27 3 Vol. 27, No . 3

2003 5 ACTA HYDROBIOLOGICA SINICA May , 2003

H &R RERK

( , 510275)

ADVANCES IN THE RESEARCH OF PITUITARY ADENYLATE CYCLASE
ACTIVATING POLYPEPTIDE IN FISH

XIAO Dong and LIN HaoRan
( School ¢ Lfe Sdence, Zhongshan Unhwersity, Guanghou 510275)

Key words: Fish; PACAP; Hypophysiotropic homone; Growth homone; Gonadotopin

:(0959. 4 ‘A : 1000- 3207( 2003) 03 0296- 06
(Pituiary adenylate cyclase c¢DNA PACAP ,  PACAP
activating polypeptide, PACAP) 1989 ( Cryptic peptide)
s / ( GH releasing homone, GHRH)
th , PACAP, 45 PACAP 38 16
PACAP38 -27;PACAP38 38 ,PACAP 27 PACAP ,
PACAP 38 27 , PACAP 38 PACAP38 -27 GHRH
=27 ; PACAP 27 like s GHRTH like s
PACAP 38 (2 , PACAP CH, PACAP ¢DNA
, GHRH!"! PACAP ¢cDNA 175
, PACAP , PACAP 38  GHRH like
PACAP , , , GHRH PACAP mRNA (8
(3 PACAP ,PACAP  GHRH , PACAP DNA
PACAP (PACAP relar-
, PACAP ed peptide, PRP) GHRH
(Growth hormone, GH) GH, , GHRH
( Gonadotopin, GtH) 191 1107 pA CAPs ; PACAP cDNA
, GHRH like PACAP 5
1 PACAP
GHRHs  PRP ,
PACAPs ( PACAP38 -27)[*3 PACAP 38 GHRHs , 32% —41% ,
PACAP 11—24
Sherwood PACAP, s PACAP 5 4
:200F 07 20 : 200+ 10- 30

(39570099) ; (980308)
,(1969—), ; ) H : : ’
74, 510089 Tel: 20 87331234( 0) , ¢ mail: Xiao _ d@ hotmail. com
,Tel: 020:84113791(0), E mail: Ls32@ zsu. edu. cn



297

, GHRH -4 , PACAP -5 ;
, PACAP 5 GAAT
TATA ;
- 4( GHRH) :
GHRH/ PACAP s
(1] [12] PACAP
mRNAs( GHRH  PACAP, PACAP)
PACAP mRNAs ,
GHRH PACAP
, PACAP
, PACAP38 Ll PACAP 38
, 1—8 ( NHr )
,9—26 @ s
28 —34 G a s 27
. PACAP 27 G
, 3D PACAP38 (N
His Ser- Asp (1—3 ) o (11—27
) G (28—32 )
, , PACAP
38 PACAP6 38
, PACAP D >
PACAP 38
PACAP 38 35 2
[1s. 161, ( U
naoscopus japoricus ) ( Dasyatis akgei) PACAPs 27
, G
0 PACAP 38 :
PACAP 38 PACAP 38 s
G 3—4 s 27
(81, PACAP38
PACAP 38 92.1% 89.5% 92.1% 87.2%
89.5% s , PACAP
PACAP s
Chely assoma productum | (Tunicate) |
. PACAR27
cDNA , PACAP27 s
PACAP GHRH- like , PACAP 27 mRNA
, PACAP 27
(19 DNA Southern s
PACAP ,
s PACAP
PACAP

, PACAP .
PACAP ,

GHRH
PACAP . PACAP
, PACAP  GHRH ,
PACAP  GHRH (2] ,
PACAP  GHRH
2 PACAP
,PACAP
, PACAP PACAP
,PACAP
: ,PACAP 8
; , PACAP
PACAP Montero 21
PACAP ;
PACAP ,
PACAP
PACAP
[2] [ 23] [24]7 PACAP
PACAP GH
, , PACAP GH
PACAP ,
PACAP .
PACAP , PACAP
;PACAP 27 -38
[25,26]
PACAP , PACAP
( ) 1 Reid  1**
/ PACAP
:PACAP ,
PACAP 27 ,
[29
PACAP ,
PACAP KCI
PACAP B30 RNA , PACAP
PACAP/ GHRH like mRNA,
PACAP mRNA ,
; PACAP mRNA



298 27
cAMP PACAP 38 100
PACAP mRNA PACAP VPAC1 VIP , ,PACAP
, PACAP VIP
3 PACAP VkAG2 ¢
, - (PHI)
PACAP ; PACAP - , PACAP 38
. PACI VPACI  VPAC2, VIP ; , PHI ( VPA(2)
G , 7 ('TMD) ; PAC1
( 60KD) PACAP ,
; VPACI 4 pacAP
(58 KD) VPAC2 (58 KD) PACAP/ VIP , Ca®* Na* AC
[ ('Vasoactive intestinal peptide, VIP) , ,PACAP s PACAP
PACAP  VIP 1. ,
, PAC1 ( Isoforms) PACAP ,
(Intracellular loop) hip/ hopl/ hop2 PACAP AC s
; (Adenylate cyclase, AC) PACAP s
C( Phospholipase C, PLC) PAC1 PACAP : @
( C , 4 ;@ PACAP ; ®
(TMD4) ) ; PAC1 , PACAP ; @ GH
T™MD4 (cAMP) (1H) (FH) (PRL)
(1P3) , I cd Ca** (ACTH) PACAP
L,VPAC1  VPAQ2 1P; ,
cAMP PACAP
PAC1 GH Shewood , PACAP (
, ¢DNA GH) , PACAP 38(  PACAP
PAC1 , 38a  38b) , 134 GH
G , PAC1 465 ; PACAP 38a - 38b, GH
, PACI1 , hop2 , PACAP
. . , PACI GH
PAC1 (31 , PACAP PACAPG 38
LVIP  cAMP , PACAP GH ; VIP
PACAP PAC1 ; PACAP GH ; VIP PACAP
PAC 1 GH cAMP GH , ,
A (Protein kinase A) ( cAMP-PKA) PAC1 PACAP  GH PAC1 , VPAC
cDNA (Cos 7) cAMP , ; VP VIP
;PACAP 38 -27 Cos 7 GH ,VPAC PACAP
cAMP . VIP GHRH GH
s PAC1 s s (Somatostatin, SRIF 14) 5
, PACAP GH
, RF PCR ; SRIF 14 , PACAP
, GH, GHRHs
VPACI , (GnRHs) (33
VPACI 62% —68% 132 PAC1 ,PACAP GH ,
VPAC1 , GH LPACAP  GH
VPACI ; PACAP GH
cAMP . PACAP 38 Wong PACAP GH
VIP [ ,VIP VPACI (1, , PACAP GH



3 299
PAC1 ,AC/ cAMP/PKA  PLC/ IPs/ PKC  PACAP GH Na*
PACAP GH Wong S TTX ,  Wong , TTX Na*
Ca® VSCC CaMK 1I , VSCC
PACAP AC/ cAMP/PKA  PLC/ IP3/ PKC , AC/ cAMP/ PKA PACAP
; Ca® GH [%1. pACAP GH
PACAP GH , cAMP Ca* ,
, PACAP IP, Ca*
PACAP
D Na’ Ca’
D TTX-sensitive Membrane
Na  channels Depalarization VSCC
. : (‘
’ ,J'
2]
l\'\il\hl:liic
______ free Ca™
[

Intracellular

2% Ca™'
[Ca™ ] store

®®

Ca™ /Calmodulin

CAM Kinase 11

1 PACAP
Fig. 1
PAC 1 receptor: PACAP I
(A denylate cyclase); PIP2: 4,5
(Diacyiglycerol) ; PKC:
monophosphate) ; PKA:

C (Protein kinase C)
A (Protein kinase A); VSCC:
ulin) ; CAMK 1I:

, PACAP
GH) ; , PACAP GH
GH GH
GnRH GHRH -Y )
( ) PACAP GH
GH
Moriewn
PACAP  GHRH GH
, PACAP GHRH s
PACAP  GHRH lke
GHRH
PACAP
PACAP  GHRH ,

GH exocevios:s

GH

G (G protein) ; PLC:

A working model on signal transduction mechanisms mediating PACAP ¢ imulated GH release from fish pituitary
(PACAP type I receptor); G:
( Phosphatidylinositol biphosphate) ; 1P;: 1,4, 5

C (Phospholipase C) ; AC:

(1,4, 5 triphosphainositol) ; DAG:

; ATP: ( Adenosine triphosphate) ; cAMP: (Cyclic adenosine
Ca* (Vollage sensitive Ca2* chanels) ; CAM: ( Calmodt
Il (CAM kinase 11)
GH , GHRH
( ,PACAP  GHRH
,PACAP GH , GHRH
(
, PACAP GH PACAP 38
, GH mRNA , PKA
HS9 , PACAP  GH AC/
, cAMP/PKA
, , PACAP GtH 37, 38]
. PACAP GtH;
, PACAP38a -38b GtH
, ,PACAP GtH AC/ cAMP/ PKA ;
; ,PACAP  GiH PKA PKC
,PACAP



300

217

(

PRL ACTH ) ,

1989 PACAP, , PACAP

PACAP ,

[ 1]

[2]

[ 4]

[5]

[6]

[7]

)

, , PACAP
PACAP PACAP
, PACAP \
PACAP GHRH \
PACAP : PACAP
, GH ,
,AC/cAMP/PKA  PLC/IP;/PKC
PACAP GH \

2
Ca™

PAC 1

CaMK I
GH
) PACAP
, PACAP
, PACAP

PACAP GH s

, 1 PACAP GH

Arimura A. Perspectives on pituitary adenylate cychse activating
polypeptide (PACAP) in the neurendocrine, endocrine and nervous
systems| J]. Japanese Journal f Physiology, 1998,48: 301—331
Vinezo E, Koves K. Structure, localization and physiologic ole of pr
tuitary adenylate cyclase activating polypeptide (PACAP) [J]. Orv.
Heil ,2001, 142(10) : 4991 —496

Wong A O, LiW S, LeeEK, e d. Piuitary adenylate cyclase ac
tivating polypeptide as a novel hypophysiotropic factor in fsh[ J].
Biodem. Cell. Biol., 2000, 78(3):329—343

Delgado E, Wei Y, Martin S C, @ al. Cloning and characterzation
of PACAP peptides i zebrafish[R]. Program and absracts, 10th Iir
ternatibnal Congress of Endoaimology; 1996; June 12—16, San
Francisco

Matsuda K, Takel Y, Katoh J, et al. Isolation and srudural charac
terization of pituitary adenylate cyclase activating polypeptide
( PACAP)- like peptide the brain of a teleog, stargazer, Uranoscopus
Japoniaus| J]. Peptides, 197, 18 723 —727

Parker D B, Coe I R, Dison G H, et al. Two salmon neuropeptides
encoded by one brain cDNA are structurally related to members of the
glucagon superfamily[J]. Eur. J. Biocem., 1993, 215 439—448
Paker D B, Power M E, Swanson P, et al. Exon skipping i the
gene encoding pituitary adenyhte cclase activating polypeptide in
salmon alters the expression of two hormones that stimulate growth hor

mone release] J]. Endocrinology, 1997, 138 414 —423

[8]

[9]

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[2]

Kwon H B, Joss JM P, Ishii S. Recent Progress in Molecular and
Comparative Endocrinology[M]. Chonnam:HRC Press. 199. 383 —
38

McRory J E, Parker D B, Ngamvongchon S, et al. Sequence and ex
pression of ¢cDNA for Pituitary adenyhte ¢ clase activating polypeptide
(PACAP) and growth hormone releasing hormone (GHRH)-lke pep
tide in catfish[ J|. Mol. Cdl. Endocrinol., 199, 1085: 167 —177
Fradinger E A, Sherwood N M. Characterization of the gene encoding
both growth homone releasing hormone( GRF) and pituitary adenylate
gclase activating polypeptide (PACAP) in the zebrafish[ J]. Mol .
Cell. Endocrinol., 2000, 165(1—2):211—219

Krueckl S L, Sherwood N M. Developmental expression, alternative
splicing and gene copy number for the piuitary adenylate cy clase actr
vating polypeptide (PACAP) and growth homone releasing hormone
(GRF) gene in rainbow trout [J]. Mol. Cel Endocinol., 2001,
182(1): 9—108

Small BC, Nonneman D. Sequence and expression of a cDNA encod
ing both pituitary adenylate o clase activating polypeptide and growth
homone releasing homone like peptide in chamel catfish (Ictadurus
punctatus) [J] Gen. Conp. Endoainol., 2001, 122(3):354—363
Montero M, Yon L, Kikuyama S, et al. Molecular evolution of the
growth homone releasing hormone/ pituitary adenylate cyclase activat
ing polypeptide gene family: Functional implication in the regulation
of growth hormone secretion[ J]. J. Mol. Endoainol., 2000, 25
(2):157—168

Wray V, Nokihara K, Naruse S. Solution structure canparsion of the
VIP/PACAP family of peptides by NMR spectroscopy[ J]. Ann. NY
Aad. Sci., 199, 865 37—44

Chaitrel N, Tonon M. C, Vaudiy H, et al. Primary srudure of frog
pituitary adenylate cyclase activating polypeptide (PACAP) and ef
fects of ovine PACAP on frog pituitary[ J]. 191,
129: 3367 —3371

Endocainology ,

Yasvhara T, Miaino K, Somogyvarr Vigh A, et al. Isolation and pir
mary structure of chicken PACAP[J]. Regul, pet., 192, 37. 326
Matsuda K, Yoshida T, Nagano Y. et al. Purification and primary
structure  of pituitary adenylate cyclase actating polypeptide
(PACAP) from the brain of an elasmobranch, stingray, Dasyatis aka
jei[ J]. Petides, 1998, 19(9):1480—1495

Sherwood N M, Hev C L. Fish physiology, Vol. X, Molecular Exr
docrinology of Fish [M]. New York: Academic Press. 1994. 3 —66
McRory J, Sherwood N M. Two protochordate genes encode pituitary
adenylate cyclase adivating polypeptide and related family members
[J]. Endocrirology, 1997, 138:2380—2390

McRory J E, Parker R L, Sherwood NM. Expression and altemative
processing of a chicken gene encoding both growth homone releasing
homone and pituitary adenylate cyclase activating polypeptide [ J] .
DNA Cell Biol., 1997, 16(1):95—102

Montero M, Yon L, Rousseau K, @ al. Distrbution, charaderiza
tion, and growth homore releasing adivity of pituitary adenylate cy
clase advating polypeptide (PACAP) in the European eel, Anguilla
anguilla[J] . Endocainology, 1998, 139: 4300 —4310

Wong AOL, LemgM Y, SheaW L C, et al. Hypophysiotropic Ac



301

[23]

[24

[25]

[27

[28]

[29]

tion of pituitary adenylate cyclase adivating polypeptide ( PACAP) in
the goldfish: mmunohistochemical demons ration of PACAP in the pr
tuitary, PACAP stimulation of growth hommone release from piuiary
cells, and molecular cloning of pituitary type I PACAP Receptor[ J] .
Endocainology, 198, 139: 3465—3479

Matsuda K, Shioda S, Arimwa A, et a. The sudy of piuiary
adenylate cyclase activating polypeptide ( PA CAP)- like immunoreac
tivity in the brain of a teleost, sagazer, Uranoscqusjaponicus|J].
Zool. Sd., 1997, 14: 645—650

Matsuda K, Ttoh Y, YoshidaT, et al. The local zation of pituiary
adenylate cyclase activating polypeptide ( PA CAP)- like immunoreac
tivity in the hypothalamo pituitary region of an elasmobranch,
stingray, Dasyatis akgei[ J]. Peptides, 1998, 19(7): 1263 —1267
Jonsson AC. Galanir, VIR, and PACAP like nerves in the Brock
mann body of the cod Gadus mahua and the rambov trout O
corlynchus mykiss invervate the insulirr and glucagons ©ntaining celk
[J]. Neth. ]. Zool., 195,45: 132—134

Olson C, Holmgren S. The control of gut motiliy[ J].
Biodhem . Physiol. A Mol. Integr. Physiol., 2001, 128(3): 479 —
501

De Girolamo P, Arcamone N, Rosica A, et al. PACAP (piuiary

Comp .

adenylate ¢yclase activating polypeptide)- like immunoreactivity in the
gill arch of the goldfish, Carassius auratus : digribution and canparr
son with VIP[ J]. Cell. Tissue. Res., 198, 293(3):567—571
Reid S G, Fritsche R, Jonsson AC Immunohistochamical local zation
of bioadive peptides and amines associated with the chranaffin tissue
of five species of fish[ J]. Cell. Tissue. Res., 1995, 280(3):
499 —512

Montpetit C J, Perry S F. Vasoadive intestinal polypeptide and pitw
itary adenylate ¢yclase activating polypeptide mediated control of cate
cholamine release from chromaffin tisue in the rainbow trout, O
corlbynchus mykiss[J]. J. Endocrinol. , 2000, 166(3): 705—714
Matsudaa K, Kashimoto K, Higuchi T, et al. Presence of piuitary
adenylate cyclase activating polypeptide (PACAP) and itsrelaxant ac

tivity in the rectum of a teleost, the sargazer, Uranoscopus japonicus

[31]

[32]

[33]

[34]

[35]

[ 36]

[37]

[38]

[J]. Peptides, 2000, 21(6): 821 —8&7
WeiY, Martin S C, Heimrich G, et al. Cloning and functional char
acterization of PACAP specific receptors in zebrafsh[ J]. Ann. N Y
Aad. Sci., 199, 865 45—48
Chov BK C, Yuen TT H, Chan K W. Molecular evolution of veite
brate VIP recepiors and functional caracterization of a VIP receptor
from goldfsh, Carassius awratus | J]. Gen. Canp. Endoainol.
1997, 105: 176 —185
Chow B K C. The goldfish vasoactive intestinal polypeptide receptor:
Fundional dudies and tissue disribution [ J]. Fish. Physiol.
Biochem. , 1997, 17:213—222
Xiao D, Chu MM, Lee E K, & al. Regulation of growth hormone
release in common carp pituitary cells by pituitary adenylate cyclase
activating polypeptide: Signal transdudion involves cAMPand caler
unr dependent mechanisms|[ J]. Neuwroendoarinology, 2002, 76(5):
325—338
Rousseau K, Le Belle N, Pidavant K, et a. Piuitary grovth hor
mone secretion in the turbot, a phylogenetically recent teleost, is reg
ulated by a species specific pattem of neuropeptides [ J]. Newroerr
docrinology, 2001, 74(6):375—385
Xiao D, Chu M M, LeeE K, et al. Effects of pituitary adenylate cy
clase activating polypeptide (PACAP) on intracellular ¢cAMP and
Ca’* levels in common carp ( Cyprinus capio) pituitary cells in vitro
[J]. Acta Biochimica et Biophysica Sinica, 2002, 34( 60) : 790 —795.
[ , ) .
cAMP Ca?*

,2002,34(6) : 790—795]
Chang JP, Wirachowsky NR, Kwong P, e al. PACAP simulation of
gonadotropin I secretion in goldfish pituitary cells: mechanisms of
action and interaction with gonadotropin releasing hormone signaling
[J]. J. Neuroendocrinol., 2001, 13(6): 40—550
Gur G, Bonfil D, Safarian H, & al. Pituitary adenylate cyclase actr
vating polypeptide and neuropeptide Y regulation of gonadotropin suly
unit gene expression in tilapia: mwle of PKC, PKA and ERK[]J].
Neuroendoarinology . 2002, 75(3): 164—174



