Sl D BETFHRD & BIHERRED T VS S BRITE

4z Braff 523, 12 flOfEEKFEL 20 Fil o
LD PPIANSWZ & 2HELY, MELRE
OERLEREE - BAEEEREL T2 EEFE
L7z, PPLOEERZ, 0% DRETHR
&, MEERBENEREED, BEOE 1K
EVTOROONDE Zh b, KADKENE
R E LCERSNBLETD, &0 EFEOE<
WAIE T 2 HEEEEE PRI T 2 L FE 26N T
Wb, 29, PPIORBRFEESRAEICB T
% endophenotype (FHRHFI) L3N T3,
PPl REMITHEES R, 7=vH A4 7)Y,
MK-801 #22 7z &> NMDA S X EHEE R
EIND I Lo, HEKIEICE T3 PPI
CEES 7VY S VBRI PR T 2IRILE E 2
HENTWS,

3. JNH I VERREREAOBELE TN

TNWE S VBRERERIREL 2085 EINS,
120, ZERZEBRLBAL Y F 2V EFR
BT BAFYF 2 NVETHY, b3V EDERG
%Em”ﬁﬁﬁﬁéﬁ%%ﬁﬂT%6.4ﬁy
FrpVERE, S5R7T=ROBEIZL ST,
AMPA (& - amino -3- hydroxy -5- methyl -4~
isoxazolepropionic acid) #l, & A = A,

1351

NMDA#®D 3 Do oind, Sy s k%
R EFEDGT & U EETSE, 2000 2
MEEmIZHEZ TETWS (R, SAK, 72
VA7 O OIEREAITH 5 NMDA ZHEN
b & {FANSNTYWS, NMDA 25k, R1
WEd 9 —7'a =y b L RO¥ED 70 = v M2k
S TEHERVPER I NS, RIVT2=y Mg,
ST B TRETEA 5 AT L CHRT 5 IAE
VT o=y BT, FEHA LN TN ENEL
DZABEEOR2Y T2y b L HZEMREERT S
ZET, FE - FEB L UIMERAE R AR
Wb Twd, RIV7Ta=y OB 5%
EFCHZT /v 78T AR, EkTHAET
TNEWIOEIETH 5 BFREBEDOILE L BT
BhoEmERL, £/, BEERROLESETE
DA HRLT®, 20/, RIVT2=v b
32— R 73 NRI PEHEGTFELTEER R
73, ChECTERZEEOCHREIX1IHOATH
5 (R 1),

ROV 72—y b T, BEEZBEEORENE
BRoNnD, B, RRAMEY o=y bR
a— N33 NR2AMEY BETFOT7OE—F —48
U iz GTWED DB DR LS B £ FEE L,
375 BIDIELTIE & 378 FIDOXTHE % Fv> 7z B

2) MK-801: NMDA SAALFEES T 2HEE (F vy T=X b), dizocilpine & b IEFN 3, I N EREERMTSR
CH] (FVFva) TERLT, HBEEST 2 MK-801 OBSEREREIET 2 Z £ ¢ NMDA SHAEOENEHE
TE 3,

3) GER:GTP (7 /v =) HABAOI LT, RERCR GCERLART 554 7L LRns (725 5,
THREEVES CEORBREZARLES TS L, GEALABL T GTP OfES - IS E2ES L T 2MiEk s
TFNEED AT — PG ans,

4) NMDA Z&HE, 2EDY 7oy PO EEEA L TA A Vv F ¥ 3V EBRT 2S8ETH 5. 2CIAES»

 GEEREUTCRBELTVARIY 72y b b, BOW - REFEC Lo THREOER 2 R2Y 722y bbb
B EaNB, RIV 7 2=y b id, NMDA ZFEEODNEL =y b TEMTH SABRIESBERTE 3. —H, R2Y
Tazy PERIY 722y P ESERBRLTHDTF v 2 VERERED, R2¥ 722y Mg, R2A, R2B,
R2C, R2D 04 FBHEOER B DH Y, ThPNOEETFH NR2A, NR2B, NR2C, NR2D Th%, R1¥ 7 2=y
r DEEFIZ, NRITH 5,

5) YuE—¢ —fEE ¥ N OBERMERLEETE, Y/ ADNARKRTF=Y (A), F3v (T), 77 =V
G), ¥Foy (O ODABEOEEOL U ELTA—FEhTw3s BODEENTI SO ) ALy b b #
fLEB->T 1207 2 VBN, ZOLERICHBIFEERIIEZS V37 20 b0 izRGE s, BETFOEE (&
EEDH mRNA LIFEN, IhBEERaN TSI v 87 L 3) ORERHE->Tw2, ZOLd3 B EFR2I—FL
TR BEHEDO LRICH > T, BEF mRNA OEERFIEIL Tn3 5 288 Y ue—y — R v, B,
TuE—F —ERCHBEOEERTMEES T I L ko THIIE AT 2,
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1352 , BT (2003) 105 %11 2

Rl TNP I UBERRERERBEDEEEEGT L LIPS

BET SEEENTOILS fER HwEH R
A F T v 2GS

' AMPA #  GluRS3 SNP 4 »=0.011 Fujii Y et alt? 2003
GluR4 SNP4-5> »=0.029 Makino C. et al.*® 2003

GluR4 SNP3-4-52 ' $=0.043 Makino C. et al.4® 2003

HA=BE GRS T - negative Chen A.C. et al.’® 1997
GluRS5 negative Shibata H. et al.®® 2001

GluR6 EESHEET ‘nagative Chen A.C. et al.*? 1996

GluR6 nagative Shibata H. et al.s® 2002

GluR7 928T>G $=0.010 Begni S. et al.® 2002

NMDA Z  NRI negative Sakurai K et al.®® 2000
NRI " negative Williams N.M. et al.® 2002

NRI1 hegative Tani A. et al.%® 2002

NRI IVS10-17C>GTAA negative Hammond L. et al.2? 2002

. .NR1 negative Hung C.C. et al.?® 2002

NRI 1001G>C »=0.0085 Begni S. et al¥ 2003

NR2A -679(GT)n p=0.05 Itokawa M. et al.?® 2003

NR2B 2664C>T negative Nishiguchi N. et al.*® 2000

NRZ2B 366C>G »=0.04 Ohtsuki T. et al.*? 2001

NRZB 2664C>T positive Hong C.J. et al.?® 2001

(clozapine effect) '

NR2B -200T>G »=0.016 Miyatake R. et al*® 2002

NR2B negative Williams N.M. et al.®® 2002

NR2B 2664C>T positive Chiu H.J. et al.'® 2003

- (clozapine effect). :
NR2C negative Williams N.M. et al.8® 2002
NR2D negative Williams N.M. et al.®® 2002
B ERATEL

mGluR2 " negative Joo A. et al®® 2001

mGIuR3 1131C>T $»=0.002 Marti S.B. et al.*? 2002

mGluR4 negative Ohtsuki T. et al.*® 2001

mGIuR7 1536A>T negative Bray N.J. et al.® 2000

mGuR7 1536A>T negative Bolonna A.A. et al.® 2001

mGuR8 -2846C>T negative ‘ Bolonna A.A. et al® 2001

a) SNP4=rs1468412(A>T)
b) SNP3=rs609233(A>G), SNP4=rs641574(A>G), SNP5=rs659840(A>G)

MRT, RIBRLOROT VIV ERGRREOR  DELSRWIZ ETERNT MK-801 "2 &)
EERWIZLE® (D, 2o GTEIIZED MABFEH LTz (M), £, BVELOE
BLUORSWWHEEL TEEFEEZIE L, »oi X & PANSS (Positive and Negative Syn-

6) GT: %/ ADNA LT, 42789754 b EFETh 2 G HEEFISMO®R D K LSS BIEET 355, bib
Nb77=v (G) tF ¥ (T) BGTGTGTGT « « + « « LEVET A 7 0¥ 7 74 + & NR2ZABEFOT
mE—y —ERCAE L, ‘
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Flfh D BETFHED & A7 HE%BEO NV Y & VERE

A} 3,

T F

42 pGL3~contI o

"o 12 25

(GTINDEEY Z L 3% pGL3-basic
B) = 125f e
ol
4
o .
jo)]
£ 100 . °4°
& e
1y
;% 751 e @ o
N o ©°
in
S e -]
@ 50
= L
1/ IO TR O O N
3456789
(GT)n B 17 I fE & BT

1 NMDA NR2A¥V7z2=vy vV BEFFUE-F—FEO (GT)n %RV EEERIRA - DRFE
@ GTVE—1+D®RVEBELHK L EEREOME, pGL3-control XHYF 4 72> b w—i, pGL3-

basic BAX T 4 7av ru—vOFEEERT, B) FEEMIZBT 2 MK-801 e
occipitotemporal

GEFE L oB®
Spearman’s p=

Tz B ER AL 1 lateral

drome Scale) TFHMHE L 7-1@EEROEEE D
I AHBE DY RERR & 7229, NR2A BEF 50
R2¥Ta=y VEGT & HARTEEE DI,
LR SR HBOBIE LA 75 b —i
ET DL, MEEEDRELRER S
T%%E%T%??tmé:tt,ﬁé%%ﬁw
RRICBEET 2 L E 2 o2 KMEE T B WIS
BROEND LD 2 DDEERERL LT W05
ThH2 WALBEAIBBESHIBEETH

A —0.83, P=0.0077 0 & D/EENE 57,
(GTI)nBEFR L OSE, Spearman’s p=0.72, P=0.01 OIEDHERE &z,

1353
(C)
60y
® o : °
50 - e e
s ® e
:
’ s v,k
Z 30
<
o o e o ! :
20+
@
10 C
Oﬁ/ ] L 1 1 1 -1 L 1 1 1
1t 2 3 4 5 6 7 8 9 10
(CMINEFFLRE X AZHH
e (GTnik
gyrus (Brodmann’s area 36) T,
© PANSS TRHE L - BB KRR &
(R 29 X Y3
NR2A BETF 2T LU0, BEIIME s R
N 1280, NR2BM™EY ) 7o £ — & —4H5E

b —200 T>G »FEE & h, 100 BlOHELFE
& 100 PIDR & Fi v 7 BA R 5E CHE R By
|G SN, =200 T>G iR, BEERHRT DR
EERMITH 5 Spl B L T\, s s
BT, BECERICEEDE» 12 G 7 LameED
BRioa YA NS 2 NEED 3T 7 mED g
bO LD ERICEEFEEMEWZ ERFTED s T,

D Ty kR, BETOB S REEEEES S I AT OEEANS D, HUBRGETFICOE 2 o8>, Bhse
FOWRFEBEFED 1D 1 2EMGEETF (F V) LR, NR2BEETO 20055 R TH G 1w lb 2%
BrREs ., BEFHELTE, MAOBEP T2b 500 TTH, FEIST-FEISGED 557 TG

B, WHAOBE»PLCEDLoN
DHEEDS oz,

GGED IBEND 5,

RELAETIHHBICERTGE, TCREGT VL2
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FBHUREE (2003) 105 %11 &

F2 EHEEE» S AE S NS KREEEEET

p——

WEF  RETEEA AT BROWE B o U
RGS4 1q21-22 USA, Indian Yes Yes Yes
DTNBP1 6p22 Irish Yes Yes No
NRGI 8pl2-21 Icelandic Yes Yes Yes
CN 8p12-21 USA, Africa Yes No © Yes
DAAO 12q24 French Canadian No No No
G72 13¢34 French Canadian, Russian Yes  Yes No
PRODH 22q11 USA Yes No Yes

MR 22 X VAR (A

a) BEFREEWIHERAERETE 2 REE L L TRLI D% Yes EREC LT,

INHDFEIE, 24, 2BV T2y VOEBEE
BUIHET 2 SEBIHERBEDOEBTHY R 2 7 7
7Y —THBARERETRRLIZET, SV Iy
BRI XL T3,

4. TI5 I UEBHRMTEICEETS
B[RRSO B B BT DT

N E TS RIE CEESHRE S Wiz R
EEEE, W0 LOoBREEEFRICbIz> TS, W
5 Jo ABGEDTRIE S NT-4EI S, MfERRIC X DT
EXNBZ B, Thid, FEEHEEORE
MZEBdbDEd, ZEOMTNERT> LS/
LAF Y Y OBROBHEE bFEZ SN TWDS,
Lieddo T, BROBETER I NERILBE
HEOREMEMEV E W R 2, ZO X5 RERONE
RANERR LTSS 5, FEEER W Ot & 55
ELEETIEGRTIRIAENTE R (E2).
e DERLTFIE, ThTNI NV 3 VBB OTHRE

EECEES T 2R RENHE T U CHGh R
7= (1 2).

ek 8p i, 5ODANBEIZbhlz> TEHD
W—70 5 BEENIE S T & 72598459,
Stefansson 5%, 1I0BIOEFEZZL 3 RZ%R
FV CEGEENT 21TV, 8pl2-21 1 LOD M
2.53 %75, ZOEE M) »ov4rnm
Y774 b —A—%75kb W RHEETE T,
IO WRBSEEEBER DAL, DR, 600
kb 7z 3 2TEED T T F 4 FHED p3EH D
REZETHFIN TV, TOFEKIZa—-FENT
WziB G TS neuregulin-1 (NRGI) TH - 7257,
ok NRGI FicEEI NI 181 D—HEEEHR
(single nucleotide polymorphism: SNP) iz D
W, 394 BIDBE & 478 FIONEEIE 5 4 v
7 LT3, W DD SNP THWHEEENS
NebOO, ENbT7 I BEREEDLZ VLD
RATITAATA bR ITNIDDOTH o7z,

8) I¥A}YTI 7 b I NRZB D7 0% —F —fFHICHS T 5 DNA I L Ml EHT DRETFES > 7 ARKIART T A
Ty IR —ZHAANTZBORIET, 2V A T 7 N REEMEAEAL, BEEEORT 2B > T

oE—F —iEETEET .

9) LODE : 24/ LAEEIEBCEE L T AEEDIGE T, logarithm of the odds OBE, EHEEFICBWT,
DNA~—»—[OE Az HEEPESE U TER SRS, LODEN-2LD/NEWEE, FOEBITER L OE
ENEESND, 3LVAREVWEE Y UEOHETEHREL TW2 LEROY 3,

10) kb, Mb: %/ A DNA BEHEOEL Y TH 3B,
(mega-base) LF/RT B,

1000 HER DR & % 1kb (kilo-base), 100 JFiEES % 1 Mb

1) NFag A7 157 ADNA LT 2 SHEOE#EISGEV Y, HABEZOBE W WERTE, A ¥ 7 AVOMSIOERE]
POHNT, DNAZR (v—2—) ALSEVICESHL CFHIEES RS, Zhd, BREECEEL T
5 (BETFEIZHZ b)) BEFEZHOEAGLEENTOS A 7 LIRS,
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il fill D BETFRED & H T HERFIEO NS & VR 1355

PRODH

Za—arvd
BT A
ADTNBP1 INF IV PG Tuy ¥
| /“<,
7Y T HI
NRG1
VTR //

A
R ERd 3

TNVE UM

i
DAAO ~—G72 l
| D-£ 1 ¥

—a—aro
BTF7AM

B2 N3 VBMRY T SACBY AMELTHEEEEEGTORY VY —7

BoREIEEOHEAEEA*RL, BuRHIEENEEFR SR
LTw3, BEEETREHTCLTH S,

Ga=GTPHE&Es v/ 7DV 72=v b+, NRGI=neuregulin-1,
DTNBPI1=dysbindin, DAAO=D-amino acid oxidase, RGS4=
regulator of G-protein signalling-4, PRODH =proline dehy-
drogenase, P5C=A 1-pyrroline -5- carboxylate, ErbB4=NRGI1
Z2{K, PSD=post synaptic density ¥ >»S27 (OZ#A22 L HE[H)

Lirl, N"Fad 4 FEFTEYHEDI2O
SNP 42D 427u¥% 754 be—h—0b
RHENTuy A MY rHERENRRE SR, Ih
ERERFEDVARIANTOI L7 (v X
2.2) TH2EHE L, NRGIZ, PRME:
FUS OB TERBELTBY, BREICTHE

HAZ D migration ¥ |t EEELE 2 2 RAD
ER Tk, NMDA Z2/E 2SR EEmE
ZERBORACEHBELMCEEL T 39,
Stefansson & {&, & & & NRGI & NRGL = &
HEETTHLELD /)y 7TV hvy AWED
D~FT gz, BEEBHEDOILER

12) migration : KR4 E OMEMIIIT, BMERE L 3 MELE L P THET 5. BEATEPE X T HEEIE Y,
MRER 11-17 HECRBAA» > (R LEE T BREETRT 2. Z OMEMBEOREIS migration TH 5.
FALTRETH, migration DEE R RET 2N PRTHSBEINTEY, HEFEBERIAOBIMO—IT &

INTWD,
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PPIOEER2HE L/, & 51, NRGI D~
T OEAERTIE NMDA S2AKBEN 16 % ET
LTW3Z k2R L:,

 Pfafk 6p i3, 6p25-2422009 Gp0g- 00262662,
6p21-24°%% L L DEMEMNRE I N T & 72,

Straub 5 1%, 270 5% 1425 £ % F v CESERENT

21TV, 6p223 WEEDHRZRALODE2.22 % &
E®TY, BB, Bp22 BB 0D —H —%

AT transmission disequilibrium test (TDT)
ZfTole e T3, BT NS uy 4 D ¢
b Z DFEBICH % dystrobrevin-binding protein
1 (dysbindin, DTNBPI1) Fwzkhb~—3h —7%
BEIHERFE EBEEL T, DTNBP1 i
dystrophin ¥4 EHEE&EED 1 DT, A D
' PSD (postsynaptic densities) & L #HE /EF
LT NMDA ZFAOEERFML T3, &,
Fx b DINBPINT 0¥ 4 P EHERTEL D
BEZ HAAY 7V CHEREL TWE CRER).
Yefafk 13922-34 b, IO 7 N — FHSEE %
FEL T» 553 Chumakov 51X, 75 > R
BT NORFERTE 213§ & 58 241 B % F
T, 13g34 0 & 5 Mb#EW 17 3572 » T 191 {8
D SNP 2 DWW TBEMR R ERR L /219, Z D%
Bz, MAKRE LEERRL Iz SNP OEf

BHREE (2003) 105 %11 &

65kb ¥ 1400kb iz b 72 % 2O D4ES Bin A,
Bin B¥ER » Ut EN, 183&4TDoDn
YTABE HEEREWTERLLER, 65kb

- O Bin ABIF3 250 SNP P EHUOEZ B

L7z, TOBin AP S G72 BETHED H
FIE & 721, Yeast two hybridEic LD,
G72 1% D-amino acid oxidase (DAAO) L#H
ERET 22 LABIL 72, DAAOIXD-+ ) >
DBILERTH 228, D-+ ) VIR IZAEL
T, NMDA Z&EE2 70 AT ) v W
WEHEET 5, DT, D-2 Y YORERNKS
LFEETTFEHE N, D-Y yOBEEADBRER
RA LN, MERBEDERIHEL LHRES
NI, ST, RALEE TSR D-
YD UPRERELVFESLTwE b ESH
7224, Chumakov 1%, 3512 DAAOD 42D
SNP b #iALRMELBEEL TVWS Z LR HEL
7219, G72 ¥ DAAO @Y R 7 SNP % FR i
Sl@EDA v X (5.02) i, ZhEn 2B
o T kDA v R (1.89 B L U1.04) @
TEIME%: EE > Tz, Zhid, 12q24ca—F
ENTVw 5 DAAOEETF &, 13434 © G723#
EFPHEENCER L TREAHEREICEEL
TWwa LR S N, BT OMIL L5387

13) Erbd D/ v 7T I MR TR L © v AD NRGL

ZREBLTFICHI 5 Erbd &, mrf%‘é{'ﬁkx S THEETERL

LEDH )9 27 bR TH S, BEFREAOE»S 1 2Fo—EoTwad, AL/ v 277U
e R (REHESE) BEETSTEELTCLESRD, FEIMSOEEFOA/ v I T LeY X (~

7TOEaE) PERCAVLNIL,

14) dystrophin : Duchenne/Becker B Y A b v 7 4 —DEESF & L TRE & 1z dystrophin Th 328, E5Eie7s
' TTRZPREERTOREAL TS Z EBHRENT VD, $i:, BYR 074 —BEORERSERO A

BOT, RIS CERA MRS P IREER b D 5k,

HEToTWaBZ EBHELLIT STV,
15) Bin A, Bin B: 191 ® SNP mrh»

dystrophin i3 ¥ 7 7 A R LHEREKR O EER

B, MERFEL p<0.05 OFEAECEELR LI SNP 8 M1-M5 L&
Feh, 1380kb bz 2EEBI AL T Wiz, TS Bin B &g L,

p<0.01 TBHEERL - M12 &

M22 &£v>3 SNP b Bin B & b He@afkRig Gz, 65.9kb OB CRES NI 28 Bin AR L L5 5.

16) G723 BET : Bin ASIRE 2 R CRFLLRER, RES NI 2 DOBETH G72 & G0 L&& S iz,

200

BETFW, 2 AORUEROE VIO DNA $4 (DNA B2HRETHE) Wa—-FENTHBD, G2 G0 %

BHAL & D BAERERCH ST,

G721, Rk, B, B|HRZETRBL Cwie,

17) 7uR7 Uy 27 D EERLLSEN R EE LB oD FRBETE L, 7N OBREER YL L

TEREEPRLT 256035 5.

INETRATY v 7RI WY, NMDAZERAEKTIE, 75 32v v a4%

Y, VY, D) URERF e INVFLEENEEFICREA LT, FrALOEERELI LI Eh, 7

QAT VY 7 BHAGFRENATHB EELISNTHS,
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Il EEFHRED S AT RERBEDI VS & VBIRH

BTRSILERS T 4y 7MES By EE L
Qv BT EBHEE N,

ek 22q11 1k, Z OHER O REPHEE D
BoOFEEZ L b5 VCSFE (velo-cardio-facial
syndrome) %37z 3, VCSF D 20-30 % 254
SRFECHBBMERERET 2 95,
22911 RS RIPEDRZMBETFOFET 3
YEZLNTWIZ, iz, BROMRD I DHEE
wESHEEREG L T\ eessh Lin 513, VCSF
CREDIEBL LT W 22q11 O 1.5M O4EEIC
2w T, 18D SNP % A v T TDT & HHRR
(haplotype-based haplotype relative risk) 4T
1T o 72 i 8, proline dehydrogenase
(PRODH) D SNP 3 X UNF 03 4 IREE
CHRERFAECEEL TWwD EHEL %,
22q11 DN R EKEZ, —AOTH0.025% D
BETEL Y, MERRAETIZ2% LHER
B, 85, MEXFETD BBRUTRRE
THNRBER T 6% LI CHEENE S, 2
ItLliuoil, BEEZEERELRARELSYS
TR L, PRODH & OFAEC 81T 5 HEHHY

BOKEB L UM EREDE A, HERES
TEETBHILEHREL®, 20 PRODH i3,
7aYrEAL-Ea ) r-5-4 VR VEE (P5C)
KEBL, PSCRa s BETLENTI VY & v
Bz, ‘

S A - T, calcineurin (CN) »S¥i& 458
EDREMELETF L L CHEERRAR, ThETO
RYVarnra—=v ko TRYAEN:
BEFLERZY, BEFERESHYOTEIIEH &
RERPE & OBEESRE S Wiz, Mivakawa
5, CNO/ v 777 b~v AT, BEREHE
DER, #HEETEIORS, PPIOBEE % EHt
BRFEMECTHREE * R LY, Z0ER
ZHETNT, t b DNA OBETE 21T - T
SRIE & OBBEMSR R NI, FBRED T LT,
CNOdopy72=y b, CNEEGEHTD,

1357

BWRERIWC CN L BT 2EH5 O, ZNET
WEEI TR S i el BALI Z e h—E L
THEELTWwR LS, ZN6DHT, SRR
S EFHDOIEVH T B REREIRICD > Tn
2% 7 2=v #{EF PPP3R] (calcineurin B
subunit, %t 4k 2pl4), PPP3CA (calcineurin
A « subunit, ¥ {4q24), PPP3CC (cal-
cineurin A £ subunit, ¥k 8q21.3) LEEE
HiB{EF FKBP5 (FK506 binding protein 5, %
B 6p21.31) oW T 12D BE 2 ER L,
FE L7z SNPIZDWT7 AU A AD 210D b
VA (RREELZOWH) 2AVWTTDT 2{T-
Je¥ER, PPP3CC THEERBEEMNTED &5 hiz!?,
PPP3CC 52D SNP ok dN7asy 47,
7 7Y 20 200D YA ThEEOEANR
Hont, Hx b CNEEREEGTF 2 ARAKS
RPETHBRCTANTEY, BEE ik
80 EO CNBEERETFOME 2 HREL TV 2
CRER). CNO /v 277 v b=vR2TH,
NMDA Z54E %2 i L7288 O EERIIEIMET L
THEOVM, CN b7y & VERMRRR ICHERERIER
ERDHBLELEZOND,

5. b i)ic

RN RS PRI R R & U7 R T
SNP~vw B2, WA - WEORHICE T,
BWRY Y a7 7a—FTh30, Thb
DHEW & - T D A E Iz neuregulin-1,
dysbindin, G72, proline dehydrogenase & »
2 J2BETF, B L UBYERYD SIEEIZDO W
calcineurin RIBETES, MEN T LI LS
S UVERTRERECEE RS L A HREENR SN,
—ATING S VBWRERECEEBES T 5B
BRTFERCLY, BHEET 3 BHREEOEH
PMEREREHE DL E1nd 77— WEIE
ENDOHBHEVIDE, BholeT7 Su—FIZ
L BERDERDINETH 5 WSH EEEFE Y, L

B) 2247497 2 0 EOBEFHEWEHEMG TR IR EEERE2RT LS, TR ITTF 4 v 705

BBEEET S (TERFYR) ),
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»L, MERBEOREA D= XLLZDOVWTHE
D QB D ERPDETH D, JNVF IV
R AR, &SRR DL5EETHD,
Mo THBER2ED D L H AT — FICHRERIC
DAEDBHFREBEI b0 THRTH B, Tz,
FEATEICEET 5 VY S VIR EE R
BFEVoTYH, BEENSEE CREZEINDR
b Th S, GBI, 85k 3BENER
Wi%E, R SNP OREFENLETH LI L
bbBADT L, ANBGFEEEEZD TR
o HECEGTF ORI Y b U — 7 —EREE TN
TIT lediz, N—F, V7 N2&dlFERD
W« EHORPEY  AERSLEL o T
B EEbhB., IO SIEIEED, e
LTI BT BNV L VBRSO & 572 5 B
BRI L, »OREERED1I D120
DTFEEEELMIZL TR b LSS,

i

X Bk

1) Anis, N.A., Berry, S.C., Burton, N.R. et al.:
The dissociative anaesthetics, ketamine and phency-
clidine, selectiveh; reduce excitation of central mam-
malian neurones by N-methyl-aspartate. Br J Phar-
macol, 79 ; 565-575, 1983
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Hypoglutamatergic Hypothesis of Schizophrenia :
evidence from genetic studies

Masanari ITokaAwA»? and Takeo YOSHIKAWA?

1) Department of Schizophrenia Research, Tokyo Institute of Psychiatry
2) Laboratory for Molecular Psychiatry, RIKEN Brain Science Institute

Schizophrehia is a relatively common but genetically complex disorder, making the
identification of susceptibility genes formidable. However, progress in genetic studies on
schizophrenia during the past ten years has revealed several replicated linkage loci, which
span over multiple chromosomal regions. Since last year, several causal genes have been

isolated from those linkage regions.

All of these have proven to have some functional

relevance to glutamatergic neurotransmission. These results are interesting because the
“hypoglutamatergic hypothesis” for pathophysiology of schizophrenia has been articulated

since the early eighties.

This hypothesis has been supported both by pharmacological

evidence that administration of NMDA-type glutamate receptor antagonists induces

schizophrenia-like symptoms and by neurophysiological studies.

Recent lines of evidence

from a candidate gene approach have also endorsed the hypothesis. Here, we introduce the .
overview of recent progress in genetic studies that converge to depict the hypothesis of

glutamatergic hypofunction in schizophrenia.

—149—



1362 FEHEEE (2003) 105 %11 &
(Authors’ abstract)

<Keywords : linkage analysis, association study, NMDA receptor, hypoglutamatergic
hypothesis, schizophrenia >

—150—



Available online at www.sciencedirect.com

ECIENCE @DIHECT°

Gene 325 (2004) 89-96

GENE

AN INTERNATIONAL JOURNAL ON
GENES AND GENOMES

ELSEVIER

e
www.elsevier.com/locate/gene

Structural characterization and promoter analysis of human potassium
channel Kv8.1 (KCNV1) gene

Mitsuru Ebihara, Hisako Ohba, Mika Kikﬁchi, Takeo Yoshikawa™

Laboratory for Molecular Psychiatry, RIKEN Brain Science Institute, 2-1 Hfiosan*(_z, Wako, Saitama 351-0198, Japan
Received 9 June 2003; received in revised form 10 Septemb:er 2003;.accepted 10 September 2003

Received by T. Sekiya

Abétract

The voltage-gated X channel (Kv) family comptises four subfamilies: Kv1, Kv2, Kv3 and Kv4 Kv6, Kv7 Kv8 and Kvo subfamilies
have also recently been reported. The gene for Kv8.1 (KRCNVT) maps onto chromosome 8q23.3, a locus for ‘benign adult familial myoclonic
epilepsy. Despite sequence identity with other K channel genes, KCNVI does not display K channel act1v1ty when expressed in Xenopus
oocytes, instead ifthibiting activity of Kv2 and Kv3 channels. The present study mveshgated ‘the molecular structure of KCNVI. In silico
analysis detected a new 5’ noncoding exon, which extended the reported cDNA sequence to approx1mately 600°bp. A proinoter inotif was
found only in the upstream region of the newly detected exon 1. To determine the transcriptional inechanism’ of KONV, we génerated a
seriés of deletion mutants and random mutants, and éxamined promoter activities using the luciferase system: Three Sp1-motifs were found to
be active in the core promoter sequenice, spanning fromnt — 1350 to — 911 (A of the ATG initiation codon was counted as +1). At least two
additional sequences were defected as_essential elements for promoter activity. A possible altemative 3’ end was also detecied at 280 bp
downstreamn from the reporied 3’ end. These results provide useful information in developing KCNVT screening for epileptic disease.

© 2003 Elsevier B.V. All rights reserved.

Keywords: Epilepsy; BAFME; Luciferase assay; Random mutagenesis; Sp1; Alternative poly(A) site

i. Introduction

A huge number of K* channel genes have been reported
for the human genome (Jan and Jan, 1997). Based on the
number of membrane-spanning domains, K channel sub-
units can be divided into three siructural classes: channels
with two, four or six transmembrane channels. Those with
six transmembrane chamnels- are further divided into six
conserved families: voltage-gated (Kv), KQT, Eag, Slo,
CNG and SK. Based on sequence similarities, the Kv family
can be further divided into four subfamilies (Kv1-4). Re-

cently, four new subfamilies (Kv6-9) have been reported. .

The Kv8.1 (KCNV1) protein displays approximately 40%
sequence identity with other K™ channel subunits. However,

Abbreviations: Kv, voltage-gated K" channel; BAFME, benign adult
familial myoclonic epilepsy; nt, nucleotide; bp, base pair; A, adenosine;
EST, expressed sequence tag; BAC, bacterial artificial chromosome; UTR,
untranslated region.

* Comresponding author. Tel.. +81-48-467-5968; fax: +81-48-467-
7462.

E-mail address: takeo@brain.riken.go.jp (T. Yoshikawa).

0378-1119/% - see front matter € 2003 Elsevier B.V. All rights reserved.
doi:10.1016/j.gene.2003.09.044

the KCNV1 subunit does not generate K channel activity in
Xenopus oocytes, instead acting to suppress Kv2 and Kv3
channels (Hugnot et al., 1996; Salinas et al., 1997). In COS
cells, KCNV1 does not inhibit the Kv2.2 current when
cotransfected with Kv2.2, but changes the kinetic properties
of Kv2.2 (Salinas et al., 1997).

Some K* channel genes are known to be associated with
hiyman diseases, such as long QT syndrome, episodic ataxia
and epilepsy (Browne et al., 1994; Wang et al, 1996;
Biervert et al,, 1998; Chartlier et al., 1998; Singh et al.,
1998). Mutations in the KCNQ2 and KCNQ3 channel genes
are suggested to cause benign familial neonatal convulsions
(Biervert et al., 1998; Charlier et al., 1998; Singh ¢t al..
1998). KCNVI is located on chromosome 8q23.3, the
susceptibility region for benign adult familial myoclonic
epilepsy (BAFME) (Mikami et al., 1999), making this gene
an interesting candidate for the disease.

The present study determined the whole genomic struc-
ture of KCNV1, and identified a new 5’ exon and promoter
sequence. Analysis of the KCNVI promoter revealed the
essential elements for franscription. An alternative 3’ end of
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the transcript with preceding poly(A) addition signal was
also detected.

2. Materials and methods
2.1. Determination of the genomic organization of KCNV1

A partial cDNA sequence for KCNVI was obtained from
GenBank (accession No. T89084). To determine the full-
length ¢cDNA sequence, we searched the database for
expressed sequence tags (ESTS), and found that the EST
sequence AW163488 contained the most 5 region of
KCNVI. RNA protection assay was undertaken, but the
5" end could not be extended beyond the AW 163488 clone
(see below). The genomic structure was predicted by com-
paring the cDNA sequence with the bacterial artificial
chromosome (BAC) clone sequence (accession No.
AC027451). This structure was confirmed by sequencing
other BAC clones isolated from Human Bacterial Artificial
Chromosome DNA Pools Release TV (Resedrch Genetics)
using the following primer set: T89084-5, 5-CCAACAAT-

CAGAAAGCTGTCC-3' (3 end at nt 2460: A of ATG -

initiation codon counted as +1); T89084-3/, 5'- CTTCAT—
TCCTCCCCAACTGA—S’ (3’ end at nt 2203). Motif search
for transcription factors in the promoter region was, per-
formed using the TRANCFAC (http:/www.gene-regulation.
conV) and TFSEARCH (http://www.cbrc.jp/research/db/
TFSEARCH.himl) databases.

2.2. RNase protection assay

Antisense [>?P]-UTP-labeled riboprobes were synthe-
sized using Riboprobe in vitro Transcription Systems (Prom-
ega). Two different DNA fragments were amplified from
BAC DNA by PCR using two primer sets: for exon 1, 5'-
GAGAGAGAATTCGATCCTGCCACTCCCCTCTG-3’

-907
+461 +462 +991

(5 end at nt —1091, see Figs. 1 and 2) and 5-GAGA-
GAAAGCTTAGCTCCCGGCACATCTGGT-3' (5’ end at
nt —811); and for exon 2, 5-GAGAGAGAATTC-
TTGCGTTCAGCTAAGAGTCA-3 (5' end at nt — 501)
and 5'-GAGAGAAAGCTTCAGAGGAAGGGTCGCGC-
TAAGAGA-3' (5 end at nt — 239). These amplicons were
cloned into EcoRI/HindIlI-double digested pGEM-3Zf(—)
vector (Promega), and mRNA was purified from NB1 neu-
roblastoma. cells' using ISOGEN (Nippon Gene). RNase
protection assay was performed using an RPAII k1t
(Ambion):

2.3. Construction of mutants for luciferase assay

The 5'- to -3' and 3’- to -5 deletion mutants were
constructed using PCR-based techniques (Costa et al.,
1996). The promoter sequence (nt — 1350 to —873) of
KCNVI was amplified from BAC DNA by PCR using the
primer set (F-1350: 5-TCTGAGATGCCTGCTGAAAA-3,
5"end at nt —1350; R-873: 5-TCTTAGTCTACACGT-
GAGGTCTGA-3', 5 end at nt- —873), and then cloned
into pGL3-basec vector (Promega) for luciferase assay.
Another four upstream (F) and four downstream (R) primers
were pr epared t0 make 4 sefies of 5 and 3" deletron mutants:
F-1184, 5’—TGCAAGTGTATTCAGGATG 3 (5 end atnt
—~1184); F-1107, 5 CTCACCTCCCTCCCTTAGAT—3’
(5" end at nt —1107) F-1041, 5/ TCAGAGCTAGA-
GCGGGCGGGGCGGACA-B’ " end at nt —1041); F-
949, 5-AGGCGCTGGGTAGAG-3 (5 end at nt —949);
R-911, 5'- GAGGGAAACTGTGTTCCAGC-3/ (5 end at

nt —911); R-973, 5-CACCTCCCTC-CGGGCTCC-3
(5 end at nt —973); R-1029, 5-GCTCTAGCTCTGA-
GAGCCAC-3' (5’ end at nt —1029); R-1232, ¥-TAGT-
GAGGTGCCCGGTGACA-3 (5 end at nt — 1232).

Random mutagenesis was performed based on PCR as
follows (Svetlov and Cooper, 1998; Xu et al., 1999); PCR
reactions were performed with MasterAmp 2X PCR Premix

+992 +2866

\ 4

QBOS -804

U406 | enslh L :
103 1265 530

promoter activiy (+) ATG (+1)
803 530

3657

= 17

poly A
TGA(+1501) G ition signal

1594

-342
promoter activity (-)

Fig. 1. Genomic structure of the KCNT'7 gene. Upper panel shows the newly determined genoniic organization, including the new 5’ exon, and extended 3
end with locations of poly(A) signal sites. Below is the genomic strucrure deduced from reported cDNA sequence (accession No. AF167082). Open reading

frames are indicated as closed boxes. Exon and intron sizes (bp) ate also shown.
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(Epicentre) K buffer containing 0.5 mM MnCl,, and with
the primers F-1184 and R-873. Amplicons were cloned into
pGL3-basic vector, then sequenced using a DYEnamic ET
terminator cycle sequencing kit (Amersham).

Mutants lacking one of the potential promoter elemenis
identified by random mutant analysis were générated
according to PCR-based techniques (Costa et al., 1996).
The primers F-1056d (/- CTGGGCGAGTGGCTCTCA—
GAGCTAG-3: 5 end at nt —1056) and R-1066d (5-
CACCAGCAGAGGGGAGTGGCAGGAT-3:.5' end at nt
— 1066) were used to generate D1-A mutant, F- 103 “d (5’
AGCTAGAGCGGGCGGGGCGGACACG- 3’ 5'end at nt
—1037) and R-1042d (5-GAGCCAC
CAGTGCTTCCAGC-3": 5 end at nt — 1042) for
F-1029 (5'- GGCGGACACGCTTAGCGTAAGCG
5 end at nt —1029) and R-1022d (5'- GCTCTAGCTCT—
GAGAGCCACTCGCC-3': &' end at nt — 1022) for D6-A,
F-981d (5-GGTGGAGGCGGGGCAAGGCAAGGCA-3':
5'end at nt —981) and R-976d (5-TCCGGGC-
TCCTGGCCCCTG-3': ¥ end at nt —976) for D4-A, F-
973d (5'- GGGGCAAGGCAAGGCAGCAGGCGCT—3'
5" end at nt —973) and R-967d (5'-CACCTCCCTCC-
GGGCTCCTGGCCCC-3: 5 end at nt —967) for D5-A,
and F-940d (5-AGTTTCCCTCCTGGACCGGTCGAGT-

3': 5" end at nt —940) and R-920d (5-CCCAGCGCC-

TGCTGCCTTGCCTTGC-3": 5 end at nt —920) for
D3-A.

2.4. Cell culture and transfection

NBI neuroblastoma cells were purchased from Japanese
Collection of Research Bioresources (JCRB). Cells were
cultured in Dulbecco’s modified Eagle’s medium and
RPMI]64O (1 supplemented with 10% FBS. Cells were
grown in a 25-cm” flask and passaged to 60~70% conflu-
ence (1-3 X 10° cells/well) in a 24-well plate 1 day before
transfection. Transfection was performed using Lipofect-
AMINE2000 (Invitrogen) according to the manufacturer’s
instractions. Briefly, 1 ug of plasmid DNA (r eporter/internal
reporter=10:1) and 3 pl of LipofectAMINE2000 were
mixed in 100 pl of OPTI-MEM (Invitrogen). After 20 min
of incubation, 500 pl of OPTI-MEM was added to md1v1d-
ual wells of the 24-well plates, and LipofectAMINE2000/
plasmid mixture was then added to each well containing
cells. After incubation in a CO, incubator at 37 °C for 4 h,
the medium was changed to Dulbecco’s modified Eagle’s
medium and RPMI1640 (1:1) sup_plemented with 10% FBS.
Incubation of transfected cells was. continued in a CO»
incubator at 37 °C for 48-72 h.

2.5, Luciferase assay

Transcriptional assay was performed using a PicaGene
Dual SeaPansy kit (Toyo Ink). Transfected cells were washed
with PBS and incubated in 500 pl of cell lysis buffer for 15
min at room temperature with shaking, After 100 pl of

luciferase assay reagent was added to 100 pl of cell lysate,

~ luciferase assay was performed using Lumat LB 9507 (EG

and G Berthold). The vectors pGL-3-basic and pGL-control
(Promega) were used as negative and positive controls,
respectively. The latter contained the SV40 promoter.

3. Results
3.1. Genomic structié.of KCNV1

A partial cDNA'sequence of KCNVI has previously been
reported (Hugriot et a However we could not detect
promoter-like sequen 5" upstream region of prior
' genomiic BAC clone sequence
(accessmn No. AC027451) w1th the cDNA sequence (acces-
sion No. AF167082). A homology search of huthan KCNVI
¢DNA sequences using the dbEST database detected an EST
clone, AW163488, that. contained an extra 5 sequence.
Sequence comparison between the EST clone AW163488
and the BAC clone. AC027451 revealed that AW163488

.~ encoded anovel 5 exonic sequence and therefore the KCNV1

gene mc]uded at least foiir éxons (Fig. 1). To determine the
tlanscrlptlon start site;: we:conducted an RNA protection
assay and detected multlple petentlal transcription start sites,
all within the riew exori-1 sequence (Fig. 2). Inspection of the
5 upstream genomic sequence through the TRANCFAC
(http://transfac. gbf de/TRANSFAC) and “TFSEARCH
(http:/fwww.cbre jp/research/db/TFSEARCH, hitmi) (Wing-
endet et al., 2000) databases revealed 1io. TATA or CAAT
boxes in the promoter region of KCNV1, consistent with the
existerice of multiple transcription start sites. Instead, three
Spl and one Ap4 elements were identified in the upstream
region of the newly detected exon 1 (Fig. 3). GCurich boxes
were also scattered, mdtcatmg thiat KCNV1 includes an Spl-
driven promoter ‘without TATA or CAAT. Data on the
genomic organization of KCNVI generated by this study
has been deposited in ‘GenBank with the accession No.
AB105051. ;

Aralysis of the 3’ untranslated region (UTR) revealed
two different EST sequences with different 3 ends. One
EST, T89084, ends at rit 2585 with a preceding AUUAAA
sequence as a poly(A) signal. The other EST, T07452, ends
at it 2866 with AAUAAA (Fig. 1). These results suggest

- that KCNVT undergoes alternative poly(A) addition.

3.2. Luciferase assay of 5- to -3 or 3- to -5 deletion
mutants - -

To identify the core promoter region of KCNVI, we
prepared a series of 5~ to - 3 and 3'- to - § deletion
constructs that were fused to the firefly luciferase plasmid,
pGL3-basic (Fig. 4). These deletion constructs were trans-
fected into NB1 neuroblastoma cells expressing endogenous
KCNVI. The pRL-TK vector containing cDNA encoding
Renilla (sea pansy) luciferase was vsed as an internal control
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Fig. 2. Results of RNase protectlon assay Anttsense RNA probes specific for exon 1 (281 bp, left panel) and exon 2 (263 bp, right panel) were hybridized using
2.5,50r10 Hg of total RNA from NB1 cells, and were separated on 5% polyacrylamide—8 M urea gels after digestion. The exon 1 probe displayed three major
protected bands, all slightly less than the size (97 bp) deduced from tlie EST sequence (AW163488) (left panel). The exon 2 probe displayed one major protected
band, the same size as the undigested probe (riglit panel). The previously reported 5 end of the cNDA is based on the sequence of actession No. AF167082.

reporter. Transcriptional activity was expressed relative to
the internal control: Sequential deletion of 5’ sequences up
tont — 1041 exerted no significant effect on transcriptional
activity, but deletion of the 5 sequence tont — 949 resulted
in dramatic reduction of promoter act1v1ty (Fig. 3). Sequen-
tial deletion of 3’ sequences beyond nt —911 likewise
substantially reduced transcriptional ability compared with
the —1350/—911 and — 1350/ — 873 constricts (Fig. 4).
These results demonstiate that the core plomoter region
resides within the genomic sequence spanning nt. — 1041 to
—911. This region contains three Sp1 and one Ap4 box
consensus sequences (Fig. 3).

3.3. Luciferase assay of randomly mutated promoters

To determine the essential elements in the core promot-
er region of KCNVI, random mutagenesis was performed
using PCR-based techniques (Svetlov and Cooper, 1998;
Xu et al., 1999). Tag DNA polymelase is known to exhibit
high intrinsic error rates when Mn? *-containing buffe1
is used. We analyzed 22 amplicons generated in Mn*™*
containing buffer. Of these, 10 clonal sequences (RM1-
RMI0 in Fig. 5) displayed reduced transcriptional activity.
On average, four mutations per clone were introduced. In

the 10 clones, some mutated sites were excluded as
candidates for essential ptomotel elements, as other clones
with identical mutations d1sp1ayed no transcriptional
changes. These obseivations suggested that mutations
in six different loci (D1-D6 in Fig. 5) might possess
functtonal roles, Three of the six loci, D4, D5 and D6,
overlapped with Spl motifs, indicating the importance
of Spl consensus sequences as promoter elements. The
D1 locus was outside the core region (Fig. 5) but was
considered for further analysis, as the RM4 and RM6
clones with mutations in this locus exhibited drastic
reduction of Iuciferase aétivity (data not shbwn). The D3
stretch was the longest (19 bp) in which the Ap4 motif
was enibedded, The D2 locus sequence (TCAG) did not
show any match with known promoter consensus, but the
sequence comprising the D2 stretch and the 5’ next C base
(CTCAG) was also seen in the D3 stretch (Fig. 3),
suggesting that this sequence may play a role in the
transctiptional regulation of KCNV1.

3.4. Luciferase assay of internal deletion mufants

To determine whether the D1-D6 sequences can act as
essential elements for promoter activity, deletion mutants
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~ Fig, 3. Promoter sequence of the XCN¥/ gene. The boxed region is the core promoter region of tlie Ki CNVI gene, Consensus motifs are underlined. Hatched
boxes (D1 to D6) show sequence elements analyzed in luciferase assay by preparing deletion constructs (see Figs. 4 and 5). Arrowhead indicates putative
franscription start site.

lacking each of the stretches from D1 to D6 were made
and examined. All constructs except for DI1-A (A —~1065/
—1057) displayed <50% of the activity of the notmal

core promoter sequence (— 1350/ — 873) (Fig. 6). As the
D1-A construct retained the same level of activity as the
core promoter, the D1 stretch may not be important for

pGL3-Conirol
:-873 -1350/-873 E

-13580
T84 w6703 -1184/-873 [
o7 e 873 -1107/-873
{04i—————Bm-673 -1041/-873 .
-949[~ "= -873 -849/)-873 L .
13501 911 -1350/-911 jmms
-1360¢ 1-973 -1350/-973 B
-13501 1-1020 -1350/-1029
1850 11282 -1850/-1182
-1107Co——1-1028 -1107/-1028
-1044—-978 -1641/-673 (&
pGL3-Basle g . . : .
4 041" Y011 0 5 10 15 20 25

core sequence Relative transcriptional activity

Fig. 4. Results of luciferase assay using 5'-to - 3’ or 3'- to - 5’ deletion mmtants. Diagram of deletion mmtants is shown at left. Open boxes indicate untranscribed
sequences and closed boxes transcribed sequences, Arrow indicates the most 5’ putative transcription stait site. Values on the right panel represent mean * SE of
at least two independent transfections, each with triplicate determinations. Luciferase activities are normalized to that of internal control, pRL-TK (see text).
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core promoter region
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Fig. 6. Results of Inciferase assay nsing internal de]enon mutants, Diagrams of D1 to D6 deletion mutants are shown at left. Closed boxes indicate core

promioter reglon determined by analyses of 5'- to= 3 or 3-to - 5 deletion mutants. Arrow indicates the most 5' transcription start site. Values on the right

represent mean & SE of at Jeast two lndependent transfechons, each with triplicate determinations, Luciferase activities are norialized to that of internal
. control, pRL- -TK. (see texf). *P<0.01 by Tukey—Kr‘amer’ miultiple compatison test.

transcription. The reduction in activity induced by the D4-
A(A —980/~977), D5-A (A =972/ —968) and D6-A (A
~ 1028/ —1023) constructs. suggests that .the fh_r_ec Spl
motifs are functional. Furthermore, the fact that the D5-A
construct resulted in a larger decrease in transcriptional
activity than ‘the D4-A and DG-A’ constructs’ suggests that
the most 3’ Spl consensus exerts a larger effect than the
other two. Although reduction of promoter - act1v1ty pro-
voked by D3-A (A —939/~921) might be due to the
deletion of the Ap4 element, the transcriptional -decrease
might also be attributable to disruption of ‘the (T)CAG
sequence embedded in D3, as the D2-A (A —1041/
~1038) that lacked the same sequence displayed de-
creased promoter activity.

4, Discussion

Since human genome sequences have started to become
available, numerous unknown genes have been uncovered
using in silico analysis. However, experimental evidence
has largely remained lacking, particularly for the identifica-
tion of 5’ end exons and promoters. KCNVI was previously
reported to comprise three exons, but the present study
demonstrated the existence of both a novel 5’ exon and the
real promoter sequence in the upstream region of that exon.
We have also shown that a random mutagenesis approach
based on PCR in Mn?*-containing buffer is useful for
introducing mwutations and determining impertant sequence
elements in promoter analysis.

Two novel potential promoter elements were detected in
this study: the short element [(T)CAG of D2] and the long
element (TAGAGCTCAGCTGGAACAC of D3). The long
element contains the Ap4-binding motif (CTCAGCTG).
Interestingly, this Ap4 motif also includes the short element.
However, the Ap4 does not seem to bind the genomic region
surrounding the D1, so the short element is predicted to

" poly(A) sites (Edwalds-Gilbert et al.,
_poly(A) sites is involved in fine-tuning of gene expressions

represent a new as-yef unknown consénsus miotif. Further
promoter ‘analyses, incliiding gel shift assay, are - warranted
to elucidate the precise molécular mechamsms endowed by
the shoit and long. elements :

The promoter -for KCNVI is: characterlzed by a lack of
both TATA and CAA oxes, and: by - the existence of GC-
Ath pl" consensus’ elemerts, as
commonly obseive ﬂln,house-keepmg genes These features
are also shar ed by other K" charinel genes,. mcludmg the
Kvl4, Kv1.5 and Kv3.1' genes: Explessmns of these K"
channel genes are, however, tlssue—speclﬁc tather than
ubiquitous. Gan et al. (1999). demonstrated that the Kv3.1
gene displays a strong negatlvely acting element in the
5" upstream region and a weak cell type-specific enhancer
in the proximal region of the promoter. Mori et al, (1995)
reported a silencer element in the promoter region of the
Kv1.5 gene. These findings strongly suggest that cell type-
specific enhancer/silencer elements may exist in the pro-
moter of KCNV1, which is predominantly expressed in the
brain (Sano et al., 2002). Identification of these regulatory
elements in KCNVI must be left to future studies.

Inspection of the 3' UTR of KCNVI detected two differ-
ent poly(A) sites. More than 100 genes exhibit alternative
1997). Selection of

via mRNA stability, tissue-specific expression and so on.
Further analysis of KCNV1 regulatory elements is therefore
important. '

Mikami et al. (1999) have mapped the BAFME sus-
ceptibility locus to 8q23-24. KCNVI represents a compel-
ling candidate in terms of both position and function.
Information on the new 5 exon, promoter sequence and
alternative poly(A) sites revealed in this study could prove
helpful in developing mutation screening for this gene in
epileptic disease. Moreover, given that locus control
regions located distant to specific genes could regulate
expression (Li et al., 2002), further analysis of regulatory
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sequences and a wide-range mutation search of KCNVI
appear’ warranted to determine the role of this gene in
human pathophysiology.
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