I 2 SR A - () A

B - A C 51T 5 YT YA Y B — L% S — PP

(DGKPB)D 5 1Al N AT B SR BR 25T



Frif

F1EE A, UIEAUCE T D DGKB D&% E|
i #=
2ffi  FEBRMIBRIS KL OVHIE
487 B

2w FRASRERIEIC 31T 5 DGKB DAl
i #=
2ffi  FEBRMIBRIS KL OVHIE
487 B

3T JEIBEHSRERIEIC 31T 5 DGKB Dl
i =
2ffi  FEBRMIBRIS KL OVHIE
487 B

fafhk X O

AR

5| FHSCER

WeRE—H R

H

N
\
/

a1
\
/



Fr W
TN ) Er—L¥F—E (diacylglycerol kinase: DGK)ILFE ¥ —E D
—fEThY, T 7 Y e —/b (diacylglycerol: DG) % U Uik 45 Z & TV
*+ A7 7 F VM (phosphatidic acid: PA) % PE/E T % CTdH %5 (Topham and

Prescott, 1999), DG (X al 7 RUF U VBRI 7 v 2 X Vs 254K 1, 5

9000000000000 0000000000

oomﬁ&ooood@)oooooo

V12 PKC,RasGRP,etc  mTOR, Akt, etc

Fig. 1 Gg-protein-coupled receptor downstream signaling.

GPCR : G-protein-coupled receptor, Gq : Gg-protein, PLC : phospholipase C.
PIP, : phosphatidylinositol 4,5-bisphosphate,  IPs : inositol 1,4,5-trisphosphate.
DG : diacylglycerol, DGK : diacylglycerol kinase . PA: phosphatidic acid.
PKC : protein kinase C, RasGRP : Ras guanyl nucleotide-releasing protein,

mTOR : mammalian target of rapamycin.

ZILCOE LI Gq Z o I HEEETRIOZ R, VI RBEET L2 L TE
AL S 7= A U 23—F C (phospholipase C: PLC)IZ KX > T, RA T 7 F LA
J v ="V & (phosphatidylinositol 4,5-bisphosphate : PIP2)7> 5 BEA XD,
Gq ¥ > RV EHBMSRIROE D RA vV Uy —L LTOEEZRL, 7
77 A %) —¥ C (protein kinase C: PKC) X°Ras /' 7 = X 7 L' A F Nk ¥
> 7374 (Ras guanyl nucleotide-releasing protein : RasGRP) 72 & OfE % FHHI 95

(Topham and Prescott, 2001), PA &l DRERARE & L COZEI DI, Wi



HIHT R~ A U AER & 37 8 (mammalian target of rapamycin : mTOR)<°, 7k
AT 7 FINA T b=V 4 U b-F S —8 | Akt DIEHELY 7TV REE
HIE 4 2 HEHE 2 £5> (Ghosh et al., 1996) (Fig. 1), < D 7= DGK (% DG X° PA &
AT D Z LI Lo T SRR ARERCHEEOREBRICES T Z &M
nTnsd

AR O — M L TURAT 08 An T A B IEHTIZ L > T DGK O/ AET A
A D E P ARREIRIR R, BEIRP 72 & & OBE RIE S 41TV S (Chibalin et
al., 2008), HIfE, MHFLIEIZIBWTIX 10D DCGK %7 X A 7 (o, B y. 8. M.
Ko & Gw ORAHEESNTEY, 22 C Rinihomr C @O L 2 &
DUWNE I DDV ATA L) vF RAL U EFFD, —FHTNRKANZIZY T2 A7
FR R 72 IR A FE D . & OREE OEIT Ko T, FBLRF IO R BLELIZ 4%
M % F5-> (Topham, 2006; Goto et al., 2007; Sakane et al., 2007), DGKp (L4 A 7 |
DGK IZ/ SN N T MEGET —7 ThH D EF-hand ZFFH, BT AR
FEARTF 2 R T & B2 HIVTUW D, DGKB 131N o 4l fied oD i i 25 1 <0
MR AR IZFEEL L TR0 | FrICIRER, BUE MAIR. VG 72 & OB TRILN
ETHDH, ZORIUTT v MTRBWTAR 1.2 LY 2681272 % (Adachi
etal., 2005), ZDORHIL, T v MEICEWT U T T ARKAT 2RI TH Y |~
FTARE DMIRIBIEZ I T D A3 OFAIC DGKB A3 E B e 4 F
LTV D AREMENEZ BN TS, £/ DGKB @ C Kimfl] 35 7 I/ Faskhk
IMRBPLIZAT T A ZNY T o F B EBE TR SN TH Y . DCKB &
PR MR RECRE PR BB RE & OBA G- 23 RIB S U TV 5 (Caricasole et al., 2002),

AN 2 BRI OBA T Th D VT T AD%E, BHIRZEE EICFEET
HIRZER D Z & T, BIZB W TRICHEEOMRREH A ZET 2%EH %2 b
D, ARA VDEFERILREIT, AR DR EBRICBWTELT 5 Z B35



LTV % (Elston et al., 2009), FX A DIKIZISUN T A1 OfER L OEUT X
AFI v ZIZEBLTEY ., TORENEHHEM (long term potentiation : LTP)
DFEICEID Y | FEEOEK - ARFFICEES L TWnb EE X BTV 5 (Lamprecht
and LeDoux, 2004), ¥T4F TIEASFEARRIR BRI BIZRB N T, AN UEED
JNRE~DEGNRO b TR . W7 Ao 2 OAREE T = R RE 2 HE s 3
D ECHERERAF O ENHLMNIR > TE e, TG RERE
(Glausier and Lewis, 2013; Konopaske et al., 2014)<° X il " (Konopaske et
., 2014) TIZEFME D A SA VEENHD L TND Z ERHEINTEY,
FLTANARREBEEZ R TEHEOREE T LVEHWIZBN T, ZOMRER &
B ANRS BEDHD L OREMENIRE STV (Fiala et al., 2002),
AWFFETIZ, DGKB & Ao UG L ONEIRINIERE & OB 2 g3 % B
T, DGKB Kifi~ 7 A ZAFR L, 9% Tk DGKP DM ERARICE
T HEEIDOREIR LU DGKB RIA~ T AD A/SA RGO & Fhi Lz, 5
TEIZBWTIE, DGKB OFSEIERERIENIZ 1T 5 & E I LU DGKB K~ T A
DFFEREIZ KT T YA~ —RIERIETH D A~ o F o OIEH ORGE Z&
1Todz, Fethlc, =BV TIE DGKB K~ 7 ADRZE, 9 DIREIEE)
BOEbLB L LU KT T IARMEFEERIETH 5 U F v L O/EH 2573
% Z & T, DGKP DREIEFERERIMENIZ 31T & & MGt L. DGKP 75 A /31 HAE
AL, EO XD ITEmRMHERETRENC AL L TV 2 O & 3 7,



ARA TR BT D DGKP DAk
Has]

U4, VT AR OMIEE TH D A/ EARIRBSORBMIR R & O
HYNREHEINTWD, BRI TADABE TIE, RER X OMESE DA

#
®

&
RN

FERBEEIZIK T LTS Z ERMBLN TS (Multani et al., 1994), F7=#&
FHIE (Glausier and Lewis, 2013; Konopaske et al., 2014)<° 84 f# 2 (Konopaske et
al., 2014)72 EOREMEB TS . KIME S /g D A N4 VEEME T LTV
52 ENHESNTNS, —FFTHPMJE (Ebert and Greenberg, 2013)°HESS X i
fE=#E (Irwin et al., 2000)72 & ORI ERE 2 72T RBIZB N TIE, A T v
DIFREELRZEDBEN EFT 5 ERHLNICR>TE TS, ETLEIY
BRI L Z L Efi SN TEY  TAY A == A RRIE (Tsaietal.,
2004), HPAJE (Pecaetal., 2011), FiffiE#E 7 /L~ X (Galvez and Greenough,
2005)72 & T, EDIEIR & AL L DIFRESH DO EB OBIEM 2 /R STV 5
ZDRRIRARA  OFGRETFH), BN BE I TH D LEZHNTEY,
Roy “IIANA UHEZFIE S EH 2 & THALERBEZE LI TS Z LT
)L Tw%(Royetal., 2016), BIH | FIRREIZIHB W T AL O RFIZE T 5K
FERFEE L, £ O3B HREZ T 2 3A1E, EELORBOBRKIK L R 155,
ZHETITEED DGK Y7 & A FIZEA L T, BHIRZEE A /31 DU
H4 2 Z L0 HE STV 5, DGKE OiafEIZEBIL, BEEmiaicBW\W T, £
DRHRZEE AR VB EBEMEE D Z LA STV 5D (Kim et al., 2009b),
—J7 T DGKS TR DS ZAICHE L THWDH ZERHRESNTND
(Usuki et al., 2016), DGKP I XA/ fe o M fR 2 oAl B A 1O BBl 5 & v Xy
BT, MNFRICERESOMSEER, EHICBWTEZBLL TW\W5 (Goto and Kondo,

1993), MEEIZIBWTIX, R R REAAD (medium spiny neurons: MSNs) D Hil



BT ATBFIRE L TND 2 ERHRE SN TEY (Hozumi et al., 2008),
MRIZBWTH, BBEMEOIEGFNES T T AD AL U ANFEL TS Z LR
HOENTR > TS, I HAARHIIIC DGKB Z iR BHL S5 2 & T, #
R DGO A N HREER N T 522 LA HRESNTWND
(Hozumi etal., 2009), — 77 C. & DMOIGERALIZIS T D A1 R~ D DGKB
DEIH-R°, DGKB % KR S 7B E1T 5 A8 UAEEOZLIZBI LTk, R
TEmENRSAHTH %,

ARFETIL DGKB K~ 7 A2 FIL U AREhi) 0 4 HAL ORI K O]
RGN 2 V. DGKB DRI A/, UIRRIZ E D X H I B % KIF T 0
SRR TR 2 - TR L7z,

i

M EEM S L OTA
2-1 SEBRA
ARFABRIZ AN B L ORI T Oo®m Y ThH D,

Puregene Tissue Core kit A Mouse Tail kit % Qiagen (Venlo, Netherlands), RIPA
buffer, protease inhibitor cocktail, phosphatase inhibitor cocktail I, phosphatase inhibitor
cocktail 11, cresyl violet, Brainderived neurotrophic factor (BDNF), Glial cell derived
neurotrophic factor (GDNF)(% Sigma Aldrich (St. Louis, MO, USA). Sample Buffer
Solution, X % / — /L |% Wako Pure Chemical Industries (Osaka, Japan). TRIzol Reagent.
SuperScript 11 First-Strand Synthesis System for RT-PCR, BCA Protein Assay Kit,
SuperSignal West Femto Maximum Sensitivity Substrate, Lipofectamine 2000, -
galactosidase staining kit, HEPES & A -~ 7 A&k . Neurobasal medium.
glutamine, B27. penicillin streptomycin, normal goat serum (% Thermo Fisher Scientific

(Waltham, MA, USA), Tris-Buffered Saline (TBS)/3 Takara Bio Inc. (Ohtsu, Japan).



T X /J—)b, ¥ L Kishida Chemical (Osaka, Japan), <> h /3L EZ —)L{iX
Dainippon Sumitomo Pharma (Osaka, Japan). Can get solution /% Toyobo (Osaka, Japan).
Triton X-100, K U A (tris base)id BIO RAD (Hercules, CA, USA). Protein A-
Sepharose 4B |3 Amersham Biosciences (Arlington, IL, USA), EUKITT (X O.Kindler
(Freiburg, Germany). Entellan /% Merck (Whitehouse Station, NJ, USA). Epon {Z H
#r —= 2 (Tokyo, Japan). Nerve Cell Culture System {% Sumitomo Bakelite Co. Ltd.
(Tokyo, Japan) X ¥ . ZHZ A L7, GFP 35 X Uf DGKp adenoviruses X7 % —
I RFERF G2 e R A fn B RE R 2 R . A X 0 R TH
Wiz, BT DGKB HLiRIE, TR AR 50 G Bk Lv
FEVETAV M=, T mGIURS B, $T PLCB1 B, $T postsynaptic density protein 95
(PSD-95)HLiA ., Bt Homerl A&, HT Transmembrane AMPA receptor regulatory protein
(TARP) y-8 Hif&, $1 GIUAL HiiA, HT GIuA2 Hifk, GluA2 35 L UDGKp 3817 <
A X R Z— T R E R 0GR RERERT (L, K R R E
SRUFFER AR R ) I\ A WA RN 20 T,

2-2 FERITIE
2-2-1  FEBEW

DGKP D KIBIXEERN D J7¥EIZHEW Sleeping Beauty b7 > AR Y U AT Lz
W TAIT> 7= (Horieetal, 2003), F£7- DGKB KB~ AL 9RIcHi=n Ny
70 A& EN, BIai R % C57TBL/6NCIICH) ~ 7 AZH— LTz, ik~ A
WD ERRIL, M DGKB ~7T r RIB~ UV A A ZRL S 5 Z & T157- DGKB
R~ R & ZEOEARIFNE (8 ~ 24 k) %2 SHRREEICH W TIT o 70, fIfUES
FEOIZHDO~ 0 AEIRE V-5 IEL, DGKB K~ v A6 1:db 5\ T B AR

~ 7 AR % AR S TR A L TiTo 72, ~ 0 A EEIRE: 23°C



(FFAHEPH: 20 ~ 26°C), RXAETWIL: 55% (FFAHIVH: 40 ~ 70%), HARE4S 12 BFfH] (R
H: AFAT8:00 ~ F1% 8:00)IZMERF SN - B EE CEME Lt, ~ U RIS T
AF w8 — (#E245x BE175x B S 125 cm)z AV, HHBEHEK FICEE
fil Bk (CE-2, CLEA Japan, Tokyo, Japan)iZ CEilE L7z, EBREITHIIZHT->T
I, I REERIRSE MRE R, RIRORS:H 2 WIZ B RO I ZE B =12
FBRHFHE ATV, a2 ECTEm LT,

BIRTUWEBMOERICHT- > Tt ERROBRFNED D MEEHLE & HE5F
L7z,

2-2-2 WUARY =z ) HAELT

1% 6 O~ T ADOFEE DS 5mm )0 Y . Puregene Tissue Core
kit A Mouse Tail kit Z T4/ 2 DNA ZHhii L. PCR Z17\), ¥ U A@EIE T
BZFE Lic, BRUOT LRS5BT, UTORINDOT T A4 ~—%
iz,
Dgkp-PV122-R3: 5’-GAACAGAACAACAATAGCTTATGTTC-3’
T/BAL: 5’-CTTGTGTCATGCACAAAGTAGATGTCC-3’

Fro, BEMOT LV EKRET 5 B TUTORSN DT T A ~—% iz,
Dgkp-PV122-R3: 5’-GAACAGAACAACAATAGCTTATGTTC-3’
Dgkp-PV122-F3: 5’-TAAGTGGATATTAGCCCAGAAACTTAG-3’

AR SO I DNA $—~ L1 7 < — (Applied biosystem, Foster City, CA,
USA) ZHWT 40 Vo1 7 W To72, 1 VA 7 VDR IT DNA Z8: 94°C 30

B, 7=—U27:60°C 30, =7 XT3 a:72°C 1HMICTITo7,

2-2-3 BT a ey MENT



~ T ADY /) I DNA % Bglll, Ncol OfllfREESRE Z W CTHIb L=, £ b
1 % agarose HUCHT AL L=, kT 2 ZRY U HIAFAET DB TdH 5 lacZ D
T =MW TNATIVEA X LI, £727 7 2FNoORT Z—DiHK%
B9 272, 7/ . DNA % Spel OffillREEF 2 W TH{E L7z, £ 513 0.8%
agarose FZWr b L7=t%, X7 ¥ —HI(FET HESITH D neo D7 e —7 %
AT TV H A X LT,

2-2-4 RT-PCR £

RNA %~ 7 A Hiifil7> 5 TRIzol Reagent® D~ = = 7 /L HiE > THIH L.
W SEEZREST D Z & TERE L7z, RNA(0.2 ug)id Super Script 111 First Strand
Synthesis System for RT-PCR®D# it~ = = 7 /L5t » Tl E L. cDNA %15
72o CDNA Z##RZFE &R PCR #1795 Z & T, DGKB ® mRNA &% E & L
oo TT7A~—XLLFOESI D H D% A,
Forward: 5’-TGTGGACCCTTGAAGGACCATATTTTG-3’

Reverse: 5’-CGGTTTCTTGTTCTTTTGATGAGGGAGCAG-3’

225 Uz RETavT 4T
2-2-5-1 FURHREY

~URAZMEA L, AR L, fH L7oME, KB LTI Ay —L D
FiCEE W, RTEATRE B X OMEERICE 4007z, ST, v~ 7=
Fa—T7ORICAN, BELAER, REEFRL2HWTRERER L, 7
I E 37 B HHRF £ T-80°C ISRAF LT, & v 737 EHHRIZ, RIPA
buffer 1 mL (2%} L. protease inhibitor cocktail, phosphatase inhibitor cocktail 1 35 X

U FZ2N 10yl TR A L THW, HkEED 10 580 % )7 Ehf



HE &= A, B=EY =+ A ¥— (Psycotron, Microtec Co., Chiba, Japan) % FHu T
AT A XA LTz, £D%, 20 Pk FIZHEE S, 10,000 xg, 4°C,

20 SyfEliE D LTc, w0 L RIEZEIL L, Z# o 37 Bhhiiag & Uiz,

2-2-5-2 X R EER

& X7 B E T BCA Protein Assay Kit O#ih~ = = 7 W HE > T3 L 7=,
T2 b, 10 54 R U729 > 7 112 Working reagent & st ., 9 7 1% 37°C
DA Fa_X—Z =T 30 RS S . £ D% 532 nm DWOLJE % Varioskan
Flash (Thermo Scientific) Z IV CHIE L7z, > 71L& bovine serum albumin %
W ARHERRRR L 0 B U 7o &2 X7 R EE A JeiZ . Sample Buffer Solution 35 KX OF

RIPA buffer 2 FHWNCiH# L. -80° C ITRTE L 7=,

2-2-5-3 FEXIKER L THRE

B Ry EIRE e PHEE LT T L %-80°C v B ELY HE L, oK B CRMiE S
72 100°C T5 /3 MAMLE L, |REICTRI AL XUy Lz, 1well %7z
DOWRIEIL, SFE~——Z5u, T vxbug & Lic, Yo%k
ANt&, 7oV LRCETZ 0 20 mA T 90 sy fRlvk®E) L 72, TkENf&. 77 /v % cathode
buffer (25 mM tris, 40 mM 6-amino hexanoic acid){Z 15 4> [z L 7=, BaERRIX A
Z ) —)UZ 30 BRElR L, #Hlikic 15 2ffiz L7z, £ ®%#%. anode buffer 2 (25
mM tris)iZ 15 73 fiig L7z, BEARMEIA> 5, anode buffer 1 (0.3 M tris)|Zig L7= 5
%, anode buffer 2 (Zig L 7= Ak, #x5[E, 7/, 2 #® cathode buffer (Z{2 L 72
AREDNAIZE A, B 14720 100 mA T 45 3RS L7,

2-2-5-4 AR LTI 4T

10



HRE% . 0.03~0.1% TritonX 100 &4 U »EafEmE AR/ (Triton in
phosphate buffer saline: T-PBS: 0.137 M NaCl, 2.7 mM KCI, 10 mM NaHPOs*
12H20. 1.8 mM KH2PO3) T L. T-PBS THAIR L7Z 5% AF LI L7 (2R L
T, BRTIRHEZ 0y F 7 L, £O®REOT-PBS THid L 7in G
Can get solution 1 & % \ME T-PBS TR L 7c —kFLikiciz L, =R CURFHFHE
SHTe, FORERERT T-PBS T4 L. Can get solution 2 & % V& T-PBS T
7R L 7= kPR Pierce Biotechnology, Rockford, IL, USA)IZi2 L. =i T 1 B
MffE S W7o, T-PBS Ty L7-1%. SuperSignal West Femto Maximum
Sensitivity Substrate (Z 5 77 [fi2 L7z, & ®%. Luminescent image analyzer LAS-
4000 UV mini (Fujifilm, Tokyo, Japan)3 & TF Multi Gauge Ver. 3.0 (Fujifilm) % H v
THH L7z, —RPURIZIE,. ~ 7 250 DGKB Hii& (1:2000). HT Gag/1l Hifk
(0.5 pg/mL; Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA). #T mGIuR5 Hifk
(0.5 pg/mL). #i PLCBI1 Hifk (0.5 pg/mL). T PSD-95 Hifk (0.5 pg/mL). #t
Homerl HT{& (0.5 ug/mL), #t TARPy-8 Hitf& (0.5 ug/mL), Ht GIuAl Hitik (0.5
ug/mL), HT GIUA2 (0.5 pg/mL)$tik, Hi B-actin FLi& (1:5000; Sigma-Aldrich) %
W2, IRPUAIZIZ. HRP-conjugated goat anti-mouse 1gG(1:4000; Pierce
Biotechnology, Rockford, IL, USA)¥ & TF HRP-conjugated goat anti-rabbit IgG

(1:4000; Pierce) & Hv 7=,

2-2-6  SEILREIL

BREHRAR X, 320 mM sucrose, 10 mM EDTA, 10 mM EGTA, 100 {778 L
7= protease inhibitor cocktail, 100 %757 FR L 7= phosphatase inhibitor cocktail I 35 &
O #E&H Lz 10 mM Tris-HCI (pH 7.5)FF THREY = F A X LTz, EOOHEC
Ko T E 2R\ - Bif 2 S 512 13,800 xg, 4°C, 30 /rfiliE Lz, kHiE%

11



FRUNZFRIEIZ. 1% sodium deoxycholate 35 X TF 0.1% Triton X-100 &7 50 mM
Tris—HCI (pH 9.0)Z #~J0 L, 36°C T 30 4rff Al¥sfk L7z, 10,000 xg, 4°C, 10 47
.0 L, i % Protein A-Sepharose 4B 2 AW T 3053 7 L7 U 7 &®7=%. 5
ug OE/LE > MLDGKP FUA, 7 FH GIUA2 HLik®H % i Normal IgG &
4°C T—Wppn & 872, W TH 7L L Protein A-Sepharose 4B #7R4& L 1
MR SH 727, 0.1% Triton X-100, 150 mM NaCl &4 50 mM Tris—HCI (pH 7.5)
Ty L7-, SH-SY5Y #ifiiX Lipofectamine 2000 reagent (Invitrogen Corp., San
Diego, CA, USA)% HV T, GIuA2/pEGFP-N1 & DGKpB., DGKp-regulatory & % >
i< DGKB-catalytic/pcDNA3-FLAG % —imiIZ 8Bl <72, Afdix 150 mM
NaCl. 1% Nonidet P-40, 0.5% sodium deoxylcholate, 0.1% K7 > /UHiiEgF U o7
A, 100 {5 AR L 7= protease inhibitor cocktail, 100 %47 L 7= phosphatase
inhibitor cocktail 1 33 X OV I &4 L 7= 50 mM Tris—HCI (pH 7.5) T < B [E]IY
L7, Protein A-Sepharose VT30 7' L7 U7 SH®7=%. V¥ XL FLAG
M2 Hitfkd 2 T Normal 19G & ik S w7z, b 0¥ 7VITLIRE, 56

1% 2-2-5-3, 2-2-5-4 DIFIEICHE L T =R X Ty MEAZFER LT,

2-2-7 SRRk G ik
2-2-7-1 HHEAYEI A 1ER

T AEIARY RV E X — VR TR L, XU R XK (Atto, Tokyo,
Japan)Z W CAEBEAHIKEZ A DENITEAL THER L. RWT 4% /37 R/L L4
TIVT B RE LT 2% picric acid %4 0.1 M phosphate buffer (PB: pH 7.4)% 10 7
FEALEE LTz, £O%, AR H U, FEEETIC—BE Lz, FEL
72MIE 30% A 7 i — 2 &4 0.1 M PB (pH 7.4)IC 48 Ii[fi2 L7=1%. RiKk%EH % H

VT O.C.T.compound HFIZHFEEH L, 7 7 A4 F A% v K (Leica, Tokyo, Japan) %

12



FHWT, -20°C TE X 20 pm OUIFZ/FR L, MAS =2—7 4 V7 SN ATA

K25 A (S-9441, Matsunami, Osaka, Japan)(ZH5ff L T, -80°C THRIFEL 7=,

2-2-7-2 ik G ta(DAB %)

R II=RIBCHOICHES 2%, 01~03% T-PBSIZ CTHid L=, LATH
THREOM T, T-PBS Z T b 4yHLL Evkid 2 50 L7z, 0.3% H.0. &4 T-
PBS (2 20 43i& L 7=t . 5% normal goat serum &4 T-PBS T 20 /o7 2 v &%
7 LTz, 4°C T 72 BFf]—IRPUER & BUS SH T2, T ORI T 2 Bl “kbiik &
it~ 7=, % D% Vectastain Elite ABC Reagent 35 J: UF DAB peroxidase substrate
kit 2 W TYt L7e, 788K T2 L, =% 7 —/LE LU Entellan Ti%
. BIA L, —&EURICIZ, ~ 7 25 DGKP Hifk (1:2000)% v 7=, — k¥t

{RIZ1%. biotinylated goat anti-mouse 1gG (1:1,000) % F\ 7=,

2-2-7-3 Sl (L (e Ot IR)

T-PBS TUE D%, 30%, 60%. 100% A % / —/LDIEIC 2 433 L7z, LA
THTREORTIL, T-PBS & H\T 5 /L. R 2 30 L 7=, 5% normal goat
serum %A T-PBS T 20 pffl7m vy ¥ 7 LT, 4°C TRtk E s s, #
HEER T 2 IReff] ZIRPLR & OIS S 72, —IkbtiRizix, E/vE€ > Mt DGKB $it
& (1:2000), @ ¥ XH GIUA2 HLiE (1 pg/mL) & VW2, “RBUKRIZIE, —RPUE
DOFEFFFLA 72 alexa fluor —¥RFLIR (1:200, Molecular Probes, Inc, Eugene, OR, USA)

Z Tz,

2-2-7-4 X-gal Yutt,

X-gal Y+fa 1%, B-galactosidase staining kit & FH\NCT{T -7, Yl % PBS Ty L

13



721 . 0.2% glutaraldehyde 3 X% 1% formalin (Z{2% < ¥ 7= 5-bromo-4-chloro-

3-indoly B-galactoside % & A 72 SHRIZ 2 IfliR L TR S H 7,

2-2-7-5 7 LI LA F Ly Neth
PR CHOICHE S =06 PBS (iR L Tl Lz, & D%, 1% cresyl
violet 212 10 /MR L Cefats, ZRBK T2 oM 2 | L., =% J —LB kL

N L HAWTER L%, EUKITT BREICTE A LT,

2-2-7-6 /LYt

B2 L7kl 30% A 7 m—A&4 01 MPB (pH 7.4) iRl 2 775 3 HRENE L 7=
%, 2% 7 a LS Y T AYRIEIC 4°C 12T 2 AR L7z, WIC 4°C, T T
20HFRERYAIRIZ 2 HRENR Lz, Yefa L7-/iM% 60 pm OJE X123 L, 2R KIC
2Lz, WIRIEAT A K7 T 208, 10 RIS Z0bL, =% ) —1E
L% L TRAKBRIL T,

2-2-7-8 T BARBIMET

VT AIRN RNV EZ — VR T T, XU A XK 7 (Atto, Tokyo, Japan) &
AWTABRREK A LENITEAL TR L, IRONT 2% X7 RLAT LT |
RBLIO2% ZvZ L7 v7e REH 0.1 MPB (pH 7.4) % 10 ofEEA LEE
L7z, ZTOHMMETRY H L, ES2 1mm T4amm UG OEEE FZ2/ER L, [
[ ER T CBEEE L7, &5 2% 4 A U AEEA PB IR LIEELL, =4
J =& RWTHK L7=t%. Epon (quetol-812)% FWCaE# L7z, #HEEY 1L
v 2 |\ZOH 2%FEEE T T = /L8 LT Reynolds i3 CYutn L7, #HB#EY AT

JEM1200EX electron microscope (JEOL USA, Inc., Peabody, MA, USA) T#1£2 L 7=,
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2-2-8 WML R 2
2-2-8-1 55 BRI AP RE AT L, 22

PEIRTS 17-18 H B O~ 7 AT b v F — Lkl T CRIE L. B IR A Y
L 722 2, B EEEE S, B0 U7 VIR LS 2 R L7,
i U7=HERS 130K L= HEPES &/~ 7 A k&R (Ca’'-, Mg?*-, pH 7.4\
L 7=%%. Nerve Cell Culture System % I\ T, M4 HEEE 2 L=, 558130 7 &
RN hLT 4 w2 T glial-conditioned medium Z W TiTo7=, Bt 3 B Z
N B LT, B n IR BLEER TlE, 5538 3. 10, 15 H#% (dayin vitro:
DIV){Z adenoviruses NSE-tTA, TetOp-GFP & %\ \d TetOP-GFP-DGKB % #shill L
7o LHFREETHIZ 22 L & 51C 48 RF[AIES R LT, 4% TRV LT VT R
& OV 2% picric acid & PB (2 T E 0.03% T-PBS THEF L GFP Ot & #8152
L7o, sefEfifaye i cid 3, 10, 15DIV OMifa% 4%/ 37 KL AT VT K
F LT 2% picric acid %A PB (2 TREE® 0.03% T-PBS THeif L7z, LA T4 L
DFETIE, 0.03 % T-PBS & JHV T 5 rfRl L e 2 3¢ L 7=, 0.3% T-PBS (Z 20
o7z L7 5% normal goat serum T 1 Fffj 7 = » % 7 L7z, Mifldid 4°C T—k
PURL OGS, FASIRT 2 B RUA L RO SE 70, Jefa L7zl ddt
R L — — B (LSM 510 invert, Carl Zeiss, Jena, Germany) TEIZZ L 7=, —K
PUAIZIZ, ~ 7 2AHT MAP-2 Hifk (1:2000), © ¥ 5L PSD-95 HUiA(1 pg/mL)%
Weo ZIRPURIE, —IRPUER OFERERLA 72 alexa fluor —RFTA (1:1000) % FHV =,

2-2-8-2 MSNs #IEG = Afu L 2%
FRIEX DGKB RE~ T AL GFP v U AT & Ok EZ W THEM L

Too IEHRTZ 18-19 H H D DGKB K~ U A GFP ~ 7 A (I F /LB X — /LR
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BT CRME L., WRIRZHRY 1 L7200, UL S S, B i L720h
VRIEIETEE LR R i L7, RBRICAENRTR 18-19 H H 0 C57BLI6 ~ 7 X725
FEZEY L, 8o O S E 2%, 31 ofEEcE A T 0.5 mM
glutamine, B27. 1% penicillin streptomycin, 50 ng/mL BDNF, 30 ng/mL GDNF &
4 Neurobasal medium (2% X, poly-D-lysine =— k L7= dish TH;# L7, 5%
#1133 H Z & 12 25%%, BDNF 35 O GDNF Z R\ o5 & &ZHL L 7=, 1, 7DIV
DHINLZ 4%/ T BV LT V7 & REA PBIZ TIEER 0.03% T-PBS T L7,
LIF4 TROE T, 0.03 % T-PBS % VT 5 AL Ryt 2 926 L 72, 10%
normal goat serum T 1 Bffil7 v v ¥ 7 Uiz, MR T RUAE & s &S
B, FASERT 2 B ZRUE S OGS E 70, e LcMididtB sy —9—
BB CER L, —kPURICiZ, E Y MRS DL ZEEHUE (1
pg/mL), U HFH K82 2 D2 ZARHUR(L pg/mL) 2 vz, ZIREURIZIX
WHUARDOFEF LA 72 alexa fluor —YkFiA (1:1000)% V-,

2-2-9  MEEHFEROERAT
FEBR AR 1L Y E A ER Z25(SD) & B W T fE + EENERR 25 (SEM) Tos L 7=,

Heat R 7 bl i3, JSTAT (Vector) & % U & Statistical Package for the Social Science

LL

15.0J for Windows software (SPSS Japan Inc., Tokyo, Japan) % FH\\TiT-7-, 1 A
H HUNE 2 EIR D43 8T D14 paired t-test, Student’s t-test, Dunnett’s test, Tukey’s
test & %\ i3 Bonferroni test 7> b feii 72 FiE A BINL TIT o 7o, fERFEN 5 %k
e EEAY & L,
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FE3ET FEBRARR
3-1  DGKB X~ 7 ADIER
DGKB D RIBIZBER D FIEIZHE Sleeping Beauty k7 > AR Y Vv AT Ak
AW TIiT- 72 (Fig. 2A, B), V¥ 7oy MEFT ORI R, DGKP K~ A%
DGKB a1 LD 1L fEFTOAIERNEL TV D Z L &R Lz (Fig. 2C, D),
PCR {£% H 7z genotyping (Fig. 2E). #Hi% % H\ 72 RT-PCR {& (Fig. 2F)FB L O
PLDGKB fttkZ HWie v = X & > 7 v v ME (Fig. 2G) & gtk (Fig. 2H)IC
£ o T, DGKBXRIF~ 7 A9 DGKPB A FHHL L TWRWZ & 2 sl L7z, lacZ Y44
DFEF, Ak DGKB 237 EL L TV A IMFEIRIC I\ T, BB FEHR O R A S
AU7z B-galactosidase 23 FHL L T\ 54 Z L 28 L7 (Fig. 21),

Fig. 2. Characterization of DGKp KO mice.

(A, B) Vector DNA at the donor site and Dgkp locus. SA, splice acceptor; pA, polyadenylation signal;
P, cytomegalovirus enhancer/chicken beta-actin chimeric promoter; SD, splice donor; gray arrows,
inverted repeats/direct repeats for transposase-specific binding; B, Bgl Il; N, Nco I; S, Spe I. (C, D)
Southern blot analysis of gene from wild type (WT) (+/+), heterozygous (Tp/+), and knockout (KO)
mouse (Tp/Tp). Genomic DNA was digested with Bglll and Ncol and detected with the lacZ probe
shown in black. A single band in mutant mice indicates a single transposon insertion site segregated from
the donor site (C). Similarly, genome DNA digested with Spe | was detected with the probe shown in
red. Control represents genome from a control mouse cell line with one copy of neo. No band in the
mutant mouse confirmed segregation of the donor site (D). (E) Typical result of PCR for genotyping.
Bands at 455 bp and 540 bp are expected from the mutant and WT alleles, respectively. (F) RT-PCR. No
band in RT-PCR indicates no mRNA of DGKp in KO mice. (G) Western blotting using anti-DGKp
antibody. Proteins in the homogenate of hind- or fore-brain from WT and KO mice were separated by
7.5% SDS-PAGE, followed by transferring and immunostaining. (H) Immunohistochemistry using
DGKJp antibody and frontal sections from WT and KO mice. (I) X-gal staining. The regions where DGKp
gene was mutated were determined by incubation with X-gal. Representative images showing cortex
(ctx), caudate putamen (CP), and hippocampus (hip) of WT mice (upper) and DGKB KO mice (lower).
Scale bar=500 pm.
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3-2 DGKB K~ 7 ADFE R L OMERIZI T 5 A1 & OfEt

7 VIR A Ly bR BORE R, DGKB K~ 7 AL, IO R @ k& 2B
LTHAR~ D X RO IER RJEMHiEL A L TWio (Fig. 3A-D), — /5T
DGKB DFIMNEWENL T D, FRE. T L UMMM B LT, #hii
filze ASA L ALE TYaT 5 HIETH D AN DYe 21T o TG F . DGKB K
B~ U ZADORBIZBWT AL VOB RO b (Fig. 3E-1), MEE 2B W
TIEASA ¥k X OURT-BEMEE &2 A O 2T Ic K » T T AR B o R
DR Sz (Fig. 4),
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Fig. 3. Histological analysis of the cortex in DGKpB KO mice.

(A-D) Cresyl violet staining. (A, B) Representative photomicrographs show coronal sections stained
with cresyl violet. (C, D) DGKB KO mice showed no defects in the layered structure of the cerebral
cortex. Scale bar =100 pm (E-I) Golgi staining. (E, F) Representative photomicrographs show pyramidal
neurons in the cortex stained by Golgi. Scale bar =100 um (G, H) Representative photomicrographs
show high-magnification images of apical dendritic segments. Scale bar =5 pm (I) Quantitative analysis
of spine density in WT mice and DGKP KO mice. (n=11 or 15, mean and SEM ) ** ; p<0.01 vs.WT

mice.
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Fig. 4. Abnormality of synapse density in the hippocampus of DGKp KO mice.

(A) Typical Golgi staining of hippocampal neurons at CA1 regions. Yellow arrows show spines. Scale
bar represents 5 um. (B) Comparison of synapse density in the CA1 hippocampal region. The number
of synapses was counted and plotted. Each datum point represents the mean and SD (WT, n=14; KO,
n=18). ** represents P<0.01 vs. the control of WT. (C) Typical images of electron microscopy.
(x243,000) Scale bar represents 5 um. (D) Comparison of the number of synaptic junctions. Number of
synaptic junctions with PSD in the micrographs was counted. Each datum point represents the mean and
SD (WT, n=30; KO, n=34). Red arrows indicate synaptic junctions. *** represents P<0.005 vs. the
control of WT.

DGKPB ARG ARFRARAL 0D A /S A U AHEEIZ KIE T 58 A L0 33 5 B
T, DGKB KRB~ 7 2R DA & PRIk M 2 /ER L, ZoRiE
TR 2 B AR~ O 2 ORI & P U7, VRS HOR o Rk
BRI BT — IR S 72 v OZSEBUINIRETE 3 B S 15 HiE DO H]
[MC. genotype M DOHE2RZITRO Lo 7- (Fig.5), —H T, EEOEX
BRO—REHTZ OFIEEICBE L TiE, #IREEE 3 %, 10 HEFB LU 15 H
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BONWTNORERIZBNTS, B~ T 2 LIk L, DGKB K ~ U A THE
IZID> LTz (Fig. B5). E72vF 7 ARIEICHI T 5 PSD-95 OfafEetaz
T2 & T, AMREEEMIRD 231 U EZFHIIT 5 & BEERI0AZOMIEIZ I

T. DGKB K~ T AD A1 JUFA BN LTz (Fig. 6),
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Fig. 5. Impairment of neuronal branching in the primary cultured hippocampal neurons from
DGKp KO mice.

Hippocampal neurons from WT and KO mice were cultured for indicated days. After fixing, the neurons
were immunostained with MAP-2 followed by Alexa488-conjugated secondary antibody, and observed
under confocal microscopy. (A) Typical images. Upper panels show lower magnification images and
lower panels are magnified ones. Bars are 20 um. (B) Static analysis. Each datum point represents the
mean and SD: day 3, WT, n=28 and KO, n=27; day 10, WT, n=37 and KO, n=49; day 15, WT, n=34
and KO, n=31. * ** and *** represent P<0.05, P<0.01, and P<0.005 vs. the control of WT, respectively.
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Fig.6. Impairment of spine formation in the primary cultured hippocampal neurons from DGKf
KO mice.

Hippocampal neurons from WT and KO mice were cultured for 14 days. After fixing, the neurons were
immunostained with PSD-95 (green) and MAP-2 (red) antibodies followed by Alexa488- and Alexa-
594-conjugated secondary antibody. Each datum point represents the mean and SD: WT, n=36 and KO,

n=50; *** represents P<0.005 vs. the control of WT, respectively.

WAZ, MER RO RN IC DGKB 2RI H S ¥ =540 A
v DR Z fE LTz, AR~ U ZHROAIMEEEMNIC DGKB Z @RI <
HhHE, —RBEHTEY ONIEERL X OARAS UENFEICHEN LT (Fig.7), [F
BRIZ DGKB K~ U A DPIREFHEMILIZ DGKB ZMEIRIL S &5 &, —RiEdh
720 O R K OVA S A B AR < o 2 L RIS, EICEE L7 (Fig. 8),
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Fig. 7. DGKp-induced branching and spine formation in the primary cultured hippocampal
neurons from WT mice.

The hippocampal neurons culture for 3 days (A, B) or 10 days (C, D) were infected with respective
viruses. (A) Typical images of primary cultured hippocampal neurons overexpressing GFP-DGK} or
GFP alone. (B) Statistical analysis of number of branches per a single neurite. n=13 for GFP, n=8 for
DGKB. (C) Typical images of spine-like structures in the primary cultured hippocampal neurons
overexpressing GFP-DGKJ or GFP alone. Magnified images of squared area are shown in right panels.
(D) Statistical analysis of spine-like structures. n=18 for GFP and n=15 for DGK. *** means P<0.005
vs. the control expressing GFP alone. Bars represent 5 um (for magnified images) or 20 pm. Each datum

point represents the mean and SD.
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Fig. 8. Rescue of impaired branching and spine formation in the primary cultured hippocampal
neurons from KO mice by DGKp overexpression.

(A) Typical images of WT and KO primary cultured hippocampal neurons expressing GFP or GFP-
DGKGp, and its distal dendrites with spines (upper panels). Bars are 20 um or 5 um (for upper images).
(B, C) Comparison between numbers of branches per single neurite (B), and number of spines (C) in
primary cultured hippocampal neurons from WT and KO mice. Each datum point represents the mean

and SD. Numbers of analyzed samples are shown in the graph. **, and *** represent P<0.01 and

3-3 DGKB K~ 7 A DFRRIRIZIS T B A3 U HEIE DO FRET

Hozumi &3, DGKB DHEREKRIZISUVNT, MSNs (SRS HEEL L, B M
F T AERERT DRGSR D > T A BRI L 7o M O BRI SR E T S
ZEEHE LTV (Hozumi et al., 2008), AMRFHIFUWTiX DGKB K~ T A
® MSNs Z gt 7. St ¥ F M9 %5 Z & T DGKP @ MSNs |2
B OEEEZ G L7z, DGKB K~ U 2B L OHAM < 7 X D#GEMAKE A
T UG s Ehi L, MSNs O A XA AR O OFFREZ &1z, £7-X
A U DOBETEIEREZ LICEH L7, £ ORER, Ml 6 2 BILL R Lo, &
D Sehn OBPRZEE E DAL O NS Hivle (Fig. 9A, B), — 5 T
mushroom(K & 72 % 7 2B OFIR). thin(HlEWIZIR). stubby (& 2372 < U RAR)
BB L branched(43ilz L 72 F2AR) L & W o 7= 45 A8 A U IEREDEIAICEI L Tl

genotype [H] CEDFRO HivZe - 7= (Fig. 9C),
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Fig. 9. Golgi—-Cox staining of striatal MSNs.

(A) Photomicrographs showing Golgi-impregnated dendrites of striatal MSNs from WT and DGKf KO
mice. The insets show high magnification images of distal (tertiary) dendrites in each image. Scale bars,
20 um. (B) Statistically significant reduction of spine density is observed at distal (tertiary) dendrites in
DGKp KO whereas no changes are detected in proximal (primary and secondary) dendrites. The data
are the mean + S.E.M. *; p<0.05. (C) Note no changes in dendritic spine morphology by the absence of
DGKGp in each dendritic segment of striatal MSNs (WT: 1363 spines, KO: 730 spines). The data are the
mean + S.E.M. M, mushroom type; T, thin type; S, stubby type; B, branched type.

27



KIZ MSNs H RO W B 2 ERL L . £ DIEE%L DGKB KiE~ 7 A
WA T AT LTz, & ORE R, 3R & BHRZEE 02K B X Ok

genotype 1D ZETFED B L7 - 7= (Fig. 10),
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Fig. 10. Quantitative analysis of morphological changes in primary cultured striatal MSNs.

(A) GFP-labeled primary cultured MSNs from wild-type (WT) and DGKp KO mice at 1 and 7 day in
vitro (DIV). Green fluorescence outlines the entire configuration of neurons. Red fluorescence in the
insets represents dopamine D1R. Scale bars: 20 pm. Histogram shows a quantitative analysis of total
length of dendritic processes (B) and total dendritic branch tip number (TDBTN) (C) in MSNs of wild-
type (WT) and DGKB-KO (KO) mice at 1 or 7 DIV. The data are the mean + S.E.M. NS, statistically not

significant.

VxAZ 7wy MEEZRWT, MEERICHBT 54 "7 HOE% DGKB
K~ TR LA T 2 THEET 5 & Gag/ll & TARPy8 DIEHLH DGKB X
B~ ATHRIZIKF LW (Fig. 11), —5 T, mGIuR5, PLCB1, PSD-95,
Homerl, GIUAl 3 X TN GIUA2 OFEELIL genotype [ TEENNFED Lo T2

(Fig. 11),
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Fig. 11. Effects of DGKp deletion on the protein expression profile in the striata.

(A) Immunoblots with respective antibodies (Gag/11, mGIuR5, PLCB1, PSD-95, Homerl, GluAl,
GluA2, TARP y-8, and B-actin) on the proteins from striata of WT and DGKp KO mice. Each lane was
loaded with 20 pg of protein. (B) Summary graphs indicate density of immunoreactive bands for each
molecule in DGKB-KO mice normalized to that in wild-type mice. The data are the mean + S.E.M.
(n=3). *; p<0.05.

F IR X - T DGKBE AMPA A 7 L 2 I VR RIKDH 7= v
TH D GIUA2 k35 Z & #fEsd L= (Fig. 12A), GIuA2 & DGKpB D Bf% %
KV FEICHREST 272, DGKP D4k, NARMIFGHHEIFEE D 2\ id C ARk ae
1512 FLAG # 7 %A1 L7= DGKP # 737 B /i & EGFP Tl L7= GluA2
% SH-SYS5Y HMifcl |2 LI B S S F ks 4 i L7z, £ DR, DGKB D4k
BLO C RMAMBEREINIZ FLAG # 7 2N L7zt D #4725 GluA2 &k L7
(Fig. 12B), ERICEYuiiil L > T DGKP & GIUA2 DB ZHERT 5 &, =
NHDZ N EITIEFITIE LB CTRAEL TWD Z ERH LN o7

(Fig. 12C).
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Fig. 12. Molecular interaction of DGKp with GIuA2.

(A) Immunoprecipitation using sodium deoxycholate-extracted fractions of mouse striata. The
homogenates from striata were immunoprecipitated with an anti-DGKp (left panel) or anti-GIuA2 (right
panel) antibody. The immunoprecipitates and input lysates (5%) were subjected to immunoblotting with
anti-GluAl, GluA2, or DGKp antibody. Note the immunoprecipitable complex formation of DGKf with
GluA2. (B) Cotransfection and immunoprecipitation using FLAG-tagged full-length DGKp and deletion
mutants together with EGFP-tagged GIuA2 in SH-SY5Y cells. The immunoprecipitates and input lysates
(5%) were subjected to immunoblotting with anti-EGFP antibody. Schematic diagram of the DGKp
constructs used in the experiment. EF; EF-hand motif, Zn; zinc finger motif. The humbers show the
amino acid positions. The full-length DGKp and DGKp-catalytic, not DGKp-regulatory, interact with
GluA2. (C) Double immunofluorescence for DGKp and GIuA2 in the striatum. C3 is a merged image of
C1 and C2. The inset in C3 is enlarged on the right. Note the close apposition or partial colocalization

between DGKp and GIuA2. Scale bars: 5 um (C3); 1 um (inset).

Hozumi & O#EIC L - T, DGKB NHEH I L OMRSEEIZEB W T, AL D
WPRIZIRTE L, 2 OREREICEE 2 KT T AIREME DS /R S 41TV 5 (Hozumi et al.,
2009), AHFFETIX DGKB D A /A TR KIE T & E 2 3E 98 5 HRY T,

in vitro & 5\ M in vivo (2B W T, DGKP DRI AZ LB SEDH Z LT, AN
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TERRIC & D X 5 I8 % M F T/ HOWTHE L7, DGKB KiE~ 7 2 TlL, @
W DGKP @B L Th 5B, MHEFB LUMSGKICIBWT, A8 v
BOWAHRRD BT, ZORERIT DGKP N A /A NZJFIET B 720 TR <,
ZOFRHUCHE R KB AT HZ L 2R LTWVD,

DGKB DA NRA UIERRICI T D72 L 0 EEICHRFTT 2 BT, WEH D

TRRSR O PRI 2 B L. DGKB O¥BIZ2EB S5 Z & TA/ A
VRS DT E O X D ISR E RITT R FHE LT, MR 2 VR
BT, DGKB K~ U AH RO FMUAFRSHING TIL A S A o Hds L OV Iy
EKFLTEBY, Vg LART X —%HWT, DGKP ZildEIFI I+ 5 = & TiE
L72, DGKB DRIBIZ L > THEUEELN, TNEMHIZETLAF2—END
VD ZORERIL, DGKP MESARRRAINILD 234 L IER 2 EICHMETT 5 &9
i< SCFRFL TV D, L LR b MO B L Tid, MR M i
12BN T DGKB I L H2FAEERAB MR TEZH 0D, DGKB K~ ¥ A DS
FHARIZ 1T 2 ZITHER TE 2o Tz, DGK 7 % A4 7OH T, DCGKEH MR
IZHEBL L, Racl B2/ L TR EZEET 22 ENHLNA TS (Kim et
al., 2009a), DGKBXHE~ 7 A DUFIE 2\ T DGKEBUERITEI < = & T, ik
HEZH-> TODAHEMEN B 2 Hivd, DGKP MEHEIZIH W THR RS AN
A VI RIET AR ERZIEW T 2720123, 9 F LIV DO E 7R DRG0
WETH D,

DGKB K~ 7 AMERITB N T AL VOB PRS- — T,
DGKB KA~ 7 AR OYIME MSNs L Tid, £ ORI K K OV dk
IZBI LT DGKB DXRARIC K 2 WEITFED bivie o Tz, T IRMEEHI AR
PRI DRERTH Y MEBALIC L o THRREICH 595 DGKB DREFESH
72 D AIREMEDN R STz, DGKB K~ 7 AMEMRITIB VDT AL DD
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SRR ZERE DI CHE Th o712 &b b, BEKRICTBW T DGKB 1358
L7z MSNs DAL VIEEIC E VG L TnWb &EE X b b, DGKB R~ T
ZDIFSEEICB N THEIMET LTV Gog/ll 1X. GXZ vV BDY T a=y
FCTHY ., FERICEEIMET LTV TARP v8 S HIZZHIEN LD T L%
DG LD PLC #&EE~ & M35, TARPY8 IZVEB I\ T, AMPA B 7 )L 4
VAR EORBRLREEHE T OEERRNFTHL Z ERHEIN TN D
(Fukaya et al., 2006), TARPy8 35 X 18 AMPA %52 78K 13 4 1T B4R MSNs T % %
BHLTW5D, AMPA BIZZRKITEENE Y T 7 2 OB W EREEICB VTR
#eHF 2779 (Malinow and Malenka, 2002), GIuAl 75 GIuA4 @ 4 SO Y7 =
v FO~TREAERE LTHEA S, FFIZ GIUA2 1ZTRELE D AMPA XKD
REEF & 72> T D (Shietal., 2009), GIUA2 13 AMPA Z KD 1V 7 Kidsit
PEEHIE L, A A UTERZST L LTP oK H N+ (long term depression : LTD)?
ERICHB T 5 EE L &E 24 > Tuvvb (Malinow and Malenka, 2002), g2
GluA2 ZIBFIFEE S E 5 Z &L THHBEMRIZE T 2 A, ORE SBLOEE
PR D Z ENHESNTEY . —J5T GluA2 K~ U AR KA
WT, BRI D 25 R L R AN OFEERELS > TN D
(Medvedev et al., 2008), AHFEIZI\VT DGKB 1%, & OffliEagik 2 & Te C Rl
T GluA2 L HEERZRTZ L& R L7z, MSNs 2350 T GIuA2 (X PSD HIZ
RIFLIZREZEZR L, DGKB 1Ev T 7 AT EICIRFT 5 &5 2 E TOME
(Hozumi et al., 2008) & 5> TE 2D &, PSD Ml v F 7 AEE S C DGKB &
GluA2 MHHEMFEM L TND EEZEZbND, ZNHDORREREIIIEZD &,
DGKp D x#E1T Gag/ll & TARP 8 &\ 7= PLC ¥ 27 F/VIZTHE R R T D
12X > T, AMPA BUSZZ RIROMSRED 2 WX RTEIC % KIE L MSNs 1IZ281) 5
AINA EE IR T LTV D A[REME DRI ST,
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H2E FRAEERERIENIC 31T D DGKB DAHE|

F1E S

JIZAT) S MFERLEE 2 EOF MA@ U T 7 AME L2, # 2 THAE
[y - FEERNCEL ST TR Y . Z ORI O TN & IRE, SRR O AR K
T % (Lamprecht and LeDoux, 2004), SMHBIHFMRIC L > T, 7 AHHE - &
MNEALT 2 A2 & LT B O LTP LW BIRRHM 6N TWD, T /b
L WS EEMEARRIC EHERNS A 525 Z S L o T, Fie Lo v 7 A B
NEOHRBRD SNDBRTH D, ZOHRIIA AL OIS L O L
AR S- L CH Y . N-methyl-p-aspartate (NMDA)S Fi&Z I L=+ 7/ F iz &
> T AMPA SRR T T ARIEA~IER T 5 2 & T, A, L OFRASC, TERE
FALDMEE S AL, LTP AL D EE X HL TV % (Malinow and Malenka, 2002),
T IV NA IR ML R 2 R & T SRR AED 72 B HA RKIE R
BHRBPEREE &S TZRE R BICI VTS A2 R0 LTP OB SR &k iz
T2 L CRAMSREICEENELD Z ERX MBI TS (Green, 2006), ZiLH D
BB DB ERIIRON TR Y | BEOWBEEPFET DT VYA ~—
RICBI L Th, TRTHRPERIETH U | BEBERERE 2 IR A s T 15K
HITAAE L0,

AT UFARIZBNTT VY NS < —HOIRRE L L TERS TNV D
TBRIED—2>T, NMDA ZEEDOIEFEAIFEIE TH D, A~ o F FIERIR
RERIZIBWT, T AN, = —IRET VBT Tl < BN Ok 7 RE
TOVENM OFRAFERERRE BT DA H D (Barnes et al., 1996; Minkeviciene
etal., 2004; Chungetal., 2015), F7=ITHFEDIFEIZL > T, A~ FUoRNHBAER
FOWEFH X JEBEREDET /L~ 7 AZBNT, AN, U ERASEERANH 5
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ZEDBH LML S TE TS (Weietal., 2012),

AWML TIL, AL VIR 2 235 DGKB KB~ 7 AN FEERITIKOFEH
FERERE S 2R 2 a3 2720, S CAL#IZR T2 LTP 2 #lliE Lz, £
72 DGKB K~ ¥ 2 D EFLEATE 2 31l L .NMDA Z A ROIEEL & D RRER,
AN F RIS DR AR LT,

F28f  EERM BB L OTEA
2-1 SR B

ARFRBRC W23 )3 LORREEIILL T O®Y Th 2,
Sodium chloride (NaCl). potassium chloride (KCI). sodium hydrogen carbonate
(NaHCO3), magnesium sulfate (MgSOs). potassium dihydrogen phosphate (KH2PO4),
calcium chloride dihydrate (CaCl, - 2H20)., glucose (% Nacalai tesque, A~ > F i

feth (Memantine hydrochloride)i% R&D Systems (Minneapolis, MN, USA) X v i A

L7,
2-2 E S IRiA
2-2-1  FEEREWY

TRTOFERIL, M DGKP~T v KB~V A2 XRS5 2 & TR
DGKB R~ 7 A & Z DB AERFENE 2 AW TITo 7z, BITHE 1= TRLE
FMETHEE L, TR TART 10:00 2> 5 - 6:00 OICAITo 72, FEBR
AT OIS H Iz o TR, I RIERLREE L O AL RO B B L B2 B
ATV, R R e ETHEM L, B TS ES ORI H - T

FREDOKRFEDNED D HEE 2 85F L1z,
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2-2-2 P OFHEEI I OLE
AT R (2.5 mo/kg) XA AKIZEAME L. EEBRICEEA L7z, EAH 5

UMEZ OFR I EFRBRER 15 30 43 Ri1IZ 10 mL/kg DR EIZ TR OES L=,

2-2-3 EXEH

TN 8O~ 7 A L THEM Lz, BIb~ v X2 Wi L, a1t
LS 200 U7, S L72iSIL, €77 F—2A (microslicer DTK1000,
B KA — = A, Kyoto, Japan)z FAV T, 400 pum DE (AT A AL, KT 95%
Oz2. 5 % CO2 THHGAYIZIBA S 7 AN AN REHE (126 mM NaCl, 5 mM KClI, 26
mM NaHCO3, 1.3 mM MgSOs + 7H20, 1.26 mM KH2POs, 2.4 mM CaCl; + 2H,0 1 KL
Y 1.8 % glucose)iZiz L7z, 2 FFfi#e A T A4 A& flék AT v /3 —IZH L, 34°C
DN AR BENK 2 2 mL/min O3 TREVE S W70, B F 7 2 %55 (field
excitatory postsynaptic potentials: fEPSPs) {3 MM EM 2 VT v v 7 7 —1i
ek LOVSHAEC 0.05 HZz OF A Mz 525 2 L THIEE L, 3M D
NaCl %7z L 7= 4 7 X 8R4 v, CAL JiikE TRodk L 7o, SOSIE iR (CEZ-
3100; Nihonkohden, Tokyo, Japan)% i L CRidk L, fEPSP O H _E23 0 FHOMH
S ORRMEIZ, 1 5 3 BEOF¥fE % A/D converter (PowerLab 200, AD
Instruments, Castle Hill, Australia) & /X =2 > % W CReEk L7z, ZE R FEERMEN
51725 100 Hz T 1 FbfE oo & JE i (High frequency stimulation, HFS) % 10

OREIE CRMr L. 7 A RIS SR AT Lel) 7,

2-2-4  E U ZKKEERER
MO 7 —v (BELE 120 X &S 45 cm)IZ/KIED 31 cm 12785 K 912Kk (22

+ 1°C)z Az (Fig. 13), BRIZATAIRGAT, JIEE TR L7 v —73170
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3EIZHT TT o 7,

ATANBRERAT © ~ 0 A 2 alBREEE O P REROKEIZ D 60 BHVKANE T,
AT« AT TOR A2 5 HMAIRIT21T 072, #iEE 4 DOXH
(target. left, right 35 & OF opposite area)(Z 43, B R IRBEH 77 v A — 24 (H
£& 10 cm) % target area D FH:, JKIE F 1 cm OIFTICEEE L=, HEENOEED
A FT Bl L L, ZOND L NFTICY TV AZ BB, 77 > bAR—AIZEIET
HETHLIEIORITE Lz, AT 30 MR TLH 4ETo7, B, &+
UL T v FAR— AR R 15 B Z O ITHE S EI kB L, KoKy
ARERD E—Z—Z AR Lz, 60 BLUNIZT T v bl —AIZEIE
TERPoTev U ATHBREME I L > TF 7 v AR—AICFHFE L, [FEIC 15
FOMIRE S W 7=, Bl L7,

7a— 7T - iR O ANFRERAT O 24 R T e — TR AT AT o 1o, HEEND
577 v halR—2A%ZE L. opposite area D HHIZ~ 7 A & H 60 FOHEEE N
R ST, v U ADBKWTEEN A2 B B TEREBMENT > X 7 A (EthoVision XT,
Noldus, Wageningen, Netherland) % FIV TRk L, target area [ZiHIAE L7=EIGH &

U7 7w bil— L7006 OVE R 2 RIRLIEOFREEE & LCRIMb L7z,

N
N‘f NW . °
’ {0cm| 40 cm
Phatform
120cm| W SW SE )
31lcm 30¢
Platform
S

Fig. 13 Apparatus of Morris water maze test.
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2-2-5 Y FRLKEGER
RRIITTAF v 78D 3 SOT =2 &S Y FRORKEEFANTIT->72
(BE& 40 X 1 10 X @& 12em)  WIEX 1 ARKDT — LD IHII~ U A ZE &
EN%Z 8 A EHRICREBE I E e, v UAPILRLET —LICESLZ < 3D
DT —LZNEFITERBE LT E %, BT — LAOER (alteration) & 35, 20O
Yie. IEERT —LORKBEREIT~ T ANT =LA 72BE G 2 250
728THY ., IELWT —ADOERE (alteration rate) 2 LL F ORI Y TILD TRD
7=
Alternation (%) = (1IE L\ 7 — A O3 R i KR EL) x100

226 Uz RETOavT 4T

B 1 2-2-6 DFIEICHEL TIT o 7,

—WRPURIZIE, 7Y 5 GluRel (NR2A)HLR (1:1000 dilution; Frontier Science,
Ishikari, Japan), 7% T GluRe2 (NR2B)HT{A (1:1000; Frontier Science) 35 Lt~

A fip-actin L& (1:5000; Sigma Aldrich, St. Louis, MO, USA) % 7=, —&k#L
IR 4°C CT—BESEN I L 7=, —k$HLIARIZIEX HRP-conjugated goat anti-mouse IgG

(1:4000) 33 X OF HRP-conjugated goat anti-rabbit 1gG (1:4000) % H v 7z,

2-2-7  HLATERIfRAT
FEBRBGE L) E S AR HERRAE(SEM) To L7z, #EaH 7RI bbiki%, ISTAT & 5
ME SPSS W TIT o 72, 1 ERH DL 2 BRI DAy HEHT D% paired t-test,
Student’s t-test, Dunnett’s test, Tukey’s test & % V% Bonferroni test 2> & fx i 72 F

EaBIR L TAT o 72, a5 %Rm 4 A EEAY & LT,
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P FEBRAKAE
3-1 DGKB KiE~ 7 A8 DG B XA F MG

B2 T DGKB S FFREHIIL D ZE LR Ko A /S A DRI BB 22 % H
Za L, DGKB K~ T AIMDKIEALIZIBUN T AL OB 72 D3 A
CTWAZ EERH L, DGKB K~ T RIZEIT DAL OB~
A DE IR MR REIZ5C T 5 S 2 i~ % BHRY T, ¥ CAL fHID LTP ZHIE
Lico AR O ZNBRLNTMEAT A AT, vy v 7 7 —llds LUK
BRRHEIC SRS 2 5 25 Z 12X » T LTP MRS AL, 60 2 LL - Fffke L 7=
(Fig. 14A-B), —J7. DGKB X{E~ U A Z[AEkDUER T 5 Z & TH LIz LTP
OFEEIT/NE < I 60 /3% DA T, BRI~ 2 LR L, AR L
TV /=, DGKP K4~ 7 2D Input/Output HfRIZE AR~ 7 2 & L ~ZE LD 72 7

- 7= (Fig. 14D),
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Fig. 14. Impaired LTP in the DGKp KO mice.

(A) Representative field excitatory postsynaptic potentials (FEPSPs) recorded from the CA1 region. (B)
Changes in slopes of fEPSPs following HFS in the CA1 region from wild-type and DGKB KO mice. (C)
Level of LTP potentiation 60 min after HFS in the CAL region from WT and DGKp KO mice.

** represents P<0.01 vs. the control of WT mice. (D) Input-output relationship between WT and KO
mice. In the input-output relationship, amplitude of fEPSPs by stimulus intensity at 0.1 mA to 1.0 mA
did not affect between DGKp KO mice and WT mice.

3-2 DGKP KIE~ 7 A DFBHMERE DI TEN AR
DGKB DORIEN~ T ADFRHN « FLIEEE T EDORRIC B Z KT T2 T
a4 2 BT, DGKP KIE~ 7 A& W T Y THRIKRERER L O U 2Kk
AR A i L7z, Y FABKEKRERIZB W T, v U A TEE Y FROEK % |
TCRTET — DR D Z &R NEFITIRRITEI L TS, L L2 b, ElEE
FUEOREEFZRT Y 7 AZBWTIEL, JeRET7 — AR LEG M5 2 &
DHEIHI TV S (Yamadaetal., 1999 ), #pAERl< 7 2 L X DGKB R~ 7 AT

FIER 727 — L DR (alteration rate) 73 IZIXF LTz (Fig. 15A), €V

39



ZKEEEHBRTIE, BB O—>TH L EMSRLEAFM L7, 1 B 45,
5 HOFIFERITIZBWT, vV RILT T v MR —ADORFT AR S, K

DHNHFRIT D 24 FEH % O 7' v — 73R ITICHB VT, DGKB K~ 7 A (XA~
JAEHIE LT, 7Ty FAR— AL XV EVEEZ VKTV (Fig. 16B), £
AR~ 237 0 — 7 FATIZB W T, FIEITRIC 7 v PR — A0 E W
T o7z XE|(target area) |IZ A BT £ WAL L T 223, DGKB RIE~ 7 A1
EOxY TIZxt L THRBREMEL TR, BAM~ 7 A2 target area |2

£ L CW RN A B2 2> 7= (Fig. 15C),
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Fig. 15. Impaired cognitive function in the DGKp KO mice.

(A) Spontaneous alteration behavior of Y-maze test. WT (n = 9) and DGKp KO (n = 7) mice were placed
at the end of one fixed arm and allowed to move freely through the maze during 8 min session. (B and
C) Morris water maze test of DGKp KO mice (n =9) and their WT litter mates (n = 8). Mice were placed
in the opposite quadrant facing the wall and the mean distance from the platform (B) and the time spent
in each quadrant (C) were measured. Each column and bar represent mean + S.E.M.

*:p<0.05 **; p<0.01vs. WT mice.

3-3 DGKP K~ 7 A DOFRHBERE R F 1281 5 NMDA 52 R D B 5-

DGKB K~ 7 A ZBWTRED bz, RaitiE TR ER o B i fhE 4 %
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WRERE T 2 T 2 HIY T, LTP Bk LU

P ENEERE | AR B A2 oR T

NMDA Sz IR DB &%, Vo AX 7 uay MEZHAWT DGKB RE~ T A &

B 2 CHER U2, BEERTRE 1BV T, NMDA Z B/ EOY 7 2= |

TdH D NR2A B X OVNR2B DR HL )Y DGKP K~ 7 ATBWTHEIZHEML

TUW/=(Fig. 16), —J7. M2\ TIE NR2A B L OV NR2B O3B &)Y DGKB K

B~ 2ZBWTHEIZED L= (Fig. 17),

A C
WT KO
Actin [ ee— e—]
B D
o
1.5 p 1.5
m
33 = 2
g8 1t I Z 3 1
o “— 5
S 2 S &
s, o b
£ i G =2
zg0” 5205
A A
0 ' 0

WT

KO

WT KO
NR2B | e G

Actin | —— e—

ek

WT KO

Fig. 16. NR2A and 2B expression in the cortex of DGKp KO mice.

NR2A and NR2B, subunits of the NMDA receptor, levels in the prefrontal cortex were measured using

western blot analysis. (A) Representative immunoblot bands showing the expression levels of NR2A
and B-actin in the prefrontal cortex of WT (n = 4) and DGKp KO (n = 4) mice. (B) Density of NR2A

quantified relative to B-actin. Values are expressed as the mean + S.E.M. ** ; p < 0.01 vs. WT mice

group. (C) Representative immunoblot bands showing the expression levels of NR2B and B-actin in the
prefrontal cortex of WT (n = 7) and DGKp KO (n = 7) mice. (D) Density of NR2B quantified relative

to p-actin. Values are expressed as the mean £ S.E.M. ** ; p < 0.01 vs. WT mice group.
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Fig. 17. NR2Aand 2B expressions in the hippocampus of DGKB KO mice.

NR2A and NR2B, subunits of the NMDA receptor, levels in the hippocampus were measured using
western blot analysis. (A) Representative immunoblot bands showing expression levels of NR2A and
B-actin in the hippocampus of WT (n = 4) and DGK3 KO (n = 4) mice. (B) Density of NR2A
quantified relative to p-actin. Values are expressed as the mean + S.E.M. *; p < 0.05 vs. WT mice
group. (C) Representative immunoblot bands showing the expression levels of NR2B and B-actin in
the hippocampus of WT (n = 7) and DGK KO (n = 7) mice. (D) Density of NR2B quantified relative

to B-actin. Values are expressed as the mean + S.E.M. ** ; p < 0.01 vs. WT mice group.
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DGKB K~ 7 21T T NMDA SR DFBINZEE) L TRV . £ DREREIC
EE KT LTV D ATREMED R SN 72729, NMDA ZAEKROLFER TH D A
~ o F BRI A G- L. DGKB KIR~ U A DFEEIBEREIT KT 508 & Rl L
Too Y FHRIKIERBRIC B W T, A~ F 2 2.5mglkg % #% 5 X 7= DGKB KB~
U ADIEERITARE K EHKG SN R L B L T ARICHEL TR | ¥

Rl 2 L [RIREE CTHh o 7=(Fig. 18A), A~ F L oF&EiL, A~ 2D
Y FRIRE BRI 1 2 EERITEE LY LT S /2o 72(Fig. 18A), Z Ok
HZBWT, Y FARBRRNOR T — AR ASIIE I CTHE R ZITRD Hhzn
- 7-(Fig. 18B),

>
™

% *%*
80 L 225
70 1 lt 1 s
X 60 + é“{] i
2 50 I Zis | ‘
£ 40 r =
£30 ¢ = 10T
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Fig. 17. The effects of memantine on the cognitive deficit of DGKp KO mice.

Each mouse (n = 10 for each group) was treated with either memantine (2.5 mg/kg, p.o0.) or vehicle and
performed the Y-maze test 30 min later. (A) The effect of memantine on spontaneous alternation behavior
in Y-maze test. Values are expressed as the mean £ S.E.M. ** ; p < 0.01 (with one-way ANOVA and
followed by Bonferroni's multiple comparison test.) (B) The effect of memantine on the number of total
arm entries in the Y-maze test. Values are expressed as the mean + S.E.M. V; vehicle treated group, M;

memantine treated group.
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AWFFEIZ I T, DGKB 131 CAL SHIRIC I 1T 5 LTP ORI HE e H &
AT &, % LT DGKB DXRIAIZ & » THEERESCZE MBI & W o ik
MEREICIEEZ KIFT Z 2O LT, 512 DGKB K~ U RIZEIT H1E
EilBOEEIL TN —IRERETH LAY F AL > THET D
ZEEHOLMT LT, FIEIZE W T DGKB O REBAIZIBUVNTA /A DI
ICHERERZROZ 2R Lic, ITH, RERWE 2 EOmEiizn£hiE
¥LER LU ZEMSRGEE & W o 72585 - FRIRICEET 2 Mk IpgrE 1 0 72
RN ZH D AL Th D, AWFFEORERIX. DGKB D RIBIZ K D A/ 31 Ofik
FHIZREAED, MR D LTP OREH & W\ 9 idRe DR~ & L TFER
AT DB & D FEIROITENCER L TEBEZRITL TS ZEE2RLTE
D . DGKP 2 F8FnHEREM i HE KB AT 54 RV ETHD Z L 2R
LTW5,

DGKB K~ 7 A% LTP OFACFBAEREIZ HE 22 NMDA 5K D NR2
7=y MIBL T, ATSEATRE TIEFRELN LA L WS CIERBBEMI T L Tn
Tzo TOXDITHIGHRTRE LWEH T, T2 NR2 7 2= OB A RT
~ U ADOWEIZZNETIZRY, NR2A HDHWIENR2B # KBS HT2~ U A1,
WS AFR 7 Fo Bl E 4 4% (Sakimura et al., 1995; Bannerman et al., 2008; von
Engelhardt et al., 2008), X ¥ 5Efi7efst & L C, MERHEINAIIZ NR2B 2 /KB S
e~ T ACBNWTYS, MHEKGANRTLEEENELCD 2 ERREINTND
(von Engelhardt et al., 2008), Z il 5 O IE NR2 %7 = N OFRBLEN WS
RAFH 7B A BEIC EHEE Ch 5 Z & 2R LT\ 5, DGKB K~ 7 A WS LTP
DL TRE U AKKEHRBR CHEEZRTHERS CN D OWEE T /R T
b5, —FH. NR2 7=y FOFH L5 &FRHERE L OOV IZEAL TIL,
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RIBRORHN D D, B 21X NR2B Z i J 5 Bl S 7=~ v A (Tang et al., 1999)
(R TRREIBERE NS TLHE L TV 5 — 7 T, ATEHATECE D AT NR2A, NR2B %7
2=y FBRRBILEL TCWIHERM 7 =7 U Y &G (neonatal
Phencyclidine: nPCP)E 7 /L1d, BB KA 72 F 3RO B IR & 2 23 DA RiE £
T~ AT D (Owczareketal., 2011), Z AL 5 O OFE AL, NR2A D%
BLEAOF®E . NR2B OB Th 5, DGKB K~ AD NR2 7 =
v NOFEBLDOHR T AL v ORI CIEERIEIZHB VT nPCP £F /L &
BRI LIER AR LTV D,

VI EDHFELY | DGKB K~ 7 AILATHHAT R EFF LA NR2 7 2=y I
B EF LTSI ETEERBICEENELTRBY, A~ T U IXRTEEATE
B D NMDA ZHEAEHEREL P75 2 & C, ZOEEREBLUEL TV D EEX
bhd, —FH. YNR2 7=y FORI EANED Y L% % L NMDA
ZREOMWEEZ EDO X H)ICHE L TWA2, 2) NR2 DIAAOH T = FDFEH
IZEIEB L TWDHON, £ LT 3) MHRETFIRTE Y A KKK RS LTP
DIERLZE LT DGKB KA~ T AD AR UMEEIZ A~ T NI E I ERT 5D
MR ENWZOWTIIRIEHAL NI > TEL T, SBROERLIMEDLETH D,
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H3E RIFHEREMIAE 23 1T % DGKB D&

ﬁiﬁ
b2y
]

PH =

FERRBER & IR E RFECMRME R . 5 D72 SRR S 4. IO BERERY.
PERERHE ZIRR L L3R, R0 H D WITH Rk E 2T 5KERTH D, I
RS RR RO BEFUITFE SN L CE TR Y, ZhUcthy, SRR B
D IREIEOPR LITRICE SN TWD, ZOIRRICE T 5 A O = #kE
A TRIE T 60%LL E. 5 DI TiE 70%LL 1 & @ CEBRE 2R3 23, 1%
REEZB L TIEWTIL D 50%LA N EIR<SIRRE LTT v Ay AT 4 b =—
AMEVIRBIECTH D (b 22—~ A = RREJYH, 60 EEDEHR=—
AL RER=—XTLD),

KD (BRREE) &85 > (9 DIRA8) 2k 0 IR kE R
0. ERREEORREIC X0 AR T RUREE (BRRESBEE 72 b ) & OB TR fEE
(BRRREAEEE O b DN SN D, ZORIEICITER OB T & BREER
BHECES L TR Y ZRTERERERETHD LB TV 5, AEREEIL
16 3NRETH Y, HBERDF LRIV, BED 5 SR Tid, £< 08

BURi

B O 2 IEYNRREF I L > TRIENRIAEN D —T7, WBMEREILHE Y 27
DEVEETH O, FERNVEM L7-E L TCHLEY G Z F 195 & FEE
B FRHEAE b0, O BRMEREE B ITAIEIC DT E Y Oipii e LU0
RFBIOTZO DG 2N L T 5, BUERRRMEREE 2R E LT, VF UL A
VT Al EOKSRERS, TV T T —) J =TT LR EOIEER
FEARER N DTN D, Loy LIBFRIR OB S0, BIVEH O FEBUBEL 3 S 2
IR EORERNL RSN TEY . AR L 2ot 2 Hdali 2 7283 OB
MEENTND
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AR B OWIIEPARE O 72D I21E, % DR B OB FHECH iR A L &
L7-8WET NV ERWTERER CTH D, Fex X DGKB @ C KA K L7z
AT T A ANY T b DIBARMEREE OFIEIZB 595 &y 9 s (Caricasole et
al., 2002)I2 525 % | DGKB K~ U A ZAE#L L 7=, KE TIX DGKB K~ T A D
ITEVFRIMRNT 2 320 L. DGKB OIFEIE, 415 DIRAE, RNLRBIZ T T =%
Mt Uiz, £72 DGKB K~ U AORTATEN R F (T3 L, BUBME R E IR IE T
b5 U F U LENUEEN 2R T ED RN L7,

F2f ERAMER L OTE
2-1 FEERI B
AR AWM L ORI TO®EY Th b,
ALY F o A, A4 IT7T I UERRE., V7 B4 0.5% carboxymethylcellulose

1%. Wako Pure Chemical Industries & v A L 7=,

2-2 Tk

2-2-1  EREW

T RTOEBRIL, Mg DGKB ~T u KB~V AR &E 5 Z & THE-
DGKB KA~ v X & 2 DEARFIE -2 W TiTo 70, BT 1 ETRLE
SiECEE L, 1TEEBRIT B REE) &N E R 4 bR & TR 10:00 206
% 6:00 DICAT T, REREIT O ICH Tz - TIL, IRERKZEYEE - B9
EREB D I EBRERRBFELITV, P ez EoER L, £/, &
LA X BVIE, I RIER KBRS e —T T 4 —FERICEE TR X
EBRBFE AT, SR A TEM L,
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2-2-2  HEMOFIEE LUWLE

o Hlal & 5B I\ VT, B Y 7 A (100, 200 mg/kg)ks KO R T
I R (20 molkg) XA PR R AKICIEE L, U7 B3 A (3 mglkg)ix 0.5%
carboxymethylcellulose |Zf& L, EERICMEH L7z, &3AIE 72I1XE0 6 OB
10 mL/kg ORFEIC THERENE G LT, BH&RGHBRICI W T, BHR G
A ) F 7 L& 600 mg/L OFREETARBIKICEME L, 10 ARIPOKES Lz, SR
FECIX M, AR AR S LTz,

2-2-3  HEEEENERER

WE~Y TV AZWBELTWL =Y ROy — (R—L7 =) E—
L ¥ P — (NS-AS01, Neuroscience, Tokyo, Japan) & &% & L., B FiEE) & % i
ETH~T Az LIEFHO AN, ~ U ADHEEI &L, #ehike=>
8CH (NS-HUBO1, Neuroscience) & /1 L T, 7 — & W&k « T A7 & (NS-
DAS32, Neuroscience) C 10 43 HMaIZ T 48 BEffHIE L, T — X T2 v B2 —
%= k (Multidigital 32-port Counter System, Neuroscience) Tt « it L
7o WIEBRARIT P OFF L Lic, A1 24 BT EBRBE~ DB &
L. %0 24 B OEZ R — L —VI2B 1T 5 B EBEOHEE S L THN
72

2-2-4  F—T 7 14— FEkBR

KT AEYEGEFE L, O30 kI LIET oS4 —7 7 4 — K
HEE (ME35x A 35 x FE 15 ecm)iC AL, 1 R OB RS L Ovh R E
5[ % EthoVision XT THIE « AT L7=, F7=H&AID 10 5305 -k & 178

(A7 T T o NEEE, B X —2RWCEHII LT,
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2-2-5  mZRA TR AR

R TR BRI B 1, BED TN ETTE (open arm: i 30 x 4 5 cm) & K
THFENTWDEITE (closed arm: #it 30 x 55 x & X 15 cm)MN+HTFUIAE X L,
K225 50em O FE SITETHRZ R E Lz b 0% iz, BEEGRBRICHE VT,
K~ U AT G- 30 iR I EEE S (€5 x R 5 cm)IZEA % open arm il
AT TEZ, 10 i TREENZ B HICERR 7, 10 57 open
arm JH7ERERT . openarm HEA[RI30ER L OMEE B D% TRl HIE LTz, 1B
HRBRICBWTIL, Y S ORIZIC 2 [T % it L (pre/post test), pre test
T open arm HFFERFREIZ %9 2 post test ™ open arm FHi7EFRFE] D E A 2 3FM L 7=,

AT Etho Vision XT 21 L7-,

2-2-6  SRMHIKIKEER

B~ ALY E 30 512, K 25+ 1°C)D A-7= U X — (B 10 %
KR 10 cm)IZ 6 7RIV, 12 5 rfMIc i 2 MERF 2 |E Lz, v T A
INEEHUZ KIS DN, K DEZ T OB R/ NROBE X 2D h % L
TWHHFz MER)] L AR LT,

2-2-7  JRRGR R

~ U A TEY P 30 5%, EE B0 em IRk E SR, =TT
— 7 AN T, REOLEN O Lem OLFTTHEE LTz, 70O ITH, %
6 rMICEBIT B~ T AD B 2 Etho Vision XT % W\ C HENIZHIE L
72

2-2-8 LNV AA kB ET 3 (Prepulse inhibition : PPI)iXExR
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BRI N BV TS PO ELEE 2 -V TYT o 7o, ERERE L, BrE Iz
Bt —DONWIREY Y A =B L OFEREZ N 570D A e =0 —
EAL &SI = 2 82— Z — AL B 72 D /N EV I S BOS HIE 2L & (SR-
LAB; San Diego Instruments, CA, USA)Z fI\ 7z, Pulse (P)IZxtd4 215G % |
REhE % —%Jr L Camplitude & L CHIE L7z, 7Zeds, HIEFIZAANOEE
W92 BEYT 70 dB @ background white noise % & EFEAM L7z, ~ 7 A & HIE
PEEIZAN S SR E S E 7%, kD 6 Hilli a) MEHilH (background white noise):
BG. b) 80dB (40 ms) (prepulse ™ #): PP, ¢) 120 dB (40 ms): P, d) 73 dB (20 ms)?d
prepulse + 120dB (40 ms) (100 ms onset to onset): 3D, e) 76dB (20 ms)® prepulse+120
dB (40 ms) (100 ms onset to onset): 6D, f) 82 dB (20 ms)? prepulse+120 dB (40 ms)
(100 ms onset to onset): 12D Z ME{E 24 3 [\ (& &f 18 [A]), TR 30
I T AR L, SR 65 ms RICED b DIRE Y U &4 —DOHRE) &
ELTHEDORUTY TIEDTPPI ZFHHE L7z

PPI (%)=100- (3D, 6D, 12D @ 3 [EI’E¥JfE)/ P @ 3 [ESEHJfE X 100

2-2-9  fhaMATENER
W — Y TEE SN~ T A2 T 7 AT v 7 r—UNT 20 4yl
S, HAID 10 SrE ok E S b Bk A o o X — L A Ny T T v T

FAWTHIE L7z,

2-:2-10 Uz RETuavT 4T

B 1 2-2-6 D HFIEIZHEL TIT o T,

—RPURIZIE, 7 Y K5 phospho-Akt (Serd73) (193H12)HiA, w7 ¥ FHi Akt HT
f&, ¥ ¥ phospho-GSK-3p (Ser9) (5BI)Fifhk, ¥ 5L GSK-3B (27CL0)HifA
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(1:1000 dilution: Cell Signaling, Beverly, MA, USA)F X T8~ 7 A 4§ B -actin HiiR
(1:5000 dilution: Sigma Aldrich) z v 7z, —RPUAR)IGIE 4°C CT—BR3hE L 7=,
“WRPUAIZIX. HRP-conjugated goat anti-mouse 19G(1:4000)3 & OF HRP-

conjugated goat anti-rabbit IgG (1:4000) % FHV 7=,

2-2-11  HEEHFEAMRAT

FEER AR T P TR (SEM) T/ Lo, fiat Ry ek, JSTAT H 5
VME SPSS & W TIT o 72, 1 E /S DL 2 ER O 53 HU AT D14 paired t-
test, Student’s t-test, Dunnett’s test, Tukey’s test & % \ & Bonferroni test 7> 5 %

WL FIEZER L TT o 70, fEBRRN 5% AT ZAEREAD & LT,

B3 FEBR A
3-1 DGKB KB~ 7 ADIEEEOFHIEB LY F 7 LADO5hE

DGKP K~ 7 AD@E G F COFBER IOy —hT 47U XA
M2 BT, A—L 0 =Y TOEEIEZ 24 Kbz > THIE L, B4
Bl AL LTZ, WL genotype & B &l L, #Z M CIEEHE 1 Ui
LTRY, EERY—hT 47U X L% LE(Fig. 19B), BEORIESR)&(C
AL T, DGKP X~ v A TBAR L FIFLE ThH o 7o, — 7 TIHEH TH 5K [H]
OEF T, DGKP K~ 7 ANEFAM L bl L CTHEIZHEI L T 7= (Fig.

19A).
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Fig. 19. Locomotor activity test of WT and DGKp KO mice.
WT (n=10) and DGK KO (n=9) mice were placed in individual home cages, and their locomotion was
assessed every hour for 24 hr. (A) Locomotor activity throughout the 24-hr period and (B) locomotor

activity was analyzed separately during the day and night. * ; p<0.05, ** ; p<0.01 vs. WT mice.

WICH AT BREE T OIREIE 23+ 2 BT, A—7 v 7 10— FikB & Eiiti
L7z, BarBelie FICB T, DGKB X~ 7 A ITHEN & OIEAE T d L B & ik
BIOFEFRITEIO—2>TH LV -0 E4TH) (scratching) 23 A B IZHIIN L T
(Fig. 20A-D), BUBMEREEOIRFEEK CTH DAY F U LAOHEE G L > T, #
B ENIEEE X B A & RS R & Coks® L 7= (Fig. 20C), A —7"> 7 1 —/L Nikbh
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(ZBF % DGKP XKif~ 7 A DMBEREEORINT, ~ 7 ADRKMTENC B L
T IHNTH 2HHGHRED R R—/b FIRZEDO T BN LB LD

PLOOHDA I T T I N Ko THE LR T2(T — F RIER),

3-2 DGKB K~ 7 A D RZIREDOFHIF KOV F 7 L D3R

F =707 4= FRBRIZB W CIHFB & & 38, RRBOFETH 2 il
I ERF R 2 E L7z, DGKB X~ 7 A IEAM <~ 7 2 & bl LIEE O Ll
HTERF RS A B L TR Y . REHEIENMETLTWD Z &R I
(Fig. 20E), {EENEIZEEL KT S R2WEREO, (KAEOHEY F U L& 18 &%
B3 252 L1I2X->T, DGKB KB~ U A TRD LN ALHREOK T IXAEIC

e L 7= (Fig. 20F-H),
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Fig. 20. Open field test of WT and DGKp KO mice.
(A-E) Assessment of the single-dose lithium effect on DGKB KO mice in the open field test.
Representative images show typical examples of WT (A) and DGKpB KO (B) mice exploring behavior
in the open field test. After drug treatment, each group of mice was placed in the open field apparatus
and their distance traveled (C), number of scratching behaviors (D) and time spent in the center area (E)
were measured. (n=5 to 9) ** ; p<0.01 vs. WT mice. ## ; p<0.01 vs. vehicle control. (F-H) Assessment
of the chronic lithium effect on DGKp KO mice in the open field test. After 10-days of drug treatment,
mice were subjected to the open field test, and distance traveled (F), time spent in the center area (G)

and the frequency of entering the center area (H) were measured for one hour. (n=6 or 7) # ; p<0.05 vs.
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DGKB KB~ 7 ZADARLKEEAE LV FEMIZRHT 2 BT, @2k
ARz I Lz, ZORBRICBWTARZAKENMET LIy A 34— 07—
LD ABEEE X O ERF R8N 5 Z ERmbiTng, EEEIZAEO
FEREMITB VT OIS U RHFARZETH LT B LR 5T 5L
T A= T — L~ORANEHE L ONVHERE 2N 5 Z & Z s L 72 (Fig.
21C-D), Z ORBRIZIB W TH, DGKB KA~ 7 A FHAM~ 7 X L g LT, A
Bl =T 07 — L ~DR AR L OV ERF ML T . RNERENR
KR LTWD Z ENH LN > 7=(Fig. 21A-D), @2 +F R EHBRICBIT 5
DGKB K~V ADARLEEDILT b, ) F U LOEMERE L > THEIC

i L 7= (Fig. 21E),
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Fig. 21. Elevated plus maze test of WT and DGKp KO mice.

Representative images show typical examples of WT (A) and DGKp KO (B) mice exploring in the
elevated plus maze apparatus. After drug treatment, each group of mice was placed in the elevated plus
maze apparatus for 10 min, and the number of entries into (C) and the time spent in open arms (D) were
assessed. (E) After 10-days of drug treatment, mice were subjected to the elevated plus maze test again,
and their time spent in open arms as a ratio to the pre test was assessed. (n=7 to 9) * ; p<0.05, ** ; p<0.01

vs. WT mice. # ; p<0.05 vs. control mice.
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3-3 DGKB K~ 7 2 D) 5 SR AEDRFAfh

DGKB K4~ v A D4 5 DIREEZ M2 ARV T, SR AKUKER S L ORI
Tkl & Kl L7z, ZH O ORI T 5 EEFFIIT, ~ 7 A0 5 DIRIED
BEERDZENPMBNTWD, FL=RACER b= FIRAFEIY IALRE
gL o) SHAEA G35 2 LT, MBI RS S 720, U5 DIEBFEO
TeODOFHIIRE LTHAWNHINTND, FEERICTH A2 ORBRIZEB W T b AR~
TR ZRAPLD D TH LA I T T I VARG T H LT, saililkvkaiis
JFOREBERB O NTFRICB W THBEIRH2ME T 5 2 & 2R L 72 (Fig.
22), AREMFITIENT, DGKB K~ 7 2 DA 5ABRIZ 35 1T 2 HERIRF ) 2 J1E L 72
EZAH WTHORBRIZIEBNT S AR~ 7 2 & ik U Cf & e B R o 4
FEDFEO B, 19 DEEMET LTV 5D Z & 3R T X 7= (Fig. 22),

A B
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300
z T
= o
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s E
z =
= £
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WwT WT

Fig. 22. Antidepressant-like behaviors of DGKp KO mice.

(A) Immobile time of forced swim test. Thirty-minutes after drug treatment, mice were placed in water
for a period of 6 min; only the last 5 min immobility time was measured. (B) Immobile time of tail
suspension test. Thirty-minutes after drug treatment, mice were tail suspended with an adhesive tape 50
cm above the floor over a period of 7 min; immobility time was measured in only the last 6 min. (n=7
to 9) *; p<0.05, **; p<0.01 vs. WT mice.
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3-4 DGKB KB~ 7 2 DA KIELR TEY DO FREt

DGKP D RARNE OATEN KIT T B A2 L0 FEMICFHE 5 729, PP AER
o L O MATENRER 2 3206 U 7=, PPI sBRIIHEA K FIE DR A Fe iR 5 4 Kk
LIATEIRFE THLEEX LN TS, DCGKB K~ U AL PPl i BRICI VT,
ER RIS RS 3 L ONEHR 72 PPI OFEFE %7~ L7 (Fig. 23A, B), fhMEATEIRER
VIR B TRIE D PRI 2 KRB L 72ATERER & L Tab T %, DGKB K1
U AOHSHATENIE AR~ O X LRERBETH Y | SMATEI O RF IR0

5 1L72 5 7= (Fig. 23C),

A B
200
. I _ 80
E:lﬁﬁ 570.
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Fig. 23. Prepulse inhibition and social interaction tests in DGKp KO mice.

(A, B) PPI of acoustic startle response in WT (n=7) and KO mice (n=9). (A) In the 120 dB-pulse-only
trials, startle amplitude did not differ significantly between DGKp KO and WT mice. (B) The PPI is
expressed as a percentage of the startle response to a 120 dB-pulse. DGK KO mice showed normal PPI
at each prepulse intensity. (C) Social interaction test in a novel environment in WT (n=8) and KO (n=8)
mice. Two genetically identical mice that had been housed separately were placed in the same cage.
Their social interaction was then monitored for 10 min. There was no significant difference in duration
per contact between WT and DGKp KO mice.
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3-5 VT LB GHRDE LR E ) ULV DR

AKX T ay NMEERAWT, DGKB MG T 5REED Tty 7L Th
% Akt BEONGSK3B DV VL ORRELZMREF LI, 260X X7 EDY
BALORREIXY 7 AOERAKFO 2L LTHHbBN TS, DGKB KB~
TADEREIZBWT, Akt B X GSK3p DM BEHEICRT DV EE{L
Akt(Serd73)F L VY U lR{k GSK3B DEIG A EIZIE T L Tu /= (Fig. 24). DGKB
RE~TAZBITLIN6DZ " IEDY) At L~V T IL, kY F
7 AOWEBMERE G X o> THEICE LIZ(Fig. 24), Hb) F 7 20513, B4
Ml ZOREE Akt B3O GSK3B DU V(L L ~-WIT L MIE S 2o Tz
(7 — & KHER), DGKB K~ U ADMH L L OHMEEIZBWT, Zhbnl v
FRfb L~ VITEBNIFE O B IR o T2 (7 — & REER),
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Fig. 24. Western blot analysis of Akt-GSK3p signaling.

(A, B) Phosphorylated Akt (Ser473) and GSK3p were decreased in the cortex of control group of DGKp
KO mice. (C, D) Quantitative analysis of Western blotting showed that phosphorylated Akt (Ser473) and
GSK3p were decreased in the cortex of DGKp KO mice, and that lithium treatment attenuated this effect.
(n=7) *; p<0.05, ** ; p<0.01 vs. WT mice. # ; p<0.05, ## ; p<0.01 vs. vehicle control mice.

AR B

PN P BN L A S A P BE DD DN DREHRRE T, ZO-BEO—H T
DGKB DEF IR AT T A AU T 2 MR STV 5 (Caricasole et al., 2002),
[FIERIZ AN A DI 2774 DGKP KA~ T A MRS & B L 72 =38R
o A RetE 2 Rl 2 AR T, S REITEN R A I LTz, £ OfE R DGKP X
B~ RIR— LT =V N L WVITHFWERE F TEZEM A2 R T 2 RO E
7eoTn, T ORRTR BN OB R o ik RE 1 BUK [ 2 B R (attention



deficit hyperactivity disorder: ADHD) & % WM I A ISFIE OB EIR D~ 7 A5
ILTHRED AL TV % (Beaulieu et al., 2006; Roybal et al., 2007; Oyagi et al., 2009 ),
%72 DGKP KB~ 2D, HHRE T TOFBEDITHEIL, HL) F 7210
100 mg/kg UL EOHEHREIZL > THRICEEL TS, ZOHEOHEILY Fv
AQHBIEEIL, v T AZEBNWTEEEZ RS 72N ERHE I TEH Y (Phiel et
al., 2003), FEERTABIOMIIEIZRB N TS, BAM~ 7 ZADOEHRICEEZ KT L
TV, £l2~ U AOBMITENCZE ST 5 m XY F—L 7B LH LN
ITAITT7I0OREIZE > T, DGKB KRB~ T ADTFE&IFLGE L h o T,
INHOFERIT, DGKP K~ T A TRD LN TWAIREIEDTLHEN, U F 7 A
ZMETHDH L E2RL, BIROET L~ 204 E L < AET % (Roybal et
al., 2007), DGKP K~ U 2%, HWIFEATEID—>TdH % Scratching 23 I HY
L Tu7z, Scratching 2N, FEMRITEIE DGO AE KFIEDET L~
A THED BN TS (Costall et al., 1977; Nagai et al., 2003), & 5135725

IZBW T, DGKB K~ A5 ADHD #kDiEE I R#EEZ R L, RN T
VAR—Z —HEIETHEMANIER O H 2 A F N7 = =7 — M D%
MELIEFLTNDZ EAE/RLTWD (Ishisakaetal., 2012), Z 15 OfE R
DGKB DRI KX U FEREIHER T2 2 & ¢, HFEEDOTLE R & DliE
REBIEEZLTNDHZ LETRERLTWVD,

DGKB K~ 7 R, [FERICARL DR T 2R 4 H1TEI R 27 Lz, 3720
L, A—=7 0 7 4 = FRBRICE T D208 O TR0, @A+ Tk iR i
FHA =TT = LORHERHAABIZHENL TWD, ZORLIHEREOET
I ARBREE DALY F 7 L (600 mg/L) Z FOKIC & 0 BG4 5 Z L TdEE LTz,
ZOEMOEAY F U L EI1L, DGKB KB~ U ADIGE RICEEL KIF S 7
nolz, ZORRIX EAY T U AL D RZREOUEN DR TR L
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HEIMIEHNEDORTFICL > THIER I SNTBEEOER TRV E&2RL
TW5, Roybal HOMEICED L, ZOWEDY F U LREIZL - T, M
O LIt EITH 0.41 mmol/L (2725 Z L AVRENTWS (Roybal et al., 2007), =
DY FE T B OMEFFIC BT il LiYRE & FIRE TH D (Gelenberg et
al.,, 1989), Z OfEFIL. DGKP KB~ 7 ADBERKRMNCH 72U F U AOHEIZE
WTERREEDIERD— D THHARLZDOR FRLHETHZ 2R LTND, 20
FRICERIR CTH M3 08 | O EEIZ B W THERT 2 2 & &, BRIAIHRIERR %
DI=HODEYET NV E L TENTZRETHD L VWR D, FHLITREICE
W, DGKB XK~ 7 2 DiafEEI L URZE L~V DR T 23 B [ 5 1R K
ThOA TP e RN T oBOEERL THET LI EEZRLTVD
(Ishisaka et al., 2015), Z OFRIZEEIR CHIMEZ R TEBEOIEHRPMMEM T2 2 &
t. DGKB R~ ZADEIRET LV E L TCOARMEEZXFFToEE2615,

s K pkGaRER I L VBRI ERBR W T IZB W T H, DGKB K~ T A%, &
BRI OBERFR2ME T LT\ e, 2o 0RBRIZEB T 2 EEIRFOR I3, v v
AZDOE D SRR EMBET D Evbn Tk Y, AEOFERIL DGKB K~ A7)
IO LI T HRREIZH D Z L ER LTS, — 7, PPl OREECHSMATE)
DX TS OREA RIVEREOITENCEI LT, DGKB KB~ 7 AIXIEH 721 Tlhik
R Lo, 2B ORER LY | DGKB KA~ 7 A I HAR A & O BR ia 3K C ok
T2 Z &M ONTEIREED 5\ T ADHD JRRERICHARL L 74T B W 2 R TR A A
T5H T ERE ST,

DGKB KR~ 7 AT D EIRek DITENV R & 2 KIETHLY TV 40
TEFRBEF 2 MRitd 2 BT, Akt 58X UV GSK3B D U U ER{LIZ DWW THRGET L 72,
INGDOE L RIEY 7L DCK M55 PKC v 7T B LU PA &7
FADM GO FRICHFIEL, U b Sz Akt X GSK3p 2 VU g4 5 Z &
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TZDOIEMEZ ] LTV % (Beaulieu et al., 2004), /- b X 378D
VEMEIZY FU AL o TI#ET A 2 EBRRESINTBY . VT U AOEMKE
FDO—o2>ThHdHEEZ LN TV (Beaulieu et al., 2004), DGKP K~ A1,
FEIZ BT Akt(Serd73)B LN GSK3p D U Uk L~V METF L TERY , £
SITHALY FULBEICL > THE L, 202 FULIED Akt BEIW
GSK3B DV U b L~ D AL, RIU<KEIRET L~ AL LTHESNT
WD RNRIVFTUAR—F—RET TV ZAORFETHLRDOLENA TN D
(Beaulieu et al., 2004), GSK3B IZBAL TlE, MBI IEL N T ATV 2=y 7
VTUABLOANT R KB ZAONTNL Y FULESHEOITEIRE 2R L,
VT 0 AOVERAEF O — HIZ GSK3B BELS b o> TNDH I E&RIBL TN D
( Prickaerts et al., 2006; Gould et al., 2007; Beaulieu et al., 2008), DGKB KH~ 7 &
DITENRFBLIOZD Y F U L L DEEHOEMNEFICBE L TR 2R 50
NI TH L0, Akt BLUGSK3B 4 LIz VT ANRZED—HIZEE LT
WHEEZBID,
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WIER LU

Diacylglycerol kinase (DGK)p & I3 diacylglycerol (DG) % phosphatidic acid (PA)(Z
TS HEFERTHY  FE, HELZ L TRERZETERIL T D, Gq ¥
N G RAKDOIEE Y 7V o 7 i 5 2 &L TERRRABYERN 2R
T, —EO MmN EERE IZB VT, DGKB @ C Kl KRB LI AT T A R
NUT » EDHEREINTEYD, DGKB DEHE L DD LRI TV 5,

BRI PR VLR AR & B 5 DIRTE A 4 0 IR TR TH Y . £ DFIEICIT
BE OB & BREERPSEMECERGE LT %, SRR E TR M D56 53
% < ARPEIZD T DIRFEE OB IS MLEL L 72 D05 3 IR IEITAFE LRV,
IAETII RN BIZ BT 2 AL VEEOIRTRAHRE SN TERY, HikE O
HPAEH STV D,

AMFFETIE DGKB KB~ A& /ER L2 ORI A N9 25 2 & T, DGKB
D AIRA TR T D VER 2 554l L 7=, % 7= long-term potentiation (LTP) D &
72 & OESKAES AT I L ORI EE IR RE 71 0 WA M fe 5 & BRI O & 2 AT EN R
PraEhis 2 Z & T, DGKB D KIAN E R IMHERE 12 ST 3 50 B0 U P &
DRz ET LT,

% 1ETII, DCGKB R~V AZER L, EDANA UMEEL T Lo, F72in

ozt

I

4

&

Vitro (23T DGKB DAY, MR DI I & ORI EZ KT T 02 Mat L

7

1) Sleeping Beauty ~ 7 > AR v 2T L& FAWT DGKP KB~ A A {EHL L
7

2) DGKP K~ 7 A DRE | WG L OMGERIZB N T, A1 U HOR 2GR
o,
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3) DGKP K~ 7 2 DI H R O FIAREEFE I IV T G OIS L O
AR BN LTz, £ DO 13 DGKP D s EH ClaliE L7z,

4) DGKB K~ 7 A DFRSRKIZEB VT, Gag/ll & TARPy8 ORHLIME T L T
7o F7- DGKP IIfEEAEIK % & e C RMOFEIKIZ IV T, GluA2 & FH EAEM

LT,

85 2 B TIX, DGKB KB~ U A DOFRABEREZ 795 BT, M CAL fHIkIC

BITL TP ZJE Lc, £RFELETHAOL, A~ F &5

B AT L7,

1) DGKB X~ U A%, #ER CAL HIRIZEHIT 5 LTP 2ME T LT\,

2) DGKB K~ v A1, 1TEEBRICIB W TEERLER L O EERESME T
LT,

3) DGKB K~ 7 A DIEHFRLEOK FiX, A~ F U OHER G X - T
L7z,

55 3 FETIX, DGKP K~ 7 A LAFE L OB A T4 2 BT, IS8 &,

R L O D DIREZ TN L7z, 7o MR EREIE TH DL Y F U LNE

DTN BT T 582 30 L 7=,

1) DGKP K¥E~ U AL, R—Lbr—UB L OHHESE FIcBW GRiE# 2/~ L
Too FATEREE TSR T 2 EENIEL Y F v A0 BB GIZ L > TlE LT,

2) DGKB K~ 7 A%, RLDK T 2R IATERE 22 L, ZORLZOKTIX
WAL F U LoEMEFREIZ L > TdiE LT,

3) DGKB K~ 7 Al B4R~ 2 & Wl LTI 9 DFEERMK T LTz,

4) DGKB KA~ 7 ADREEIZHB VT Akt BILONGSK3B D U UL EME F LT
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Wiz, F2VF LRSI ALDO) UL EAEINS YT,

AT NT DGKB R~ T AZFR L, DA/ REZFHIT 5 Z
& T, DGKP DIEBLYY K, WG 3 L ORERIRD A1 BRI T B e 5 % 7R
TZEEALMNI LT, FAS ORDIE DGKB KIE~ 7 AD LTP °%H
SEEATENCEEE KL TEBY, A~ F U E NMDA Z &K NR2 7 2=y
N OMEEZFHITH 2 & T, (FERLBOER TZU8E L TW A AIEEEZ R LT,
DGKB K~ 7 A%, BRRMEREE ORI R AR & B L 72 ATEV R 20" L, P
PEREEIRIRIECTH D Y F 7 L1 Akt B LT GSK3B DK Z N LT, — D1 THE
BET ALY, BYGEOET L R L U CHRAR S AE B LT,

Ll b, DGKB 1T A/A UIERICIBAD X X7 B Th Y | FBESREHIEIC R E
PEREHIESE O B I AR IC B B2 R L CWD Z AL LTz, &6
IZ DGKB KB~ U R IPIRMFEEZITI L O & Uiz, AL O RE Zpie s
ELTHROBEBDEERDOA T V== ZJIZHWAH Z EMTELRWEBET L
R bAREME R R Lo, A1 DGKB RE~ T A& H\W5H Z & T, DGKB DK
(23T DB DT 72 e 6 L UOBUm M [R5 00 B R b 22 Bh i B 5 45 o i oD
PREBIZE T2 DIBRIEORBE~OEMPIIFFTE 2,
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o &

AR W2 D WP, ARFIEDRATIC 72 ) SARHERGE 70 D H0FGS, ke %
B5 0 F L7z LRI B KR RS2 (R RE AT 2 R 3 I SN AR AT 2 S R . TR
B ISR OMEE R LET,

ABFFEIZ I U CRAGTHARY) 72 2 5 70 & ONCHIBY S 215 0 £ L7k B3R
RS A AR BB AR T 22 Kt R SN MR AT S T 8 SR M S5 B IS I LSRR 7
LET, 70, SO N2 THE £ Ui S i = S5 T L B
L ET,

MSLOBEICHIZY | AR HEBE 2B £ LI R IR T
PR SEBL AR SR AT R R, e R R SR KR IR
B e LA 20 S AL T I 2 1 3 O e B R 7 A B RE AT 257 K PR 45
FAEM RS SRS P M SRR L

ARFFEDORATIC D721 | FEFOEOMEERME, B S W N #2030 £ L
RPN PN T 20w S Reaa i 12 e i By e ol S P S W e e LN I
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AMPA
BDNF
DG
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EGFP
GDNF
GSK-3
KO
LTD
LTP
MSNs
mTOR
NMDA
nPCP
PA

PB
PBS
PFA
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PKC
PLC

PPI

MFE— R
attention deficit hyperactie disorder
a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
brain derived neurotrophic factor
diacylglycerol
diacylglycerol kinase
enhanced green fluorescent protein
glial cell derived neurotrophic factor
glycogen synthase kinase-3
konckout
long-term depression
long-term potentiation
medium spiny neurons
mammalian target of rapamycin
N-methyl-D-aspartate
neonatal phencyclidine
phosphatidic acid
phosphate buffer
phosphate buffer saline
paraformaldehyde
phosphatidylinositol 4,5-bisphosphate
protein kinase C
phospholipase C
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PSD-95 . postsynaptic density protein 95

RasGRP :  Ras guanyl nucleotide-releasing protein

TARP . transmembrane AMPA receptor regulatory protein
TBS : tris-buffered saline

WT : wild type

76



