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GHRH GHRH-LP, Universal Kit Clontech ; RNase Free
GHRH 1212007 DNase | Promega ; ReverTra Ace-a-® Kit
Lee, et al. (Danio rerio) (Carassius TOYOBO, Power SYBR Green Master
auratus) GHRH-LP , Mix Applied Biosystem ; DH5a
GHRH (], 1.2
, GHRH PACAP GHRH- RNA DNA
LP GHRH (131, 30 mg, Invitrogen Trizol reagent
GHRH  GHRH-LP RNA DNA
GHRH 3’ GenBank
, GHRH , (Danio rerio, NM_001080092)
GHRH-LP (Carassius auratus, DQ991243) (Xenopus
, laevis, NM_001096728) (Gallus gallus, NM _
001040464) GHRH cDNA ,
, GHRH GHRH-LP , Pl P2( 1)
3'-Full RACE Core Set Ver.2.0 RNA,
, GHRH GHRH- , P1 3’ RACE Outer
LP Primer PCR , :94°C, 3min;
94°C, 30s; 55°C, 30s; 72°C, 1min, 30 ; 72°C,
1 Smin P2 3’ RACE inner Primer
1.1 , PCR ,
(250+50) g, 50°C >
; Trizol reagent Invitrogen pMD18-T , DH5a,
; PrimerScript™ RT-PCR Kit, 3’-Full RACE Core
Set Ver.2.0 Pmd18-T vector system TaKaRa GHRH
; BD SMART™ RACE ¢cDNA Amplification Kit, Genome Walker Universal Kit ,
Blood Cell Culture DNA Kit GenomeWalker 4 ,
®1 SIMEHREFT
Tab. 1 Primer sequences applied in largemouth bass GHRH, GHRH-LP clone and gene expression research
(5'=3" (5'=3"
Primer names Primer sequences Primer names Primer sequences
P1 5'-CATGCTGAYGCCATCTTTACC-3' R1 5'-GCCAGTTCGAGYAAAGCSAC-3'
P2 5-AYGCCATCTTTACCAACAGC-3' R2 5-GTCTAY GGAATCWTAATGCAC-3'
P3 5'-ATCCAGACATCTTGACCCGTTTTAGCAT-3' R3 5-TYCTAAYTCTCTGTCTRTACCT-3'
P4 5'-AACAAGTGCAGAGGGCACAGCTATGAC-3' R4 5'-TGACAACGACGCCTTCGATGAG-3’
P5 5'-CATGAGGCCAAGACTGCTGAGTTGAGA-3' RS 5'-CTCTGACTCTTCCTCCATGCTGTTGTCG-3’
P6 5'-TTCCTCCAACTCGTTCTTTACAGATG-3' R6 5'-AATTCCCATCCTCATCGAAGGCGTC-3'
P7 5'-TGCCCTTCACTCTCATCTCTCATCCTC-3’ R7 5'-CTCTCCCTGCTTCCCTGCCATA-3’
P8 5'-TAGCTCCCAGTCACTCCCACATCACAC-3' R8 5'-CAGGTATTTCTGCACGGCCATCT-3’
P9 5'-CCGCTCTACCCATCCATTA-3’ R9 5'-ACACCTATCGGACTAAGTTACCCT-3'
P10 5'-GCTCTCACTTTCATCTCCCAG-3’ P10 5'-GCTCTCACTTTCATCTCCCAG-3’
P11 5'-GGACACGGAAAGGATTGACAG-3’ P11 5'-GGACACGGAAAGGATTGACAG-3’
P12 5'-CGGAGTCTCGTTCGTTATCGG-3'
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APl P3 PCR ,94°C, 3min, 1 ; Smin,
94°C, 30s; 67°C, 3min, 5 ;94°C, 30s; 63°C, 30s; GHRH-LP
72°C, 3min, 27 ; 72°C, 5min PCR GHRH-LP ¢cDNA , R7 RS,
100 AP2 P4 R DNA PCR ,
R PS5 P6 P7 P8 35 :94°C 3min ,94°C 30s, 55°C 30s, 72°C 3min,
Vector NTI 7.0 32 , 72°C 7min,
3 4
GHRH
GeneScan 1 2 PrimerScript™ GHRH-LP ,
RT-PCR Kit RNA, P9 P10 PCR (9650 g, 3600 g)
: 94°C, 3min, ; 94°C, 30s; 55°C, 30s; , ,
72°C, 1min, 30 ; 72°C, 5min (
GeneScan 1 2 1d 2d 3d,
GHRH-LP ¢DNA 4d) 50 () RNA lug RNA,
GenBank (Epinephelus DNase [ (Promega) , ReverTra Ace-o-®
coioides, AY869693) (Oreoch- Kit cDNA,
romis mossambicus, AYS522580) (Tricho- Power SYBR Green Master Mix(Applied Biosystems)
gaster trichopterus, EU107387) (Astatotilapia ABI 7300 PCR ,
burtoni, EU523856) GHRH-LP cDNA , 20 puL: cDNA 1 puL, Power SYBR Green
TaKaRa Master Mix 10 pL, GHRH P9
PrimerScript™ RT-PCR Kit P10(GHRH-LP R9 RI10 R9 RII
, Rl R3 18S P11 P12) 0.2uL 8.2 uL
PCR , PCR : 95C 2min, 95°C 15s, 56°C 30s, 72°C
R2 R3 PCR 30s, 45 , 65C—95C
pMD18-T
DH5a., PCR GHRH GHRH-LP
) , 3 [(250+50) g]
3" RACE 5'RACE 3'RACE 3d (
TaKaRa 3'-Full RACE Core Set Ver.2.0
, R4 3" RACE ) RNA, 3
Outer Primer 3’ RACE Inner Primer PCR, RNA
, DH5a,  pCcr ,
s : 94°C 3min ,
94°C 30s, 55°C 30s, 72°C 45s 32 , 12°C 2
5min 5’ RACE Clontech BD SMART™ 2.1 GHRH ¢DNA
RACE cDNA Amplification Kit R GHRH
R5 R6 Pl P2, oligo dT s
UPM NUP R 1 95C GHRH cDNA 3" 399 bp RACE
3min , 94°C 30s, 68°C 30s, 72°C 1min 20s 5 GHRH cDNA 5’
;94°C 30s, 64°C 30s, 72°C 1min 20s 5 ;94°C , Genomewalk 5

30s, 60°C 30s, 72°C 1min 20s 27 , 72°C

S Genescan s 5'
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1 2 1, 41%—78% (  2)
P9 P10 2.3 GHRH GHRH-LP
cDNA DNA ,
GHRH cDNA 629 bp(Genbank 2 PCR ,
: HQ640678), ORF 426 bp, 140 GHRH DNA 4167 bp, cDNA
;3 171 bp, Poly(A) , GHRH 5
ATTAAA ( 2 , 4 , : 109 105 105
GHRH i GHRH , 126 175bp, 702 355 120 113bp( la, Genbank
100%; 70%— : HQ640680) GHRH-LP
96% SignalP 3.0 Server GHRH 5 4 s . 84
, 18 105 135 105 454bp, 409 959 344 633 bp (
(M1-G18), 65 1b, Genbank : HQ640681)
91 GT-AG GHRH
2.2 GHRH-LP cDNA 3 4 1
GHRH-LP cDNA , 2, GHRH( 1¢)
a 742 bp, 54 bp 5" UTR, 525 GHRH-LP ( 1d);
bp ORF, 164 bp 3'UTR (Genbank GHRH-LP 4 5
HQ651674); b 758 bp, 54bp 5 , ,
UTR,420 bp ORF , 284 bp 3’ UTR (Genbank GHRH-LP
: HQ651675) mRNA 3’ 24 GHRH GHRH-LP
, a PCR GHRH
3’ , PACAP  GHRH-LP; GHRH-LP ,
b PACAP, 3 2446, ,
SignalP 3.0 Server GHRH-LP GHRH )
, 24
(M1-C24), GHRH-LP 84—128 ( 2A); GHRH-LP
, PACAP 131—168 )
GHRH-LP ,  96%, ( 2B) ,

*2 XKOBHE5HMHEHDY GHRH 1 GHRH-LP R EE F5IE R b
Tab.2 Homology analysis of largemouth bass GHRH, GHRH-LP N1-27 amino acid sequence to those of other vertebrates

GHRH GHRH-LP GHRH/GHRH-LP
Species Homology (%) Homology (%) Homology (%)

Gallus gallus 85 59 59
Xenopus laevis 74 56 56
Homo sapiens 85 41 48
Rattus norvegicus 70 48 52
Oncorhynchus mykiss 96 59 59
Carassius auratus 96 59 59
Danio rerio 96 78 44
fiff Oryzias latipes 100 96 37
Paralichthys olivaceus 96 96 37
Taeniopygia guttata 81 59 63
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B| SUTR C-peptide I PRP % \PACAR! 3UTR

C |5UTR PACAP E?U‘I‘R

D | SUTR SSP o \ GHRH § % 3'UTR

1 GHRH (A) GHRH-LP (B) GHRH-LP (C) GHRH (D) i

Fig. 1 Schematic diagrams summarizing the structural organization of Largemouth bass GHRH (A), GHRH-LP (B), vertebrate GHRH-LPs
(C) and mammalian GHRH (D)
UTR ; SP ; GHRH ; PRP ; PACAP

Abbreviations are: UTR, untranslated region; SP, signal peptide; PRP, PACAP related peptide; PACAP, pituitary adenylate cyclase activating
polypeptide; GHRH, growth hormone releasing hormone; Genes Exons are shown in box and introns are shown in line. The length of exons
and introns are not draw to scale

GHRH ,  GHRH-LP n
(  2C);  GHRH-LP GHRH PRP ,
, PACAP ,
( 2D) GHRH-LP (D GHRH
, GHRH-LP , GHRH ,
[14.15] GHRH-LP
PRP s , Tam, et
3 al.l'®l GHRH
3.1 GHRH GHRH-LP GHRH-LP PRP ,
PRP ,
GHRH 141 , GHRH
, GHRH GHRH-LP (PRP) ,
, 32%—56%, GHRH
(N1-27aa) , 74% — GHRH  GHRH-LP ,
100% ( 2), GHRH GHRH-LP PHI-VIP
GHRH-LP ,
(N1-27aa) , , GHRH
GHRH (37%—63%), , : GHRH-LP
N GHRH-LP (Salmon-like type) ~ PHI-VIP [13]
B-10] 3.3 GHRH
32 GHRH GHRH-LP GHRH  GHRH-LP ,

GHRH  GHRH-LP ,
GHRH
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Fig.3 Phylogenetic analysis of GHRH, GHRH-LP (PRP), PACAP
and the PACAP sequences were used as an out group

GHRH
, [1]
GHRH , PRP
7181 Lee, et al. ! qRT-PCR
GHRH ,
GHRH ,
GHRH-LP PRP
(19211 , Wang, et al.
GHRH GHRH-LP ,
GHRH ,

, GHRH-LP
(12] GHRH

>

. GHRH-LP

GHRH
221 GHRH
, GHRH

, GHRH
, GHRH

[17]

[23—25] 1d

GHRH , GHRH
GHRH ,
GHRH-LP Wu,
etal. (2 ,
GHRH-LP mRNA ,

GHRH-LP ,

30min

: GHRH
GHRH
GHRH-LP ,
GHRH-LP
PRP

GHRH ;
PRP :

[11 Mayo K E, Cerelli G M, Lebo R V, et al. Gene encoding
human growth hormone-releasing factor precursor: structure,
sequence, and chromosomal assignment [J]. Proceedings of
the National Academy of Sciences of the United States of
America, 1985, 82(1): 63—67

[2] Mayo K E, Miller T, DeAlmeida V, et al. Regulation of the
pituitary somatotroph cell by GHRH and its receptor [J]. Re-
cent Progress in Hormone Research, 2000, 55: 237—266

[3] Billestrup N, Swanson L W, Vale W. Growth hormone re-
leasing factor stimulates proliferation of somatostrophs in vi-
tro [J]. Proceedings of the National Academy of Sciences of
the United States of America, 1986, 83(18): 6854—6857

[4] Miyata A, Arimura A, Dahl R R, et al. Isolation of a novel 38
residue hypothalamic polypeptide which stimulate adenylate
cyclase in pituitary cells [J]. Biochemical and Biophysical
Research Communications, 1989, 164(1): 567—574



480

35

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Bell G I. The glucagon superfamily: precursor structure and
gene organization [J]. Peptides, 1986(Suppl. 1): 27—36

Ole S. Pituitary adenylate cyclase activating polypeptide and
adrenomedullary function [J]. American Journal of Physiol-
ogy, Regulatory, Integrative Comparative Physiology, 2003,
284: R586—R587

Hoyle C H. Neuropeptide families: evolutionary perspectives
[J]. Regulatory Peptides, 1998, 73: 1—33

Montero M, Yon L, Kikuyama S, et al. Molecular evolution
of the growth hormone releasing hormone/pituitary adenylate
cyclase activating polypeptide gene family. Functional im-
plication in the regulation of growth hormone secretion [J].
Journal of Molecular Endocrinology, 2000, 25: 157—168
Vaughan J M, Rivier J, Spiess J, et al. Isolation and charac-
terization of hypothalamic growth hormone releasing factor
from common carp, Cyprinus carpio [J]. Neuroendocrinol-
ogy, 1992, 56: 539—549

Parker D B, Power M E, Swanson P, et al. Exon skipping in
the gene encoding pituitary adenylate cyclase activating
polypeptide in salmon alters the expression of two hormones
that stimulate growth hormone release [J]. Endocrinology,
1997, 138: 414—423

Rousseau K, Le B, Pichavant K, et al. Pituitary growth hor-
mone secretion in the trubot, a phylogenetically recent
teleost, is regulated by a species specific pattern of neu-
ropeptides [J]. Neuroendocrinology, 2001, 74: 375—385
Wang Y J, Li J, Wang C Y, et al. Identification of the en-
dogenous ligands for chicken growth hormone releasing
hormone (GHRH) receptor: evidence for a separate gene en-
coding GHRH in vertebrates  [J].
Endocrinology, 2007, 148(5): 2405—2416

Lee LTO, Siu FK Y, Tam J KV, et al. Discovery of growth
hormone releasing hormones and receptors in nonmam-
malian vertebrates [J]. Proceedings of the National Academy
of Sciences of the United States of America, 2007, 104(7):
2133—2138

Miranda L A, Strobl-Mazzulla P H, Somoza G M. Ontoge-

netic development and neuroanatomical localization of

submammalian

growth hormone releasing hormone GHRH) in the brain and
pituitary gland of pejerrey fish Odontheshes bonariensis [J].
International Journal of Developmental Neuroscience, 2002,
20: 503—510

Portbury A L, McConalogue K, Furness J B, et al. Distribu-
tion of pituitary adenylate cyclase activating peptide
(PACAP) immunoreactivity in neurons of the guinea pig di-
gestive tract and their projuctions in the ileum and colon [J].
Cell and Tissue Research, 1995, 279(2): 385—392

Tam J KV, Lee L T O, Chow B K C. PACAP related peptide
(PRP)—Molecular evolution and potential functions [J].

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Peptides, 2007, 28: 1920—1929

Matsubara S J, Sato M, Mizobuchi M, et al. Differential gene
expression of growth hormone releasing hormone (GRH)
and GRH receptor in various rat tissues [J]. Endocrinology,
1995, 136: 4147—4150

Arimura A, Somogyvari V A, Miyata A, et al. Tissue distri-
bution of PACAP as determined by RIA: highly abundant in
the rat brain and testes [J]. Endocrinology, 1991, 129(5):
2787—2789

Ando E, Nokihara K, Naruse S. Development of pituitary
adenylate cyclase activating polypeptides specific radioim-
munoassay systems and distribution of PACAP like immu-
noreactivity in guinea pig tissues [J]. Biomedical Peptides,
Proteins nucleic Acids, 1994—1995, 1(1): 45—50

Montero M, You L, Rousseau K, et al. Distribution, charac-
terization, and growth hormone releasing activity of pituitary
adenylate cyclase activation polypeptide in the European eel,
Anguilla anguilla [J]. Endocrinology, 1998, 139(10): 4300—
4310

Jiang Y, Li W S, Xie J, et al. Sequence and expression of a
cDNA encoding both pituitary adenylate cyclase activating
polypeptide and growth hormone releasing hormone in
grouper (Epinephelus coioides) [J]. Sheng Wu Hua Xue Yu
Sheng Wu Li Xue Bao (Shanghai), 2003, 35(9): 864—872
Frohman LA, Kineman R D. Growth hormone releasing
hormone and pituitary somatotrope proliferation [J]. Minerva
Endocrinological, 2002, 27(4): 277—285

Lu S Q, Liu Y, Cheng S Q. Studies on the origin and devel-
opment of the pituitary gland of the teleost, Ctenoopharyn-
godon idellus [J]. Journal of Hunan Agricultural University,
1996, 22(2): 182-186 [ s , .
, 1996, 22(2):
182—186]

Li W S, Chen D, Wong A O, et al. Molecular cloning, tissue
distribution, and ontogeny of mRNA expression of growth
hormone in orange-spotted grouper (Epinephelus coioides )
[J]. General and Comparative Endocrinology, 2005, 144(1):
78—89

Lu Y J, Hu W, Zhu Z Y. Gene expression profiles of growth

and reproduction related genes during the early development

of common carp (Cyprinus carpio L.) [J]. Acta
Hydrobiologica Sinica, 2009, 33(6): 1126—1131 [ s
s . HPG GH/IGF

, 2009, 33(6): 1126—
1131]
Wu S, Adams B A, Fradinger E A, et al. Role of two genes
encoding PACAP in early brain development in zebrafish [J].
Annals of New York Academy of Science, 2006, 1070: 602—
612



3 : GHRH-LP  GHRH 481

COMPARISON OF GENE STRUCTURE, SEQUENCE HOMOLOGY AND
EXPRESSION PATTERN OF LARGEMOUTH BASS GHRH-LP AND GHRH

HAN Lin-Qiang'?, BAI Jun-Jie' and LI Sheng-Jie

(1. Key Lab of Tropical & Subtropical Fish Breeding & Cultivation of Chinese Academy of Fishery Sciences, Pearl River Fisheries
Research Institute of Chinese Academy of Fishery Sciences, Guangzhou 510380, China; 2. College of Fisheries and Life Science,
Shanghai Ocean University, Shanghai 271017, China)

Abstract: Growth hormone releasing hormone (GHRH) is an important factor involved in growth hormone synthesis
and secretion. In mammals, the GHRH and GHRH-LP are encoded by two separate genes. However, in non-mammalian
vertebrates, it is believed that the GHRH-like peptide is the counterpart of GHRH in mammals. A real GHRH gene was
discovered in goldfish and zebrafish recently. Its gene structure and expression distribution in teleost need to be further
studied. In order to distinguish the characteristic of GHRH and GHRH-LP genes and further understand the GH secre-
tion net in teleost, the cDNA sequences and genome gene structure of these two genes were determined in this study, and
the gene expression pattern of GHRH and GHRH-like peptide in central nervous system, peripheral tissues and em-
bryogenesis were compared respectively in largemouth bass (Micropterus salmoide). The results showed that both
GHRH and GHRH-LP genes were consisted of 5 exons and 4 introns, and the exon-intron arrangement of genes were
apparently different from each other, but showed conserved pattern with other vertebrates, respectively. The GHRH
mature peptide was 27 amino acid length, which shared highly homologous with other vertebrates (74%—100%); while
GHRH-LP mature peptide was 44 amino acid length and showed mediate conservation with other vertebrate (41%—
96%). The tissue distribution study showed that the GHRH mRNA expression was restricted in brain and medulla, and
that GHRH-LP was widely distributed in central nerves and peripheral tissues. The GHRH mRNA was first detected at
neural stage during embryogenesis period, and maintained at a high level during larval developing; GHRH-LP mRNA
was first detected in blastula stage, and retain a considerable expression level at all the next stage examined. The results
demonstrate that the GHRH and GHRH-LP are encoded by two different genes in largemouth bass.

Key words: Largemouth bass (Micropterus salmoides); GHRH; GHRH-LP; Gene structure; Temporal and spatial ex-

pression pattern



