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AP IIRE 2 DRYIRIZ L > TH 7o b SN EHERRINEE TH O . HepRe
DRGFHEIZES RIEHDO TANAREE BT D, — WIS, g, i
FEE. BSME L S SO JRR TR Z D REEME T A0 A &L TR O Fe38 1
TAMAIZTT B, EHICEORIEO X A 7D, EfEE GRE—RIPER
B, KAEIE, I4 7 m=—{Fe L) LaRIE (BMIEIE, BEHED 2T,
TIRMERIER L) IS TS, 2L D TANABEIL FLTANAFEIZK
STHMEZ AL Fr—L LTV, IO TANABEZEOEIG &Y, F
. BEEOTT AN AIED L < TXBIT AR 00 B SO 2 ] 5 2 ARk e 7 3K
(Na" F v VT3S GABA #RILEEER 72 L) TH Y . TANADRIER LT
HERE (TAMASRIE) % 0] C & DARARP IR EIT R S v Tunin 29, &
72. TAMADIFIRROFRIE A 1 = X L7 EICB L CHARBIZ2AN L L, Hii-7z

TADIIRRIEOHFE R LI L ST TND Y

T, CAMARIRIZB T D87 Z—7 > MMy LT, Rk RD > F
7 Z/NFIREIZAFE S 5 synaptic vesicle glycoprotein 2A (SV2A) 2EH STV 5
(Fig. 1), —fiRiZ. ¥ F 7 A/NafEE HE SV2 (21X SV2A, SV2B, SV2C @ 3 f#
DT AV T+ —LBFETHN, ZDHH SV2A i b @ WIS %~ L,
KIMEE, HEE . /MM7R & OREALICB W TRV 2T 9, SV2A 1312 [A]
RERBOFEEAE TH Y, OIS, BHEEELR, N RERICFET D
synaptotagmin 1 (Sytl) f5&EBAL, HESHE AL (R U X AmHEfEEHAL). C-
RIFECH D SAER I TS T, ZnE TOWENS, SV2A 1 1) v 7 A
BB b Z R Z 3 Z L el MReEWE OB A REST L&, 2) &



T 7 A O W E R TH 5 soluble N-ethylmaleimide-sensitve factor attachment
protein receptor (SNARE) complex (Fig. 2) O EEH#ET 5 Z L2 EnmbsnT
Wo IO FE o B) SV2A &/ v Ty b LEEEE, AR E LR EERDT
WILABTEZ L L, JEICEDL Z enliishTng 28, 352, flix DT
AP PARREIZIBN TS SV2A OIMNIEILN LS T 5 Z L3 P B X TOET VE)
W HONTZBIEN DR STV D T2, Zo X5 ARG SV2A X TN
A DFRIERHERBIRIZ B W CHEFICHERRHLZRIZLTVWDLLEZALNTE
Tzo LinL, SV2A %/ v 77U b LTIcE8TABRM b RETTL20, +50
IeFFEIT e SILTR B SV2A OFEMIZRERRE A 1 = X LSOV TR 722 128
%\,

Z 2T ABFETIE, SV2A BB TIC I Ak U AL EE N LI sy
TN ThD V2@ Ty b 2EHL, TAPADRIEMREIZIIT D SV2A D
BEN e A= ARBCONTHRFZ Tz, 8 1 ETIE TSv2a™R 7 v 017
FBIREET |, 55 2 T ClE TSv2att™™ Z o K2 E1T 5 pentylenetetrazole #5517\
A DIRNFIEE R OBSE ), 5 3 Tl [Sv2a- R8BIz X 2 B E O
T T A UEBERERE DA BT ). B 4 B CIE TSv2att R RIT K DT W LA

PETCHE A T = X L DFRHT ] IOV THRET LT,



B1E Sv2aQ J vy hDITEIR BT

1 %
SV2A X F 7 A/ NARICEET AR 12 M EBRMOEAE CTH Y . JHEE

[l

(ARTFHI 7RIS 36 L OV VE o O EBEREIHERE A L TV 5 691213)
SV2A DS 7 R UERERER A 71 = A 2B LIRS 203, SV2A (34
RAGEWE OWEE BT D Ca* DB —EE E L THLILTULS Sytl ofthod
B O WAHERE IE (e.g. SNARE complex) DIEHSCHiEZ T2 2 L0142
T Z/NEOB AWK T D Catt A TUE S5 2 & 19 Rt s T
Wb, S5, SV2A X T B X AR TANAIK TH 5 levetiracetam (LEV) Db
AEAETHDZ EDNHMBLILTEY  SV2A T CANAIKDRIE Y — 47 v Ry
T & L THBR SN T 220,

— 7, BRRTIX, WEMAEEE TANAB L OB CANARBRE R EIZB W
T, SV2A DOFBLME T L TWD Z ERHE SN TWD 92, 612, Tl O
78T, SV2A B DARTHEARE R (R383Q) MEEIATE T A M ASCAREE EH),
/NBRIE, R A SR T2 LA SN, I 6 0®ENDH B, SV2A
D TANPADRIEICIES BB LTS Z ENES RIBIND, LOLRRG,
TAMNIIRTEIZIIT D SV2A OFFEMRBEREA U =X I (e.9. PRz B 7R
DFFFEME, TAMAIRTBIF D > F 7 ZERERE 72 £) ([ZOWTUIREAHTSH
Do

VRN, SV2A % / v 7 7 U b LTEE8IERE R EXEE O T WIVARIELZ R
L. 3 HMLINIZEC T 2 Z L3t SnTnd 289, 2o, BIEE TIC
SV2A BEE OEWY) & W T FEM 2 TEN R 70 & QNS RBURRNT 295 2 & 13N
#HTholo, £ T, Foxld SV2A OHEA I =X L %KD BRYT, RHERY

A R BRI & Je ) L, SV2A MR T 2 At v A E R A o8 -7



€T LV EVER L=, Z 1S BT N-ethyl-N-nitrosourea (ENU) mutagenesis/Mu
transposition pooling method with sequencer (MuT POWER) 7% 2 (2 L v {EH &4,
SV2A O 1 FEEREEIC I A AZHE (L174Q) ZA L T\ 5 (Fig. 3, 4A,
4B), AWFFETIE, Z D Sv2at™R F v R DITENRBIMIZ OV T, 1TENFRE A T

{Ed KO A Fik 2 VTR L7,

2 EBRIGE
2-1 A

FEERIZIX HED Sv2at R T o RIS K OKHRENM & L CF344 7 v b (HASLC)
ZREM L7, Sv2att™R Z v ME, SCHBFE T a A Y =2 T a Y
=7 b 1Ty b (U SRR B E ORI R B E k) L v 42
ez T 7c, AFLTEEWIEL, —EDORYA 7 v (BH: 08:00 FFX v 12 KEfH]),
fHIR (24 £1°C), TH= (55 +5 %) OfFE =TT, EEEREL () =
Z VBRI B L UVKIEK A B BICERSE28RE T C— U LV HAE
L7-t2, FEBIIME L7,

2-2  Western blot ¥.iZ & % SV2A DOt

Sv2a-l4Q B X UNF344 T v R EV oL E X — L (80 mg/kg, i.p.) (& T
WU 7-t%, WiEH U2 U7c, i U 7ol Aiisase s, BHTH-RIBRSE R E
REIELVE, M. MRAIR, BUR. BURTES, 4. 4% - e, /Mo 10 07
IZ53EfE L. F 2 lysis buffer (Tris-HCI 20 mM., NaCl 150 mM. MgCl, 10 mM,
EDTA 1.0 MM, EGTAL1.0 mM. 1 % Triton X-100, a7 77—t A e & —7
7 7V (2.0 mM leupeptin, 0.08 mM aprotinin, 1.5 mM E-64, 1.0 mM pepstatin A,

50 mM bestatin ¥ X O 100 mM 4-(2-aminoethy) benzensulfonyl fluoride



hydrochloride, Nacalai Tesque) Z/x. 770V HREVFA P —FHNNTHEY
TA XL 20% ATV R— MREEZHR L2, RKNTREVR— MEZ 4 °C,
15,000 x g (2T 30 srffiz LBt L. 15 Hivie BIE 2 A SAr o fh ik & L
7

Western blot %1X, —E&EDO Y 7 Ui EE L sample buffer (4 % sodium
dodecyl sulfate, 20 % glycerol, 0.2 mM dithiothreitol, 0.02 % bromophenol blue %
Ede 0.5 mM Tris-HCI, pH 6.8) % 2:3 OE|E TR L, INEVLEE (95°C, 5 4rfH)
ATl O eakb %2 7.5 % SDS-AR Y 727 U VT I RS TESKE) (E
Bt 40 mA) L7, B N7 A4 G HE (AE-6677, ATTO) Z T, PVDF
X (Hybond-P, Amersham Biosciences) ~#z%5. (ZEFE T : 50 mA, 60 77 fE]) L7,
WNT, BREH OE% 3 % skim milk (Nacalai Tesque) % & ¢e Tris buffered saline
with tween 20 (TTBS; 0.1 M NaCl, 0.1 % tween 20 % &3> 10 mM Trizma base, pH
7.5) blocking buffer F12i2 L, =|IRIC T 1 Bin—7—F3 22 L1207 m Yy
XL T EAToT, TRy X U%, AR REUAL 4 °CFT 1 BRI SET,
— PR L L TlE. goat anti-SV2A antibody (1:2000, Santa Cruz Biotechnology)
J OY mouse anti-p-actin antibody (1:2000, SIGMA) % v /=, —RPUARIGH ,
Z TTBS T 5 434> 3 B L, “kHUA & =IRICT 1 RS SE72,
SV2A (2% 5 _kHifk L L. donkey anti-goat 1gG-HRP conjugate (1:2000,
Santa Cruz Biotechnology) % V>, B-actin (Z%F3 2 " WkHiilk & L T, sheep
anti-mouse 1gG-HRP conjugate (1:2000, GE Healthcare) % fu 7=, IR FUER G .
TTBS T 5 Zffl92 3 [Elfeif Lictz, BRICHIEHE (EDLTM Western Blotting
Detection Regents, Amersham Biosciences) # ¥ L 1 s E, v/ - A
A =TT F T A ¥ — (LAS-3000, FUIIFILM) % AW TRNBEEZIT- 72, Dk,

Science Lab (Multi Gauge Version2.2, FUJIFILM) % HWTHH N REEE LT,



A A R B BEEERE T 57212, SV2A O/ RiX B-actink DO HN

> RCHIIE L7-F%H B E (ROD) & LT b L7-,

2-3  SV2A DHEMERILFRE BERTUEKE)

WHIZEBIT 5 SV2A ORBLUZRIT 2 Sv2att QA M o B 2 IR HLIRIEIC X 5
M9 DS L P I LD R L7z, Sv2at RIS L UNF344 Ty b A2
v koL E S —)L (80 mg/kg, i.p.) (ZCERBEEE L, EHFEIRIIC X 2B, Ol
#2287 & phosphate buffered saline (PBS (-)) 33X U4 % XTI HRV AT VT B RE
Rz RER L, Mz e Lo, il Uz, BERBEER., i U722 K uet
L. NT 7 ¢ ool (TRERERT) 2T, <77 0 oaillo ey 7 21F
Lz, X774 @ali7 ey 75 Y M7 F—2A (REM-700, YAMATO) % A
WTBEES4um ONT 7 ¢ YOI ZER LIRS E &, IR 2 AT A4 N U2
2K L STz (Fig. 5), TERR L7ZBIAICI/ T 7 ¢ VU 24T o 728, K
Pel., 44— h27 L—7 (SS-240, TOMY) % HW\CHIELALE (10 mM 7 —
7 b U U LFRETE, pH 6.0) & 10 AT o 7o, HETE(LALE L, iIm AL PBS () T
Peifth, 3% W b/kFEAK (Wako) (210 ZrRIE L, RE (LB AT o 72, K
TEALALERF: . PBS (-) (2 XY ¥, 5 % skim milk (Nacalai Tesque) T7 & v 3
7% 30 SEEIRTITo72, 7 v vx o 7%, |IRICT—&kPiA goat anti-SV2A
antibody (1:100, Santa Cruz Biotechnology) & 4°C T 1 Bt s H72, & D%,
PBS (-) Tweie L. —IRPLIK rabbit anti-goat IgG biotinylated antibody (1:500, Vector
Laboratories) % F L. =R C 1 KL S E 7%, PBS (-) TiRiEL., 7Y
—bE AT AR SEE AR (Avidin-Biotinylated enzyme Complex,Vectastain ABC
Kit, Vector Laboratories) & =il C 1 RIS S 72, £ D% PBS (1) THF L.

3,3’-diaminobenzidine tetrahydrochloride (DAB) ¥&i% (DAB substrate kit, Vector



Laboratories) % i F LIEY:SM T, IR T10 MG &7k, KL=, %
DO, WA, BRAEITV, B FZ LA (Wako) TEAZEIT- 7=,

SV2A OFETERALIZ DWW TIFIE R EIFT (dentate gyrus (DG)). CA3-ZH )=
(stratum lucidum), CA3-HE{AHH =g (pyramidal cell layer), CAL- {4 fa f=
(pyramidal cell layer) DOAIEALIZ DUV T DI & AT LT-, HREITITEFEE
Wi (BH-2, OLYMPUS) (2Tl L7z, fikRiZik. SV2A EEZER(LT 5720
(2. HEEMENT Y 7 b Image J software (version 1.42, the National Institute of Health)

Wiz,

2-4  FWPFHEFE T VIAICKHT DR OFE

Sv2aQ Ty F DT WA MEZ R T 5 AT, ITWILAGBERANC L 2
TN ABZIEOFHli 21T - 72, EBRICIE, Sv2att? B XN F344 7 v M &
Wi, W ABEREA & LT, GABAA A KRIEHIE TH 5 pentylenetetrazole
(PTZ: 30, 35, 40 mg/kg; Sv2a-t’4? < k. 35, 40, 45, 50 mg/kg; F344 7 » k), LA
TV AT BT a ) RIS T H 5 pilocarpine (50, 100, 200, 400 mg/kg).
BAAKIFYED UV U LT v ROVIERT K TH 5 4-aminopyridine (4-AP: 1, 2, 4, 8
mg/kg) % NEFENICE G- LT-, PTZ #5381V iL Al 5-4% 20 43f# . pilocarpine 35
K OV4-AP BT WAL AT H 5% 60 43 Racine o 6 Bt 1 W iu A 2 =277 3032) 2
D, P WILASTESREE 2 35l L7= (0: Bs7e L, 1 BHE O HEYESCHESL O
ORERE, 20 (REOB &2V | 3 BRMED I AT m— X AFEAE, 4 BRI
5. SARMEOSRE-FIRIEE S L < IZBBER R T WILA), Fio, TWILAGERE
Z. BN TV INARA 2T 3L EER LIZERRIS, TWILAA &HIE LTz,

2-5 Pentylenetetrazole ® B E-HEIT K B 17 WU AR DO T



Sv2allAQ ZE B K B PTZ %I WA ORERIMEI 5§ 5 B & 51+ 5 B
T, Sv2att™ BLUVF344 T v MIXF LT PTZ DRMER G %1T-72, %
OB KE LT, PTZ (10, 20, 30 mg/kg) % & X v IEIZ 30 43 [HIfE CREMEA
KL 21T o1z, PTZ @5 W ARG 10 43, 2-4 THC/R L7 6 BefF T
NAAIT A0, TWRARIEREZFT L7z, /o, (TWILAFHEIERE 24
TE & [RIRE D J7 15 TR L 72,

2-6 X FY YV TRRRICRT D RS AT
2-6-1 Pentylenetetrazole % > RV ¥ ZBRRICxH T B B MEF1AM

Sv2att R Z o kD F 2 KU v Z RIS T DA Rl 5 HIO T, 2k
HEET NV THDLPTZX Y RV 7ET ML VFHEiZ1T > 72, Sv2a™Q F5 &
O'F344 7 v MZxt LT, PTZ Z A& TH 5 30 mg/kg T, 1 H 1 [BIIGHRENIZE
H U7z, PTZ 542 20 2 OATEMBIER 24TV, T W ARE 2 2-4 TH TR LTZ
FWNAA T EZRAWTHEMEI L7z, £72, TOWRAERED 2-4 TH L [EO Tk
TRl L7z,

2-6-2 k%X KU v BRI 5 R MR
2-6-2-1 WIBEARIS K UL SRk BB DB P 0O A S FA
Sv2a-R B IUNF344 T v NIy R LE X — LB (40 mg/kg, i.p.) i
L. BHESZ MENLEE RS (SR-6, Narishige) (C[EE L7z, WUNT, FHR 2 1E i
UIBH L CHIEB B A F M Lotk SOeEMm A AT 5 R ASMAIEER (bregma
D% J712 2.2 mm, ZERRIZ 4.8 mm, HEEBE L D RS 7.2 mm OAE) I RY L

(\

T/INREBRAT AR A RN L7z, 70 pllBHEE R EOBEEFIT/NRZ HIT,
Uik EREMm A FE Lo, FEEMITEEST LICHEL, SH6I1C, 7—REM



FEYOR TICHALIL, TRENOEMRII=F 27V 7y MIEEL, £
DEAHZ T 2t A THEE LICEE L (Fig. 6A), £ ENOEY %
9 1 IR OT1& [EHE I 2 T & BRI L7,

2-6-2-2 WHEERHIC L 5% R Y v RIS TS 5 B3 Tl

Fifite 2 S EIERIMZIC, BER Y —/V K& L7-HIE 47— (28 cm x 45 cm x
20cm) (CEM) A IE X BERRIE - FERRT CHMIEIE 21T o 7o, RIMEZE R LU
JRMkEE D RIAE BiE . B EEEIE S (MEG-6108, Nihon Kohden) Z Fu > CHEME L,
P—<LT LA L a—F— (RTA-1100, Nihon Kohden) iZ7odk L7z, @
T (FforfE] 1 msec, 60 Hz, 1sec) % RPKEZICHHE L-EMRE D 5 2, BAEH N
FHEHSNDE T, 5050 pA T OEN AL LA W7z, FEEMEERIT, %%
B (D7e< &b 5sec DFFREHER]) MNAFE SN LR/ NETUE L EFR Lz, R
DELKANIC L D% Y U TS T 2Z A2 2 7-0lc, 2
NOEY) TRIE L7 BUEET D 130 %{E T, ¥ H 2 @8 H R B X Z
1T-7= (Fig. 6B), LALENDOESABFFIC, WP OE KA E LV T
GEJE % Racine O A =27 3339 2 N CRM L 7= (1 #EdEh, PR, OMFO®fES L
VFEHE OMHET WA, 20 BE O RRPET WIVA & £ o - B G, 30
A OMRFEIE, 40 2B ERN 0 BN R6N 5MATREORIEIE, 5. b B30
K OMERIS L 51 2 BRACIEIRIEE) o S BIT, BIEHFRGIFI 2 LA TR EE
& PR TR L 7=,

2-7 FEHFHRYLE
EBRAE R, P £ EAERAE TR LT, 2 BT WA A 2 7 O eifgiE

Mann-Whiteney’s U iR & (/ » 737 A U » 7). NI X OMERIZEIT 5 SV2A



DRERBELNNLBLORKESX S Y v ZI0B1T %% 55 Ei e i o ik ix
Student's t-test (/X7 A R U » 7)) IFWIAFERO LBII T A " FHREICL VAT
St UEDOKREIZBWNT, p<005Dt &, AEEDLY LHELE,

3. fER
3-1Sv2att T v N DBELFER

TR AT R B Eh s & LR L, SV2ABEFIZERAZEALL
Sv2aHtR Z » N AEH L7, Sv2atR 7w M, W O EEREE T O RE1TE)
(e.9. FEAECEEEE, BLE R L OWER) 273720, MM & b Sv2atR Z
v MIAFEFETH Y, BF OFEL R LT (e.9. REOHEM), BEFHTO
FERN D, Sv2a IZHA SN B RIT T521A O LR TH L LR LMNE
0 ZOFEIZE Y SV2A OF—EEIEEIC L174Q O X A AZLHENE
Z o7 (Fig. 4A,4B), Z D 174 HZH O A ¥ 32 TOFHEEY CTh < R1FE S
NTWAHT7 I /BThH., 7> b SV2BIZBWTHLERFESINTWS (Fig. 40),
VRIS SN2 SV2A D/ v 7 70 ML AF 2 —FEBRI Y | F—EHBEERO
BpzT 2 M7 X B (D179, E182) IXIEH 72 SV2A OFgRE (MilMEZEmE
DWERE) & T T ANAESDFTEIZAR IR THDH Z ERRINTED 10
Sv2att R Z v h DS E SV2A DORERRICHE A JIT T L HEER STz, FERRIC,
Sv2a-t74Q R B 1 A %5 % in silico SIFT  (Sorting Intolerant From Tolerant) ¥
(2 &V fiEdT L7z AE R (httpi//sift.jeviorg). L174Q 251X “intolerant (F&RE L

Y LHE SN, BEAOHESCREICRE R EEL 520 2 LnTHlENT,

3-2 Sv2a- R R L AN B X OMERIZ BT B SV2A DXL,

PN B D SV2A OFEELIZ 695 Sv2alt74Q 25 B> 22 %85 %~ \Western blot 7512 &

10
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DRRE L7z, Sv2at R B L TUNF344 T R OWT IO RNERALIZ IV T H SV2A 1
#1900 kDa fhiricy v 7"y ReE L TRHRIB S (Fig. 7). SV2A OF3ELL~)L
TRREIRIS KOV PN, /MIMIC I WD THIRADIG < . RAMAZE B X OMRIE
BURTHER, 6 - ICBWTHENZ L RHNE (Fig. 7). RIT, BMENALICH
7% SV2A D3 HL R % Sv2alt™Q 13 L UNF344 7 v bk O MHER] el L 7ok 3
BB I D SV2A OFRBUZB W T THEZRZLITB O bz -
7= (Fig. 7),

EHIT, TANADREAR LIRS AL 2MEICER L, EICHIT 5 SV2A
FEHLE A ML L~ L THRETT 2 BT, Sv2a" Qs JUVF344 T v b OV UI
Z VTP SV2A HLiRIZ X B gk ta 217> 7=,

Sv2a "R L UNF344 T v N DVEIS L I 1T D SV2A YL DR R, LA
RO &[RRI, W TR OEBIZB O TH SV2A (33 & L CTHRREIFTES, CA3
eI 0> B g J L ONBE(R I feg oo MR R JE B, CAL gk o St (Al feg oo e 1
JABHIZBWT, mWRES 2R L1z 1) (Fig. 8), I HIT, ZH GRS
SV2A FBi& 4 Sv2a-t " 3B L UVF344 T v h OWREM THEZ L72FER, Wiho
HALIZBWVT S, SV2A BELL LB L UORBI Y — A BRI LITRED 5

e -7z (Fig. 9).

3-3 SV2a R BIZ X H RIIFHER T VN AICKTT DR EDEAL
3-3-1 Pentylenetetrazole FHF& T VAR T B IRZ DAL

Sv2at R ZE BT X B 1T WA A TR BT, TWHAGBRAITH 5
PTZ T3 5 FAERSE M & LR B 5-JEBRIC K 0 FM L7, 2 OfE R, Sv2att™e
7 v MIPTZFHER T WVILAICH L TV ESMEZ R Lz, RRIZ, 3581040

mg/kg O PTZ IZBWTHEIZEWITWILAA 2T (35 mg/kg : U(17) =20.5,p <

1



0.05, 40 mg/kg : U(17) =12.0,p<0.01) . /X T, 40 mg/kg @ PTZ ZALiE L 7= 35

ATEHAEBICEWTWIAGIEEZ R LT (X?=6.34, p <0.01) (Fig. 10) .

3-3-2 Pilocarpine FRIF WL AT B RREZ DL

3-3-1 HH[AARIC, Sv2a-t74Q 28 Bz X % pilocarpine #7578 1 WO AL AT 6T B FE AR
VA BRI 5 2ERIC K D I L7z, 2 OfER, Sv2att™Q 28 BT pilocarpine 7%
FT O DRI B E R B L 52N e LN e o0

(Fig. 11) .

3-3-3  4-Aminopyridine T WL AICXT T B EEZHEDEL

3-3-1 TH35 LY 3-3-2 HAFARIZ, Sv2a-tRZE BT K 5 4-AP B IT WAL AR
D FANEES VA A B 5 BRI L0 Al L7, 2 ORGSR, Sv2a i AR L 4-AP
I DA T DA M B B G AR N LB LN E o
7= (Fig. 12) ,

3-3-4 Pentylenetetrazole ® RFEFRE- T3 2 EZEDOE(L

PTZEEF T W IV A OFAERIMEIZ )35 Sv2a- R o S 88 4 31§~ 5 B T,
PTZ ODRFBEHRGICL Y TV ARIERIBMEOZL 23l L7, € Oft R,
Sv2attR IS KL TVF344 7 v FOEREE . 10 mg/lkg L TN20 mglkg D PTZ D2
FEBG-TIEL PTZIC K VB S 2 EBBEERIIEE O b oTz, Lo,
30 mg/kg D PTZ % BFE#H L7=BIC, Sv2att™@ Z o MIAx a7 3L EoiFuvi
AENEZ TR S ERTHRE LI, —75. F344 7 v F TIRITWHRARIELR
X7, Sv2att R T o MIFEEICEWIT WA (X?=5.00, p<0.05), FEI1EA

a7 (U(12) = 7.00, p < 0.05) X OFpERI (8(12) = 2.90, p < 0.05) %/~ L7-

12



(Fig. 13, 14).

3-4 Sv2aVRERIZEBFX 2 R VIR T A REEEDOEAL
SV2atR BRI L B XU R U U TTERRICKRT DA SR LEIEET LT

HHPTZHXH U R U ITETNLABLOESBIEET LV TODIRkES L KU 7
AVt ) I R

3-4-1 Pentylenetetrazole D REHREIZ L 5F 2 F UV IHERIC
PO Y g ]

3-3-1 HIZH T 5 PTZ OHAIE 512 X 5 PTZ FH5 T WL ATt 5 sz MEEE
MOFERZ > 15, IKHETH 5 30mglkg © PTZ %, 1 H 1[8] PTZ % JEHENIZ#
H U7, 2O/, Sv2at™R Z » Mk v R U U ZERICKT L TRV %
ATz, PTZ#H5-2 HHETIE, Sv2aR 7 » B X UVF344 7 » MH T W
WAATIZHBREB R SN holz, LnLRRG, Sv2at™Z » hof
WILAAAT O ERIZ, PTZHRG53HE LY F344 7 v R EHEEL T, AEICE
FL. 9HBIZBWT3.38+0.26 27~ L7= (cf.F344 7 > 1:1.38+0.26) , PTZ
FHRT DVIATBIER S £72, F344 7 v b Ll LT Sv2a-t™R 7 v FTIE S 0
EVMEZ R L7 (X?=11.58,p<0.01), — 5T, F344 7 v MIZBWTIXPTZ &5

RN T, WA EE R LT @RIV 722> 7= (Fig. 15)

3-4-2 RHBEOBRHIIC L 5% R v IERICHKT 5 B

3-4-1 THIZN A, WHEZEOESHRIZ L D% R TR OES IR 5
Sv2a-l R E DA T L 7o, - IEFR TIRBE OBV O RWHkEZ 1T =188
EOESHEZIMAD & —WIERICEELH 25 2 &< BIEEO®RIES
FHEIE SALTZDY, Sv2at R I L OVF344 7 o MMETCH BN BIEERICA B2k

13



BB Lo 7= (Sv2atQ v 1:252.00 +45.42 A, n=12,F344 7 » b
252.08 £39.58 A, n=11), L2>L., Sv2a-t"QZEH 3> RV v VI & A EIT/E
EEH, Sv2aR T MIF344 7 v R EHI LT, KV BENOEmWNIT WA
A2 a7 O bR AR LT (Fig. 16, 17), F£7-. %IRRT © Sv2att7Q 28 iz &
DVAHEBIIER L, FICxF U R 7 OBRIIZEBW T, AREREIN OLER D
v (Fig. 16, 17).

4 B

AHFFETIE, Sv2at™Q B H A Rf> SV2A ICBE L7 CAMAIREEDHT =72
TNTw NaelERT 22 SIClP Lic, 20 L174Q £ 535 — B @ Sk oL
BLTEY, 174 BEHOO A VN2 B TERGFEISNTWAMHEETH 5
(Fig. 4C), Tt~ T, ZD 174 FH D1 A 21X SV2A OFEREIC B 72 &E & 7=
TTIVMTHDLIENEZALND, LRIDO /) v 77U b-L A% 2 —Hifiz M
W7 FgE 10 Tk, B-EEWEROBET D 2 SOMET I BRo &R
(D179A, E182A) X, SV2A OFREHANIZ IS T 5 > ) 7 Z/Na~D JaE Bl
YD 7 ZMREHREIC KR & e B 5.2 5 2 ENREN Tz, Sv2att™
Y NOERT I VB THLuA T ATBET IV BTIERW SO0, iEE A
THTI /B THDHI, LRTo@E L FRKIC, Sv2attR R T2 0 & A
DEALIR EIZ L > T, /DMAE~OBELREICE B 52252 LREADR
5o Flo. ZHHOHE L —E LT, insilico SIFT FHIOAEFR L 0 | Sv2a-t74Q %
73 "intolerant (B$EEZL )" &HIE SHL, A OHEIER K UMRRIC K E B4
2% EnTllshi,

ITENFBIRIARNT K 0 Sv2atl R BT PTZ Ik 9 2 1T Wil AR ME % ER- &8,
SHIZ, FURV T ETMICTENT, BRBIEET L PTZX R 20) B

14



L OESRETET NV (RS > R 7)) ORTTTAD AR & B IR
ESEDLZENHLNE o, UHEIOWIEL Y SV2A%Z ) » 7T v F LIcH)
WNIA% SEBIUIN T LWRBEZ R Z L TR ET A5 Z &SN TIN5
1218 —F T SV2A~T 1 RIE~ U AT BERFIED T VIVAFIEE TR 7208,
FEFHFE T ONAB IR R VBRI L TRV E 2 7R3 2 & 34
HEINTWD D, ZAL0EMW) LT 5 L, Sv2a LR T » F OfTEIRBL
X, SV2ARB~ U 20O EFRI L TH Y | Sv2at R8BIz L 5 SV2A HEE
DEFSHIRBRIZE D O TH D AMREMENH D Z L3 B 2 bz,

AMFFE T, SV2A & TAMASFPEDBIENH & 7 & 72 o 7o, BRIRBFZEIZ VT
E MZEBWTEH SV2A & TADLARMEOBENHRE ST Y, NRIHIEAZE T
A WEBE R TOEEME CANAUBE . TANARMEDIRIK & 78 2 BUE STE R
FER KL OVERALIEIC IRV T, SV2ZA DRBLME T LTS Z LGS T
% 192228 X5z SV2A DI Ak v ALK (R383Q) ILHEVATE T A ASCAE
BOEE), NIE, BEERASISEITIEAMEIND, B O TADASR
FIZB N TH SV2A OFEFEBRNCTADADRIE L BHET 5 2 LR Sz,
INHOMANDE S, KET VA SV2A OERERE ITER 2 TAA OIS
CHERTHDLZENEZ LD, Ll SV2A OFEHER ANy E (HLpi%
TE. EHEHE D 3E, ZIRMERIER &) & WIE MR IE GRE—RIERIE, K
PIAE, I A7 0 =—RIER L) OEDE A TDORIEOIHIEAEIIZEE L TN D
DINZONTIIRERARENE L, S ORDBRMEDLELEZEZ BILD,
EBIZ, SV2AIMERA ARG T 5 LEV 2 ED T4 LRFLTADAIEDIER A
T = RALG MR T2 ETH, RET VAR THL Z B2 b5,

5 %

i
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AWFZERER LV . Sv2at MR R IT, NI T D SV2A DR BLUCRE A 5 2
528 TnhAREZEEZFZE LJUESE, 612, TADARMEZ et
SEDLZEDBMHBMNE ST,

16



F2E Sv2a-tR F v MZEIT B pentylenetetrazole FHEFRIT W ILA D
FEAEE AL DRI

1 &
H1FED 3-3-4TH T, Sv2a 4R Z » X 30 mglkg D PTZ & BfE&R 5 L 7=BRIiz,
AREICEWVTWRABEZEZ R L, SV2a M REEN PTZ IZ K V@R EIND T
NWAFIMEORBREE LR TS &2 /R LT,
Z T, RETIE, PTZH#HRTOVNAORIERIEEIZIS VT, IMAOFRIE
BRI %2, ARROBE~— T —& L TASHEH SN TV Fos & H Z51E &
LT i b2 IR L 0 . S5 RetE Nz T,

2 EBRIGE
2-1 A

FEERIZIX HED Sv2at R T o RIS K OKHRENM & L CF344 7 v b (HASLC)
R L7, Sv2a™R Z v NI, GBI FE T a gAY =Ty
=7 b 1Ty b (U SRR B E SRR R B ER i ak) L0 42
22T 7e, AFLTEEWIEL, —EDORYA 7 v (BH: 08:00 FFX v 12 K],
fHIR (24+£1°C), 1HZE (55+5%) OfF=EICBW T, EEERER () =2
Z VR J6 L OVKIEKZ B RIS E72RE T C—BHE LM E
L7-t2, FEBIIME L7,

2-2 Fos BAZIREL LN BB DR

F1ED 3-3-4H|IZF k=, 30mglkg D PTZ #EIENICHKG LT 2 K
Wkic, @M a < b e Z— L (80 mg/kg, i.p.) & CERFRFE L . R\ NCTHAM
%, DELY 4%KRNL LT VT v NREENR L THAREE L, L7,

17



U Z D 30 pm DFEREIA 2~ A 7 = 25 A ¥ — (DK-3000, Dosaka EM Co.,
Ltd., Kyoto) (Z XV 1Bk L. $T Fos HifA (1:4000; Santa Cruz Biotechnology) %
W ABC JEIZHEVY, TRIEIEIZ LY Fos B A &S dufa L7z, Fos FEBLOMRHT T
(T, 1) RMBECESEI: mPFC (WIRTEARTECE). CoC (HrIRIEIEE). MC (KRR
EEBEF), SC (KM R B MRS, AIC (MEHERLE F2E) . Pir GUIRIERE).
AuC (RS PRh-Ent (BRE-MRNEVE), 2) KRAMAELERZ I & ORI ok Ik
AcC (HIA4% = 7 fEIK) . AcS (IALA% & = /VAEIR) , dIST (5 SMABRSRIK), dmST (35

PRIFRZRAR), GP (R EK). LS UMUPEREZ), CAHERS T > & f4), DG (S5 b
RIEIFFES). PMCo (RAKIAMNIEEEZ). BMA (RIkIAILENEL). BLA (R
HLEAMAES), 3) MIMMEEIE: LHb OMAIF/EZ). PT (BURAMEEL). AM (BLRRT
EZ). CM (FURIEFH0EZ). VM (EPRIIERREZ), AH (K THRATEZ). PH (L

PR T2 4%). DMH (FR FERTE NEIER) D4 34 2>FTiz 2T, 350 x 350 pm?
? grid NIZE 415 Fos 40 I MIaE 2 51 L 72 (Fig. 18).

2-3 WEEHFRYLE

FERAERIL, FME £ FEERAE TR LS, 2 B O Fos FEBLO LRI
Student's t-test (/X7 A h U v 7)) &ITo72, UL EOBEIZE VT, p<0.05 D& x|
AEADHY EHE LT,

3 fEE
31 TWNARIERMEIZIBT 2 RNEE R OBRE

#1ED 3-3-4 HIZBW T, PTZ & BR&K G LI OFMHENLICIS 1T % Fos
S PR DR 21T - 72,
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3-1-1 KEMREEBRICIIT 5 Fos & A RBBHMAT

FOWhAAa T 3L EER LT Sv2attR F v kO KB fEIRIC B TR
F344 T v PO H O LR L T, RIMBEEEMEERTE (SC) B L ORLRIERE
(Pir) IZHB T, Fos G MEMBOAERBEER LANRO N, o A
EEIFRD LW E OO, FIEAE, BHIEZE, % - EEEIZ D2 5 ILHiH T Fos
EERBLO ERMERMNES Sz (Fig. 19),

3-1-2 RBGOBFRR L CRBEERIZIIT 5 Fos B BB

KW kxR BE I T H 5 R EENMEE (BMA) I X OVR Pk IR 5E #%
(PMCo) 23T, Fos FEtEMIfaE 0 A& 7238 EA-23580 67z (Fig. 20, 21)
R EAZ I T B 2 IMUIREL (LS) DA, Fos S Bl £k o> 18 e A
RO LN, ZOZLITAER L O TIER) -7 (Fig. 21),

vy

7

3-1-3 RIMIZINT B Fos B AR ERMENT
M AR T & 2 /MAITHEZ (LHD), #UR FER%EZE (PT) 38 K ORI FEkail
(AH) (23T, Fos $0% PRI O B IME 0 235380 B =2y, Z OZBITA

B b O TR o7z (Fig. 22),

4 B

551 B 3-3-4 THIZH VN T, Sv2at R ZE BT PTZ 3538 1T W i AU DI AE T BLRRE
HIRTFTEEDZERENT, SHICEAEIZBNT, TWhAZXaT 3 LLED
TFOWIATIEZHFE LTz Sv2a-R Z » R B XN WNARIEZ RS e o T
F344 7 v &RV, TWILAFIEBMEIZ I 1T 2 I OFIERE RUHBAL 2 58 LT
iR AL AR, SC 35 KON Pir WMANBLUE AL CTH D Z E N B E Ao T,
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AWFFE T L7z Fos & BT MBS FOEEEM TH Y . NIRAYRZER
(e.g9. RLIEFE . WM. A ML A, B, MR L) &2 W IBAE B 7R
BR (TADA, R—=F 2 RPARTBEIR R 2 & OB AR L) R EI2kY
BAR T ORE R L OFRBIEMEL S5 72, Fos F HILA et ilE ~— 7
— L LTRSS TWD ¥, LIRTOHE Tk, PTZ Z4E L7-Bi ik
WIZH 1T 2 BB SALIL, S DG, CgC <2 Pir 72 & O KM E etk Rk AR
. SR, SAREE, G/ MKIAMAEZ . IVREZIC I )T Fos B H O EL L5
PRRDH BT 303, b OWE LT DL WARIED 1 SIcaEIND
ISEZE T A2 A & BT 2 RkEZ I &% Pir 72 & o0 Kb R BT sk ¢ 3 L T Fos
BAOFKE LANRD b B, —J5 AFFRTIIMEERE TANA L BIE L T
W DRSO RAFFEAE & B L TV D HURTEIIC I W TR Fos RAD A E2RFEEL
ERABRBO BN oT, AR THWE PTZ OBHERGITT WILAFRIES
ZVHBOTHLIHREBREZNT 2 FETHY . EB LOEKROMREEL 57
B XHDIZEDPTZORETIE N2 ERB 2 LI,

AP IE. BRSO IR 72 &R . MRS~ X IR ([T A i 0 BiLEE
FHAOLTEBY ., WA S & 722 2 NISEEE C A0 A DA Tix, Rk
RIE R B AR L, OB 2R B I BH R B ORUR . & BITIRES
RKMEE A LB L, BIEOSRIbEZRI SR T2 LRmbnTng ¥
O SFY . LRTOME TR ONCHEECHRK: & TR b PTZ FHF T
AT % Fos EEHDFEE EFIE, AME TRIE L7 RPkEZ I KO Pir 2 564
B e L TRIEZRS KOPIr 2 EOMEIRAZER L L, EOTUR, & 5ITIERMK
R R~ R OBRIBEE N ER LoD EZ 2 b, £o, AMFETH
B 72 Fos B BLOD 547" L7z SCIFTRE M ARIEMEZR & TR SN 2 il e & B
HIEBAL T D Z ERF BT Y W AREOR RILE 1 % 3-3-4 HIZHB T 517

20



B EROMEE L LB LT 5, UL, SC THENEAE 2 Fos FHO
EHIE, BB U772 K5I WA IED 2RI 5 #fE 0 BLEE 2 B LT W
BLEZLNLD,

5 #&
AMTERER LD . PTZ FB3ITOIVARBBIEIZ I 1 D IMN OIS EE SO
R B L OFLRERE TH L Z RO N E R o T,

3
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BIE Sva- VBRI X A HREEYE O VT T A ERE DO EBENT

1 %

FLIEDIIPBLUNIAHEITBWT, SV2a*R T o MAEWIT W ILAKSZMER

[l

FOTADAREZRTZ &2 LT,

Z 2T, AT T, Sv2aQZE BT K B IMINIZ R D IRR IR E Ol
%t 3B WAL TN Uiz, BRMIZIE, TANAREORIER L OERIZE DL 2
B T D & & 2 BT D mbkEZ IS X OV I2 31T 2 ik (5 M E o
HEREZ . TUNEHTIE (in vivo microdialysis ¥£) 12 X W et 21T - 72,

2 EBRIGE
2-1 A

FEERIZIX HED Sv2at R T o RIS K OKHRENM & L CF344 7 v b (HASLC)
R L7, Sv2aR 7w NI, GBI FE T v a gAY =Ty
=7 b 1Ty M (R BEER TR B P SRR R B B %) K 0 2
ez T 7c, AFLTEEWIEL, —EDORYA 7 v (BH: 08:00 FFX v 12 KEfH]),
fHIR (24+£1°C), 1H=E (55+5%) OfF=EICHBW T, EEERER () =2
Z VIR 36 L OVKIEKZ B IR S E72RE T B LT E
L7-t2, FEBIIAE L7,

2-2  In vivo microdialysis ¥ % FAV /= GABA B X O\ V7 I Bl O 31 H
2-2-1 HA FH=2— LEDALFEN
Sv2a-R B UNF344 T v NIy R LE X — LB (40 mg/kg, i.p.) % i

L. BHYESZ WENLE E S (SR-6, Narishige &) 1C[EE L=, RWT, BERAZEH
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BRUIBH L CHESH B 2B L%, VA R ==—1 (AG-10, Eicom) Z##IAd 2%
FEPkEZ (bregma L 0 #7712 2.8 mm, ZERRIC 4.8 mm, JMAERE X D X 6.1 mm D
AiE) « b L <L, MRS EHIREIFIER-CA3 fEi (bregma X 0 #5712 5.5 mm, /&
REIC 4.6 mm, MAERE L VRS 42 mm OfZLE) I RY L T/INREBT, A Fh

—LVERIALT, A RI=a—ViET &t Ay N CHER LICHEE

L7z (Fig. 23A, 24A),

2-2-2 GABA BL U N F I v BREREDEBRLT

A K= 2— L OMDIAL TN Z i L 7= B350 1 38 M O [E11E 1 % 1%
T/ 5 microdialysis FEERICH W2, FEREE FIZRBWT, R 20mm O~ A 7 &
AT VAT a—7 (Al-10-02, Eicom) Z 0 A NH =2 — L4 X 0 BT
MR T A K oA L., artificial cerebrospinal fluid (CSF: NaCl 140 mM,
KCI 2.4 mM, MgCl,1.0 mM, CaCl,1.2 mM, NaHCO35.0 mM) % 2 B[#ERR &1,
B L7=. MIETIZ.CSFE~ A 7 a3 U Y (25 mL, HAMILTON) (ZFHHE L,
~Ar7uv YRy 7 (EPS-32, Eicom) Z VT, it % 1 ul/ min CTHEGE L
7= FEFRWRIL 10 Sy REAEICUUE L=,

Rk IZ 31T D GABA B L OV V& X VO EHERSREREAT CiX. CSF Z Bk
%A 1 RFEFERR S B 721, 100 MM & U o AFEHE (NaCl 42.4 mM, KCI 100 mM,
MgClz 1.0 mM, CaClz 1.2 mM, NaHCO35.0 mM) BT 7 1 —7 X 0 1 BFEHETT &
B LU=, =0, #fii%z CSFIZE L, 1 FE#ER L7z (Fig. 23B),

72, WEICEBIT % GABA B LUV L F X RO IS REL Tl, CSF %
BIfbtg iz 1 BT SE 728, 50 mM & U 7 A% (NaCl 92.4 mM, KCI 50
mM, MgCl, 1.0 mM, CaCl, 1.2 mM, NaHCO35.0 mM) % Rtz DB & FIkEIZ, 1 B

W OWETIR G- 21T/ > 72, £ LT, WEMMiKAZ CSF IZR L, 1 R L7z, &
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HIZZE D%, 100mM &7 Y U AR AZ RIS T 1 BRI G- L2k, S5
(2 CSF % 1 KRR L7z (Fig. 24B). 57X A T U & 27 /L IND GABA
BLOILZ I UEROIEE % o-phthalaldehyde (OPA) 7' L 1 7 Ak BV IEIC
FUVEELT,

OPA #Z1%. 20 mM OPA 10 mL |Z 20 pL 2-mercaptoethanol (2-ME) % il z. 7=
#%. 0.5MK.COs IRIE TAIR L. 4 mM OPA FHEM(LAEE L L7z, HIEHAK &
OPA KA FEL 3:1 OFIGTIRA L. 150 BHS SEBIcA— M
I T A Y= Z— (Eicom, M-500) (2K D HPLC v A7 A~DIEAZLT
W, JIE L7=, HPLC v A7 ARk v~ ~ 7 77K~ (EP-700, Eicom),
SYBEH = 2 (SC-5 ODS, 3.0 ¢x150 mm, Eicom), E{EFE (AS ONE). HEX/bFmH
%% (ECD-100, Eicom) »OAfpk =L CH Y, M7 — ¥ 3 Date Processor
(EPC-500, Eicom) (2 LV 2t V2 —Z 2385 S, fENTIZ 1 Power Chrom 2.6.2
(eDAQ) MM L7z, RHkEZIZ W TIE, o 7 EI 3 o —27 = 7 HfH
DY A 100 & L2 REOFEXHME TR L7z, E72MBIC o>V TiE, s
FHEIZ XV T ANO GABA B IOV VX I UERREZF M L, 5HI L7z,

2-3 WeERHFRYLE

BN RERE, EYME + ERERRZETHE L7z, Microdialysis (2 X 5 & & IRTE
OWEET 2 7 BRIEFEE O ik, Student'st-test (VX7 A U v 7)) 2KV iT-7=,
F 72 Rk L OV O GABA B XNV L & X fgilEEE (in vivo microdialysis)
T EFIEX2 TR E S BT 21TV AEZENRD BN HEI1T1E Tukey ZH
HRE (ST A MY v 7)) 217572, LLEDORKREIZEBWT, p<0.05D & X
AEEDY LHE L,
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3 fEE
3-1 Sv2a-RERIZX D GABA BX U NY I VBBO T T T AEMEL
3-1-1 RHZICBIT 5 GABA B I UV ¥ I U EEEREOEAL

RHkEZIZ 31T 5 GABA B XN V& X U lrD )7 AR xS % Sv2att74e
RO T % B 1T microdialysis £ %17 - 7=,

Mifsk GABA LULid, 100 mM 4 U o AU L CL F344 T R CTIIE
HORBEL V080 - 100 (SRR E THIMM L=, —J7, Sv2att™R J o K CILEH IR
RELX V25 -30 FREEE THIINT 52 LR L7720 (F344 T v bOFER &
g U CHERIE T 2R L7z (Fig. 25),

Flo, Atz I L ULViE, 100 mM Y o SIS R LT F344
7w FTITEFIRIEL V) 6.9 - 103 FREHM LTz, —F, Sv2a™R Z » kT

X, EHFIRAEL VI 6.1-7.9 fFFEEHIN L., F344 Z » + & B L CHI 0.77 - 0.88

o

BEOHEZ R LT, L LRNL, AEREITFE D biveh -7 (Fig. 26).

3-1-2 ¥RIZBITH GABA BLUOINVE I VEBREREOEAL

WBIZEBI 5 GABA BL NI NVH I VD V)7 AFEREIC RS 5 Sv2att™e
EROFE L 3-1-1 THIFEEEIZ microdialysis F2BR1Z X 0 3F L 7=,

ERRBEDOMIIN GABA BL NI NV I VR L ~LE R ET LT i 5
Sv2a-t’4R 7 v R OAfES GABA L XLE 28.1+18.9nM TH Y | F344 T v b D
H D (42.3+13.4nM) &G U TEGEIZA BERZITRO b o 7o, FIERIC,
Sv2a-tR Z w MIZ B ARSI Z I UL LT 640.2 £295.1nM TH D |
F344 7 v O HD(689.0 + 151.3 nM) & il L7551 H B R AT O b
727 (Table 1),

FENT, T RIC L VR EN D GABA BL I IVEZ I VRO 7 A
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STWREEEZ T2 BT @A U 7 A (50 36 XUV 100 mM) IR O i
4 GABA BLX O/ V4 2 VR L~V % IR L=,

53 FRRIRIC 2 0 #5758 S5 GABA % bEi st L 72 /5 5R F344 7 » M
RHE (50 mM) OE B U o LRI LT, Mifash GABA LUy 410 -
490 nM FEEF THIIM L=, —J7. Sv2att’Q T v kTSt GABA LU
#170-290 nM FREEE THAIN L, F344 7 v b &R L4 (R FEMANIEEED
bNTbOD, FERZETE R, 612, @mM&E (100 mM) OEA Y v
LRI LT, F344 7 v b OflfESN GABA L UL 1990 - 2110 nM R
FCHEIIN L7z, — 4 .9v2a Z o FCIET MIlas GABA L UL 73K 1080 - 1250
nM FREETHIL, F344 7 v FORER LB L THEIZERNEDTH -7,
CORER XD, Sv2att T NI F344 T FERERL T, BAROE N T
LRITHIZ 5 GABA DT 7 R B RE A3 %9 0.55 - 0.60 FFFREEITIR T LT
HZENHLMNE ST (Fig. 27),

Fo, BORHBIC X 0EFEREND I I U RBIEREC ST RS L7z
fak, F344 7 v MIEMEOE S Y U ZHEII LT, Mlask s vz I oL
~UL73K) 1140 - 1280 nM FREE TN L 7=, —J7, Sv2att™ Z v L Cik, A
ST NH IR LULIEK) 800 - 1050 nM O FREEE THEIN L, F344 7 v b & LhEg
L7ea. MEEMICAEERZLITRBO b o7, 62, GHEDE DY
T LRI LT, F344 T > R oflilask v 2 X R LUV TR 3120 - 4920
nM FREEE CTHIIN L7z, —J5, Sv2a™@ o LTI, Mlast s v xS UL
JUIEK) 3250 - 4170 nM FREEE THIIN L, F344 7 v M ORER & bk L THY 0.85 -
1.05 FREOMHEZ R LIz, L5, WEERICABERZ(IEEED b/

-7z (Fig. 28),
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4 B

Sv2att74Q ZE BT Rk R L OMER O WEALIC BV T, ERRE L~
B RATT 2 L7 < A BAINKIZ X 0 #E5 S 1D GABA OilifErkRE 2 il 3
L2 ERHEMNE RS, —H, MOBATKICE > THEBRINDL I VZ I U
D EHEEEEIX Sv2a iR B R OB A R I o T, LIRTO#HE T, SV2A %/
> 77U N LTEEOWEE CA3 SEIRIZ IV T, IHEVER KR 2 mifilte s 7
ABBROKTE2BIERIEND ZE0RENTEY 12, SEOHIE/HREDOZE
e X< —F L7, SV2A TR EWE O v F 7 R EREEME IC W T, 1)
SNARE complex DA% L OER: 1219 2) Ca®* ko —EHE TH 5 Sytl D3
BB X OREORE 1629 3) v F 7 ARMRICHES Liz v T 7 A/NMaD g 1829
BLOQ 4) 7 ARERICE T 5 IR NMa 7 — LV OffeRs W19 1535 2 b
PGS TERY, a7 BRI OfEE EET 0B L
TiX, ARSI ORI EATOLER DD,

Sv2atl74Q ZE T, GABA EBEDL A LIX R ) | R X OV O WL
ICBW TS BIC L R SND 7 2 UERERECREE 5 2 o tz, 2
DFERIL, SV2A B~ T ADWERIZB N T I NS I VMR DO~—H—Th D
vesicular glutamate transporterl (VGLUT1) & IFIEIGE I N0 E WD LLETIZHR
ELIERMRE—HL TN 2, —J, RkZICBIT 5 SV2A OFEHL /R Z — 1T
DONTIIRREITHY ., oMl Bbns,

ABFFEL D . MRIEAZE T A A DFIERE S & ST 2 kit L ONES
IZHB T Sv2a R B BT SV2A B D v 7 AR EA b b 2 b
E BT, E DU T AW RERREREE S GABA FF R THDH Z L &2 R L7z,
LHNZ, Bz id~ 7 AOWBICBIT D SV2A OFBL X — 1 st Bk

2k 0 RRET L2k R, SV2A 28 GABA kD~ —H —HE A Tdh 5 glutamate
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decarboxylase 1 (Gad 1) & FFEANICHFEH T HZ L2 MELTEY B, ZoMmid
13, AWFFERE R T DAL Sv2att MR R T L B 2 KRR AN 72 GABA WERERERE D
fEEAZEMTHERTH oI, Lo Lan b, SV2A RIFITT X TOMRRIZFBL
LTS &5 LRI b OIS 1) & Fx OIFFERER & ORICITER R H Y | 4
%I B, Sv2attR T o h DRk R L OMERICIIT D SV2A ORBL ¥ —
(e.g. BE LNV BLVRIENRT =) IO T, BETILERD D,

5 %
ABFFEAER LD . Sv2a R R L, RS L OMEB BV T, ERIRIEIC

i

BiT5HGABA B XN N4 I VROIEBETEICELZ 525 Z &7 < iy
FILIC - TEE% S D GABA B2 R BRAICIEE T2 Z ENIAL N E 2o T2,
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B A4E Sv2a-RERIZE BT VN ABEZMTTE A I = X b DOfENT

1. ¥#S

H1EIZBWT, SV2A BB FICI A U ABREET D T- 18T T LD
ERIZEEI L, 2 BE08 PTZ Ik L TRIWITWILAESEZ R 28, &
bz, TADNAVRMEDRELZRTZEEZH LN L, 61T, &# 3 BT,
Sv2attMR ZE BN RHkAZ I K OV IRV T, EHIREBIZH T D GABA B LU
JVE I VEROIGEREIEICE B A 52 5 2 L e BIOmRMIC X v FER SR D
GABA FFHEDO R R R EE 2 S 2§ 2 L AVR ST,

ARFE T, Sv2at™ BRI L5 TANAUFMEDREA I =X L EW ] e
5 HMT, GEMBRENTIEICE Y SRR EMA T2, BEROICE, Rk
BB L OMER O 7 V2 I RS LU0V GABA MfRIZI1T 5 SV2A DR B X
— U E O THEAEYRAICE VI L, SIS, MRV T Sv2atteQ 28
(2 K 2B Aoy e R BE O3B E) &2 Western blot {512 1 0 fi#tr L7z,

2. ERGIE
2-1. fEHEMY

FEERIZIX D Sv2at R T o RIS K OKHRENM & L CF344 7 v b (HASLC)
A L7z, Sv2at™R J v MI, SCHERFE T a T AA ) Yy =2 ey
=7 b [Ty b (B 5K R PR E A SR R B E i %) & 0 12
22T 7e, AFLTEEWIEL, —EDORYA 7 v (BH: 08:00 FF X v 12 K],
fHIR (24 £1°C), TH= (55 +5 %) OfFE=RICBW T, EEEREL () =2
Z VBRI B KL UVKIEK A B RICERS S8R T C— U LV EAE
L7-t2, FEBIIME L7,
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2-2 WOEHRERIC L B EHEa e

Rtz JOMES 12410 5 SV2A & GABA {EEh MRS H VT 7 L2 I v
RRVEENERIRE & DIFZ TS BRI T, SV2A & GABA (EEIPEMRE D~ — T —
Tod Gad 1HDHWIETNVE I VEBRIFEIEMR O~ — I —Tdh 5 VGLUTL & D
Ot T EY AT T,

H1ED 2-3HDOFMEIHE, Sv2a™ T v P LUYF344 T~ - OFFHIIN X
. ES4dum ONT T 4 LU EER L, PURIRIELIS KO3 % iEER kR
KIZE D ARIEACLAER A2 AT > T2, RNIE(LALEERL . PBS (-) THEE L. 8 % normal
rabbit serum (NRS) #EC7 1 v ¥ > 7 % 30 M=EIR TITo7, 71 vFx o 7k,
SIRIZT—RPLIK goat anti-SV2A antibody (1:500, Santa Cruz Biotechnology) &
mouse anti-Gad 1 antibody (1:1000, Santa Cruz Biotechnology) & L < & mouse
anti-VGLUT1 (1:500, Merck Millipore) OIREIRIEZH F L, 4°C F T 42 FEf
oS & ¥z, D%, PBS (-) THEH L., RHLA rabbit anti-goat antibody FITC
conjugate (1:500, Sigma). rabbit anti-mouse antibody TRITC conjugate (1:500, Sigma)
DIRAVIRZM T L, BT, SR T 3 RERMI G S 7-% ., PBS (1) THEHr
L7z, D%, Fluoromount™ (Diagnostic BioSystems) TH AZ1TV>, FHES L
— P — A% ¥ CEEHEE (LSM-700 ZEN, Carl Zeiss) (2 & v Yetatg 2 Bl5k 5 L O
L7z, Bk, SV2A B XU Gad 1, VGLUTL @ #HLZE R 572912,
B AEAT > 7  Image J software (version 1.42, the National Institute of Health) %

N SEATERALI . RAARAMAIESERZ (BLA) 3B X OVES k=M (DG) & L,

2-3  Western blot ¥:(Z X 2B IZR1T 5 BE O 5w RS E B E O BT

Sv2at i LRI X 5SS TOR AW E A E ORI ST 5 B E
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Western blot {412 & 0 fi##T L 7=,

551 2-2 HOFNAIZHEV . Sv2aR IS LTV F344 7 v s OVEE Al HBUR & 7R
WL, —EEOY T UK E sample buffer & 2:3 OEIE TIEFT L, InEL
PR (Sytl HIERF: 95 °C. 5 4yfHl; SNARE complex, syntaxin binding protein 1
(Stxbpl), N-ethylmaleimide-sensitive factor alpha (Napa), N-ethylmaleimide-sensitive
factor (Nsf), B-actin HIERF: 37 °C, 30 47H]; SNARE complex FEFREE: 100 °C, 10
SN AT ole. BN EEZ 75 % SDS-RU 727 U LT 2 K7W TERIK
B (EEI:40mA) L7o%, I N7 4B LLE (AE-6677, ATTO) ZHW\ T,
PVDF fi5 (Hybond-P,Amersham Biosciences) ~#x75. (& ifi: 50 mA. 60 73[#) L
T2 IRNT, 1 E222HEOFNEIZHEN, 7 v T T E2ITV, 7y F o 7k,
WA —PUR L 4°C TTL1 BERIS ST, —IRPUEE L TiE, s Ew Bl
BlEREE AR (12 e D AR & L C mouse anti-Syntaxin-1 antibody (1:2000, Santa Cruz
Biotechnology) . mouse anti-Stxbpl antibody (1:2000, Synaptic Systems). mouse
anti-Nsf antibody (1:2000, Synaptic Systems), mouse anti-Napa antibody (1:2000,
Santa Cruz Biotechnology). mouse anti-Syt1 antibody (1:5000, Synaptic Systems) %
L < 1% mouse anti-p-actin antibody (1:2000, SIGMA) % i\ 7=, —RPUKRGTE .
% TTBS T 5 434> 3 [y L. “RHUA L =IRICT 1 BFRIRUS SH T,
B-actin, Syntaxin-1, Stxbpl, Nsf, Napa, Sytl (Z%F9 2 “W&kHifk & LT, sheep
anti-mouse 1gG-HRP conjugate (1:2000, GE Healthcare) % fu 7=, IR PUER G .
TTBS T 5 4ffld' > 3 [y L%, BEICREEEE (EDLTM Western Blotting
Detection Regents, Amersham Biosciences) ¥ L 1 oS E, v/ - A
A =T F T A P — (LAS-3000, FUIIFILM) % AW TRNBEEZIT- 72, Dk,
Science Lab (Multi Gauge Version2.2, FUJIFILM) % HWTHH N REEE LT,

SNARE complex OH|5E 1%, Matveeva EA & D J575 42 (20t > TiTo 72, T72b b,
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SNARE complex ®™ 3> K% SNARE complex %% L CuV>2% Syntaxin-1 OHLik
([CZ o TR L. 100 °C 12 X 2F BRI &> TWHRT 53 Riksr % SNARE
complex &HIE L7, £7o, AfEHEELEMELLT 572912, SNARE complex,
Stxbpl, Nsf, Napa 3 L ONSytl D ZE N ZE O /N> RidB-actin O/ N> R T
FIIE L7 ABRPEF % B (ROD) & L CHUE L L7,

2-4  FEERHFRIMLE

o RERE, PIE + AN ZE TR L7, Western blot 535 L OMa g
WAL F Y BIEIC K D &2 X7 BBIR O lid, Student's t-test (/X7 A KU »27)
Ik ViTotm, F2. BETOREICBWT, p<0.05 DA, AEEH L HE

L7,

3 ®R
3-1 Sv2allQ g RIT X A RHkEE SV2A DREL N Z — L ~DEE

253 3-1-1 HHIZBW T, Sv2aR 7 v b o mHkZIZ I\ T, BT &
DI S D GABA IFHERERE DR IV REE 2 A L7z, £ 2T, Wtk
7D SV2A DFEHLNHE — %7 5 Sv2altt4Q 28 B oD AR A o T H S e ta ik
(&0 RS L7,

BT, RHkEZICH T 5 SV2A & GABA fEEIMEMRL L OFEH LN E T 5
Hi)C.SV2A & GABA {EEItEMfR~— U —Th 2 Gad 1 O BG4 1T o7,
ZORER, Sv2aREB L TNF344 T v F ORHEE TIX. SV2A I TEMRR O %
B < M ds K OV D JEPHOEIFR IZIEHLD 34/ LTz, Gadl IZBWVWTh
SV2A LRl L7238 A R L, merge SH/-EEHND SV2A & Gad 1 Dk
Yot B350 H AL, GABA FRIEABIEIZISUN T SV2A MR L TV D Z & D3 ffeid

Iz (Fig. 29A), =512, SV2A B KON Gad 1 OFEL L~ LZxf9 5 Sv2atte
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B O BLZFN LTz, ZOfE 5, Sv2att™Q 8 HLX SV2A 1 L O Gad 1 DR HIZ
KLU TREL G 27002 EPHEGR S L7z (SV2A: Sv2att™R K 0.14 £0.03,
F344 7 1;0.11+0.03, Gad 1: Sv2a-"*? 7 +» ;0.16 £ 0.02, F344 7 ~» 1;0.14 +
0.02) (Fig. 29B),

FENT, RPEEEICEBIT 5 SV2A & 7V Z 3 U FRfEE ARt & DO IIFEZ B & 7
ETDHHMT, SV2A & 7V H X IR~ — U —TdH 5 VGLUTL O
FROEIT- T2, TORER, VGLUTL X7 V& 2 U ERIEBIE DR R It
B AR T03, SV2A L oI afg 35 Hiv7e o 7o (Fig. 30A), [FIERIZ, SV2A
BLOGad 1 DFBLL L% 5 Sv2a-174Q 28 B od J B 2 F1All L 7=, % DifE 3.
Sv2attMQZE BT SV2A B L N Gad 1 OFBUTFHEAL 52 72\ 2 & MR ST
(SV2A: Sv2att’4Q =+ :0.09 £ 0.01, F344 < »» 1;0.12 +0.02, VGLUT1: Sv2alt74Q

7 > b;0.15+£0.01, F344 7 >~ I~; 0.14 + 0.01) (Fig. 30B),

3-2 Sv2allQZE BRI L BIEHE SV2A DRBF — U~ DS

55 3 3-1-2 THIZE\ T, Sv2att R o R DRI T, B A
I SN D GABA UFHEERE DRF SR 22 [ E &2 R L7z, € 2 T 3-1 FH & [FRRIZ,
WHIZE1T 5 SV2A OFEBL/ X — x5 Sv2a- RS ML D B 2t ol " E S
PEYL IR L0 HERR LT,

HRRIEIFTER IS 381 D SV2A & GABA fEENEARRE & OIAFZ A LTI 5 A
[)C. SV2A & GABA fEEh it~ — A —Tdh D Gad 1 O _EYEEITo 72,
ZDFER, SV2A [ THREIFEIZ B W TAEMRR O & bR < Mgk B L 02 0
JEP OB R IZFEBLA A0 LTz, Gad 1 128\ T SV2A EHALL L 7= # Blkk
X&KL, merge SEZEH)H SV2A & Gad 1 YA 380 5, GABA

SRR BN T SV2A AR ELL T\ D Z & AR Sz (Fig. 31A), F7-.
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SV2A B L OV Gad 1 DEHL L~ L|Tkd % Sv2alt 4R B B o B B 2 FFAf L 7=, & D
FER Sv2at QR Iz 1 A SV2A B X OV Gad 1 OB B A 5. 2 70N & D3 e
ABENT= (SV2A: Sv2a-t%R 7 v 1 0.15+0.03, F344 & ~ 1:0.15 + 0.04, Gad 1:

Sv2att4R 7+ 1;0.11 £ 0.01, F344 7 ~ b; 0.12 + 0.01) (Fig. 31B).

3-3 WR/ICHIT B AQWHEMBEBAEORBIIH T 5 Sv2a-"RERDEE

5 3 B 3-1-2 THT, Sv2a" QAR RIIIER IRV T, FrERAYe GABA i
RO TZIIERITZENHLENE ool £22 T, Sv2at™ BRIZ L5
F 7 AR R T OJRRZH O E T 5 70ic, 7 AR A WFRETE A
BoORBUIER L, 7 A AW EPE (SNARE complex, Stxbpl, Nsf,
Napa 35 X OV Sytl) ORI x5 Sv2a-t74Q 28 B oD %8 4 Western blot (2 KV
Bt L7z, £ OfE R, Syntaxin-1 OHUARIZ L - THiH & 47z SNARE complex 1%,
#9770 - 200 kDa FHTiZEfRE 723> K& LCHLZ, —J5. Stxbpl (70 kDa f+3T).
Nsf (80 kDa f¥3/T). Napa (30 kDa fFiT), Sytl (65 kDa fiT) 1> 7"y K&
L CTHH Sz (Fig. 32),

Sv2at’ ™ v F OEHIZIIT B A B E HE OBl E A F344 T v |k
E R U7ofE R, Sv2att T b oo SL BBLEIIARICIK T L TR, D%
L~ L35 0.6 FFE CTho7-, — 5 T, SNARE complex, SNARE complex @
TRk A3 5 Stxbp14® 49 SNARE complex % fiffEiZ i < Nsf 5 L O Napa®® 49
([ZOWTIE, Sv2a R B LUV F344 T v h OMRER] THERZALITFR D D iviah:

7= (Fig. 32).

4 E5
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REIZBNT, SV2A PRk S L OVERICB W T, 70 H 3 U ERfEEh MR
TiE72 <. GABA TEBNME DN TERIR IR AN R BT 5 2 & DR S iz,

S HIT, Sv2attREE R L OVERIZH T D SV2A DL~ LY
B NE — NGB 52N R LN E o7z,

Sv2a-t"R I LTUNF344 T v N O#ERS DG F X OVRAkEZIZ BT SV2A 13 GABA
EEMEA R~ — 1 —Th 5 Gad 1 & Y I b Z L R S LT, BT B 2E=
TIE, LARIZ SV2A 13~ 7 ADHER DG 2B W TRERD A Gad 1 & I ta X5
TEEREL TR, AR E B L TG 1,

—Ji. Sv2aRIB L UNF344 T v R DRHZIZIW T, SV2A IRV H X R
RO~ —H—TdH 5 VGLUTL LiF & A EHYtasnizno7-, LI, 7v
& 3 U TRFENEARARKE C b 2 EIRBME DO BIN 2321 5~ U 2 DY CA3 FEIK

DOBEAREIZI T, SV2A B VGLUTL LT & A e S hienoTo 2 & & fk
RLTWD 8, RFFRICE Y . R THURE & RIERIC, SV2A LT V2 2 U
RIZHBLL 72 W ERHL MM E o T, - T, FHIT|TEL N, Sv2attie

SR I D Rk KOS 12381 D R 72 GABA W HERERE DO FEE X, SV2A
DFFEAY 7 GABA (FEIMEMREA~ DR R R BEOMII LD D EEZE X BN,

X 51T, Sv2aTRZE R MERICTR\W T CaMRTFIN 2 > 7 A/ M O A
[ZB % Ca** Y —EH D Sytl ORBLZFFRANAR T L ZERH LML
o7 SV2AIZ L% 2T 7 AWEREOFEIZEAD 2 75 F A T = X LT HDOWTIER
TSN E RS> TWRNA, SV2A 1L Ca¥* 2o —EAE TH D Sytl DI %
FRET L, Ca?loxt T 2/ Mam b DS M 2 2L ST D AREEN H D Z L AR X
TG 8B EoT, Sv2a R X, D7 < & B Sytl DOFBUR T

LT, GABAIFHZ K FL7-b D EE x HiT-, Sv2a-t™Q 8|z I 5 SV2A
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& Sytl OMAEFERHOEICE L TIE, A% I ORIMENPBNETHL EEZD
oD,

5 #&
AWFFERER L0 . SV2A ITRHEZE B L OVEE DG 123\ T, GABA MM {EMFRIZ

i

FRELAY 70388l 2R L, Sv2attQ 28 BL-C L & 2 R B 72 GABA Bl RERR 5 %
BT DRER o7z, S DIT, Sv2attQ L IERIC BT S Sytl DR B A K
HEIZIET &8, 20 Sytl LL DR T GABA IEBEFEEE DFEE 2B 5 L T

D ENTRIRENT,
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S

AWF5E I, ENU mutagenesis/MuT POWER {41 L » TIEH L 72 #i= e @+
TV Sv2atR Z o R AW T, TADLADOFRIERIEICIS 1T 5 SV2A OEENZHS
WTHR L7z, 2 Sv2att™ Z o Md, @ ET FICRW TIE o 1T
ZRIIRO, PTZ T WALAATK U CTREEI D DR B RO U Z 7R
Lz, 612, TADAUFMOET LV TH D PTZ X R 7 (SR IER)
BLORE X FY 7 (B0 IZBWT, W bBEERF R &
TR OIEEZ R LTz, Sv2a"™@ Z v b D PTZ FHRE T OVNAB LT R &
TR T D RS2 MEDTUHE L, BIRTEE Sz SV2A ~Tn /) v 7T U b=
U ADITENERBA D) LHEET L DO THolz, L OREEND, Sv2atre s
X, SIFT fEHTIC X OEET RO R L —H L T, HMERF 2R TERTHD
ZEMEERL LT LN E o T2, ZOF—FEEEERO 174 ZHOa A >

I, WHHBEIZT TR O TE S RFESNTE Y | SV2A OREREIC VA7
TI/BRTHDLZEBEBEZLND,

SV2A % /) v 77Uk LIEEIE, FEZEA R D NI W AFIERNRD b,
AERECARI T T 5 1218, 2072, SV2A /) v 7 T 7 b~ A% AW i-iE
RATEVEALIZA £ TRMliT 5 2 L TE oz, LL, AEO Sv2at™™ 5
> FOBHFIZE Y TANAIRIBIZIIT D SV2A OBEREA = A L% S HITH
RS2 Z ERAREE ooz, Sv2aH R BRI, NN D SV2A FBUZ AL KX
T LAl MBEETCADPADERLEEZZ DTV D RHEECHER B\ T
SRRt D GABA B Re Il 2~ L7z, Rk H 2 W3R TR 5172 GABA
WEHEORSRER 2%, LARTERE Sz SV2A /v 7 7 RNEMOD L 7= Ha kS #hism
e W= BRVE B RIRET ORE R (It s - 7 AR EMAOIET ) L —%
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LTHY ., SV2A OXEH 5 TR F RSP IEINED GABA #ifm i 2 fa
THZEWTREND, FZOMEIL. Rkl X OVERIZB W T SV2A 7
GABA I {EARRICRF R 2B 2R T 2 LIC ko TEMIT b, BT,
Sv2attR ZE B L Ca?M{KAFRY 72> T T AN & v F T AR O ERE A2 %
Sytl OFHFEFFRIMR T IEDLZ EBWALNERoTz, TNETORENS
Sytl 1% SV2A @ N REGFEIRIZHE S L CHAAFEMT 2 2 & X0, SV2A 28 Sytl D3¢
BLEAFEHI L TS ZENMBNTND 182 I 5T, Sv2a-tRZ R T, I
BT Sytl OFBLAIR T S5 Z & T, GABA OiffffffifelEH 45 < 2 LT
WhHEEZ BN, Lo, SV2A-Sytl MO BE/ER I35 Sv2att74Q 28 H o
HEIZONWT, SORDLIMHNPMETH D,

SV2A OFRBUK FOMRER X, b N OERAMEMITEZE T AN ACE SR RE
FRCAMDALE OBENRS LD Z EARBINTE R 922, X512, Fol O
ZETIE, SV2A G DO=X Y U B ICEEND 3B EEDOT AT =0 NE I LA
2 VU DORTHEARE RPNEARTECANAREE ORI 2 RS 5 2 LR
SN B, ZORERIT, SVZABETOI AR ALENE MZBWTH TAN
IFHEZRESE L2 2T THEOTHY, Sv2at™ Z v MIk RO TANA
JEVERRENC R 5 SV2A OREREZ T+ 2 ETAMRET VIR 55 L5 %
HiLd, MR T, SV2A 1L LEV R°Z OFELEY (e.g. brivaracetam, seletracetam)
DR RAERTNL TH D Z ENMBILTEY 220 sv2at’™™ T v MI 7'
DAL B OVEREFEIRNT & 5\ % SV2A ICERT 2872 Btz 2 7 U
—=2TT 5 ETCHEMARETVE TH D RTREEN R ST,
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TAMNAEVERENC 31T 5 SV2A DREREA 11 = X Lz i~ 2% HRY T, SV2A &
BT A AL REE A LT Sv2at™ Z o M &EEH L7z, Sv2att’™ R 7 v
%, 1) PTZFHER T WINLANCKTT Dm0 EsztE, 2) ¥ RU 27 E7 /0 (eg. PTZ
XU R T, Rk R U2 BT AF 0 U U ORE, 3) K
HEkZ 36 K OVEES 12 381) B B4 i GABA Wl O 45 BRY 72 e <0, 4) Bl 04w
Hicib 5 Ca e v —RAE & L TMbLND Sytl ORF R BEBUR T 2R L
oo ABFZEDNS . SV2A ITRHkEZR X OMEE IR\ TR BIED GABA %
R JAAOIZFAET LTI 0 L SV2A-GABA R 53 T A AP R L CHIl AL il 85
52T, TADADRIEL LOERZINH L TWDHZ ERHLMNE RS T,
4% SV2A-GABA R ZARIET DT ST 12 72 TN ARMERIER & 720 5 5 2
ERHIFF SN D,
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LI & im L & it 9 %,

1) Synaptic vesicle glycoprotein 2A (SV2A) regulates kindling epileptogenesis via
GABAergic neurotransmission.

Tokudome K, Okumura T, Shimizu S, Mashimo T, Takizawa A, Serikawa
T, Terada R, Ishihara S, Kunisawa N, Sasa M, Ohno Y.

Sci. Rep. 6:27420 (2016).

2) A Missense Mutation of the Gene Encoding Synaptic Vesicle Glycoprotein 2A
(SV2A) Confers Seizure Susceptibility by Disrupting Amygdalar Synaptic GABA
Release.

Tokudome K, Okumura T, Terada R, Shimizu S, Kunisawa N, Mashimo
T, Serikawa T, Sasa M, Ohno Y.

Front. Pharmacol. 7:210 (2016).
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Fig. 1 Structure of synaptic vesicle glycoprotein SV2A.

The SV2A proteins contain 12 transmembrane regions (TMRs) with N- and C-terminal cytoplasmic sequences and a
large intravesicular loop that is N-glycosylated. SV2, an integral membrane protein present on synaptic vesicles, is a
small gene family consisting of three isoforms, designated SV2A, SV2B, and SV2C. SV2A is the most widely
distributed isoform, being nearly ubiquitous in the CNS, as well as being present in endocrine cells.
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Fig. 3 Generation of Sv2at-74Q rats

Diagram showing the process for Sv2att’4Qrats. Sv2at174Qrats were generated by ENU mutagenesis / MuT POWER
technique (Nat. Genet. 40, 514-515). Kyoto University Rat Mutant Archive (KURMA) was constructed by rat DNA
with gene mutation and frozen sperm cells from 5000 G1 rats derived from male F344 rats treated with N-nitrosourea
and female F344 rats (ENU mutagenesis technique). Then, Sv2a gene with point mutation was screened by using MuT
POWER technique. After that, intracytoplasmic sperm injection (ICSI) was conducted by using frozen sperms from
the male G1 rat which has Sv2a gene mutation. Finally, Sv2at74Q rats (F344-Sv2a™kyo congenic) were obtained by
repeated backcrossing to F344 rats.
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Fig. 4 SV2A structure of Sv2a-174Q rats.

A: SV2A structure showing the mutation site L174Q of Sv2a-174Q rats. Glycosylation sites in a long intravesicular loop
(purple) and putative binding sites for levetiracetam (blue) are also indicated. B: Sequence analysis for the point
mutation of the Sv2a gene, illustrating the presence of a single nucleotide mutation T521A. C: Alignment analysis of
SV2A amino acid sequences in various vertebrate species and in the rat S\V2 family.
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Fig. 5 Schematic illustrations of the brain sections used for immunohistochemical staining for the hippocampus
(Hpc).

An anterior-posterior coordinate (a distance from the Bregma) is shown. SV2A was immunohistochemically stained
using the ABC method .
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Fig. 6 Protocol of kindling stimulation of amygdala (AMG).

A: Coordinate of electrodes in amygdala. B: Protocol of kindling stimulation and method of amygdala (AMG)

afterdischarge recording are also shown.
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Fig. 7 Expression levels of SV2A in Sv2at174Q and F344 rat brain. (Western blot analysis)

Expressions of SV2A is shown as the ratio to B-actin. Brain sample preparation and Western blot analysis were
performed with Sv2al174Q and F344 rats. CX1: frontal cortex, CX2: parietal-temporal cortex, CX3: occipito-temporal
cortex, HPC: hippocampus, ST: striatum, TH: thalamus, HT: hypothalamus, MB: midbrain, PMO: pons and medulla
oblongate, CB: cerebellum. Each column shows the mean = S.E.M.
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Fig. 8 SV2A expression in the hippocampus of Sv2at74Q and F344 rat.

Representative photos illustrating the SV2A immunoreactivity in the hippocampus from Sv2at174Q and F344 rats. gr:
granule cell layer, hi: dentate hilus, lu: stratum lucidum, or: stratum oriens, py: pyramidal cell layer, ra: stratum
radiatum.
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Fig. 9 Changes in hippocampal SV2A expression by the Sv2al174Q mutation.
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Fig. 10 Susceptibility of Sv2a-174Q rats to pentylenetetrazole (PTZ)-induced seizures.
Each point represents the mean = S.E.M of 8 - 11animals. *p < 0.05, **p < 0.01 significantly different from F344 rats.
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Fig. 12 Seizure susceptibility of Sv2a-174Q rats to 4-amynopyridine (4-AP)-induced seizures.
Each point represents the mean == S.E.M of 8 - 11animals.
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Fig. 13 Time course of seizure induction in Sv2at174Q rats following cumulative injection of pentylenetetrozole
(PTZ)

Typical time course (from 0 to 4 min) of PTZ-induced excitatory behaviors and seizures evaluated by the time-
sampling method (scored every 10 sec). Sv2at174Q and F344 rats were treated with an increasing dose of PTZ (10, 20
and 30 mg/kg, i.p., each 30 min interval) in a cumulative fashion. At 30 mg/kg (i.p.), PTZ induced clonic seizures in
Sv2at174Q rats usually within 5 min after PTZ injection while PTZ showed no seizures in F344 rats.
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Fig. 14 Seizure susceptibility of Sv2a174Q rats to cumulative injection of pentylenetetrazole (PTZ)
Comparison of seizure intensity (maximal seizure score), total seizure duration and incidence rate. Each column
represents the mean == S.E.M or 7 rats. * p < 0.05, Significantly different from F344 rats.
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Fig. 15 Susceptibility of Sv2a174Q rats to pentylenetetrazole (PTZ)-kindling.

Susceptibility to PTZ kindling was evaluated following repeated treatments of animals with a sub-convulsive dose (30
mg/kg/day) of PTZ. Left; Seizure intensity. Right; Seizure incidence rate (score of 3 or more). Each point represents
the mean = S.E.M. of 8 animals. ** p < 0.01, Significantly different from F344 rats.
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Fig. 16 Afterdischarge induced by electrostimulation of amygdala (AMG) in Sv2at174Q and F344 rats.
Representative AMG afterdischarge patterns recorded from Sv2a-174Q and F344 rats following kindling stimulation
(Day 1 and 12). Cx: cerebral cortex. Calibration: 1 mV, 1s.
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Fig. 17 Susceptibility of Sv2a-174Q rats to Amygdala kindling.

Susceptibility to amygdala (AMG) kindling following repeated AMG kindling stimulation. Left: Kindling intensity.
Right: Duration of AMG afterdischarge. Each point represents the mean == S.E.M. of 11 animals. * p < 0.05, ** p <
0.01, Significantly different from F344 rats.
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Fig. 18 Analysis of topographical Fos expression analysis following pentylenetetrazole (PTZ)-induced seizures.
Schematic illustrations of the brain sections selected for quantitative analysis of Fos protein expression. Filled boxes
in each section indicate the sample areas analyzed. Red boxes represent the regions where Fos expression was
significantly elevated by PTZ treatments. AcC, core region of nucleus accumbens; AcS, shell region of nucleus
accumbens; AIC, agranular insular cortex; AH, anterior hypothalamus; AM, anteromedial thalamic nucleus; AUC,
area under the curve; AuC, auditory cortex; BLA, anterior basolateral amygdaloid nucleus; BMA, anterior basomedial
amygdaloid nucleus; CA, Cornu Ammonis area of hippocampus; CgC, cingulated cortex; CM, centromedial thalamic
nucleus; DG, dentate gyrus of the hippocampus; dIST, dorsolateral striatum; DMH, dorsomedial hypothalamic
nucleus; dmST, dorsomedial striatum; GP, globus pallidus; LHD, lateral habenular nucleus; LS, lateral septum; MC,
motor cortex; mPFC, the medial prefrontal cortex; Pir, piriform cortex; PH, posterior hypothalamus; PMCo,
posteromedial cortical amygdaloid nucleus; PRh-Ent, perirhinal-entorhinal cortex; PT, paratenial thalamic nucleus; SC,
sensory cortex; VM, ventromedial thalamic nucleus.
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Fig. 19 Changes in Fos expression levels in the cerebral cortex by the seizure threshold level of
pentylenetetrazole (PTZ).

Graph shows Fos expression in the cerebral cortical regions. Each column represents the mean = S.E.M. of Sv2a-174Q
(PTZ seizure-positive) (n = 5) and F344 (PTZ seizure-negative) rats (n = 7). *p < 0.05, **p < 0.01 significantly
different from F344 rats.
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Fig. 20 Fos-immunoreactivity positive neurons in the amygdala following the seizure threshold level of

pentylenetetrazole (PTZ) injection.
Typical photos of Fos expression in the basomedial amygdaloid nuclei (BMA). Scale bar: 100 pum.
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Fig. 21 Changes in Fos expression levels in the limbic region and basal ganglia by the seizure threshold level of
pentylenetetrazole (PTZ).

Graph shows Fos expression in the basal ganglia and limbic regions. . Each column represents the mean & S.E.M. of
Sv2altl4Q (PTZ seizure-positive) (n = 5) and F344 (PTZ seizure-negative) rats (n = 7). *p < 0.05 significantly
different from F344 rats.
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Fig. 23 Protocol of in vivo microdialysis studies in the amygdala.

A: Coordinate of guide cannula and microdialysis probe in amygdala. B: Animals were implanted microdialysis probe,
and 2 hour later, samples were collected. Cerebrospinal fluid (CSF) and high potassium solution (100 mM) were
perfused according to above at a flow rate of 1 uL/min. Every dialysate samples were collected for 10 min.
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probe, and 2 hour later, samples were collected. Cerebrospinal fluid (CSF) and high potassium solution (50 mM and
100 mM) were perfused according to above at a flow rate of 1 uL/min. Every dialysate samples were collected for 10

min.
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Fig. 25 Synaptic GABA release in the amygdala of Sv2al1/4Q and F344 rats.

Each point represents the mean £ S.E.M. of 10 or 5 animals. Depolarization stimulation was given by applying high
concentration (100 mM) K*-containing CSF (High K*) for 60 min through the dialysis probe. *p < 0.05, **p < 0.01
significantly different from F344 rats.
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Fig. 26 Synaptic glutamate release in the amygdala of Sv2a174Q and F344 rats.

Each point represents the mean £ S.E.M. of 10 or 5 animals. Depolarization stimulation was given by applying high
concentration (100 mM) K*-containing CSF (High K*) for 60 min through the dialysis probe. *p < 0.05, **p < 0.01
significantly different from F344 rats.
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Table 1 Basal level of extracellular glutamate and GABA in the hippocampus of Sv2a-174Q and F344 rats.

Average concentration (nM)

F344 rat Sv2all74Q rat
GABA 42.3 + 13.4 28.1 = 18.9 n.s.
Glutamate 689.0 = 151.3 640.2 = 295.1 n.s.

Date are the means &= S.E.M. n.s.: no significance
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Fig. 27 Synaptic GABA release in the hippocampus of Sv2at174Q and F344 rats.

Each point represents the mean = S.E.M. of 6 or 10 animals. Two-way ANOVA analysis revealed statistically
significant difference (p < 0.01) between Sv2al174Q and F344 rats. * p < 0.05, ** p < 0.01, Significantly different from
F344 rats. Yellow and orange boxes represent the period of each depolarization stimulus with 50 and 100 mM K,
respectively.
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Fig. 28 Synaptic glutamate release in the hippocampus of Sv2al1/4Q and F344 rats.

Each point represents the mean = S.E.M. of 6 or 10 animals. There were no significant differences between Sv2al174Q
and F344 rats. Yellow and orange boxes represent the period of each depolarization stimulus with 50 and 100 mM K*,
respectively.
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Fig. 29 SV2A and Gad 1 double staining in the amygdala.

A: Photos showing representative double staining of Gad 1 (left: red), SV2A (center: green) in the amygdala of
Sv2ati74Q and F344 rats. Merged photos (right) revealed a predominant co-expression of SV2A with Gad 1
(GABAergic neurons) in the amygdala. B: Expression levels of SV2A and Gad 1 in Sv2a-174Q and F344 rats. ROD,
relative optical density. Each column represents the mean = S.E.M. of 4 animals. Scale bar: 50 um.



A B
F344 02 ;

a

&

= I
kS

2 0.1 -
o

o

Pas

[<B)

<

N

>

9]

0

L174Q
- Sy2altlraQ F344 Sv2a

©

Fig. 30 SV2A and VGLUT1 double staining in the amygdala.

A: Photos showing representative double staining of VGLUT1 (left: red), SV2A (center: green) in the amygdala of
Sv2a-74Q and F344 rats. Merged photos (right) revealed a predominant co-expression of SV2A with VGLUT1
(glutamatergic neurons) in the amygdala. B: Expression levels of SV2A and VGLUT1 in Sv2att’4Q and F344 rats.

ROD, relative optical density. Each column represents the mean = S.E.M. of 4 animals. Scale bar: 50 pum.
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Fig. 31 Double immunofluorescence staining of SV2A and Gad 1 in the hippocampal dentate gyrus.

A: Representative photos illustrating double immunofluorescence staining of Gadl (left panel: red) and SV2A (center
panel: green) in the hippocampal dentate region of F344 (upper panel) and Sv2at174Q (lower panel) rats. The left panel
represents a merged image of SV2A- and Gadl-immunoreactivity. hi: hilus, gr: granular cell layer. B: Expressional
levels of SV2A and Gadl expression in the dentate hilus of Sv2alt1’4Q and F344 rats. ROD: relative optical density.
Each column represents the mean == S.E.M. of 4 animals.
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Fig. 32 Expressional changes in exocytosis modulator proteins by the Sv2a-174Q mutation.

Western blot analysis of hippocampal Stxbpl, Nsf, Napa and Sytl in Sv2at7Q and F344 rats. Expression level of each
exocytotic modulatory protein is expressed as the relative optical density ratio to B -actin. Each column represents the
mean = S.E.M. of 5 or 6 animals. SNARE complex: soluble N-ethylmaleimide-sensitive factor attachment protein
receptor complex, Stxbpl: syntaxin binding protein 1, Nsf. N-ethylmaleimide-sensitive factor, Napa: N-
ethylmaleimide-sensitive factor alpha and Syt1: synaptotagminl. * p < 0.05, Significantly different from F344 rats.
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