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Pituitary adenylate cyclase-activating polypeptide (PACAP) has been conserved remarkably during evolution and
is widely expressed in the nervous system across phyla. PACAP has an amino acid sequence homology of 68 % with that
of vasoactive intestinal polypeptide (VIP) and of 37% with that of secretin, indicating that PACAP is a member of the
VIP/glucagon/secretin superfamily. PACAP exerts its actions via three heptahelical G-protein-linked receptors: one
PACAP-specific (PAC;) receptor and two receptors (VPAC, and VPAC,) shared with VIP. PACAP stimulates several
different signaling cascades in neurons, leading to the activation of adenylate cyclase, phospholipase C, and mitogen-ac-
tivated protein kinase and mobilization of calcium. Although PACAP and VIP have no apparent homology with cal-
citonin and parathyroid hormone (PTH), PAC,, VPAC, secretin, glucagon, glucagon-like peptide 1, growth hormone-
releasing hormone, calcitonin, and PTH/PTH-related peptide receptors are related to each other and constitute a sub-
family of the G-protein-coupled receptors. Distribution analysis of PACAP and its receptors and pharmacological stu-
dies have elucidated its pleiotropic effects in the central and peripheral nervous systems. However, the relevance of the
pharmacological PACAP effects to the actual physiological activities of endogenous PACAP has not been addressed,
because potent and selective low-molecular-weight PACAP antagonists have not yet been developed. To assess the func-
tion of PACAP in vivo, we have recently generated PAC, receptor- and PACAP-targeted mice, and provided evidence
that PACAP plays a previously uncharacterized role in the regulation of psychomotor behaviors. In this review, we fo-
cus on the physiological and or pathophysiological roles mediated by PACAP in the nervous system.

Key words pituitary adenylate cyclase-activating polypeptide (PACAP); vasoactive intestinal polypeptide (VIP);
knockout mice; receptor; gene expression; psychomotor behaviors
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MREICEXOMERZED TEZ, (DFT, ZHREK
&Y B> K mRNA O FE 44 % Northern & O
in situ hybridization {2 X D fEHT L, () RIZERLRT
=TT 4 2RI AEERTHIEH 1 DOHM
ELT, TN DT AELT O HEEN ORISR E
o=, Q)fFEonz=sr /J LADNAZHNWT,
PACAP Bz TO 7 OE—% —iEEDHE %% in
vitro B M TR 2 L& BT, THITEDS
MiaNERIZERZEF. 4)—F, PACAP O
JWREMERZERTHHMT, MEMEE (in
vivo) EHIREEEMEMEANDTIVY I VU HENE
(in vitro) 2BV % PACAP HEHZE(IZDWTHN
. O)F/z, ZRROEE— SRz HMEL,
PAC, & VPAC, KUtV L F 2 ZRIKMDF A F
KaELIERL, U2 A& GEREELI
BAH2 R AL UHEDHFEZRE Lz, &IZAT,
BN AL S FH PACAP U T > RidEH7i<, in
vivo R ICIZ BB TFHER T A DIEBNHEATH
o7, (6) %I TPAC ZBKRREBITIRA, 51T
PACAP R (—/—) YURZEZNETINERL,
TS ORBABMNTICE D ZNETHSNTWan
o 7 R KE B RE O il & v S PACAP O Hi L
AREEZRBWEL, b MEREOBENZRT
ZEMTER. (D, PACAP OFKATOREE
BT MatELT, 122D DO REZED
A E 1 DRERFIC BT D IERMF 2N &
EZ, PENK B WIRLE: B PACAP o > 2P 2 =
W IR AEERL T ) NSRRI 21T o
T3,

ARTIE, LEDOXDBEES O EEEZD
T, PACAP iR CTRAETAEHYERIIDON
T, BEMIASN TS AR ZIRN, R B
RIFIREDE FERTFHEEDRIFEEN T ELTO
PACAP B S 7 HIVICEET 5 5% OM5EIC, Hn
WERTIENTENULEZA TS, B, EH
5DMMDIBIHICDNTHBRRI NN, 5

2. PACAP (DT

PACAP |338 7 2 /) 572 % PACAP38 &,
TONKD2T 72 JBM572% PACAP2T D 2D
DT —LN57R0D, TN 5L PACAP gk
(7L 7'0PACAP) oA Ny —FT 1770t
T E O TERT B ZENHSMZIN TN
%. PACAP271Z, VIP &7 3 /EEECHI DM TN
68%ThHV, EILF2EH3TBDOMEMNEND S
ZEnS, VIP/ N AT /20 VF o773 —
IZJ&9 5.2 Figure 1 {2 PACAP, VIP, &7 L F
SO7 2 BEADEERY., 0TI
XI5, AhBBERBEOHFKE L THEHINTY
7NV HTkXRXTF R (GLP) -1, 51
GLP-2, KR E W ARIVE > (GHRH),
glucose-dependent insulinotropic polypeptide (GIP),
peptide histidine-methionine (PHM) /£ EMNEL T
n5,

PACAP38 O —XKH&iElL, TNETIFARSNE
HAFHO TR TOMTERITHREINTHD, 5%
BHEBMOFEZRHM THIZEAERLL Tz,
ZDZ &3 PACAP 138 7 4L Eich = 0 RTF
INTWDHZ EERL, EMEREDHERFICBWTE
RSB ZREZLTNWD I E2RET 5. 29 il
FIZHBTF % PACAP Bz T DT L Tidfhic
BENRNDH DD TERI NN, %10

3. PACAP ZEiR8Y PAC, SREDOSYF /7 0—=
g

A 513 1991 4£12, WAL BV RIIE 2 W 2 58 B
JO—Z2TEERNT, MREE—7 ) =<\
A7 U w B#lE NG108-15 @ cDNA 51 751 —
MBIy b7 LFUZHEARD cDNA 2 HEEd %
ZEWTRRIN U2 W RNWTELEIZ, £D cDNA 7
O—J7Z2fAnErReEay—2A7 ) —-=227ic&D,
Z v b5 VIP 2%k VPAC, 7 51 7 D
cDNA & Bt L 7z, 12 COS7 Mifmic IS ¥~V O
> EF 2k VPAC, ZHEKIZ, VIP 26T 5&E

PACAP27 PACAP38
PACAP HSDGIFTDSYSRYRKQMAVKKYLAAVLGKRYKQRVKNK
VIP HSDAVFTDNYTRLRKQMAVKKYLNSILN

Secretin HSDGTFTSELSRLQDSARLQRLLQGLV

Fig. 1. Comparison of the Primary Structures of Two Forms of PACAP, PACAP38 and PACAP27, VIP, and Secretin in Rat

Amino acids identical in more than two polypeptides are shown in boldface type.
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HIZ PACAP iZbmWlfifEz R L7z, TNET
D EZE N 5, PACAP ZEINMICHKAT S
ZRENNUICEET DI ENHA SN TV &EMn
5, FalTAKS &EHEL T, PACAP EIRW
PAC, Z 731K ¢cDNA % Z v MO K E 7 5 B
BEL, DM & FEB R T O S OB N FE 3150 A5
IZDWNT 1993 FEITHE L 7=. 9 T 51T polymerase
chain reaction (PCR) {£i2& D, ¥ X PACAP %
24k cDNA Z# B L 7=, 5 v s PACAP Z &K
Dra—=>70%, RO 7 )IL—705 bk
HBEINTWSE. W —J, Lutzbld 5y MIRERED
VIP ZBEDHS 1 DOV T ¥ 1 T Ths VPAC,
ZHRMRDNA Z 7 O—Z_2 7 L THEL, fMES
BT AA AU 2ot Bk MING 70 5 <
™7 A VPAC, Z 74k cDNA ZHE L TW\wb, 19

Figure 2 12, ¥ ™ & PAC, Z %K cDNA O ¥ 3
AL, TNXOHEINDT I/ BEHIZRT.
PAC, ZH1K13496 7 X JBEOKRUXRTF RTH
0, ZOHUKMESITOME, 7THEER G EH®L
BRI BERTHD EHEINZ. FENKD207
2RI T FIVESITH S EFREIN, kA2
HEKIZ476 72 JBETH D, T &I 54.5kDa
TH D EHFE SINJ-. Figure 3 [T PAC, 25
RO E OB A ZRT . %@ﬂbﬁ’i59®
N F& 4 BOBESE AHNEC 5 (Asn-X-Thr/Ser) 7338

mf&b,%%@ﬁ?%i%ﬁﬁm;;wk%<m
>TW%. PAC,, VPAC,, VPAC, LK D 7 2
JBEFOMEMIEZHK 45%THD, &ty
L' F >, GHRH Z%KE OMFEMHEIZH 35—40% T
BB, INHTRXTOZEROMEIERITIZILE
WCRESNZIDDIATA UBRENEEL TS
(Fig. 3ICBVWTRHETRLEZZATA > (C)F%
)., TS50 OB P AN E REEBTHZ &
WL TZBERD T > REEE LB S S HERE
ENTVDEEZSNTWVWDS, FE, PAC, ZHEK
T 5 COST ML~ @ 131 PACAP27 #5 &
W&, B-ANAT NI =)L GBLHD) 1T&k>T
ERICHER LU, ZOZEKRT 73U —IZiFEHI
TV hd SRk, GLP-1 2% {k, GHRH 2%
K, > b2 RERCEIFRERERILE >
(PTH) /PTH B X7 F K (PTHrP) ZAMAENE
95, V> b %A E PTH/PTHIP 225K
X, TOUNREVIP/ VAT /v LF >

77 —IT@T A EEFBASNTWERNS 2,
ZRRDO—REEENRIA I N T, TOMEMENS Z
DZHEERT 72U —ITMAGNZHDTH 5.
RUAKOT v b PAC, ZHEEDT 2 J Beil 5%
iz s, U FINRTFRIZBNT3IFHEE N
AR AES I K O 1 R EEFEIH O NZNITH N
TIREMNEBR DDA T, 99% DEWHFEMED H
0, BITHRRZEZHZAET 72U —ICHBITREFEI N
e AT A DRRES NS RBES A MBI ANE, <
U X PAC, ZHERICHFMET % (Fig. 3). 1

4. ZERED 5T FERME

RIZHE SNz PAC, ZEKROMAINIERIZERD
TEMEALICBIT 2 U > REEREICOWTHRETL 7.
PAC, %7k & VPAC, Z %Kk cDNA % DEAE- 5
F 2 MT KK D COSGsl flifln (RHM: G &M
(Gs) Z@FEBIT % COST Hlfie D% E W E dEHikk)
WHRBEIE, 240U NF > RTHEL THBEN
CAMP MELEBEZ T F AL T v EAIEITKOH
E L. £OfER, PAC, ZBAKITHWTIE,
PACAP38 & PACAP27 MMFIT [FIFEE DK IR E M
5 cAMP EAZRHET HDITH LT, VIP 220D
BEXTF RTdH D PHM-27 I X > Tld, Sk
IZBNWTOAHFHEN cAMP EAENED SNz, 7
LF oIV 0E 1uM TH & <JEMEER 2
RS o T, —F, VPAC, Z ZAK TIZ
PACAP38, PACAP27, VIP, PHM-27 71 &  IZ [l 2
EOKIEET, cAMP EAZREL L. £LEE
EOtZ7 LF Ui o THIHN cAMP EANED
S50, VAT bbb MIESEEERZRL
72,19 VPAC, Z &KL, 7 L F ITHMEN
WZ EERNT, VPAC, ZBEKREXSBREU T >
RERMEZEL TWSZENWEINTNS.2 4
oDt 7 LFUZ2REROEEBMAT, Zhbsk
ZERRDOU A > RERMEZE Table 112F EDTRT.

Table 1. Ligand-Selectivity” of PAC,, VPAC,, VPAC, and
Secretin Receptors

Receptor PACAP VIP Secretin
PAC, receptor High Low —
VPAC, receptor High High Low
VPAC, receptor High High —
Secretin receptor Low Low High

a) 1Cs, value of displacement of ligand binding by the peptide indicated:
high, <10 nm; low, >10 nm; no, >1 um.
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1
ATTCGCGGGTTGCGCGTCCTCCTGCGCCTTCAGCCCCTGCGCCCAGCAGTCCCGACCAGCCC
CGAGGCCATCAGCGCTGCATGCACAGTGGAGGGTGGTGACTGACTCCCCAAGACTGGGAGCAACAGCCAGAGACAGTGGCTGGGAAGCACC

154
ATG GCC AGA ACC CTG CAG CTC TCC CTG ACT GCT CTC CTC CTG CTG C(ZI‘%OATG GCT ATT GCT ATG CAC TCT

Mez% Ala Arg Thr Leu Gln Leu Ser Leu Thr Ala Leu Leu ILeu Leu Pro Met aAla Ile A%a lfet His Ser

GAC TGC ATC TTC AAG AAG GAG CAA GCC ATG TGC CTG GAG AGG ATC CAG AGG GCC AAC GAC CTG ATG GGC
Asp Cys Ile Phe Lys Lys Glu Gln Ala Met Cys Leu Glu Arg Ile Gln Arg Ala Asn Asp Leu Met Gly

CTA AAT GAG TCT TCC CCA GGT TGC CCT GGC ATG TGG GAC AAT ATC ACA TGT TGG ARG CCT GCT CAA ATA
Leu Ain Glu Ser Ser Pro Gly Cys Pro Gly Met Trp Asp Asn Ile Thr Cys Trp Lys Pro Ala Gln Ile

400 ;
GGT GAG ATG GTC CTT GTG AGC TGC CCT GAG GTC TTC CGG ATC TTC AAC CCG GAC CAA GIC TGG ATG ACA

(5;]6Y Glu Met Val Leu Val Ser Cys Pro Glu Val Phe Arg Ile Phe Asn Pro Asp Gln Val Trp Met Thr

GAA ACC ATA GGG GAT TCT GGC TTT GCT GAT AGT AAT TCC TTG GAG ATC ACA GAC ATG GGG GTC GTG GGC
Glu Thr Ile Gly Asp Ser Gly Phe Ala Asp Ser Asn Ser Leu Glu Ile Thr Asp Met Gly Val Val Gly

CGG AAC TGC ACT GAG GAT GGC TGG TCG GAG CCC TTC CCC CAT TAC TTC GAT GCT TGT GGG TTT GAT GAC
Arg Ain Cys Thr ]G.%% Asp Gly Trp Ser Glu Pro Phe Pro His Tyr Phe Asp Ala Cys Gly Phe Asp Asp

TAT GAG CCC GAG TCT GGG GAT CAG GAT TAT 'I‘A(GJO‘%AC CTG TCG GTG AAG GCC CTC TAC ACA GTC GGC TAC

Tyr Glu Pro Glu Ser Gly Asp Gln Asp Tyr Tyr Tyr Leu Ser Val Lys WM

AGC ACC TCC CTC GTC ACC CTC ACC ACT GCC ATG GTC ATC TTG TGC CGC TTC CGG AAG CTG CAC TGT ACC

Ser Thr Ser TLeu Val Thr Ieu Thr Thr Ala Met Val Ile Leu Cvs Arg Phe Arg Lys Leu His Cys Thr

CGT AAC TTC ATC CAC ATG AAC CTG TTT GTA TCC TTC ATG CTG AGA GCT ATC TCT GTC TTC ATC AAA GAC

Arg qip Phe Ile His Met Asn Leu Phe Val Ser Phe Met Leu Arg Ala Tle Ser Val Phe Ile Lys Asp

TGG ATC TTG TAT GCC GAG CAG GAC A(8;80AGT CAT TGC TTC GTIT TCC ACC GTG GAA TGC AAA GCT GIC ATG
Trp Ile Leu Tyr Ala Glu Gln Asp Ser Ser His Cys l;laeo Val ser Thr val Glu Cys Lys %?!V_glM_et

GTT TTC TTT CAC TAC TGC GTG GTG TCC AAC TAC TTC TGG CTG TTC ATT GAA GGC CTA TAC CTC TTT ACA
val Phe Phe His al u_Phe Glu Gly lLeu Tyr Phe T

CTG CTG GTG GAG ACC TTC TTIC CCT GAG AGG AGA TAT TTC TAC TGG TAT ACC ATC ATT GGC TGG GGG ACA
Leu Leu Val Glu Thr Phe Phe Pro Glu Arg Arg Tyr Phe Tyr Trp Tyr gtéro I}s Ile Gly Trp Glv Thr

1000
CCT ACT GTG TGT GTA ACT GIG TGG GCT GIG CTG AGG CTC TAC TTT GAT GAT GCG GGA TGC TGG GAT ATG
Pro Thr Val Cys Val Thr Val Trp Ala Val Leu Arg Leu Tyr Phe Asp Asp Ala Gly Cys Trp Asp Met

AAT GAC AGC ACA GCT CTG TGG TGG GTG ATC ARA GGC CCT GTA GTT GGC TCT ATA ATG GTT AAC TTT GTIG
Ain Asp Ser Thr Ala G, Val val Gly Ser Tle val Phe Va

CTT TTC ATC GGC ATC ATC ATC ATC CTIT GTG CAG AAG CTG CAG TCC CCA GAC ATG GGA GGC AAT GAG TCG
Leu Phe Ile Gly Tle Tle Ile Ile Ley Val Gln Lys Leu Gln Ser Pro Asp Met Gly Gly Asn Glu Ser

AGCATCTAC'IT(L.ZRSCTGCG‘I'GCAGAAATGCTACTGCAAGCCACAGCGGGCTCAGCAGCJ:\CTCTTGCAAG
Ser Ile Tyr Phe Ser Cys Val Gln Lys Cys Tyr Cys Lys Pro Gln Arg Ala Gln Gln His Ser Cys Lys

ATG TCA GAA CTA TCC ACC ATT ACT CTA CGG CTG GCC CGC TCC ACC CTG CTG CTC ATC CCA CTC TTT GGA
Met gg% Glu Leu Ser Thr Ile Thr Leu Arg Leu Ala Arg %?f Thr Leu Ley Leu Ile Pro Tey Phe Gly

ATC CAC TAC ACA GTA TTT GCC TTC TCT CCA GAG AAC GTC AGC AAG AGG GAA AGA CTT GTG TIT GAG CTT
Ile His Tyr Thr Val Phe Ala Phe Ser Pro Glu Ain Val Ser Lys Arg Glu Arg Leu Val Phe Glu %11_

GGGC&‘%;O%GCTCCTTCCAGGGCTTI‘G'IGG'I’GGCTGTACTCTACTGCTTCCTGAATGGGGAGGTACAGGCA

1y Ser Phe Gln Phe Val Vi 1 Teu s Phe Leu Asn Gly Glu Val Gln Ala

GAG ATT ARG AGG AAA TGG AGG AGC TGG AAG GTG AAC CGT TAC TTCACTA'IGGACTTCAAGCI-}C CGGCZ:\T
Glu Ile Lys Arg Lys Trp Arg Ser Trp Lys Val Asn Arg Tyr Phe Thr Met Asp Phe Lys H:.s Arg His

1600
CCA TCC CTG GCC AGC AGT GGA GTG AAC GGG GGC ACC CAG CTG TCC ATC CTG AGC ARG AGC AGC TCC CAG .

Pro Ser ILeu Ala Ser Ser Gly Val Asn G]% Gly Thr Gln Leu Ser Ile Leu Ser Lys Ser Ser Ser Gln

1644
CTC CGC ATG TCC AGC CTC CCG GCC GAC AAC TTG GCC ACC TGA

Leu Arg Met Ser Ser Leu Pro ARla Asp Asn Leu Ala 'zl%r‘ End

Fig. 2. Sequences of the Mouse PACAP Receptor cDNA and Polypeptide
The nucleotide and predicted amino acid sequences of the mouse PAC; receptor cDNA. Numbers above and below each lane refer to the nucleotide and amino
acid positions, respectively. Numbering of the amino acids begins at Met-1 of the postulated mature receptor, with negative numbers for the signal peptide. The

seven putative transmembrane segments are underlined, and the potential N-glycosylation sites in the extracellular region are marked by stars (adapted from Ref.
13).

5. SREDOFAFEICELD ) 2 RERMICES Z51K13, PACAP IZxt L ClddkicEmnEmtt 2 rd
59 2 {8 DR 7%, VIP 2% U Tld VPAC, Z AR EBFETH

AIE TR R X D1, PAC, /K & VPAC, 2% 5DIZx LT, PAC, ZHMAKIZZE DK 1000 43D 1
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Potential N-glycosylation site
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Fig. 3. Schematic Model of the Mouse PAC, Receptor
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A cutaway view of the mouse PAC, receptor oriented in the lipid bilayer was illustrated. The receptor contains seven transmembrane helices connected by alter-
nating extracellular and intracellular loops. In the putative extracellular region, the potential N-linked glycosylation sites were indicated by ¥, and the cysteine
residues conserved among the PAC;, VPAC,, VPAC,, secretin and GHRH receptors are indicated by arrowheads.

FEEDOEEMMEL > Tz, T v K PAC, %
BIRE VPAC, ZEKRO T 2/ BB S O H R HE13
45.5% ThHD, VN> RTH%PACAP & VIP I
K170% OE VRN D 2 (Fig. 1), FHESHITZ
NG 2 O0ZFEEITBT S VIP I d 2 BFED
ZD, ZBEEROEDI IR R AL U HEEDENICH
KT2OMIDODNVWTHHL, INSEZRET TS
AT ORR T > ROBFBITHELDEHRICL 20
EEAZ. TITRBEEROVN > RIEGRT T F
VR DIEHEACIT LB IS HEICDWT, PAC, 251K
& VPAC, ZBR It L F U ZBEKEDF AT
EERL THT 2T 7219

F A TZERIIZEZEER DNA 2 HWNWT, #%ik
9% PAC, ZBIKRDT ) LGN S5 Mz
SREIVY—A 2 hOVEEOERES EITL
T, TV HEMTANEZADTZIY AT vE >
TWZEoTHERTZZEICLE. FATZERAE

=%

{
{

¢cDNAFU I ES > b PCREZHWTERL,
I FLEE Al S8 B X 7 4 — pEF-BOS ICH 7 70— =
U COST ISR S E, UN > ROk
BHEE cAMP REAEREICD WTHEMT L /2.

Z DfENTIZ E D PAC, ZAKRD VIP R Z2 K
ERET DB, (1) N ARS8 O i
Gy, (% 1 BEEEMEEN S5 1L —7, 3)
B3I —TMETH D ENHS NS
7z. F7z, EiEQ) O E ITZEEKROIEMEL
WHEETHD I ENRINE. UEXD, PAC, %
BTN < D OREE ORISR & & O fHE D
BWMEET, U RMEGORT Y FEFKRT 22
LhHEESIND, £/-, PACAP/VIP 7731 —
ORTFRO7IZAMERICTEEREEIND NE
ST DECHIDS, ZEEOH 3 ML — T i &
MHEFERT B2 EMNE<RBEI N/, Figure 4122
NS ORERZEZBEAMICE LD TRT.
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(1) The N-terminal extracellular domain (3) The region around the

_third extracellular loop

mmmmme@///

i
SEL

(2) The transmembrane domains |, Il
and the first extracellular loop

Fig. 4. A Model of the Structural Domains of the PACAP/VIP Receptors Involved in a Selectivity for VIP Binding and the Subse-

quent Receptor Activation
For an explanation of this model, see text.

6. PAC, S&{k mRNA OFIRMRZICHTS
HE DT

Northern hybridization EZHWT S v K D&
RRIZBUT 5 PAC, Z21/K mRNA O 788534 % X
&, MITEZ < KHETIAIBICREL T, #
N7 PO MO TITFHI L TR RS
PUFRThol. TITRIZ, K, BIESSICHEM
FEETIZH 1T %D mRNA I % in situ hybridization %
ZRHWTHMIZHENS Z &2 /=, 416718

£9 7 v b PAC, Z&/K cDNA % T 35S £
7 FEARNAZGKRLTO—T 2ERL .
7TO—7 OR R, IEEEFY > F 1 A RNA
1E FI2 BT % hybridization, & % WIZEIHET 2 filt
DZEIKRT 0 — 712 X % hybridization 5% & DLt
BIC K DERL =

F9 Ty Mg kO FRADLHE Y 2 ERL,
FEAETRTOIRMIEZITBIT 2 RBLL X)L %237
i L 7z. 19 PAC, Z %K mRNA I3 fix 4= 385 o i 2 Al
FVZIE < FEH L TH O, BriTmERO SRER A E B
SRR, R R E O R, B N OE
LEEL, MEMITBEE U b2 R e 0 D 5 R IT
FEHITHR <SRBI L Tz, Rhc, MEROHEigR
fa - EARIIE, #B5 CAl & U CA3 OMERHI,
PREGHIREALTE, (TSI iReZ, /NIKEE D7)V F >
TR, TV M ORI 13 e F B
HERINLN >, —F, /NEEE D Bergmann 7
)7 EHEFEINDMAICIE, FREDS T FILIGEE
D5 FEKICBWTIE, BIETIEPEE, %
ETIIEN S HREORBENE SN0, FETIX

FEME S NN, IMERICBT 2RI,
AHBELTHIEFEITTNEDTH .

Z DX DIT PAC, Z BRI /Z 1 Tz <,
HHEOT U T HIZHREANRD 5N, ZOMR
W BE, WE FTERKICBIT 2 AZEIRDEMHSR
EZIICHOTHOENILEDDTHD, FDOHEENT
RIC—EDOHMMEZEZRLEDDEEZ NS,

gl T PAC, = &K IT A T, VPAC,
VPAC, ZBREDFHEIZDOWTHMH L. 17 PAC,
ZRARIBEDIZEAETRTO Y O LEFMHAE
ICHBIL Ty, REEBICIIFRI N S Nz
Moz, VPAC ZHEMKIIWTNE Ny 7T T
RLAXWVDTTF ) TdH>7. PACAP & VIP X
EDBRRIBONTAT I i ERET 20,
PACAP | VIP @ 100 43D 1 725 1000 43D 1 O
WIRETZIOIEHZRET LS Z A6 NTNS,
IO EIIRIEREEIC PACAP IZEIREOE W
PAC, ZHBEDANFET 5 I L& RTHEIORER
EXRLS—HT S, £5EOFRIT, k@GN
TEFRIBITHBIT S PACAP KON VIP D55
2 U WMEETERL, PAC, SHRKENLEZHDT
HBHZEERTHBDEEZEZONS., &EZAT/OAL
HAMEREDS B, JIV7 RLFU 2ozl
PACAP (U > R) MEHLTVWD Z EHES
NTW%, FHEOEREFETEAS L, PACAP
SRIBEHEICBNWT PAC, ZBKENLTH— K7
U2 NI 2U CHERT &L TEWTY S A EelE
NWREBIN5S.

R EHEHEZER TORBIIOWTORNTIE, %
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R ET (LSHMRRED 12 PAC, ZBIKDRNFEH
NI N/, £ I T, VPAC,, VPAC, Z&k &
PACAP & U VIP (U 77> K) mRNA FHIZDWn
THHFN.® PAC, ZAAR mRNA L, FEA s
FTRTOFE=a2—0O> (principal neuron) 1T FHH
L TWw/=. —J, PACAP mRNA i3 D+ =
A—OIZEFEITHRNDDONSTHNH D FE THAL 7
LRIV THBL Tz, VIP mRNA OB ILIEH
WKHhThREZa—O I THRNICHETS Z
EMRVWHEINA, ESFEEHRZH I VPAC, &
VPAGC, ZHRITFHB L TWiah-o 7.

BIEOLA EFRIC, ZREMEEHICBNTD
PACAP |% PAC, ZBEKZEZNL TH—KT U > - X
70 CHESRTEL THW TS iTEEHERE S
N5, L LSRRI, PACAP MR
RIAMEN S WS NT, Eoa—DOVIHEET S
PAC, MR EEMEAT HAREMEEZBETEHHDT
137z,

DL ED#ERIE, PACAP HIHFEETN O Mk EY)
BELT, PFTABEEZRETT H5EEZRZLT
WD TREMEZRIB L TS, BB 3 A AR
MESITHNFIRELTHELEZDBDOTHD, WH
DHEPMEZEHE Z D & PACAP/PAC, SRk A5
L DB Dl L ANEN O EAY D BLERZE N,

Fxl3IFE=Z2—102IZB1F 5 PACAP mRNA ¥
WAk Z IRRETH S D1, BT F T ARZED
IEB) MK L T PACAP B AT 8 A 1T (21 X
NTHO, TORE, BIZL T T ZUREDNRMN
WAL L TWD D TR WD & W D 1EERGE
BATBHIENTEBLEEAT. RITZ DI & HE
MDD EITED, HRRIIBITS PACAP OfE
D~ 2 S ML T Z &L 7.

7. PACAP RIHOREHAE

Pheochromocytoma PC12 fifidid, RIBHEEICH
KT DM TH D, BT OLBFEHEE S
BRICNAEMEIC PAC, ZBRZFBIL TWa. 17 22
T, AHlZHWTPACAP ORBFH 2FX 5D
ZEITL D £, %k 5T X PACAP 7/
L DNA ZHEL THonZ#EETFOTOE—% —
2O SHEERA 1.6kb )L T I —F L R—
Y —BETEER LT, PC2MIICRS > A7 ¢
73ardBbZEIZLD, PACAP BT DRENE
PEEHEE L. ZORE, PACAP I IEHIHRE

WIRIEFITENW L X)LV TH S, PACAP3BZDH
DIZE> THIET 2 ERBNFEIND T ENHS
MITIEo Tz, I BITHA TR 21T o -5, iRk
KT NGF 2k > ThFBEINZ. EHREN S
L 12, PACAP38 & NGF Ol 52 M A % &
PACAP ¥BIIMHIHICHEI L 7=. XIZ mRNA L
N )l Z RT-PCR & Northern hybridization {2 & o
TN L&A, BELNIVOEEEFERICEK
<AHBEL T, mRNA LX)V EEMICEE ML T
52 EN Moz, T D PACAP mRNA #%#E 13,
PACAP38 & NGF IZ X5l 3 KT —27 &
20, REFEXETEHOL VAR E, 48 B
WIZIEETTO L NIVICRES Tz,

KIZ, PACAP FEHFE B9 2 Ml e N 1% s 22
REMIT L. PAC, ZAKIE PCI2 flfli2 BN T
2, 7SIV I ERAKRYN—E C %
EBIEMHIET 2 ENALN TS, £ZTIN
S5O T FINREEGDRLZ D7 FIVRDEERZ
AWTHNEZEZA, TuoTa1>FF—FY A KU
CHHZEHX Td % H-89 KU calphostin C, A T
phorbol 12-myristate 13-acetate (PMA) EHIBRFEIC
£5705714>FF—EY CIEHEDOHEIZLD,
PACAP38 13 NGF Bz & % PACAP #H I3 bH
HIEEHEZE SN, S 517, mitogen-activated pro-
tein kinase (MAPK) T % extracellular signal-
regulated kinase (ERK) ODOHZEX] PD98059 &,
PACAP38 X3 NGF Bt O EH 2 5e 2T HEL
Z. L,L, ZIN5HEEFEHRIT PACAP38 & NGF @
[ e 30 8 RF D PACAP JE B BRE 2 55 < BHE T
EMFEAEENTH 7.9 2T, I5ITMD
SUFIVEDNEET HulfEEERE LzE 2 A,
p38 FHZE %I SB203580 /%, PACAP38 & NGF Z#1
TNHM D 5 WILFERFFRRIC K % PACAP %8l %
FEAEZERICNMHI T ZEZRVWHELZ. O
PAC, Z24K7 p38 MAPK #{EM(L T % Z &1
COTOHIATH 5. 202D

PACAP 5/ PACAP HIRICL > T, £/
MREERTEHAMICHERIND Z &1,
PACAP WA OIS B K ERICHEEI NS &
TORHELFFT D WEEEZEZRLT) bOLE
ALz,

8. PACAP (& 2 #iZHRD A1t

PACAP & NGF IZ X5 HFAEH O AN EZEZ
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FND L, £z PAC, ZHEEKD LT FIVRITEBT
% ERK 20X p38 MAPK O #| %85 M2 d 5 2
EZEHMELT, PCL2 Mgz BT % PACAP3S &
U NGF [Z K52 EFER &, Tnicwd 2
MAPK FHEFIDOERIZ DWW THE L /=, 20
PACAP38 |3 BAKFRYIC IR 2 A 3 2 Milfla
OEEZMEINS /. NGF & O R EFREE I,
REZFEOMBEGOEME EDITREZDOHDOD
EIbHoONIEL o/ 20L& MAPK [HE
HOERIZDOWTHHNS &, PACAP mRNA FH
KT 2 LR D, PD8059 IZIZFHEE AN
BN, SB203580 13 &< EHTH - 7=
PAEX D, PACAP 12 NGF & & % 12 fifEH i 7
b Zf 9% MAPK RO EiIC EE A &E 2 17
T EMRIN. p38 MAPK [3r3K, stress-acti-
vated protein kinase D —E TH D LRI TW
el BE T A RBERRICE 592 2 &AH 5N
TWa, FEOHEREDHEDE, PAC, ZEMKRIZX
> TIEM LS5 p381d, PACAP Eis THBITH
AT E|Z 7= L, ERK & PACAP 12 X % #ifts)

EICEVEERBEZLTWS I ENRINE. K
SRR 12 BT D PACAP 0@ = 2 B iy i
Fig. 5127

9. PACAP REORELEFHER

RIZEEZSIL, #HEMALICHB T 5 PACAP 5 E
7%, ISNDIRERFICEDXDITEBILT BDH, %
ENNEDXD BB EETLHNITDODNTHEFZIT
o7z,

X9, MM EHAZETTIVIC IO — M ke i e
EFERLET Y NERWT, in vivo 45
ERFIZHBT 5 PACAP OFBA(L %, mRNA & X
TF RLUNIVTEMN L. 2 2 ORE, #BE D CAl
BERHIAC, ok IR R L T © PACAP FEHLIS,
HEERE 24 B CHEZ ICHEMT 2 Z N RN
Nz, ZTOZ L, PACAP [IEIMEEZO BT
FEMHEMT D &2k, 25 < MAPK 2% 0
RN S 7L DIEME L Z T LT, MR REDE =
ZRIELUTOWLSAESRZRETSHDTH 5.

ZOREEMEE I 5ITERT S92, Tv KK
R B g A R IR 2 W T in vitro TORE 217>

v
PACAP

!

PAC, receptor

TR AR i
JALLLLAEL

Adenylate
cyclase

[)
o
@,
[

cAMP

l

Protein
kinase A l l

4

MAPK

PACAP
»

NGF

NGF receptor l

it
44888

Ll
44844

Caz"' / Protein

f_/ kinase C

2

PACAP mRNA 4

N

ERK, p38

!

F 8

v

«w

PACAP mRNA expression
Differentiation
Modulation of neuronal transmission(?)

Fig. 5.

For an explanation of this scheme, see text.

A Schematic Representation of PACAP Signaling System in Sympathetic Neurons (PC12 Cells)
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W EENY I B THDTIVY I Rk ENE
12X % PACAP BE DL ZF Rz A, 241
iz ' — 2712 PACAP mRNA L )L 723 BEZE 12 340
THIENHENTR S, ZOREENIX
PACAP 7 > % I=Z b TdH 5 PACAP6-38 I &>
THEICHESIN/Z. X512 PACAP6-38 13, %
RO EFREEZ DI TS B .

IS ORERIE, WIEME PACAP I3 02l i b
XD FBMFEANTEEIN L T, MR REICE <
KHFTHDILEHM<RETEHDTH 5.

10. 4/ L DNA O Hi5 - SR

& T AT in vivo IFRIZE RN IR K5 T PACAP/
VIP 284K 77 > R, FpEAY7R 6 R & fH & &
MRIERNZEMSE, ZTOMHFICITE LR THRER Y
ZDERPUNETH D EEZ SN, £IT, #Eix
T/ w77 bR ZDOERE LR T B O
MixEBHMELT, £ XY /L DNA DH
HE - MG 21T /2.

10-1. ¥ 77X PAC, RBREKEGRTFOEE
v N PAC, 2K cDNA #70—7& LT, 129
RYXURABLETIATIV—DAT ) =22 T %47
W, ISICEETFSRTEITD ZLICEST, -7
OE—4 —fHlz2 S DIFTLEDY T X PAC, 2R
KRBT 2BHEEL 7=, 29 PAC, S RKEMLETFIZ 50
kb A ETHD, BHOITYY B Sn-#idE
Tholz. Fih, £T7YV > Tad—REINDHZZHK
OFEREBIL, MR 7 FINXRTF R, NEME
ShaEIE, MR - S D)L — 7R EE A R ST
L TWe, ZOZERETY Y N2 HRORERE
MR T RAA 22— RTH5IELEEZRBTEHHD
ThHad., INNESHTHRREFASZERETLY
VAT E S THECE s TERLUZEBHTH 5.

Southern hybridization fE#i2 &L 0, AKEREZETIX
RYUARGCARDEMSDH -0 1 DETEET D Z &N
RSNz, 2, YUK mRNA Z2H W=7 T
Y —HEEICKDBMITIC LD, BRI ATG
BRI R DK 83kb LR TH D Z &0
S/, ZOS-BEOESE (G+C) NNV,
TATA box 1Z7:<, CCAAT box D SN, F
7z, Spl, AP-2, NF-1 72 & O#x 53R i [K T D #E A ic
FIDSHWH X N7, AP-2 13563 By B o0 el 1
RETHIENHENTHOD, PAC, ZBERNFE
HOMICE L RETHIEE-HTEHHEDTHS.

PAC, ZAKBLET OEEMRTOMEIIHAE DD
TINNEFLHTOHDERD .

10-2. VPAC, RBHELFOBELLEREHE
PAC, Z AR DGH L FRICHEEL TG ZRE L
2.2 A T2 16 kb L EOESAH D, 13D
IO T EIINMETH > 7. BHERHAERIT,
ATG BB R > D 114bp LI TH D Z &5
Motz ZD5-BEERINL (G+C) NENWA,
TATA box 137:<, CCAAT box D 5N/~ £
7z, Spl, AP-2 Ex 53R F DR G E SN D S
N7=. & 51T interspecific backcross fEHTIZ L D,
AREBELETORGK EOREEZMBTL, A#ELET
Viprl 135 9 e tatk O m AL E B I & L,
cholecystokinin (Cck) &472< &H 3.4cM LI D
WBEICEET A I ENHALSNICR . Cekidk b
Tl 3p22-p21.3 IZ/ET 5.

10-3. PACAP ERFOHEE FHSWEIEAE
KOBRET VN RM6D7 T O—FHEETH
HE#EZ, XA PACAP BIEFZHEEL, Wi
THEFMNOEOTE—REFZHS ML &
(Fig. 6) .29 K& {5 713 6.6kb DEHIM 520D, F
W —FT 4TIV >bEDDIEHOTTY >
ICE>TCa—RENTPHD, 5-rapid amplification
of cDNA ends (RACE) {£ICK ST ORER, 31
DGRBS RV I Nz, k# % PACAP
(PACAP38,2NI3L /Y > 5Sicad—RInThi
- BEEERCANICIE, cAMP IREMETL A > K, TPA
&M T L A > b, growth hormone factor-1 f5 &
YA MRBRAE SN, 5 7THICBUT % PACAP 5
EHEOWPEZ, ZhsOREREESZ2ED
ATG BIFRBEIIA O R > @ B —1,593——6 base DK
1.6 kb OfcH &AW TITo .

11. PACAP RIEVI X

F# 5I3AIETHE 7= PACAP /7 / 1\ DNA % H W
T, PACAP BT DY~ T 1 2T &f1>7. 2
ES 1%, El4tg2a EB3 Ml 2 H /=, AH
W&, PEPIEL CRIRZEEERVER, B, B
REMERR IR ZE 7 — 4) 5 4% POU #25 K Oct-3
(ES Mg IR LML R FE OMEFFICBH < v X & —
HWF) ©70E—%— T EAINN M E R T BSD
% internal ribosome entry site (IRES) FEd%17Z W\ T
w4 UEEMRTHYD, 71— —HMldz
EHEFIZE W germline competency HH L T W 5
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PACAP38
Mouse PACAP locus
Hindl Hindill JPvull BamHI
Hindil Xhol IHlndIII 1A1B 2 3 4 s BamHi | g, H'chll HinldllL
¢ : — i , L 2
H ! \\ \\
1 1 Y Y
Targeting vector i Hindlll | . hlw BamH
Notl Hindill 1p18 2 a~a_\/" v/ BamHId * pyyy
A s ) e — —eo s :
Mutant locus Hindiit Hindll _~ Pvull BamHI
Hindill Xhol IHindIII 1A1B 2 3 4 P BamHl | pyy HiTcll Hinldlll
< . LU HE-R [_—Neo » ] L 2
5' Probe 3' Probe
1kb

Fig. 6.

Alignment of the PACAP Locus with the Targeting Vector and the Mutant Locus

Potential crossovers are indicated by crossed solid lines. Closed boxes 1A through 5, exons 1A through 5; DT, MC1 promoter with diphtheria toxin A-fragment
gene; neo, phosphoglycerate kinase promoter with neomycin resistance gene; black bars, probes used for Southern blot analysis.

faTdH 5. Figure 6 (TR Y =T T4 2T NXTH—
% FAW T ES Al O A R 2K 2 1572 1%, MO8
IHEAL, BBETZZEICE > TFATIITIAE
Bz, ol EfITVW2HRBICREELE R
PACAP R{EY U X #1457z,

PACAP RIEX T X1, BEr —Y 25 s &
ZIHEEEENR TSI =M TCLED R
EOFENHN >z, FREFNTHSTIOEN
RYUAMBERELET DT — AN N LTG0
Z. TITEZESIIINSICDODVWTHFH LML
7":' 27)

11-1. PACAP RIEVT ADEHEFTR

PACAP RIEX T ZI3I A > FI)VANC K 5 PR
THAETZHDD, BEALETITKEENRTT 5.
BEFLEE DIEFICTAREDE ML TWRN 5 R ARFER T
T AMEL, HENSERAT S TORLTRIT, 60
%MBIEE 100%ICESEr— A HH>7-. PACAP
R~ ZZBEICIIHAR Y 2 EFEREOA
GRTHDEEZEZLNDD, FRITE I NEREL
THEEIIONWTIIGDEZAEELLS > T
s, EERO- PACAP RIEY T A DML, %
FHEENDIRIBITIE R U Tz, sChE DBEE /D7
Z&, FERMETENATRTHZ ZENER (O
—f) TRABnwheEEZGNS. D

11-2. RBHITE$OZE(L PACAP R~ T A
I £ HE RTE R E RSN -T2 7
=)V BT B FREB A TTHE L T/,
YU ZIHHRBEICEND &, BRANIEAITIRSR
TEIZITOM, FRE & B “Bh (habituation)”

MR ETITEENEA L, Lzl TEEDRBED
FiX =0 K 512725 (wall-hugging behavior) .
LU, PACAP R~ ZX13A7a< & 1 KD
HEFRFRI T3 ENAEE Z 57, wall-hugging behav-
ior DEIGIIERICDIRM T, THIT, Py 2T
EREIEOBRTEVWSIBY > RBBZRL -
(Fig. 7). 60 31O HIEH, i 1,500 BN B2 v
CTTBHITA DN,

T ZTRITR T ADEFF L « AEL NV ZFHNRD
TENEM 2R MTIE (SRR, fth 3 fkR)
ERWTCHREEZ A, REART T ANIALEH
DITEN D72 <, FHHMEORLZITE (novelty-seek-
ing behavior) ZX</RL7z. HREOLT v > 717H
EHRLTWD E, IUANZDHEHMNS OHkEES
MENDITAHICEBAL TVENDEIITHKL S
N, HAFEMMENBRNTEI TR RWh &b/,

BLIRZE N Z &1, 2O XD 7 BETENI IS HR
ENOXY =)L TRl SN, £
7z, N TIEto b= (5-HT) R#MEHNHED
LTWiz, I5IITHEE, S-HTj, 7d=Z A ML 5
IR TR D E W, F R E S KIS O prepulse inhi-
bition DFIR EDERBIM S LWL TH D, BE
TNENUTDWTHMR BT 2D TN S,

IN5 DRI, PACAP RIEX ™ AU 51D
FEARREERICBE D 5 EZ /R L TH D, PACAP
DG HRRAEE O FETICBID > TW D ATREM 2R T
HEDTHD. ZDEKDIT PACAP A5 HTTEI D
HICB T2 2 &1, TERDEMZNMILN S IEE
<FHEHINTWERNEZHDTHD, PACAP RiH
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Fig. 7. Time-Lapse Photography Showing Hyperactivity and Abnormal Jumping Behavior of PACAP-Deficient Mice (Right) in

Comparison with Wild-Type Control Mice (Left)

Upper insets, examples of locomotor patterns during the last 10 min of a 60-min recording. Tracks of 2 representative mice in each group are shown. These
hyperactive and jumping phenomena were originally reported in Ref. 27. Reprinted with permission from Ref. 39.

AL ER - SRR ORI &, = OREEICHE
DR TIREZERS L TE<H LY —)LIZkR5HD
EEZATNS, mIOEEREHEMFITIFIRICKD &,
0 SR FRE B OV S 7 P 5 D S AR 88 7Y 18p 11
WWHDIENRBINTNDS., ZOEHMIZIEE b
PACAP Bz FHHEMLEL TW5S. b ~ PACAP Ei:
FHEOERN, INSHEBICEHGLTWDNE DM
W5 BOMAOEERBETH 5.2

12. PAC, ZBHRIEVYTIR

PAC, ZZ&RRB YT X HATHE T FARICER
L7z
EESBERGMBI R ES T FIVESIE - R
I 2% —TT14 27 LA EER
L7z, ZOXRTRADOKTIRIANY —F T 1 TAT T
A 2TRE>TIIZY I MB3ITDIRN-> 7k
mRNA WEAEL, ZOHHE N KN truncation L 7=
FEMM—EFBL Tz, BRI IZOMED, Z
@ cDNA ZHEE L THBERZHWTHN L 72
R, BRZHEEO T FIVELFNT N S B E 0
WHETH O, EFBHEEANOBXICEEREE
ERETIEEZBHASNITL L, 230

ZF D, Jamen HIZ I HICFHRDOIIY > %
=TT 4T LEITARDNTHEL T
% .30 F 7=l Otto 51, BH O EKREAEIT T X
EEBHIT, Cre-loxP ¥ AT Lz Wik B
=T TR ABIERL T, Otto 5

& PAC, ZBMERRIE~ D A1, R 7R 2
FHATTITENIIER THHD, WMHKEFENREST
HORNMETL TWEZ &, £2, FUBEKE
M7RFRE T H > THE— U Z/KKEE TOZEMFEIX
EEThoE#HEL TS,

13. KIg p iR ER PACAP PS5 X2 =
v 7RI X

E# 513 £ 7= PACAP O Bl {3 i 8 b 6E 2 in
vivo TEBI 9 2 HR T, WK A MR 21
PACAP I APz 2w I RIUAZERL, i
HIBE IR < ™ A & DZEHEE DB (R 3B A1) F15 %2 H
WT, PACAP 23 I BIJLON 11 BUBE IR RE 2 2 L,
B Al A & flE g Sl gEE 2 I U TR L (8%
M), —7, PACAP REX I ATIEA AU >
SUWEENE TL T, T 513 PACAP > 7 5
IV, b AR RS R I B D B & T B
EXFFTA2HbDTHS. SEROMERMERSZDT
BIkHSHATH 5.

4. FLHEESEDESE

i, in vivo BRYEMET PACAP 731 % fif X i
D WA Z % U, in vitro Tl fibroblast growth
factor (FGF) 7% & @ mitogen {EfH Z[HET 572 &,
NAENE O TSI SRS S 7 F IV TH S Z &
HEINTWD, ¥ —J zinc finger potein Zacl I3
p53 O coactivator Tdh 0, HifidEWIFHIE & apopto-
sis A E 2 ED MW EEEZ R > TH D, ¥

|
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functional screening O WF LI K D p53 &£ & H T
PAC, S BHRAEBRZFH LT HHERTTHDH I LN
REINTWND 3D PAC, TR & Zacl®) |3 &
12, FEEAIRER OMRRE R EOHEBICHE TS Z
EHWESIN TS, &I, Zacl IZRDIAARELR
FD1DTHD, PAC, ZBEKRDOEGHEH T TH
% Z & &, PACAP 73l g fa-1 > AU > orikzBE
HOWEF CTHROLBEETIRFTHD I ENS
Zacl 73§28 Y — 3 P R 9 O I R & AR T D g i C
HBHEMEZINTNS. W D AABLETFIZREICHE
RHIDOFE S MLICEEE KT THDONLN T &
5%, Zacl MHBEROFEZEIIEWVWTREZTEE
N, GHOBEELRHETHDLEEATNS,
FEREED Y 3 Y 3 NI ERIK amnesiac 713,
PACAP REOVBIL T OHEAERELERZAGL T
% EM 1995 TG SN, ENHENEMS
NTWDB. Amnesiac R DFER H & T,
PACAP BB FIZFEE I S ORI D g T 4 - #r
AOHINCEEE L, £MRD ST T ZRZEDORE
ST 52 EOBNAREE HH->Tns EEX
515,89 L7z2> T, PACAP RIE~Y T A D #fifk
REBANL, 7 I MR EOREREN DL &
H—HEG L, &5ITHKIZEBIT RIS B & 2
MEINSDZEDERER > THNTVWE EEZS
N%. PACAP IF, FEEHIOHEREOETEET,
BRI D A0S < D FE 4 ORTEKHINE (A
EXHIfa s &) Dbl HREEE L TWw 2 nffetEn
120

S0L, FEM ERIRIZB IS PACAP 0% E|
2RI B HEMT, BT - SR E R
FRIEY T Az AW =tatse, i anEH e o 552
% (ES i 5 @ 531k R #E <> neurosphere i iki%
12k %) #2HWT, ps53/Zacl H &/~ PACAP B
H T FIOEEIZTDNT, KICH/NEEICBIT S
s AL iy DR E SRR & LTI L, AT TR
TPV DA - SRR EREMPIL 2 EE X
TWa, INSOWMZEZEEBL T, EREM - IdHEE
DEEPHEIRFER EDE NERTREOHETF & RE
AIRDEIICHT MR ZED TITENWEE R T
N5,

HEE AR THRREZEFFESOHEITIFEAE
TR, B BHEBROMEEED S 12, KRA

FRFFEFE L RRREEI A B TITON DD
ThD, HEEOEHROHEZNIZLSHDTY. £
FENANOIFEIRIEE D H 2T, LRI Z
WhEEELE, ZZITONSE<SEHBL BT
. ARHEO IR, SRR EA R AT E D)k
&, T RIVF — - EEHEIMEBG KRS
(NEDO) OWFFEBIk&IC &L > TIibNZbDTH
0, PFETEHEL BT ET
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