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GABA s
GABA & PC
Glu
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Y 2 GABAA

GluR2

mMGIUR3  AQP4
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global

methodology
AMPA

methodology

2000 11 27 9 30 14 30
single unit
cue
(action) 1st cue
(1.5 2sec)
cue cue
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(PMb)
(SMA)

cue

M1

7.5

%

cue
cue
(M1) cue
(action)
cue(
cue
25%
cue
M1
cue

single unit recording

(PR (central cue)
cue (PMv)
cue
cue
action
cue PMb 50%  action
25%
PMv cue
cue PF cue
cue SMA M1 cue
cue PMv
PMb
PF
SMA
SMA
action
real time
1.4
20 46
5
5
5 5 2
4 ( %) 6
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20 46 cue

digital cue 1 5
activity cue
digital signal PF
PF single unit
GABAA
PF

PF  digital signal

%

Pre-SMA (SMA) single
unit Pre-SMA
SMA Pre-SMA
PF
(PF)
2 05
3
1 go 3 touch
3 6
2 PF
single unit activity 2
3 1 2
2 3
2
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PF

Go one step 3
(motor

planning) (action planning)

path planning

action planning MRI
PF unit recording
Go Go
action planning
PF
PF

digital
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2001 11 26

(mossy fiber)
(neural stem cells)

13 30 17 30

CA3
Ca

C a2+
C a2+

Ca*
CA3 (long-term potentiation: LTP)
2-50 m
2-3
(i) Caz+
dextran oregon green 488 BAPTA-dextran
fura-dextran 100 200K m
Ca2+
Zn2+ Zn2+
Zn% TSQ
dextran
calbindin Dgzsx dextran
CA3 GABA
dextran
GABA
(GAD67) GFP
dextran GFP
Ca? dextran
Ca*
(ii) Srz Ca% Caz* Oregon green488 BAPTA-dextran
Caz Texas red

Ca2+ Ca2+ Cd2+

Ca2+
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Cd2+ Ca2+
Ca2+
Ca* Sr* Sr2 Ca*
Ca2+
Sr2+
50 Hz
Ca2+
(ii1) Caz* Caz
R T
dihydropyridine, w -agatoxin IVA, SNX 482)
Sr2+(Caz+)
R
(iv) Ca*
Ca2+ Ca2+
(slope) Ca*
coupling coefficient
Ca2+
N P/Q
(active zone)
L R
1
DNA

48

Sr Ca*
N L P/Q
(W -conotoxin,
Ca2+
N L P/Q
Ca2+
field EPSPs
Ca*
Ca2+
Ca2+
progenitor cells
2-4

5-bromodeoxyuridine(BrdU)



potentiality

21: 8715-8721, 2001

14

2003

1. GABA
AMPA

(B-cell)

BrdU

cell-line PZ5 cells

GFP PZ5cells

Ca%
Sr#  carrier Caz
in vitro
1 10 13.00 17:00
GABA
GABA
GABA
(climbing fibers: CF)
Purkinje (P cell) IPSCs
AMPA

49

BrdU

Dil

J. Neurosci.



(i) B-cell P-cell IPSCs CF
CF
(ii) AMPA GluR2/3 GluR4
P-cell
GABA GADG65
synaptophysin GAD67-GFP
GABA GFP GIluR
CF Glu AMPA B-cell
(iii) AMPA GABA Bcell Ca?-
B-cell Ca?-transient
AMPA AMPA GABA
Caz*
(iv) CF Glu Beell spillover Glu
Glu blocker §f -DGG)
Glu blocker(NBQX) Glu
Glu y DGG CF
EPSCs CF B-cell
Glu P-ell Glu (EPSCs)
Glu transporter (TBOA)
CF TBOA Glu
Glu spillover
(v) AMPA roscovitine (Rosco)
Rosco  cyclin-dependent kinase (Cdk) Cdk-5
Cdk-5 DARPP-32 (dopamine and cAMP regulated
phosphoprotein 32kD) DARPP-32 AMPA
GABA Cdk-5
DARPP-32
DARPP-32 Cdk-5 PKA
forskolin PKA PKA H7
AMPA PKA
Rosco AMPA
Ca** GABA
B - GABA
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(NA) B-cell P-cell GABA
B GABA
B-cell I,
I blocker (ZD7288) ZD7288
B ISP IPSCs
PKA
B-cell Ca®*-transient ISP
GABA Ca® ISP
GABA
Rebound potentiation GABA
CF P-cell complex spike
Ca2+ Ca2+
Glu
P2y P-cell
P2YR (ADP, 2-methylthio ATP)
P-cell GABA
IPSCs Rebound
potentiation 2 P2YR
P-cell
IPSCs
TTX mIPSCs P2YR
Glu GABA
Pell IPSCs
mGIuR (DHPG) IPSCs
IPSCs MGIuR 11, 111 IPSCs
IPSCs | | i
DHPG
paired-pulse
IPSCs DHPG TTX
DHPG AMPA GlurR
GABA&
DHPG DHPG Bell
DHPG (AG 490)
AMPA
GABA
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(cs) (US)

2 Cs freezing 2 us
control
1 vacuolar protein sorting protein (VPS-16)
lysosome/endosome transport
GABA
GABAA
Glu interacting proteins
GABAA GABA RAP AP2
Gephyrin GABAa
snapin dynein 2
Snapin  SNAP25 GABA a B
Dynein a Dynein
motor protein snapin dynein
AMPA GABA
DARPP-32
PY2R mGIuRlI
VPS16
VPS16 GABA
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dual receptor
17:00

2003 1 17 10:00
A2
A2 (cCPLA2) a B
Caz C2 domain Yy
4 subfamily
family
B
y C2 domain
H20:2
Y
cPLA2x
(MCA) 75
(EAE) KO
EAE
KO
cPLA2
virus
glu
spine
cPLA20 KO
PG KO

cPLA2

Y family a B
domain B

B vy «
Y Golgi
Ca*

(KO)

KO
MOG

EGFP
cPLA2
cPLA2
cPLA2

sindbis

KO

(PG)
PG

cPLA2 (KIDS; kainate-inducible dendate gyrus specific)

promotor

53

kainate-responsive element



KIDS
P1P2 (phosphatidylinositol biphosphate)

COX 1l
D
D(PLD)
PLD
) rough eye
PLD
PLD
PLD
PLD PLD2
PLD
cPLA2 KO CAl
paired-pulse facilitation
LTP 1 Hz 15 LTD KO
PAF KO paired-pulse facilitation
LTP LTP LTD
LTP LTD
05 2
LTP LTD
Lissencephaly (convolutions)
migration Lisl
(PAF) B subunit
PAF receptor KO PAF
KO 1 3
8 KO 145 175
in vitro
PAF Lisl PAF receptor
double KO
cPLA2 P-cell
Pcell
P-cell
P-cell
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BDNF

LTC4S
vasopressin
Oxytocin
LTA4H
LTA4H
BLT1 BLT2 CysLT1 CysLT2 4 BLT1
BLT2 BLT1 KO
BLT2 KO CysLT1 KO
CysLT2 KO
G- GPCR
GPCR  target
GPCR orphan receptors
GPCR
GPCR CHO
LPA (lysophophatidic acid)
LPA 3 Edg-2,4,7
GPCR 46-61 nM
cAMP LPA Edg-2 4 7
Kd
GPCR 7 7
N- GPCR
GPCR
LPA
GPCR
cPLA2 (KIDS)
promator
cPLA2 PAF
(KO)
cPLA2 KO
cPLA2 KO LTD
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PLD

breakthrough
2003 16 13:.00 17:00
cDNA
A.
(A-1) Xror2
Xlim-1
Xror2 (TK)
Xror2
TK
nrpl Xror2
animal cap  activin
Xror2
Xror2z Xwntll Frizzled 7 (Xfz7)
Xror2  Xwntll Rho family (CDC42)
Xror2 animal cap dominant-negative
CDC42 (CDC42™M)
Xror2 frizzled-domain
Xwntll  Xror2 Xfz7 Wnt
Xror frizzled-domain
(A-2) Crescent
Crescent  frizzled domain Wnt
wnt
Crescent  Wnt
Wwntll
Crescent wnt

Crescent
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Xror2
wnt

(A3) cereberus

Crescent

cereberus  Xlim-1 cereberus
Xlim-1
cereberus Xlim-1
Xotx2 3 Xlim-1 Siamois Mix.1
Nodal wnt Xlim-1 Xotx2 Mix.1 Siamois
cereberus
(A4) Xlim-1  Ldbl
Xlim-1 Xlim-1 LIM
Ldbl (LIM ) lim-3
XRnf12 Rnf12 Ldb
Rnfl2 Ldbl
Xlim-1  Ldbl Xlim-1 LIM
Ldbl LIM Xlim-1
LIM LMO2 Ldb1
Ldbl XRnfl2 XRnf12
Xlim-1 Ldbl
Xlim-1  Ldbl
B.
(B-1) XMAN1
nrpl A124C10
MAN1 (XMANL1) 2
neural crest
BMP(bone morphogenetic protein)
XMAN1 BMP BMP
XMAN1 (MO) XMAN1
XMAN1 BMP
MO phenotype
(B2) (MHB) XHR1
XHR1  midbrain-hindbrain boundary (MHB)
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105

XHR1 (XHR1-VP16)
Glucocorticoid (XHR1-VP16-GR)
(Dex) Dex
Dex differential screening
ESR1 XHR1 XHR1
ESR1 ESR1  XHR1
ESR1
XHR1
XHR1
C.
(C-1) (claudin)
cDNA claudin (4L1,
4L.2, 7L1) Claudin  tight junction
411,412
(C-2) nou-darake (Ndk)
Ndk  FGF receptor-like protein 1 (FGFRL1)
Xenopus- Ndk  FGF
Xbra
Ndk/FGFRL1 FGF
FGFRL1  Xenopus (Xndk)
XMAN1
Xndk -

Xlim-1 Ldbl XRnfl2
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2003 1 24

BDNF

in vitro
A.
BDNF
GFP BDNF
BDNF GFP
KO BDNF

GFP

BDNF

BDNF GFP-BDNF

GABA

acid decarboxylase (GAD) 65

BDNF
BDNF
BDNF GABA
BDNF
IPSCs

BDNF

13:00 16:30
in vivo
plasmid cDNA
GFP-BDNF
BDNF
(KO) GFP GFP
GFP
BDNF
BDNF BDNF
BDNF glutamic
(GABA )
GABA
GABA BDNF mRNA
BDNF
BDNF
ABA
BDNF  10-14
IPSCs BDNF
BDNF
2 paired-pulse ratio
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GADG65 synapsin |
BDNF
GABA BDNF
BDNF GABA
BDNF
GFP-BDNF
BDNF Glu
TTX
BDNF
K+
( 08wm
m/sec) ( 04 P misec)
B.
Silent synapse BDNF
barrel cortex
NMDA silent synapse 4 47%
8-11 BDNF KO
8-11 silent synapse 50% Silent synapse pairing
( ) AMPA
silent synapse BDNF KO
silent synapse KO BDNF
1 pairing AMPA trk
K252b
BDNF pairing silent synapse
BAPTA Caz
pairing PLCy (U-73122)
silent synapse
BDNF
Silent synapse
MK801 (NMDA receptor  open channel blocker)
4 (P4 22 (P22)
P4 P6 P22

paired-pulse ratio
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EPSCs NMDA  AMPA paired-pulse
ratio AMPA paired-pulse ratio P4 P22
NMDA P4  paired-pulse ratio P22
P4 silent synapse
silent synapse
C. Invivo
In vivo
Slice 1Hz 15 LTD in vivo
LTD in vivo
Slice LTD
BDNF BDNF
in vivo K252a trk
) LTD trk B
LTD NT 4/5
Slice trk 1 2
slice in vivo LTD
BDNF
BDNF
BDNF (LGN) Dextran amine
(elongation index )
BDNF
BDNF elongation
BDNF
TTX BDNF
BDNF NGF
NT-3 NT-4/5 TTX
BDNF
BDNF
BDNF
muscimol BDNF TTX
BDNF
D.
A B2
A
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GFP B DsRed

DsRed
HcRed
2001
GFP-BDNF
DsRed
HcRed
GFP-BDNF BDNF
BDNF
BDNF GABA
BDNF
BDNF KO GABA
BDNF
in vivo silent synapse LTD
BDNF
15
2004 2 16 10:30 15:30
(HCN)
HCN HCN-1 HCN-4
HCN
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HCN-1 HCN-2 heteromeric channel

HCN-1 HCN-2
HCN-1
parvalbumin HCN-1 h GABA
HCN
Na/K
HCN
HCN
HCN
HCN
HCN perineuronal oligodendrocytes
GABAs
GABA&
GABAs
GABAs
P/Q Ca#
P/Q Caz
presynaptic active zone
Ca* 200/4 m?2 Climbing
fiber
Ca* active zone
120 nm
Ca? 60/l m? P/Q Caz*
GABA
AMPA
AMPA
900/ m?2
uncaged 3

climbing fiber
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MN I-glutamate
caged 2 50U sec uncaging
single synapse

miniature e.p.s.c.s non-stationary fluctuation
analysis Single synapse
hot spot
1 4 25um
7
AMPA 1150-1410 ¥ m?

(900/u m?) 1.3 16

AMPA (GluR1-4)
(E-face) 910/
AMPA
AMPA
coefficient of variation (CV) 0.8
GIuRd 2 cv 0.24
climbing fiber AMPA 3
(Cv=0.19)
AMPA
LTD
(horizontal opto-kinetic response: HOKR)
LTD 1 1 1
5-6
flocculus 1/3
LTD
flocculus
1
flocculus AMPA receptor 75%
paraflocculus AMPA
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receptor
1 short-term training)
5 (long-term training)
long-term training 2

30%
1
GFP-transgenic mouse
flocculus
LTP AMPA
AMPA in vivo
LTP
AMPA
CAl AMPA
AMPA
Freeze fracture AMPA
AMPA 1-10 AMPA
AMPA
LTP 45
AMPA
GlurR GluR:
GluR: GluR:
GluRz
GluR: lateral diffusion GluR:
GluR:
e -1 (NR2A) (KO)
€ -1 KO LTP
2 CAl
LTP 2 NR2A
NR2B 9
LTP NR2A KO NR2A
LTP
NMDA NR2A
NR2B phenotype
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2003

46

(< 5%)

3

productivity

12

15

(46

fMRI

66

methodology

imaginative

13:00 17:30

(path planning)



fMRI

fMRI
sample cue 2
5-14 test cue
choice cue assignment cue
5-14 target
( event fMRI 16
target
target
(frontal eye field; FEF)
(supplementary eye field; SEF) (pre-supplementary motor aarea; preSMA)
pre-SMA effector
(saccade)
saccade 5
FEF SEF preSMA
FEF 50% (rank;
)
SEF
pre-SMA
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(24%)

sequence; SEF
(21%) FEF pre-SMA 5-7%
saccade
(FEF
SEF pre-SMA 3 saccade sequence
SEF preSMA
4 cue
cue
(40%) cue (3%)
(4%)
(15%) (13%) cue cue
(12%) cue
(18%)
(2%) %
(6% (22%)
(46 (21%)
(12 (28%)
(27%)

46 40 7

%
FEF SEF preSMA
Pre-SMA
4 8
SMA
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pre-SMA

FEF
3 cue
12 4 4
pull-pull-pull,pull 2
pull-turn-pull-turn 2 ( pull-pull-turn-turn)
2003 12 16 9:30 14:00
Ca2+
Ca2+
CA3

(mossy fiber; MF)
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[A] Ca*
Ca2+
(MF) CA3
Ca* dextran
MF Ca*
Ca2+
Sr2+ S r2+ Ca2+
Ca? Caz*
P/IQ Ca% (w -agatoxin IVA)
Michaelis-Menten
N Caz (w -conotoxin)
R Ca® (SNX 482) P/Q
blocker 30-35% N blocker 20-25% R
blocker  20-25% 3
20-25% L
Ca> (dihydropyridine
) L Ca** agonist
dihydropyridine L Ca**
SNX 482 R Ca?
PIQ N R
Ca2+
Ca2+
Sr# w -conotoxin
W -conotoxin
w -agatoxin IVA
SNX-482
Ca%
MF CA3 (G10p md
S r2+
C a2+ Ca2+
Ca2+
Ca* N-
0 40% R
P/IQ
Ca2+
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Ca2+

Ca2+
Ca*
N N
Ca2+
Ca?
Ca+2
MF synaptosomes
dextran MF
synaptophysin synaptosomes N R
N
Ca2+
Ca2+
Ca2+
CA3 N P/Q RCa*
N-blocker 50%
P/Q-blocker 70% R-blocker 20%
Ca2+
N-blocker R-blocker P/Q-blocker
Ca2+ Sr2+
(B]
pH
Ca*
pH 55 7.4
pH
fluorescent protein (VAMP: synaptobrevin)
synapto-pHluorin transgenic mice
CA3 MF
synapto-pHIluorin
pH
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MF

CA3 MF
1%

artifact

BDNF
small, clear vesicles  large, dense-core vesicles
MF dense-core vesicles
dense-core vesicles  BDNF  dynorphin
BDNF BDNF C GFP
venus pH
venus pH
BDNF-Venus
BDNF-Venus
K+
Ca? BDNF
BDNF-Venus
[C]
BrdU(5-bromodeoxyuriding)
Tujl ( ) Neu
N BrdU
BrdU
BrdU
GFAP-positive
EGFP
4
phenotypes 27%  nestin 24%  Tuj
1 25% Neu N 32% GFAP
astrocytes
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[A] MF Ca?

21 1

MF  CA3

(septal side) 0.4-1 mm

Ca2+

Ca2+

73

basal dendrites

(temporal side)
MF

in press



13

dual receptor

13 10 5

90
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GABA

(BC) (PC)
GABA climbing fiber
climbing fiber (spill over)

(Glu) BC AMPA GABA

PC mGIluR1

Ca* GABAs
GABAs mGIuR1
(Nature Neuroscience)
2
(freezing)
4
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52

vacuolar protein sorting protein (VSP-16)

GABA
GABA/Glycine (VGAT)
GFP GFP
GABA GAD-67 GFP
GABA
GABAa (targeting)
GABAA B C- GFP GABAA
(clustering)
GABAs mGIuR1 couple
BC AMPA
GABAA
2 3 2

GABA

dual receptor
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(CPLA2) PAF

dual receptor

)
BLT2, CysLY1, CysLT2
@ (PAF)
cPLA: ®)
cPLA(KIDS)
PAF cPLA2
cPLA(-/-)
cPLA
cPLA(-/-)
cPLA:
cPLA2 CAl LTD
PAF
cPLA: KIDS
nestin progenitor cells
KIDS cPLA: C- tandem cPLA:
KIDS
initiation site  KIDS initiation site KIDS  promoter
KIDS promotor KIDS
KIDS

77

timely

BLT1,

cPLA:

A2



dual receptor hypothesis

orphan ligands
Dual receptor hypothesis

orphan receptors
PAF

G-
Xenopus
cPLA 2(KIDS)
cDNA
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ligand/receptor pair

GCPR

(PSP24)

(GPCR)



CREST

MHB)

protein)
Wnt

Xror2
Wnt

Crescent

cDNA
XHR1(
(midbrain-hindbrain boundary;
MHB
stage 10.5 XHR1
XHR1
wnt BMP (bone morphogenetic
FGF
XHR1
(Xlim-1)
Xror2 Xror2
Xror2
Xror2  frizzled Wnt
frizzled
cDNA crescent
wnt Xror2
nrpl
MAN-1(A124C10) MAN-1
BMP
MAN-1 BMP
XHR1 MHB
Xror2  Wnt
Xror2 Wnt Wnt

Crescent wnt
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MAN-1

MAN-1

Vvivo in vitro
LTP/LTD

testable question
LTP/LTD
BDNF
BDNF

BDNF
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cDNA

BDNF

BDNF



20 BDNF 8

(K252a)
BDNF
BDNF LTD
BDNF (1) LTD
BDNF
BDNF LTD BDNF
BDF GFP plasmid
cDNA GFP BDNF BDNF 0.3
m/sec
tetrodotoxin
picrotoxin
BDNF BDNF
GFP BDNF BDNF
BDNF GFP
BDNF(/-) GFP
GFP BDNF
BDNF
BDNF
BDNF
BDNF NMDA
AMPA
Glu
in vivo
GFP(green) Ds-red (LGN)
green red green red

LGN
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14

14

11

13

project

age-dependent
BDNF

82

age-dependence

BDNF



SDS-FRL (SDS-freeze fracture replica labeling) 1995

100

NMDA¢€ 2
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3 4 AMPA

(climbing fibers) Purkinje

AMPA GluR1-4
AMPA 5
nm  gold particles 1490/4 m? 10 nm  gold particles
728/ m? gold particle
1,000/4 m?
AMPA immunogold particle
AMPA
AMPA
3 Purkinje
miniature EPSCs 1 AMPA
950/4 m?2 immunogold
particle AMPA
2 3
(LTD)  AMPA
NMDA € 2
Western blotting €2
CA3 stratum
radiatum stratum oriens
homogenate €2
PSD(postsynaptic density) €2
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0]

(iv)

(iii)

85

originality

(unit activity)

(i)

Nature



0

Sample cue 3 (delay)
Choice cue 90%
unit activity
Sample cue Delay, Choice cue
unit activity Sample cue, Delay
Choice cue Choice cue Choice cue
phase
(ii) 2
05 )
1 3 touch
unit activity
(iii)
Go
one step
unit activity

(iv) 5

2

5
5
5
5
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CA3 mossy fibers; MF)
Ca2+
Caz Caz+
mossy fibers (MF)
Ca2+ Ca2+_
MF
Ca% CA3 MF GABA
interneurons interneurons  Ca%-
GABA interneurons
Ca?z- GABA GADG67 EGFP
Ca?- GFP
Ca?t- MF interneurons
Ca?* Ca%
Ca2+ Ca2+_
Srz MF
(i) Ca® (ii) Ca**-
(iii) Caz
MF
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(i) MF Ca* MF 50 z

Srz+ N-type W -CgTx P/Q-type
W -AgTx R-type SNX-482 L-type
nimodipine PIQ R N L
Ca* PIQ:R:N:L=40%:25%:
20% :10%
(i) ca?* Caz
CA3
MF field EPSPs EPSPs
(rising phase)
Ca2+ Ca2+
SNX-482 -CgTx Ca?*
EPSPs W -AgTx
Ca? 20
R- Ca%
N N- Ca?
R
(iii) Ca* Ca?
Ca2+
N 10% 40%
N
Ca2+
2 dextran Caz*
Ca2+
Ca* 2
MF
N P/Q

CA3 striatum orience

C a2+

speed up 3
R Caz
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PIQ

CREST



15

10 15 11

dual receptor

15 10 31

50
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GABA

GABA
GABAA
GABA GABAa
3
(BC) PO GABA
(NA) B2
cAMP In
BC GABA protein kinase A (PKA)
GABA
PC AMPA
BC/PC GABA
climbing fiber (CF; ) BC AMPA
GABA AMPA
ionotropic G, G G metabotropic
AMPA
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C a2+ C a2+

BC AMPA GAD (glutamate
decarboxylase) GFP-linked GAD
AMPA
parallel fiber (PF; PC
GABAs mGIluR1

GABA GABAs
PF-PC mGIuR1

GABA GABAs mGIluR1
cross-talk
GABAA
Yeast-two-hybrid receptor subunits
cDNA
dynein snapin
GABAa
PC mIPSCs
snapin snapin
GABA dynein
(fear conditioning)
cDNA
VPS16
VPS16
GABA 3
BC PC GABA
(NA) (5HT) 5HT
NA 5HT
5HT
PF GABA& mGIuR1

cross-talk  key issue
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GABAA
dynein snapin

VPS16
dual receptor
cytoplasmic phospolipase A2 (cPLA2) kids (kainite-inducible dendate
specific cPLA200 ) cPLA2B (B 1-B 4) lysophosphatidic acid (LPA) 2

(BLT1 BLT2 C4 (CysLT2

orphan receptors

P2y9
N
2nd messenger
LPA P2y9
3 LPA
cPLAZx
cPLA2a Ca%
cPLA2 GFP transfection
cPLA2 GFP
cPLAZx
in vivo cPLA2
a Purkinje (PO
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in vivo C4
Lis-1
Lis-1
B PAF-AHB PAF receptor
invitro PAF receptor™
PAF receptor blocker
PAF Lis-1
cPLA2a -/-
cPLA2a
-/- cPLAZa inhibitor
oligodendrocytes (MOG)
cPLA20 -/-
microglia
microglia
D4  microglia PAF  microglia
Ca* cPLA2a
cPLA2a 7 c1 LTD
LTD LTD
productivity
2003 17
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D (PLD)

cDNA
(1)Crescent
(2) XHR1 (stage 10.5)
(midbrain-hindbrain boundary; MHB) XHR1
MHB
(3) XMAN1
nrpl
XMAN1 BMP(bone morphogenetic protein)
BMP XMAN1
BMP XMAN1 2
(4) Xror2 Xlim-1
Xror2 crescent Xror2
crescent
(5) Cerberus  Xlim-1 cerberus Xlim-1

cerberus Xlim-1
Xlim-1
(6) Rnfl2  Xlim-1
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Rnf12 Xlim-1

(7) Ldbl  Xlim-1 DNA LIM
Xlim-1 LIM
Rnf12 Xlimb-1
Ldb1 Xlim-1  Ldbl

Xlim-1 1992

Liml
cDNA
Xlim-1 XMAN1
XMAN1
exciting

5 Xenopus

Xenopus
4

in vivo invitro in vitro
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BDNF

BDNF BDNF
BDNF GFP
24 BDNF BDNF
BDNF
BDNF GFP BDNF
BDNF BDNF GABA
BDNF
BDNF BDNF
BDNF silent synapse v
silent synapse 7-8
AMPA  Glu
BDNF
BDNF silent synapse silent
synapse BDNF
BDNF
BDNF
BDNF
BDNF in vivo
8 12
age-dependent
BDNF Hz
15
BDNF
miniature EPSCs
amplitude
BDNF in vivo
in vivo trk receptor tyrosine
kinase (K252a) trkB-1gG BDNF
in vivo BDNF
trk
trkB
BDNF
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Hebb

BDNF

BDNF

cortex

BDNF

GABA agonist

BDNF
BDNF
tetrodotoxin
BDNF

BDNF

barrel

BDNF  GFP
BDNF

BDNF
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