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Abbreviations

Aa: amino acids

Asp: aspartate

bp: base pair

GST: glutathione-S-transferase

HA: hemagglutinin

IPTG: isopropyl-p-D-thiogalactopyranoside
kb: kilobase

Leu: leucine

LTP: Long-term potentiation

NMDA-R: MN-methyl-D-aspartate receptor
PAGE: polyacrylamide gel electrophoresis
PBS: phosphate-buffered saline

PCR: polymerease chain reaction

PKC-y: protein kinase C-y

PLC-y: phospholipase C-y

RLCS: restriction landmark cDNA scanning
SSC: saline-sodium citrate

SDS: sodium dodecyl sulfate
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R, FERECCRXINIMOBERELOEBEZ., fERXY VT —7F
BORRYVFIF TABRECEDRDE., TROBYFT7AMEHMTH S LEZ
5hz, BE CAl Sl E# 3 (Long-tern potentiation; LTP)IZ & & £ <
MEZNTVWBYF 7B HOETINTH S (1)(Fig. 1), #EFE CAI-LTP ©
BECIENMAREII VY I VB(NMA)ZEEZALEZMBRAAND Ca* @A D5
BATHDH(2) SHIERKRERT DL CAI-LTP DPHIAMTHEDICEH =
RELGTREADVDETHS(3-5) CITHECARINZELRTENIE LTP
CEDBFEINBDVFTIAOHENELD 2 VWEEENELICEASLTWVWS
EEZIb5Nh3,

ChETCEYF7RATEMB L CHEVRAFEINS ERFLLUTC &K
ERF, BERAT. F7ANEEAE. i@ ToF7—-EBEDPREINT
W5(6-12), L LAEDPS, ThOSDEEFEYOS F 7 A0 BHICRIT2H
FROVWTIEABEREINTBLS T, O F7XEH ORI, HREEICEL
TREEF+IRBREDBPRINTVWRW, F =, Fazeli &> - 7 A u] BT
WEESTHINDOBGEFIPREAZFEINZZLZHELTEL(13). I 5%
KDYV F 7R BEMICEETIEEFIDPEETILEELIOS>N %,

Normal transmission Induction of LTP Fig. 1. Model for the induction
of LTP in the CAl region of the

( S hippocampus. During normal
) € € D @ G) Gy G transmission, glutamate(Glu) acts

on both NMDA-R and AMPA-R.
G'" o Ny /G'“ Na* flows through the AMPA-R

but not through the NMDA-R
because of the Mg?* block of this

Mg?* block Glu Na*

_ receptor. Depolarization of the
[C=nflux] postsynaptic cell relieves the

Mg?* block of NMDA-R, allowing

Ca?* to flow through this receptor.

The Ca®* influx is a necessary
trigger for gene expression
leading to LTP.



hA ZVBEIMBCEYBE IV I VBO7PIOT7THH,. ITRAAD
WA =2V BBESEIBECBVWILIPROY F 7ARBRZHETIZILBALN
TW3(14) 22 CYF 7RARBHCEL2EGETERETSED. A4 =V
MBSV RABETCHEREAMABL NMDA ZEAEE XK ME801 ORjHE 5 IC X
D ZDEBHBPHEINIEBEEF. TRObBAAZVEBESICLADITOIEBERL
BT NMDA-R IREKICR AR T 28ETFTORKBREIT> . HEHEL LTE.
BASHEFKLUEZLE LW 2%t cDNA-display system T & % RLCS(restriction
landmark cDNA scanning)ZRIBH L7=(15)e ZORR. A= VEBEET TR
DREWITED, A4V BBZREICLVEETNMA-RKENICREAERT 5 22
OBMEC Il OFREETFERETAILICHKIIL . AFETIE. RLCS f#
HickDBEIEEIhEEBEFOGLLS  HMEERNREHE 2R L2 D0 (2-domain
EROEHEZI—RITH2HERELF. N-copine OHERENT 2T oo N-
copine iZ & b Copine I(16) 2 BWVWMHRAMEZRL. HILLWEHE 77 —2%2
B L TW3, N-copine DH B MBERTCOREZHIP LT HEH. YT AME
BU2EBOFLHAREARBEZFANRE. & 512, N-copine D#eE 2 BT % 7=
». B~ two-hybrid X 7 1) —=> 72k b N-copine CEATH2EHAEZHAE
U. ZOREAKRCEEEREITZ17> o



y; N
5 —3 PRLCS systemZHMALEY F 7AW EHEEELCFORR

I 7R BB WREAZTEINSIEGCTFIPRIEINALTVS B
ZOBEDRL, FRLZOEO>RRAEGCTEYOY F 7 AMEBMIIBIT 5%
B OWTHREBREINTVWARN, ZZC, IS5V F 7 ANEMRCHET
PEETEZEET 22D A VBESCLIOITIVIBRICBVWTRIER
THEBETERRLUE. 1M 2V BREIMBEEVE I NI I VBRO7FIOTT
HBH,.ITZANDOHA =V BESRBRECBVILIPEDOYF 7AHBEZE
TRZLEDHHAOINTVWS(14) hA VBB EICLDERE T NMDA-R HRERIKC
REMBIIZIECFHZAET I EDIC. #ARLPHEBLEFLL 2 Xt
cDNA-display system T3 % RLCS(restriction landmark cDNA scanning)% F|
AULUE(D). RICSIZTBNTZENZND DNAZ2RATNVORKEDHLEIC AR
vy LTHREBEINS, £, BRB2ZHETEBIZ2ZNZRHOXRY bR
BEOEMEZZONET2EEFORALHZKIL, —EIC 1000~2000 Ei
FORBEGHZBN TE2ILDPAETH S, WA VBRELS YT XD RLCS #
MEED AN VBEEICIDERTNMDA-RKENICHREEK T 5 3D
Ry P2REEBTAHZILICEKRIILE. TNZ2NRDIXERY S cDNA B/ % [B] 4L
LTEERNZEELEER. 2055 1l PHBROEREFTHo>E. T b
OHT, MREENRBEAZRT I DOFREGCTECEH L THEFT 2TTo7%2. £
DHEHRBEFICI—RENEEHEIX. Protein kinase C TRIEX h = Ca*
HESEBTH B C2-donain 2 2 D> TWke /. & b Copine I(16) & #
EEZ2RTIEDPS, TOEHEZ N-copine(Neuronal-copine)& & L %o

# —® RLCS(restriction landmark cDNA scanning)Z R L=h A =V EBRE
G50 Z2D0ERBICBITIECFREAOEN

(1) EBRMBEBLCERS

o7k

TRTOEHYIE Shionogi Animal Use and Care Committee @O HEH¥EITHE
WRHEERICMWE Uk, 4 = 8(Signa)ix BALB/c HitE~ v X (6-7 Hiw)ICHE
2% E5(8mg/kg) LU 7= NMDA Z A KR HIE MKSOI(RBI)IE A A =V B 5 D 30
S EZAEES (5 ng/kg) Lk, SUORBRBEHEBRACL D REFLXS B % HE
HUE,



RLCS
RLCS IZBEICHM B SN T WD AEICH > THT o %2 (15). 1 R H Ol bR B
R UT Bamlll & Bglll ZA W, 2 RuuHOHIRERE LT Hinfl ZRH W,

(2) RERKSR

AL ZVBEECLIVDYOVRERTCREAM BRI I2EETZRET S -
DIz, LOBEBELEZH LW 2 kot cDNA-display system Td % RLCS % %] H
L72(15)s RLCSIZBVWTZNZND cDNAIZ 2R ETIWVDREDABEIC AR Y
PelLTEEh3, §/2. ERZ2EZEHBTECBIE2ZNZhOIRY PEBED
ZEZONRTH2ECTORALE ZRET 5,

A B

<«— 1D 1 1 1 1 No treatment

Kainate 6 h+ K801“

Fig. 2. RLCS analysis of hippocampus cDNA from kainate-injected mice. (A) Whole profile
of non-treated mice. Arrows show the directions of 1st- and 2nd-dimensional electrophoresis
(1D and 2D, respectively). The scales are 1.88, 1.49, 0.93, and 0.42 kbp (from right to left)

in 1D, and 1357, 1078, 872, 603, 310, 281/271, 234, 194, 118 and 72 bp (from top to bottom) in

2D. The region around spot 50 (surrounded by a square) is zoomed up in (B). (B) Profiles
around spot 50 from mice not treated, 6 h after kainate injection and 6 h after kainate injection
with MK801 pretreatment. Open arrowhead shows spot 50. Closed arrowheads show the spots

whose intensities are not changed.



HAZVBESULEYORABRELELEOT Y ABHEOMT RLCS DX
Ty b2EBL, Ao VEBESCIVAREOEBITAARY F2REL -
(Fig. 2A), N-copine cDNAWiHiZZh oD 1D, XFRw b 05 HBEX
Nz ARY P0DOHBBEIAAZVBESEORMETHEBRINS D, 2KHA.
ARETEZoOHEBEIROW R o=, £/, MDA ZRAKHE 3 MKS01 D ai
BEIZZFOEBEMHIEL = (Fig. 2B)e 25 D& R IE. N-copine mRNA DR
DA VBESICLD MAZAKRKRERNCHEBINDEILEZRT,

B EEERE R I HE X h 3 N-copine mRNA @ F B
(1) ZBRHBB & FERF

In situnNnA 7V ¥ 4L —-> a3

In situnNA 7V ¥4 - a EBEBREINTVWEAERLHK > TIT
2217 WA ZVBEES. LIPHFEEFEOY Y AMMEMD 5 8un B O Fr i 3
WU RZERLUE, [BS]1o2ANV L)V AR 70 —-TR3EHECK > THERLE, ¥
Cdx I HF =Y SRMVUEDKR T — 7T iE SP6 and T7 polymerase
kit(Boehringer) HEWTCHERE L, VAT -7 OHRIZiX. pSPORT2 R 7
% —(GIBCO BRL)IC# A U /= N-copine cDNAD X 7 L A F K 509-2019 {Z & )5 9
5DNAMTH L -FEFIRREBICHRT A2 DINAKEZAWE. NI TV 51 E—
v avix bt T 16T W, HiEIX55°CT2 xSSCEHE 0.2 x SSC M A
T2k Ak 220 R7o0—7F, In situnga 7V ¥4 -2 a3 Ui
MicBWT, AU#ERZ2RLE, B POV LTREVYATD—-T %
Huwi,

BREHFHRR

BALB/c it~ D X (8 ) D> SEHERXS 4 2 (400um) 2 ER L, EXE
BZHNERIRBOOAELCRK> TIT>72(18) X FHI¥E (0.1 msec, 0.033
Hz)%Z CASHBO#AMBEIP S DU B > v —7 7 —flfIc 5 2 .CAl HIE O #EK
kB cHiEAD T 1 -V FEAZRFELE. LTPE, § 28BS 3MOF
XX (1secy 100H2) 2522 cickDFEELE. LTPZFEELTRS
6 RFEE T, 3000l EDT7 s — )V FEBAALZREHEL o



(2) RERMER

In situ NA 7V ¥4 E¥—>arickbh, 4= BEEE 6 BET
N-copine mRNA ¥R, FriC CAl HIEBOHAMBII B VW TERABRI S Z &
2R L= (Fig. 3A0)e WA =V BEE5B2KME, 4BEATIEZOREAMAERIX
Rohiabhoke /. JUVZHBETEY VI VB2 BEI R EED
N-copine D REA DB HBZEMBERHENTH L LHER L. 5IC#E CAL-LTP 0
BT XD N-copinemRNA DR BEMADB RSN EZ D ESI D EHARE, YT REE
AZ72A4RALET, BHERMB(3 BOF¥ X AKE)Ic LD CAI-LTP 2FE L.
CAI-LTP B 6 RRiff Lz L 2HH L= ZOBBERSA ALK 2 FHE
LT Insitungd 7)) 54 €—>3a> 217 ->7(Fig. 3B), N-copine mRNA © %
BRI CAl HBOHAKMEBTERCEBLTWE, tOEBOMEMBETIEZD
XD RFBEIERI iﬁ%i’bfab’of" FE.BAULEBEXIAXILDHARL ZBE
URIZCBWT, BEIC LTP FECHVWERABRINSZ I LIFIBREIh TV S
Proenkephalin mRNA(7)°bl_J7fi CHREAEBINGZLZHER LE. 2Th5DH
REb, CAl #EHAEMEEIZHB T2 N-copine mRNA D F &1L CAI-LTP O K7 &
K<HHBETAZLZBHPLEL L,

A Kainate injection B

No injection control -~ tERlmn | Stersh . _jimv

10 msec

Fig. 3. Up-regulation of N-copine mRNA expression in hippocampus by neuronal activity.
(A) In situ hybridization of brain frontal sections from mice 6 h after kainate injection or no
injection. *°S-labeled riboprobe specific for N-copine mRNA was used. (B) In situ
hybridization of hippocampal slices 6 h after high-frequency stimulation (HFS) evoking CA1-
LTP or no stimulation (control). Digoxigenin-labeled riboprobe specific for N-copine mRNA
was used.



B Xk bD5ELE N-copine ¢cDNA @ B gt
(1) EBRMBB L OERHF

N-copine cDNA o Bk

2w b 50 b 5EULL = cDNA Wi Fix. PCR #%(15)ic X b pSPORTZ ~ 7
% —(GIBCO BRL)IcHEA Lo CO cDNAWIFZ 7O —T7 & L. Mgt10 ¥ X ffid
¢cDNA 54 75 1) —(CLONTECH) %2 75 — O NA TNV HF AL -3V TCRIZ ) —
=27 L. ¥ X N-copine D524 E cDNA ZEBE#L/~, & b N-copine DE2
E cDNAIZPCR¥ICE D M cDNA S 4 7> ) —(GIBCO BRL)> & BB L 7=,
W75 4<—id~< ™ X N-copine &t b EST 7 o —> i HE 5 (GenBank
Zk®KS T15557; 7 o—> T15557 1k~ 7 X N-copine @ ¥-JE 8 R #H 38 12 X IS
T3)2HICERLUE. cDNA OIEEFRINEIWHAL DCRELE, T X N-
copine cDNA @/ iz ik, RLCS AT ic W /= Bglll & Hinfl oYW Az H RLCS
T7OI77ANVPSFPRINZMBIEELEL TV 25 DIEEE S DDBJ.
EMBL & GenBank & — 4 X — 2 i &%% L 7= (AB008893. AB009288),

(2) RERFR

ARy bS50 PSERLUE DNAWTHFZ70—7L LT, ¥ X cDNA
5475 )—Lkb5ELED N-copine cDNA Z2HE L /=, ZOY 1 XX 2.1 kb
T /¥ 70w MEFICEIDEBONEEEEYOY A X K —%HT 5 (Fig.
6A)o £7-. E MM CDNAS A 7S5V -k DELEDE b N-copine ¢cDNA % Hij
Lo b RDDNARZIEF.IDOERWA—T 2L ) —=F 4T 7V —0B -
FEL. LHIHT7IVEIPORIEAEEZI—FLTWVWE. RIIOXFZ
=V EBOBEEGGT X Kozak rule(19)ic /W, FIEBHR\BRICE AR Y AR
TFIWVDEELTWE, N-copine cDNAD 2 — RT3 BB X LMEKE ICH K
THY., YIVFNVEFSPCEEFEEBEIEE LRDP > (Fig. 4), B P& TYD R
O7 I/ BEFOMEAEMEI IBYTHD., EBFCREEDODEVWEHETH o~
GenBank & — & R — X IC L D, N-copine L BRI BEWHEAEEZRITEHE L
LTkt b Copine I(16)Z2HWE L~ & b N-copine & & b Copinel ® 73 /&
S OMEMIX 4% TH o7~ 2D & &b, N-copine i& Copine 77 I 1) —
DAYN—THBIEHBEIPLERS =,



m N-copine
h N-copine

m N-copine
h N-copine

h Copine I

m N-copine
h N-copine

h Copine I

m N-copine
h N-copine

h Copine I : 3 WKRE. : gsk HTSLAQL{- 230

m N-copine
h N-copine

h Copine I

m N-copine
h N-copine

h Copine I

m N-copine
h N-copine

h Copine I AGH FEAQAAHQETASQYFM]

503
503

482

m N-copine
h N-copine

h Copine I

557
557

537

m N-copine
h N-copine

h Copine I

Fig. 4. Alignment of amino acid sequences of mouse and human N-copine (m, h N-copine),
and of human copine I (h copine I). Identical amino acid residues are shaded. Hyphens

show gaps. Solid lines show C2-domains.



A

N-copine A 20 SRVELRVSCHG
N-copine B 152 DYVQLTFREYK
Copine I A 6 TLVQLSISCDH
Copine I B 138 RVVTMEVEZARN

*

PLC-y 1095

PKC-y 172 '3 BPNE _
Syt I A 158 i 3 LP---DKKK
Syt I B 289 MQ-NGEKRLK
Doc2a A 103 b3 3 LP-GACKAN
Doc2a B 297 C

N-copine A 67

N-copine B 200

Copine I A 55

Copine I B 186

PLC-y 1142

PKC-y 218

syt I A 203

Syt I B 336

Doc2a A 152

Doc2a B 314

N-copine B 1
Copine I B
PLC-y
N-copine A ]
Copine IA
Doc2a B
SytlA
SytlB
Doc2a A
PKC~

TT

Fig. 5. Domain structure of N-copine. (A) Sequence alignment of two C2-domains
(classified as A, B) present in N-copine, copine I, synaptotagmin I, Doc2a. The C2-domain
in each phospholipase C-y (PLC-y) and protein kinase C-y (PKC-y) is also aligned. Amino
acid residues conserved in more than five kinds of C2-domains are shown on black
backgrounds. Dots show the five conserved aspartate residues that are considered to be
important for Ca’?*-binding. The asterisk shows the conserved threonine residue, which
serves as a putative phosphorylation site. (B) Phylogenetic tree. Evolutionary distances
between the C2-domains from various proteins were estimated with the Gene Works
(IntelliGenetics).



N-copine @7 X V BREH TH b FF#MMK R DX, Protein kinase C T Ca®
HEoEEBE L TcEEE N~ C2-donain(20)% 2 D ->TWwWB 2 TH 5., N-
copine @ C2-domain XD EHE D C2-domainic KR P I VBEHRELT
W (Fig. 5A). i 2 BH® C2-domain iF Ca¥ AW LHLED 5 DD P XISV
FUBBRELTWVWRE(21)2 DD C2-domain 2HE>DEHBHE 7733 )—& LT,
Siidhof % iX Synaptotagmin, Rabphilin-3A. Doc2 Z iz & b FE K & 1 3 ”Double
C2-domain protein family” Z$#E L TW3(22), UL L. N-copine & Copine
& 220D C2-domain Z&KDIc B 5 3°.”Double C2-domain protein family”
CiEIRWEEZONS, £ 112, C2-donain TO ZRHKMHFrH» 5. N-copine
& Copine I @ 2 D (C2-domain i Synaptotagmin ® Doc2 dDZh b b L A
PLCyD ZhicHEIME DB EW(Fig. 5B). B 2 i, N-copine & Copine I ® 2>
@ C2-domain &7 I / Kl ICELE L TW B B, “Double C2-domain protein
fanily’ OBABCIXE2THNARFIERBACEELTWVW S,

U N-copine DB R KB
(1) ERMBB L OEERS

¥y 7oy MNMEW

Multi-tissue northern blot i CLONTECH# > S BEA LU . REBRM T
DORBEZFANRD 7=, BALB/c M~ X DfH» & FHE U 7= poly(A)* RNA(2 pg)
X O06MBNVAPINTE RZ2ED Y7 H0—AFNVTCHEL. IO AT
Soi78y bl NI 7YX 4 ¥— 3 Lid QuickHyb A # (Stratagene
HBE)EHWTIT22. 70 —71X %P S X)L N-copinecDNAD X 7 L & F
R 509-2019 ic w9 % 1.5 kbp Ot Z2 AW/,

774 =7 4 BEY N-copine R 1) Z o —F )V HifkD &

< 2 N-copine ® 4-161 aa &5/ 3 % cDNA BT H % PCRIC & b 3418 L.
GSTESEHERBE Y ¥ —, pGEX3T-3(Pharmacia)lcE@A L, GSTRIEEH
BiX IPTGEFHEZEICL D E.coli(DHSa) TESL & ¥, Glutathione-Sepharose 4B E
—X(Pharmacia) ZHWT 774 =5 s BB LA, B L &= GSTEA N-copine
EHEZEELCR > TUYFIERBL., JilllE2BE. MBEFD GTICHT 3
Pitkix GST 2 & = L 7= Sepharose 4B WS LA Z2HWTHZELE, N-copine B H
BICHERNRYIAKIZ, N-copine 2B & L = Sepharose 4B S A2 HWVWT 7 7
1 =T ARBELE,

10



LAY YT Ov R

BALB/c Mt~ 2 DX 5 A& D 20 nM Tris-HCI1(pH 7.4). 1 mM
phenylmethylsulfonyl fluoride. 10 pg/ml leupeptin ZEZHBWH TFT 7 1
VAR — c FEVFAYT—2HAVWTEHEEYFSA A LE FEVRXA—MOD
SDS-PAGE(23)Z 1T\, PVDF X > 75 > (Millipore)ic 7o v b Lo 104X F >
SN BEOPBSBHETITOYF LI LEEB AV TSI Y ¥FH N-copine
Fitk(T0ng/ml) e Kb X B.Z2h» 5 2000 5% W L = horseradish peroxidase
EHBopi v Y X Igh HiMmB (CAPPEL) E K & ¥ =, & ECL
system(Amersham)Z FHH W T1T > =,

(2) RERFER

oM ICHBIT 5 N-copinemBNA DRBEZ /Y70y MERICKD
FARPE, E b RT N-copine HFEN R 2.2kb DEEEYIMTOARE
Sh, hoMBTcREZONY RiZelmBahizd > (Fig. 6A) BT,
D FAEBMICHBIT S N-copine mRNA O FE I 2 F 7=, N-copine mRNA X B R
Ho 19 HTeoTHmiiEh, HERETHRALC EY o &, HHER, ZOREA
B FREZRLUZ(Fig. 6B)e ST XM TO N-copine EHE DRI = R
T30 N-copine® 1 ZEHOD C2-domain i+ 35774 =T 1 BEERY Y
O—FNVHEZERELTYZ AP T709 M 2T ok FURARMEFEY R
— MHIIZ, W62KkDaDY > TNy Fhmtiahiz(Fig. 6C)e 2OV A XK
N-copine @7 I VBEM L bEHHEINZME(61.Tkla) X< —H LE. 205
DERLY, b~ RIZBIT S N-copine DERBRIIMFHENTHEZ LB
Hhreizol,

11



A 2 B C
@\
g
g2 3.4
c
£ed 292 g owo
8T © O-ug 1—1—1-1-;
255 = a8 Wwwwo o 1 2
. mp—
% 104-
: 8.

_ €62kDa
46.9 - '

33.5-

28.3 -

Fig. 6. Brain-specific expression of N-copine. (A) Multi-tissue northern blot analyses of
N-copine mRNA expression in adult mouse (upper panel) and human (lower panel). (B)
Developmental expression of N-copine mRNA in mouse brain. Poly(A)* RNA derived from
mice brain of embryonic day 10, 15, and 19 (E10, E15, and E19, respectively), and postnatal 1
day and 8 weeks (P1 and 8W, respectively) was used for the analysis. (C) Detection of N-
copine in mouse brain homogenate with anti-N-copine antibody (lane 1). As a control the
antibody was absorbed with the excess amount of N-copine (lane 2). Position of N-copine (62
kDa) is indicated.
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BRE ZFRBICNE
(1) 5%

CARKEICBWT, RLCS ZRIALUEZRBAEGTFRRICELD. A1 = VR
BELEYYREBET \MA ZEAKKENCREAMBRINIMERORFHAE
F L LT N-copine ZRELZ. A = vBEEEITOIBRICBNWT LTP
BOYFr 72AMBREFETIZLIPASNATVWES(14), 2. LIPOFHRICK
NMDA S KPS D CaHMADMETH 5(2), EMEIZ N-copine nRNA DR H D
CAI-LTP 2 FE T2 5 HEEMBIC LI Y EBINZ L EZHIPECLE. 2NEOD
R LD, N-copine iZ¥ F 7R A BMICEET 3 LEIONDS h/ VBRI
X % N-copine mRNA O R BRI BRI KX SBOORBMEITCEROWRDP ok T —F
FRLTWRWLWE, ZOKERKKZIEIE Proenkephal in mRNA ORI £t & [H
BThore NBRNICRYWHELFTH S c-fos P Iif 268k = VBRES
®BoAKRBTREAZEINEN-copinel > F 7 AU BEDODFEL VWD LD X
LA, ZO#HBICHEELTWATEMDPIEZZIONS.

- N-copine ik Ca’ k&MY L EEESAEHEDOE b Copine ] L HEEDOM
Az R UE. ESTF— 8 R— @ &b, CopineB7r7»IV—%FEHL.
2L P~ RXT 6D ED Copine 773V —EBHEBEFEETB L
XHDPTCH B, F/.Copine 773V —EBEHEBRVYDIYALIYDPLEMIESE
THREZINTWVWS, N-copine iZZDERBEAIGH» S Copine 7 7 IV —DFE
K ALY NN—THdLEZSN3%, & M N-copine t b Copinel 73 /B
B Dk, Copine 773 ) —ZBWTHREINEHREZHE»ICLE. N-
copine & Copine I @ C2-domain DM E MK 404 TH B DR L. HIVH
XYRBEEHIZOMHBIMZR LU Z VA XY RKEEHEEIE Copine 7 7 I Y
—CHRENRERANOKEZF > TWVWBEZ BN RBEIN %, N-copine ® Copine
773 —EBHEOEAHENGHEREDoTWRVWE, VD Y AYRLE D
FTCHEREINTWVWS Copine 773V —DEBEHERERACBVWTEEREE
ZRLTWBLEZSNS,

N-copine I& Protein kinase ¢ © Caf&#Ei& LTREI N~ C2-
domain(20)% 2 D2 > T\, N-copine ® 2 HH D C2-domain ix. flid C2-
domain ZREOEHHEOBIT LS CA*HEALELEAEATHH I LPHIPLRODTY
550D 7ANSXLBEHREL TWE(21).N-copine b A IC Ca¥*FaEE%
T 52EZ20h3%, ChETIC 2 DD (2-domain ZEDODEHHEL LT
Synaptotagmin, Rabphilin-3A, Doc2 M EEINTHB D (24-26). Th5DHE
F1 & I& ”Double C2-domain protein family”ZJE B L T\ % (22). "Double
C2-domain proteins”iZ. MREMBIC VW T EICEHMES T LV F T7ABWAILE
L. MECEEVERBCBVWTEELRGE ZREL TW5(27, 28), N-copine
¢ Copine I1i& 2 Dd C2-domain Z2H2icHpEHbLS5F. 25D C2-domain O
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BE5 ik ”Double C2-domain proteins® & b ¥ L A PLCy L EHWHEMZ T L
720 512, "Double C2-domain proteins®® 2 D ® C2-domain X ANV HF ¥
KEBANCELET ZDIZH L. N-copine & Copine I @ 2 D ®d C2-domain i 7 X
JRKIBEIICHEAELTWEZD = N-copine & Copine I i&.”Double C2-domain
protein family”’d A N—LZEE Wi Bbh 3, N-copine Z®EMRRICH
WT”Double C2-domain proteins®ic K 2B EEYMEMRB LIRS %RE %
RLTWAH[EEMDPEZI SN S,

(2) M EE

1) 2O® (2-domain ZHOFHEHE. N-copineZzRAEL o

2) N-copine »5 Copine 7 7 XV — DB EKNBRAVNN—TH B L Z2HP
L%

3) N-copine mRNA OEBR P H A =V BEEICL DEE T MDA SBEKRIKE
MicEBINBZZ L2BPICLE,

4) N-copine mRNA D & H b CAL-LTP 2FE T2 EHEERMBIC L hERI W
52 EHPICULUE,

14



BB IUAWMICBIT S N-copine DERBEALGBLCHABANBE

B1BIZBWT. 2 D00 (2-domain Z2EOHFHROEHEH. N-copine %
BELEZLZRLUE, N-copine & Ca?"ik &MV VIEEHAEHE. £ b
Copine I(16) L A ZE RT LS. Copine 77 IV —DMEBERENRA N
— T & %, N-copine & Copine I 2 oD C2-domain Z2HK2DicdBEbLbST. #
heofgEh S Double C2-domain protein family”’icBX Wi EZ SN 3,
MZEMI B W T Double C2-domain proteins®’ FMBLEYWEORBICEE
LTW3(27,28)o L L s (FEMMLICBIT S N-copine D% &|iZ”Double
C2-domain proteins®IC K 2 MBECEVERBLIZERZUEEIEILONS,
ARET. N-copine OHRBBERTORANZWAIPICT 220, U AMIT BT
% N-copine OREASHFB L UCHBEHNBEZFARZ.X 52 N-copine & Double
C2-domain proteins’OfMEMIBICBIT 2 BEZILBEMRL =,

T Y XAMWICBIF B N-copine mRNA @ In situNA TV F 14— a3 v
% M

(1) EBHMHBITRREA

In situnts 7V ¥4 €—->3 v
B—EH, FHICE L,

(2) RBHR

Fig. Tix. U XMIcHBIF % N-copine mRNA @ In situ N4 7V ¥4
T—2avBFZ2RLTWVWS, Y7 FNVIEERR, BIRR, BHECEBLTH
gxhi=(Fig. TA, C, D)o BB TIEX. BW> 7 F )ik CA1-CA3 #HIH D A M
BEERBOERMARBTERIN, CASEEHEO#AMEIREIBRVW TV E
~ U7 (Fig., 7C), MEIIZ CA2 B O#EAMABOY VFNVEFEKELZBSP o -
(Fig. 7C)e FMERL BRI TIX. BERMBEIBIARWI TF NV ERLE(Fig.
M. BEMEBETCH I VI NVEBREBEN =, FEEFVWRFS S RNEESE 2
BOMBEMBY S VI NVDBEBEHETH > = (Fig. TB). MBPLEHD | HoME
METHIBEHE TV BRBEIhE AXREBYIEBWTTZ YV 7HIETE> T
FuBelitiahiahr oo, N-copine mBRNADRBA B MEHAREREN T
HdEeHmLE :
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FIG. 7. In situ hybridization analysis of the expression of N-copine in mouse brain. Images
showing signals for the whole brain (A), cerebral cortex (B), olfactory bulb (D) from sagittal
sections, and hippocampus from a frontal section (C). Abbreviations are as follows: Hc,
hippocampus; OB, olfactory bulb; DG, dentate gyrus; AOB, accessory olfactory bulb; MOB,
main olfactory bulb; GL, granule cell layer; ML, mitral cell layer. Scale bars are 1 mm (A),

50 um (B) and 200 um (C, D).
B~ RSB B N-copine & H B 0 5 55 4L € AT
(1) EBRMHEBITERSE
P74 =T 4 B8 N-copine B 7 o0 —F IVHKD ER
C2A-domain iICX T2 HiAIXE 1 E, EWH TR LET 741271 BHE

TiERZRAWE, SLEANEFYRERBINTI2HEEMER UL, HHEEE
15|, BHEHIICE L&,
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LAY T7Tav MNEW
FHEEE 13, SWUGICECE, WY X N-copine C2A domain HifkK,
HV AR F Y REEBHA(TO ng/nl)Z2HWTIT 2 ko

REMBRE o o ' :

~ BALB/c MMk~ R B2 —FIVEREEL. XS EHFENVLATIVT R EZETD
0.1 MY VERAMK(PH 7T.2) T ZERBEE Lz, ME2BHHELTZ VI =)V TH
KU, N5 74 EELT 8un EQOYIF ZEH L, IR 0. 3y BER LK E
EEDAY ) —)VBEBEFTTRIGE . PBS VI T TEEL Lo 347 FER ME
EESLPBSEETT O F LV UEE, YIKIE Y Y ¥ 5 N-copine C2A domain
Hitk., ANV ARF Y RBEESAK(0.5 - 4 pg/ml). ¥ 24 Synaptotagmin I
Fitk(5 - 15 pg/ml). =7 XHi Rab3A Hifk(0.6 - 2 pg/ml) e RE &, EX
FUAALEYXERY X gHRMBODAD)E ZIZELFF LY FH DR
Ig6 #i M (KPL) & K it & ¥ . horseradish peroxidase #FHE L =27 E D »
(Vectastain Elite; Vector)d RIin X ¥ 7=, #RiHlE 3, 3-diaminobenzidine
ERHVWTIT k. BMaY PO —VREEYY ¥ 186(4 ng/nl) e RGBS ¥ Lo
~ ™ A i Synaptotagmin I ¥ifkix Wako %t b 5, == X% Rab3A Hifkik Santa
Cruz k> S5BA L Eo

(2) RBHER

XY R N-copine kT2 22D774=F 4 BEFY 71 —F ) Hitk
ERABLE, ¥ 070y MERKC LD, 200HEXTYRHFEY £
— I T N-copine L EM 2% 62 kDaDd ¥ > Z)IV/vy F el Lk (Fig. 8)o
ThoDHEERMBLT, Y ZMIcBIF 3 N-copine & HE D 5% M F 1
BEZ2HARE. GHFOHAKEIE AROREHERZRLE. BEY T FIVER
Li-EEBo8iE. In sitund JU A F—va vBIRCLDBEORERR
PACHEBETH o E(Fig. 9). BELBWTHAMBLEBRMEI B RES
ni=(Fig. 9A, C)o ¥ 7. BMWVWEAIZ CAI-CASHEBOBEHEPEER O ST E
TRoN=(Fig. 90). KM & OB E MM S CAL-CA3 HIKOZEME
BoOf@MIZESEICED > 7= (Fig. 9A, C). BILAKIWC X D CAI-CA3 HIH D H# K
MoKk LBREECREAPREBEINE(Fig. 9D, F)o EFRREBIRKT
. BRiMa BRI eI (Fig. 9, B WL AT. BERME MK L
MRkegicmwirarsmbB I hz(Fig. 9E)e Th o DR LD, N-copine B
BEOMEMNBIIBVWTZOMBEALBEREBICECRBELTNWS Z LHH
75)2:7;'37]::0
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FIG. 8. Subcellular distribution of
N-copine. Detection of N-copine by

western blot with anti-C2A in mouse
(kDa)

104 -
80~

brain homogenate (Homo), membrane
fractions, (P1, P2, P3 fractions) and
<4 62 kDa cytosol fraction (Sup). Position of
N-copine (62 kDa) is indicated.
Positions of molecular weight markers

3.6 - are shown on the left.

28.3

N-copine L DMIlENBE 2 LB T % /=%, "Double C2-domain protein
family”® X > )S— T3 % Synaptotagmin 1(22)& Rab3A(29)D B RE %
Toke MADEBHBREC LY F7ABACBEL. YF7R/INELER
LTEELTWVWARZEPREZINTWVS(27,28) ChOEDEHEDODRANY
—Yixe<A¥THb., N-copine OF@ENIY—V LEFRER->TWE, BEOD
CAl #E# T iZ. Synaptotagmin I & Rab3A lCx T 3¥Hifkix. L dICZHEMEE
CHBEEZBIPEBLE, LELRMBS, Th 5 OHiMdidsAfizoMiEak e
BREEZEREBL P>~ (Fig. 96, H)o CO LS cEMBICBIT S N-
copine ®/F&E X Synatotagmin I R Rab3A L VW o Y F7R/NWEEEAEHED
BELIEIELSERBZZLBHDP LRSS =,
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FIG. 9. Localization of N-copine protein in mouse brain. Immunohistochemical images
with anti-C2A (A) and anti-C-terminus (B - F) showing whole hippocampus (A), whole
olfactory bulb (B), layer structure of hippocampal CA1 and dentate gyrus (C), CA3 pyramidal
cells (D), granule cells in main olfactory bulb (E) and hippocampal CA1l (F). Localizations
of synaptotagmin I and rab3A in hippocampal CA1l are compared (G, H). Abbreviations are
as follows: DG, dentate gyrus; fi, fimbria; O, stratum oriens; P, CAl pyramidal cell layer; R,
stratum radiatum; M, molecular layer of dentate gyrus; G, granule cell layer; AOB, accessory

olfactory bulb; MOB, main olfactory bulb. Scale bars are 250 um (A), 500 um (B), 100 pm
(C), and 25 um (D-G).
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HBZH N-copine @ Ca’"ikEKN RIEHE > ~DFES
(1) EBRMBBLOERG

GTRHEEHEOFR

< X N-copine @ 3 D DK (C2A 8. 4-161 aa; C2B #HIK. 141-270
aa; AINVHFIPREEHEIE. 240-428 aa)lc X9 % cDNA M %2 PCRIC K b 1E
WL, GSTRIAZEOEBE 2 ¥ —. pGEX3T-3(Pharmacia)lcE A L =o GST @t
EEHAE(GST-C2A. GST-C2B. GST-HNVAF kKuEfHEE) OBRITE =, B
ZHICH TR,

vﬁxMT%/x~b@ﬁ ES

YU XML S EESED 20 mM Tris- HCl(pH 7.4). 10 pg/ml leupeptin,
1 mM phenylmethylsulfonyl fluoride. 1 mM EDTA Z2&E L@ P 70 v R
WEH— e FRECFAT—Z2HVWTHREYFA A LE, SUAWFEY X — MiE.
EEGZW%éh'CL'S ZHBERE->TIDODOESE(PL, P2, P L HEBESE IS
F72(30) ZhZ2ho/EZEE(10 pg)HVWTOYZXF > 70y MEK 21T
270 N-copine EHE D CA*MREMNRBESBEANDBITZ2ARZ ZH. YU A
X 1oMCaCl, £721X 1M EGTADELET T, 5 ZEXED 20 oM Tris-HC1(pH 7.4).
10 pg/ml leupeptin., 1 mM phenylmethylsulfonyl fluoride ZEHHEMW P T
T7OVERYE— - FREVFA T —2HWTHFEYFA A LE FEYR— b
i 4°C T 30 ARIMB L =%, 4°C T 40,000 x g, 30 2RI 028 LT L5 (4
fRESE) LBy (BE4E)ICoEb Lz, %h%h@ﬁﬁw%géﬁﬁxx
7oy MEIRICHWE,

YILRE 70y @R

FHEIEE 18, SUHICECE. v ¥ X N-copine C2A domaln}““ﬂi
HIVARF S ERMERTA(TO ng/nl). ¥ XHi Doc2-aHifk (2000 fZ & ).
U Z i PRC-yHitk (2000 ERR)ZAVTIT> ko YT RH Docz—amm;trsﬁu
FEEBEHE)LOHEBEINE. Y AH PRC-yHiKIZ IYMED (D S BEA L /=6

| ‘(vz) RRRER

CRYZMEREYVR— NOSE %Eﬁk:&b\’c N-copine EHEZF M
B Y P2 AEICEELUT W= (Fig. 8)N-copine DEBE A I BT 2 FED Ca
KIRETZHELIDPERARE VY AMAES X — M2 Ca¥OELET LEEE
TTHRELTCHEER S CEBDICHE U=, CaIEELE T TiX N-copine & ¥
CHREEE S THRE X (Fig. 10), — K., Ca®#&HE T Tl N-copine ZFH ¥
A ICHEELTWE, C2-domain 2 LT Ca?kEMN ) VBEECEAT S 2
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EDRASNTWS PKC-y& Doc2ad . AMKIC Ca»EAE T TCRELQBICHEEL T
Wkoe 2D LS N-copine iF Ca*OEE TICBVWTHESBEBIICRBELTWSZ
IR ER ST

EGTA Caz*

BT i, LY 2 : FIG. 10. Ca’*-dependent association of
o g o g N-copine with the membrane fraction.
(?) g U=) g Mouse brains were homogenized in the

presence of EGTA or Ca®* and

- S « N-copine

centrifuged. [Equal proportions of the

supernatant (Sup) and  precipitant

r— @ < PKCy (Pellet) were analyzed by western blot
with antibodies specific for N-copine
(anti-C2A), PKC-y and Doc2a.

®PUET N-copine ® 2 ZFH D (2-domain i & % Ca’'ik&EM ) VEEES
(1) ZEBRMEBEBIVERAGE

D UEERAER

T74#RA77FY)EY > (Sigma)ix 50 oM HEPES-NaOH(pH 7.4). 100 mM
NaCl 2 E DB HRICHBH LU CETHUE L=, 2 oM CaCl, £/~ 1& 2 oM EGTA &4
T, BLBHEFTC74+RA77FI)NE) (1.6 mg/ml)& GST-C2A F 7= 1% GST-
C2B(Zh Z2h 20 pg/ml)L Z2ERAL, ZIBT 16 PEKELE. ZhDPHER
T 10,000 x g, 20 PRI ELDE L 1o SRBDOLEFE L UBM(ZNZNRIDE
WD 2 ul #HY)ix SDS-PAGE LSEEBIC X V@M L 2o

(2) REBRKER

N-copine @ 2 D® (C2-domain ®V VEEHKE A ZHARE, ZhZND
C2-domain ® GSTRAEBHEZ 74 R 77 F PNV VERIBIE., BLTH
LTC74AR77F VNV VZHBLE. C*DELETICBWT GST-C2B(2 &
HoD C2-domain)iz 7 # X7 7F Nt e, Ca’DIEEETICB
WTiEHER LU o= (Fig. 11)e —FA . GST-C2A(1 FH D C2-domain)ik Ca®
DEETELEEETOVWTNTH 7ARAZ77F VN e HELE, GSTH
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MTREREEEIROINBRP o= 2D X SIZ N-copine @ C2B-domain i& Ca**{k#
K VIEEKEEZTR T I . £/ C2A-domain & Ca’*dktkEMN ) L B S %
R ZEDEIP LR =,

EGTA Caz FIG. 11. Ca?'-dependent and independent
phospholipid-binding of the C2-domains of

e

(]

% N-copine. Phosphatidylserine and GST-
o

et
2
[
o.

fusion proteins were incubated in the
presence of EGTA or Ca?. After

centrifugation, equal proportions from the

supernatant (Sup) and precipitant (Pellet)
< GST-C2B were analyzed by SDS-PAGE.

BhEi FEBICNE
(1) %K

N-copine IR EM 2R REFH 2T 2 DD (2-domain 2 OHFHELE
T® %o N-copine DRBFIIMMBPIEHKENICHBIhZ LS, ¥ F 7T
MM ICE ST 5L E 25N % N-copine DHBMEBERCORAZWE» L T2 7
B, XU ZfHIZBIF % N-copine DEBA A 2Tz, Insitungd 7Y &4 ¥
—> a V@M. N-copine DEBRB Y ZIAMWMICBVWTEEBLEHEKICERBLTW
2B RULE. T, ZORBATHEMABICRHRENTH =, 512, N-
copine LR R QR ARV 70 —F )Wtk ER LT N-copine D BB AEE %
TozfR, In sitund 7V I A4 E—>a v BIFCHRONERERELAKROR
BAoMDHRINE P YA LBV TCHEEPRRKIZECYEO-DICEER
HIBTH B (1, 14, 31-33) U EDFHER LY. N-copine DIIC BT 2 BEAHF
RATEMLLOBEIFEVEBICERINTWAZEHEI LR S &,

N-copine I 7 F IVEFPCEEBEREHZE-FRZVWICHE DS T, Mg
BHDLEESICEELTVWE, ZOBRBHONDFER Ca2 lcikELTWE,
N5 DRERIE N-copine BMIfEA Ca**D LR ICHEVWMEE» S BICKITT 3
%R YT B, N-copine ® C2B-domain i & GST & DB EHE D Calfk
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BERRBRIARATZ7FIONEY Ve OHEEGEETRTEZOD. ZOFRMHIE C2B-domain
LB 0LEZIONS, 512, 20 (2B-domain &, fltd C2-domain % ¢
DEHET (A" HAKCLEATHEILEILNTVWALIDDO7ANTI T UV BRER
FELTWE(22),N-copine iz Ca¥* > — LTHl@EL»r 5BICBITT S LE
Zo5h3,

N-copine & Copine 11X 2 D® C2-domain 22k s BEbLLHT. Zh b
D& D 5”Double C2-domain protein family”’dO X > N—ZEERWEEZ
5h3d, Z0-HMBEMBICHBIT S N-copine D 1% E]ix”Double C2-domain
proteins’ D X5 R 7V Y F T RAPATOMBLEEYMEORLE L IX R R 5 W6
MBEZIONS, AEICBWT. N-copine & Synaptotagmin I K UF Rab3A O %%
BHBLEEEZITOICLICLID., YUOXKOMBEMBIZBWT N-copine &
”Double C2-domain proteins”’* E R 2FAEZ T 2HIP L LE, FiC.
¥ 55 CA1-CA3 #HI8 T N-copine W #fAME oMKk e IR BETHEI BRI LT
WD, #EHARIPSDEHEIHUZZEMEEBTCORAIRONRDP > &,
COMRIZ. MEMEICBNWT N-copine . FIKRA MY F 7RI FE
TIELBERTAMBEIC, Synaptotagninl & ¥ F 7 R /N EKE H E. Rab3A
ODRBEZIZEMBECR >h, fiREKLBREETERONRPoE. L LD
R & b, Synaptotagmin I fti®”Double C2-domain protein”»B 7L ¥+ 7
AU TEHREZBLTCVWBDICH U N-copinelZFicHiBAELBRERIIEE
Us RRAPMNYFTRATWATCHREZRLTWVWEREEZIONS,

(2) /DG

1) In situNA TV - a @it oBlBieic kb, N-copine
DREBEADPT T AMIIBNTHEHBELRIKOMEMBICEBUTHEERLT
WBZEEWHMPICLE, '

2) IUZAWHFETS R — PIZHBWT N-copine XM EH S L EHDICELE
U, CORERICHBE S ICRITT 2 2B LE,

3) N-copine @ 2 % H ®D C2-domain D’ Ca? iR EMIC 7 A R T77F PNt
tHEETAHAIEEBHDPICLE,

4) MBEMBEIZBWNWT N-copine EHEHE FCHIREAELEBRREECEET S
ZeZEBAPICLE,

23



=% N-copine b MEAETEHEICHIEINIEEZFOEY. 05-9 &
D Ca* ik EH A

BLEFXTIE, YF 7R/ B MEEERGRF L LT N-copine ZRZ L.
HREMEORZI MY F 72BN Ca*t v b —L LTHEET 22 L &R
L7, MEMBIZBIT S N-copine ORI PV F TF7IABPATORE X
Synaptotagmin % Rabphilin % ¥ ®”Double C2-domain proteins®® 7L > + 7
AMATORELIZLLS ER S =D . N-copine iE”Double C2-domain proteins”
CEALRLIKEEEFODLEZIOND, L LML, N-copine ® Copine 7 7
SV —-—EOBOKEBEIREDLP>TWRW, AETIX, N-copine D#EEZ H b
T B2DORAIADAT v 7 UTER two-hybrid system I £ % N-copine
HEEHEDODHERZITo =,

£—H B two-hybrid system ZF|H L /= N-copine G EHEDER
(1) EBMBEBLOERS &

B% &t two-hybrid system

< 7 X N-copine @ 240-428 aa IZXF)5 9 % cDNA Wi /i PCR iZ & h IR
U. pLexA X7 % —(CLONTECH) =4 A U 7= (pLexA-N-copine)s L R—% — 7>
A X R p8op-lacZ 2= LB R Eitk EGY48 Z pLexA-N-copine & pB42AD ¥ 7 X i
¢cDNAZ 4 751 —(CLONTECH) CREEGE#BR L. EEE#REFE IO > 2 REL
EEREBHMTHEBEI Y E. O/ VBEDan = —E X-gal 74 VIV —LEBEE
L. B-galactosidase /i Z2HBE Lo OA4 Y28 laclOBEE>S 75 R
IFRZRBEBBLTKRKBEE2REEER L. Z0REE#RE»S 7523 REEIIL
o MU 75X RZEHWTHEE plLexA-N-copine & iz p8op-lacl % =
OB EKEGY4S ZREHEHB L, DAY 'L lacl'Z2HERLE. Zh5DHD
1207 0—-3 e FEREBEECBLWIEHEECEIEL WS EKRFEL
TRZEENE 05-9 OANEF XY RKEFRH L EVWHAMEZRTARTF F2a2—
R4 2% cDNAWTH %22 A TWi=(pB42AD-0S-9),

N-copine @ 0S-9 # & fH I D AT
' N-copine ® 0S-9 L DHEAEHZRET S - H. T X N-copine Dk L
A (1-161, 1-270, 141-270. 141-428. 240-428. 310-428 aa)ic &5 4 3
cDNABTHZPCRICEDEIEL, plexXAXRZ ¥ —IZHALE, BERE% E6Y48 2
ENZNDTZ X I FL pB42AD-0S-9 TR EE ¥ L. p-galactosidase G %
L,
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(2) RBRFER

B2+ two-hybrid system ZF|H L T. N-copine ® 240-428 aa O 4 H I
MO TAHAEAERYY AN cDNA SA4 75 ) - bR LE. 23T 1 x 107
DEREEEBEZA ) —ov L. 04>y e laclt ez RmT 287 00—
2o ThH6DOHD 1 DD cDNA X, BHICE FEREBICBWTESHEE
BLTWAEEFELUTHEINE 0S-9(34)D ANV K X K E4EE (536-667
aa) 0RO MEEZRT 7I VEBENZI—-RLTWE, BEX R cDNA O
I—FRTZ2EAEDPE DM 0S-9 OV RKEQ T TH B LFH L - (GenBank
accession No. U41635), U L& b5, B-galactosidase assay ok b5
NERBAEERILT LIRS Aok, 22 TER tvo-hybrid system 2
T. BE N-copine D 0S-9 L OEAEBEEZFARE, Fig. 12IcR/LE LS T,
N-copine ® 2 HEH D C2-domain AR IR VWHEAEMZ R LE. I DI, 2 TOD
2 ZFHOD (C2-domain 2B HEBCHEAWEMENE S hE, 1 ZH D (2-domain ®
ANVBXFVREERBICEZOLI REAEHERO AR o2, SO DR
X b, N-copine ® 2 FHH D C2-domain ¥ 0S-9 D AN K ¥ KBEBICHEEST
LZERRRDRALDTHBZEDHPERS E,

08-9 binding domain

N-copine . binding
activity
1 2
270 +
1 161
141 270 +4+
141 428
— +
428
240 2 +
310 557

Fig. 12. Binding of N-copine and OS-9 in the yeast two-hybrid system. The domain
structure of N-copine is depicted with relative location of the C2-domains and the OS-9
binding domain. Various truncated N-copines were used to determine the 0S-9-binding
domain.  Binding activities of truncated N-copines and 0OS-9 were examined by p-

galactosidase assay. The number of plus signs corresponds to blue color intensity on the X-
gal indicator filter.
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¥ " N-copine & 0S-9 @ in vivo TOHEL
(1) EBRMEB L OERSG®

% 92 VL B SR AR

AFF=2a Ry EEHFLAGE b—7(DYKDDDDK)FE /=i HA & b —
7 (YPYDVPDYA) % pEFBOS X2 # —(35) Xbal #RA7 iz $ A L T pEFBOS-FLAG &
pEFBOS-HA Z/EBI L /= ¥ X N-copine ® 3 DD &K (1-161, 1-557, 310-557
aa)lC X9 % cDNA MW H i PCR I X b #i8 L. pEFBOS-FLAG X7 ¥ —izH A L
o B MNOS-9DHIVAEFT KiEHEI(536-667 aa)lc Xt it 3 % cDNA ¥ i PCR
X bHEIEU. pEFBOS-HA "7 ¥ —IcH A L=, 2 x 105D 293E M 12
REABELEZR, BBE 72 XIR(ZhZ2h 5 g)dB L4 2laabe T
Lipofectamine Plus reagent(GIBCO BRL)ZFH WTEAL =, 200 pg/ml DN
1704 VEETT 48 KEEELEZE. #MEE 600 pl @ 20 mM Tris-
HCI(pH 7.5). 150 mM NaCl. 1% Nonidet P-40 2 S H AWM THB L=, HBED
FREIDR—FDS5Y YU XH FLAG Hitk (Kodak) Z AW T A BB 2T o= B
LZERUCBWT b m%E L%, 2%k Yw2E SDS-PAGE(23) T8 L. PVDF
A 272 (Millipore)CEE L=, 102X I NI 28 PBSHBH T O v
FUITULUEROAVIT S VETSIAFINFIAEGOEEZR) LRI, 2hd
5 2000 Z%& W L /= horseradish peroxidase #H oo~ X lgb M B
(CAPPEL) b K5 & 8 7= o M HIIZ ECL system(Amersham)Z AW TiFo%Zo ¥ X
1 HA $ifk i Boehringer fE D 5B A L =,

(2) RBRER

Invivo TD N-copine & 0S-9D#EE 2R T 20,7 I J K FLAG
YT BMAMU % N-copine & 73 VRKSICHAZ ZFZ2FMUE 0S-9 DAV KRF*
YRUEEIEZ 293T MIBBIZEA LU=, i FLAGHiIR 2 W T & O KA R D
5 N-copine EHEZABWB L. HHIAHikZAWEYZ & > 7 Oow biT &k
DM LU7=o Fig. 13 IR UE LS. HAY 2L 0S-9i1X FLAG ¥ 7 %
0 U7 N-copine & & iz HL L = KK IC N-copine D 1% H @ C2-domain
RPHNVEXFY RKFEEB T, 0S-9 FHEkEEhiAdIPok,. ChOHDOHER LD,
N-copine DA HMOMBEPICB VW THEHKIZ 0S-9 L HEATEBZ LM
hElkrok,
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Fig. 13. Interaction of N-copine and

£ &
S 25 0S-9 in vivo. 293E cells were
. e e T @ W0 g .
Recopioe e s transiently transfected with expression
- - 0
0s-9 o M S APl vectors for the indicated tagged proteins.
- The cell lysates were subjected to

Lysate immunoprecipitation with anti-FLAG

W: anti-FLAG . o
3 antibody. Immunoprecipitates and the

whole cell lysates were immunoblotted

== Lysate
W: anti-HA with anti-FLAG or anti-HA antibody.
IP: anti-FLAG IP, immunoprecipitation; W, Western
W: anti-HA i
blotting.

¥ =f N-copine & 0S-9 @ Ca’ikZE#H A
(1) ERM BB L OER G

In vitro T O &M
<~ ™~ X N-copine ® 2 D ®D%EIH(C2A-domain, 4-161 aa; C2B-domain,

141-270 aa)lc st % cDNAWTH ZPCRICL DB L. GSTEAEHEREN
27 &% —pGEX3T-3(Pharmacia)iz#f A U 7=. GST B4 & H E (GST-C2A. GST-C2B)
% IPTGFEEBIC LD E.coli(DHha) TEAHA ¥, Glutathione-Sepharose 4B £ —
X (Pharmacia)ZFHH W T 7 74 =5 A BB L= E MOS-9DAINAF T Rl
1% (536-667 aa)l= &t 9 % cDNA Wi F i& pRSET-A X7 # — (Invitrogen)IZ & A
Lz, [B®S]1ZR"NVULE 0S-9 oA VA x> KigsEEIE INT T7-coupled
reticulocyte lysate system(Promega)Zz AW TH®E L =, GST-C2A X = &
GST-C2B(4 pg)Z. 20 pl @ Glutathione-Sepharose 4B E—XIC@EE L. Z£D
P—X%[¥S]SX)LE 0S-9 ODANVEKRFY RKiEHEEBZET 500 pl OB
A(150 mM NaCl and 50 mM HEPES, pH 7.4)Ic &% L. 1 mM CaCl, & /=& 1 oM EGTA
BHETACTARBERB IR E. BMATAREGFER. EELEZE8EIE 20 nM
glutathione Z2&$H 40 pl DBEW A THEE L. B =& HHE % SDS-PAGE
THEEL,. 2— b VF T2 74—CLDBRZITO o

(2) ZBER

N-copine ® 2 HH @ (2-domain & 0S-9 D ANV A F ¥ KEEHEBO KD
Cat'tkEMEDP ¥ S5 2 FH %=, N-copine ® 2 DD C2-domain & GST & DRt & &
HE(1 ®#H ® C2-domain. GST-C2A; 2 HH® (C2-domain., GST-C2B)ZfE& L
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T Glutathione-Sepharose E—XICEE L ZDE—X e [P¥SIAFA =2 S
NV UL7Z0S-9DANVAFY RKifHEEZ COELET. FEETTCRBI =,

BHINhEZEAE®D SDS-PAGE 217w, #

— NI VF TSI T4 —IC KB E

fTo/ko Fig. 4IZmULELSIC. 0S-9DANEF Y KBEBIE CaELEF T
D H. N-copine @ 2 HFH D C2-domain LA L. Ca¥IEEAE T TR ESE L
KRohhabok, 512, 0S-9DANVEFY KisEEIE N-copined 1 & H
@ C2-domain & i, Ca* D EFEICHEDLL IFHEAE LRI o2, CD LS I, N-
copine @ 2 ZFH D (C2-domain i& 0S-9 D AN R F o K#4EE & Cal iR EN 1T &

TS LR ERS TR,

GST-C2A
GST-C2B

Input

L
-+ — + = + Ca?

Fig. 14. Ca’*-dependent binding of N-
copine and OS-9. GST or GST fused with
the first or the second C2-domain of N-
copine was immobilized on glutathione-
Sepharose beads and incubated with the
[**S]-methionine-labeled carboxy-terminal
region of 0S-9 (536-676 aa) in the presence
or absence of Ca®**. Bound proteins were
eluted with glutathione and subjected to
SDS-PAGE followed by autoradiography.
Input shows the in vitro translated products

of the carboxy-terminal region of OS-9.

P N-copine & 0S-9m RNAODE I BT 2 RBELHH

(1) REBMBBLCERRS®

¥ 7nowv MNEW

HEREE—Z, BNUEHICE U =, Multi-tissue northern blot %
CLONTECH#t 5B ALk, 7O—71F P S X)L L=t F N-copine cDNA @ X
ZLZAF R 509-2019 icxt)5n9 2 DNA MrE- 2t b 0S-9 ¢cDNA DX Z L #F R

509-2019 I X592 DNAMT 2 F W =5
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(2) REBRKER

N-copine mRNA E ¥ X2 b PZBWVWTHEENIZRE LT3 (Fig.
6)o % Z T N-copine mRNA & 0S-9 mRNA D b PO L RBEIHICBIT B REAZ
¥y 7ow MEWICLDIFRE, N-copine ICHER 42 2.2-kb ODEEEY D
t Mo TcoEBETREEI N~ (Fig., 15), £/, 05-9 ICRHREK R 2.8-kb
DEEEYOEKICE NHOETOEEH THREINE, CHODHERED.
N-copine mRNA & 0S-9 mRNA X E FIMICBWTCRHUEBTEHELTWA Z B
BHhrERrok,

cerebral cortex
medulla
occipital pole
frontal lobe
temporal lobe
caudate nucleus
corpus callosum
hippocampus
hypothalamus
substantia nigra
subthalamic nucleus
thalamus

spinal cord
putamen

£
=2
]
o
£
[
o

amygdala

<4 N-copine
1.35

4.4 -

24- aee

Fig. 15. Expression of N-copine and OS-9 mRNA in human brain. Multi-tissue Northern
blot membrane of various regions of human brain was hybridized with **P-labeled N-copine
(upper panel) or OS-9 (lower panel). Positions of N-copine (2.2-kb) and OS-9 (2.8-kb)

mRNASs are indicated. Positions of RNA markers are shown on the left.
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BLE BEBILVNG
(1) &

BEft two-hybrid X 7V —=> itk b, N-copine & & PEREICBW
TEHECHBEBELTW EGFLE LTCHRESNE 0S-9 BES TR L2HD
& LU7%o LT N-copine ® 2 Z#H D C2-domain & 0S-9 @ 51 )V K F > K Uk #E 15
D Cal R ERNICHEAT AL 2H»IC Uk, 51 N-copine & 0S-9 ® mRNA
FE FPOBMEBVWTRUEHBTERLTWSZ L 2B L ~=,N-copine i& Ca?
RENRY VIEBELOREAPLPEANDBTZR T, 202D Ca¥EEFTIEBWVWT.
N-copine Mg LT O0S-9 A THELEZLONB, N-copine DREEDIP K 1
ZUBRELCAL-LIP 2B E T2 REENBIC L~ THBETHEBRINEZ LD
5. N-copine D> F 7 X[ BHE~NDE G B REBIN 5, N-copine & 05-9 OF
HFEIFTZAEMO Ca’REN RBEREICEST2E 2505,

N-copine X FEN 2 FEREZRTH, Copine 77 IV —DfED X > N
—DRBEEIBRX2ZEBTCROING, &5, £TOD Copine 77 IV —EHE
KBENWT. 220D C2-domain FBEESINTWVWB, — K. 0S-9mRNA T E P DR L
RAEMTREALTWBZIEDBAISNTNWSB(36), 20D 0S-9 EZMIzcBNWT
N-copine L HEETHEFIT T RL., BOoMBITB W iXfld Copine 7 7 I V)
—&BHELHEETHIDOLEZIO NS, 0S-9 D#EE® Copine 7 7 3 Y —&H
BOABMMBRETIBLEAOSN TRV, VF T7AREBERILOBFF A=A
T B0, 0S-9 L i Copine 7 7 IV —BHBEOEHEEEDRIT
DSBROEERETH %,

(2) /MiE

1) Yeast two hybrid X7V —=> 2k b, e ') BEREBECBWTEHEE
CHBEINTWAEETE LTREINE 05-9 @ H)V R F 2 K i H I
D N-copine & FiEaTHZ L B2RHEL =,

2) 293E Mifgiz B W T N-copine & 0S-9 L DESZHEZL =,

3) N-copine ® 2 & H @ C2-domain Z M+ L T Ca’"k&EWIZ 0S-9 ST 3
ZEEBHEDPICLE,

4) N-copine i& 05-9 @ mRNA 't POKICBWTCTHUEBTREALTWS
ZEEBPICLE,
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N

VFT7RAAEHEZECERBOMBLRINVTOEHRLEFZILNATWVS
(1, 14, 31) ZOEHMOEBICRF - RECTREAPLED b (3-5). ¥F
TRAAEMBRICHEVWERRZEINIVWL DPOERFPEAIEBINT NS (6-
12) L LRSS, COLIRRBEECTEYOY F 7 XA BHICBITSE
R RBEZOVWTERABREREINTBL T, Y F 7 A B ORI, R
BEBELTREETORERBRINTOVRV, FCTYFT7RATAEHRD 2 F
BEZEMBITZ22DCR. VF7RAUBEOBRMNCH>THEEINSERFHF
ZRIEL. MEZHIPICTIDEGHHEEIOND,

VFTRAABMCEETIEGCTFHEEE TS0, FHOD cDNA 2 K
TCIEBRY RLCS ZRIAL T, WA o VvBES LAYV RBE TCRABET E
CFERRLUE. BN EHFHRERTOHOD 1 D, N-copine ik, MHEMRRE
RERL, 2200 C2-domain 2 H>EHE#ZI— R LTWE, N-copine i& Ca*
WEK) VIEEHEAZEAEE b Copinel L EWMHEIMEEZRT Z &5 5. Copine
T77I)—DONBEEORA LV N—THBLEZS5N%B, N-copine mRNA D FEH
EhAAZVBBRSICLVERET IMAZERAKENICRIAE BRI NEZ, 51T,
N-copine mRNA DR IE D CAI-LTP 2ZE T 2 SHEMBIC L EBRIND Z L
ZHHIPE LE. CNOHDOER LD, N-copine X ¥ F 7R #BMHICEET S LE
26N, MOREERBEIZHBIT S N-copine OFRFIX., MEEMNEEKDIZIEHE
T U7 embryonic day 19 THEDTCHEHECHVWREAILR>h, FBIABLKCZD
RBIIWERT 2, COHERIZ. N-copine K AERICBV CHZERBRERX
DIZHUAMOEREEICBVWTREZREEZELTVWEZILETRRT S, 5K
O ZAWIZB N T N-copine DREFPEBHR ERIKOMBEMBICRBELTWSZ
CEHIPECLE, BEEEESCEZOEDICEEREEBTHL. LA RBE DY
FTRAAEMEDBERERINTWS(L, 14, 31) £, TYXROBRKIE 7 =z
EVORBRBEBVWTEEREHZRLTWVWS(32, 33)e 2DKSIC N-
copine DMICBIT A2 RBASHFFIIF 7ATBEHLOBEENETDLO TEWVWHEE
CEBRBEINATE D N-copine Y F 7XE[ M DPEEBRERCEERBEZRT
EWVWHEZEZFRT S,

C2-domain IE | #1iC Protein kinase C-y(PKC-y)(20)D Ca*fE& R A A
vELTHESNE, ZOMEEL LT, Cat'iEH. Ca®RkER H 5 WIHFMKAF
MY VEEREAE. A /Y M=) UEERS. EHEBAREPREI ATV
% (37-41), N-copine @ 2 ZHH ® C2-domain & & C2-domain ® Ca’'#E & I LA
THHILEZLONTWVWAEIDD7ANSFUVRBQRIBBEEZINRNTVWE, ZLT
KRz N-copine ® 2 ZHH D C2-domain D Ca’' iR ERIC 7 A X T7 7 F VNt )
VERETAZLEHEPE UE, N-copinelZ FIcHMBEERE > ICHEAE L., Cat'k
ERCEBRBOCEIT T 2. 2ORKMMIZ2HHEHD C2-domainlic X3 DEeEZH
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N3, 512, B tvo-hybrid system Z W /= N-copine 5 EBEHEDOHER
5 N-copine ® 2 ZHE D (2-domain Bt P ERBEIZBVWTEEEICHEEBL T
WABREBMRFELELUTHEEINE 05-9(34) L CatikERNICEAT I 2P L
Lo S5 DFER LD, N-copine iZ Ca*t > P —2 LTHseE L. MEA Ca??
DERBICHVWHREE»,»SECESTL. IBELT 0S-ILHAaTIEEXILN
%0 0S-9 DMEECEHMBEZFBEH S TWRWD, N-copine & 0S-9 DK
BRI FTAAEND CHMRENLRERBCHES T2 PRI,

Synaptotagmin., Rabphilin-3A. Doc2 EDODWLK DHPDEHEEX 2 2D
C2-domain #Z# 5. "Double C2-domain protein family”’ 2 FFIEN 2 EHE 7 7
IY—ZEBELTWS(22), "Double C2-domain proteinsiZfMFEMEBIZB W
TEETVYFTRAFMACRBEL. @B CEVEORBIEBVWTHRHAZRLT
W5 (42, 43), N-copine i 2 DD (2-domain 2D H LS T, ZOHEEN
8 5”Double C2-domain protein family’d XA > N—RESIRWEEZ S
N3, LT N-copine & Synaptotagmin | EHEMBICBVWTERLIBER
ML EBEPIC U, #BE CAI-CA3 HiB O #AMM I B W T, N-copine &+
AR e EREREICERIER L TWE D, Synaptotagmin I i8R O K
KEBEATHEBELTWE, LEOHER L b, N-copine i&. Synaptotagmin I Al
D ”Double C2-domain protein” B 7L ¥ F 7AW THREZRLTWVWBDIZH
L. FCHRALEREZBICBELVLTCRAMN Y F7RAHBMNTCREZRLTNVS
LEZLbNS, 5T, (BEIEOHAMBEIrPSOUTSZ Yy —7 7 —flIKICT
YX2RBEEZDZLICELD, FR MY FT7 XA D CAl FEIBOH KM T
N-copine OREDBBEINBZ I LZRLTWVWS, IS5 OFERIE. N-copine
PRZAMNYVFTZABATHREZELTCNVWDE VNI EZEZZFT %,

FTRAUBMOL FEERZEADI LTI ABREEFHKERNICREAS
MINBHHEMLF. N-copine ZEREL. ZOHEEMIT 2 LD~ ., N-copine
DHZMABORR N FT7AHMAICER L., Ca¥* v — LT TEC L
ZHHM»PE UMo N-copine iZfh® Copine 77 IV —FEHABL L HIZ 2 DD (C2-
domain ZRHEOHFE LWEHE 7 7»3IV—2EHRT 5, Copine 77 IV —EHE
DKL E] P N-copine £ 05-9 L D Ca R ENHEAOEBERNEBEEIEE 0D
STWVWRWH, AMEOKRRIFY F 7RAAEMR IO FANXLAZEHET
52 FLTCEELREREESEZIZ2DDTHBILEEILIODND,
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H A

MREGEHRERNCREAHBA I NS HREREF L LT N-copine ZEE L
7o

N-copine MBI ENZREZRL., YURAWITBWT, BEPLPHRIKROD
MEMARICER LERBE 2R T 2P E L,

N-copine &, EMRBECB W TERICHMEAKLEBERERBIIBET S L
ZH»P L LR,

N-copine & Ca*fREWNICHREBE 22> 5 EEA KBTI T2 2H b
&L=,

N-copine ® 2 Z H ® C2-domain D’ Ca’ K BEH) 7 + XA 7 7 F VNt V) U §
BERITIEEHIPELE,

N-copine ® 2 ZH ® (C2-domain Dt FEBARBLCBVWTEHHEE ICHIEL
TWBELRFLLULTHREENZ 05-9 & CaMkERNICHAT A Z & 2 H
PELE,
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KODICHEAR. KMRDOEREOREVWEREE, Z{0ERRIHEZ
WERERWERRAZEZRE ARFEZR BS58H ARCEZOBEZRL
XTo T, AMHOERZEZTWERE, RO THEHHEZBOEL
FHEBEX BHEREHAR. P E— EESHUERA L RIREHEREIAL
R EXHRTRABE. B € AHIVEENZTERBRAER (H.
EMARFEZMHER), ELEE ANAFTEEMEE. KHER RAFFRAR
RifZEE. 2BREW AMKEE. HKREN ANERBECEATRHFAORZERL X
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B ORCCSA B.AWEG MR OEXRFREBRTF. NMREXR. RO &E M
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