasion to Parallel Fiber
Innervation Territory. J Neurosci, (E#HiA)
2010 30(45):15196-15209.

11. Uemura T, (ftfh 6 44 ) Sakimura K, Mishina M. :
Trans—Synaptic Interaction of GluRdelta2
and Neurexin through Cblnl Mediates
Synapse Formation in the Cerebellum. Cell

(#FAH) 2010 141(6):1068-79.

12.Yamazaki M, (fh 5 44) Abe M, Natsume R,
Takahashi M, Kano M, Sakimura K,
Watanabe M. :TARPs y-2 and -y 7 are
essential for AMPA receptor expression in

the cerebellum. Eur J Neurosci. (&)
2010 31(12):2204-20.

13.Tanimura A, Yamazaki M, (ff. 3 4) Abe M,
Kita Y, Hashimoto K, Shimizu T, Watanabe
M, Sakimura K, Kano M. : The
endocannabinoid 2—arachidonoylglycerol
produced by diacylglycerol lipase alpha
mediates retrograde suppression of synaptic
transmission.  Neuron. (7 3¢ A ) 2010
65(3):320-327.

14.Petrenko AB, (ffi 2 44)Sakimura K, Baba
H. :Reduced immobilizing properties of
isoflurane and nitrous oxide in mutant mice
lacking theN-methyl-D—aspartate receptor
GluRepsilonl subunit are caused by the
secondary effects of gene knockout. Anesth

Analg. (EFA)110(2) :461-5. 2009

15.Higo S, Akashi K, Sakimura K, and Tamamaki
N, : Subtypes of GABAergic neurons
project axons in th neocortex. Frontiers in
Neuroanatomy (i) 2009 3(25)

16.Akashi K, (ftth 4 4 ) Abe M, Natsume R,
Watanabe M, Sakimura K. :NMDA receptor
GluN2B (GIuR epsilon 2/NR2B) subunit is
crucial for channel function, postsynaptic
macromolecular organization, and actin
cytoskeleton at hippocampal CA3 synapses.
J Neurosci. (Z7Ht4A)2009 29(35):
10869-82.

(P& (FH934)

1. Kenji Sakimura : Systematic generation of
gene manipulated mice using C57BL/6 ES cell
RENKA. % 42 BIAEFFEEES VR T A
2012/3/6 250 LRy i A= BRA RIS E

2. ORI « B A = Vs AR O TE B OMRNT
Quantitative analysis of kainate receptor
subunits in the mouse brain %5 34 [A]A A
MRS 2011/9/17  #RZ4S) 1| R AR e

3.Sakimura K. :Quantitative analysis of
Glutamate receptor subunits in the mouse brain.
ISN ([E R b 54) 23rd. Biennial Meeting
2011/8/30 FVi %773

4.Yamazaki M. : Transmembrane AMPA
receptor regulatory protein g8 is involved
with the regulation of spontaneous activity and
mental condition. #8[E IBRO 2011/7/17
AZ)T T4 =

5.K.Akashi : NMDA receptor GluN2B subunit



is crucial for channel function, postsynaptic
macromolecular organization, and regulation of

actin cytoskeleton at hippocampal CA3 synapses.

NEUROSCIENCE2010 2010/11/16 7 AU »
ar ==t

6. M.Yamazaki : Loss of cerebellar granule cell
AMPA receptors coOntributes to ataxia in
stargazer mice. NEUROSCIENCE2010
2010/11/14 TAVH Yo F 4T

TG EHR © TARPy2, v7 13/ IMMAMPAR 2 1
AIVRZ AR OEERIN KK D THD
TARPs y=2 and y-7 are functional components of
cerebellar AMPA receptor. & 33 [m] B A%
FHARE 5 53 |l H AR LR RS B
KRZNEURO2010 2010/9/3 S et = ifi

8.Yamazaki M. :Transmembrane AMPA receptor
regulatory protein gamma—2 and gamma-7 are
essential for AMPA receptor complex. FENS
Forum2010 2010/7/6 AT %« T LAT VA
A

9. M.Abe: Analysis of the physiological function
of cerebellar AMPA receptor subunits using
Purkinje cell-specific gene targeting system.
NEUROSCIENCE2009 2009/10/17 7 AV 13/
=t

10. H.Azechi: Composition of AMPA receptor
subunits in the mouse brain; Quantitative
analysis of AMPA receptor subunits.
NEUROSCIENCE2009 2009/10/17 7 AV 13/
=t

11.Sakimura,K: MADA receptor Glum2B subunit
is crucial for channel function and postsynaptic
molecular organization at Hippocampal Ca3
synapses. ISN ([EFE#F#8{b743) 22 rd. Biennial
Meeting  2009/8/25 #&E 1

(XF] o)

(PEZETY PEHE)
ORI Gt 1 #F)

£ 75 BS MIRRIZ 35 1) D FRTRIRE R 2 2h e & s
95 5k

I - EATEE], BRSE, \REKR
MR« B KT

A - ENRET

F 5 ¢ KFE 2010-228524
HFEEA H - Wk 22 4-8 A 10 H

ENS DR - [EN

OBAIRIL (B0 )

Py i
LR
MR
FHYE -
g
BASFEA A
ENA DR -

(Z i)
R i
http://www.bri.niigata—u.ac.jp/" cellular/

6. HFFEHRAK

(D) WFFe A

Ikt @5 (Sakimura Kenji) %
B RY: BBFTEAT

MFEE %5 40162325

(2) g sy i3
HH HE (Natsume Rie)
PR RS BMOFZCET  HANIR R
e %5« 60467082

(3) ELEEHF I
Fifl %% (Abe Manabu)
FHRRS BMWFSCET  #EEER
WP 10334674

[ EHR (Yamazaki Maya)
PR RS EgERT  BhZ
e &5 : 70401768

0 HEEE (Watanabe Masahiko)
B S E P NE SN
MFEE T H 70210945

“)
8 Jifh (Kano Masanobu)
WHRRFERFERE ERUER #B%

FgeE &5 : 40185963

EEARFER  Bd%



