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SUMMARY 

We report here the complete nucleotide (nt) sequence of a cDNA clone encoding Solea senegalensis growth hormone 
(sGH) isolated from an expression library prepared from sole pituitary gland poly(A)+RNA. The library was screened 
using a flounder GH cDNA. The cDNA sequence containing an insert of 769 nt was found to encode a polypeptide of 
203 amino acids (aa), including a signal peptide of 17 aa. The S- and 3’-untranslated regions of the message are 17 and 
119-nt long, respectively. Northern blot hybridization detected a 0.9-kb RNA species. The sGH cDNA sequence shows 
homologies of 80.9, 76.9, 73.8 and 64.2% with the GH of tuna, gilthead seabream, flounder and rainbow trout. 

INTRODUCTION 

Growth hormone (GH), prolactin, placental lactogen 
and somatolactin are members of a polypeptide hormone 
family that are structurally and functionally related (Niall 
et al., 1971; Rand-Weaver et al., 1992). Primary structure 
analysis of these polypeptides and their cDNAs indicates 
that they evolved from a common ancestral gene. Thus, 
they can provide an ideal model system for studying the 
structure-function relationships, evolution and regulation 
of gene expression. 

In fish, relatively little is known about the structure, 

Correspondence to: Dr. M.M. Valdivia, Departamento de Bioquimica y 

Biologia Molecular, Fact&ad de Ciencias, Universidad de Cadiz, 11510 

Puerto Real, Cadiz, Spain. Tel. (34-56) 830-363; Fax (34-56) 834-924. 

Abbreviations: aa, amino acid(s); bp, base pair(s); cDNA, DNA comple- 

mentary to mRNA; GH, growth hormone(s); GH, gene (DNA) encoding 

GH; kb, kilobase or 1000 bp; nt, nucleotide(s); ORF, open reading 

frame; PBS, Bluescript plasmid; PCR, polymerase chain reaction; pGH, 

Paralichthys olivaceus GH; PolIk, Klenow fragment of polymerase 1; 

sGH, Solea senegalensis GH; saGH, Salmo salar GH; spGH, Sparus 
aurata GH; SSC, 0.15 M NaCl/O.OlS M Na,.citrate pH 7.6; UTR, un- 

translated region(s). 

SSDI 0378-1119(94)00147-K 

regulation and evolution of those genes. Recently, the 
technology of gene cloning and sequencing has been ap- 
plied to the GH genes of several fish species including 
those of the salmon (Sekine et al., 1985) rainbow trout 
(Agellon et al., 1986; 1988), yellow tail (Watahiki et al., 
1988), tuna (Sato et al., 1988), gilthead seabream 
(Funkestein et al., 1991), tilapia (Rentier-Delrue et al., 
1989), flounder (Momota et al., 1988) eel (Saito et al., 
1988), coho salmon (Nicoll et al., 1987; Gonzalez- 
Villasefior et al., 1988), grass carp (Ho et al., 1989) chum 
salmon (Kawauchi et al., 1986) and common carp (Chao 
et al., 1989). We are now included in this growing list by 
clarifying the nt sequence of a cDNA for Solea 
senegalensis. 

EXPERIMENTAL AND DISCUSSION 

(a) Isolation and sequencing of a cDNA encoding sGH 

Total RNA was isolated from pituitary glands of 
rapidly growing Solea animals. Poly(A)+RNA was pre- 
pared by affinity chromatography on oligo(dT)-cellulose 
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and used as template for cDNA synthesis. A pituitary 

cDNA library was constructed in Lgt 1 1 vector following 

standard methods (Sambrook et al., 1989). Briefly, the 

double-stranded cDNA was inserted at the EcnRI site of 

phage hgtl 1 DNA and amplified in E. co/i Y1090 cells. 

6 x 10J recombinant phages. were screened for GH se- 

quences by hybridization with heterologous flounder GH 

cDNA probe (a gift of Dr. Hideo Ohgai, Otsuka 

Pharmaceutical, Nishihama Kita-Cho, Japan). It resulted 

in the isolation of six clones. Analysis of insert size indi- 

cated that they were in the range of 0.6 to 0.9 kb. 

As digestion with a number of restriction enzymes pro- 

duced a similar pattern on all of them, their sequences 

were likely to be identical. In view of this, only one of 

these clones was subsequently selected for sequencing 

(Sanger et al., 1977). First, the insert was amplified from 

the phage by PCR reaction, treated with Pollk, phos- 

phorylated with T4 polynucleotide kinase. and further 

cloned into plasmid PBS at the Srn~lI site. Several restric- 

tion sites indicated in Fig. 1 were used to construct eight 

NCOI. 
TTGAACCACiACTAGCCATGGATAGAGTT~TCATCGTGCiGTCTGTCCTGTC~TGWC 59 

MeU.pArgValV~1IlaV.1LeuSerV~lLeuSerValAla 14 

GCATCCTCTCAGTCAATCCTAOACCAGCGTCOTTTCTCCAllY 
AlaSerSerG1nSerIleLeuAspClnArg~gPheSerIl~l~V~lS~r~gV~lGl~ 34 

PstI 
GATCAACGTCAGCTCAACAAAATCTTCCTGCAGGATTTCTGTAACTCTGATGACATCAT~239 
AspG1~gGlnV~1A~nLysIlePheLeuGl~~pPhe~~A~~SerA~pA8pIleIle 74 

AGTCCCATCGATAAACATGAGACTCAACGCAGCTCAGTTCTGMGCTCTTATCGATCTCTZYY 
SerPrOIl~spLysHiaGluThrGl~gSerSerValleuLysLeuLeuSerIleSer 94 

BCOBI 
GTTCGATTGkTGWC&GGAATTCTC~GTCGCTTC~TCACATGGA~TACATTTCC~ 359 
ValArgLeuIleG1uSeTTrpGluPheSerSerArgPh~V~lThrT~Se~~PhePro114 

GGAAACTTC~ATCAGAGTC&GAGGTGAkAATCATT&ACGCAACTkAACTCCT~ 539 
GlyAsnPheTyrGlnSerLeuClyGlyAspOluSarLe~rg~gA~n~rGl~~uLeu174 

. HincII 
GCCTGCTTCAAGGCACAAGGTGGAAACATACCTGACAGTGGC~TGTCGASYY 
AlaCysPheLysLysAsplretHisLysValGluThrTyr~Arg194 

CTCTCTCCAGAAGCTAATTOTACCCMTAACCCCACCTC~~CAGTGA~CCCCTCCC~659 
LeuSerProGl~laAsnCysTlvLcu * 203 

GTTGATGATAGCATTOTGTACA~TATATCGCT~~~TG~TGCTMCCTCAC~GT719 
TCAGCATGTGAAATAAATAGTGTTCATTC- 769 

Fig. I. The nt sequence of sGH cDNA. Restriction sites used for sub- 

cloning are indicated. Eight overlapping fragments from the sGH 

cDNA were subcloned in the PBS vector and used to sequence overlap- 

ping clones in both directions from primers in the v’ector such as T3 

and T7. Sequencing was carried out by the dideoxynucleotide chain- 

termination method (Sanger ct al., 1977). The complete deduced aa 

sequence is shown. Numbers above the aa relate to the aa sequence (aa 

I to 17. signal peptide: aa 18 to 203, mature GH). The polyadenylation 

signal AATAAA is 12 nt upstream from the poly(A)+ sequence. TAA 

(asterisk) is the stop codon. This sequence has been deposited in the 

EMBL;GenBank data base (accession No. UO1143). 

overlapping subclones for sequencing. The nt sequence 

of the sGH cDNA, shown in Fig. 1, contains an ORF of 

612 nt encoding 203 aa. The 5’-CJTR contains 17 nt and 

the 3’-UTR is of 119 nt. The polyadenylation signal 

AATAAA is 12 nt upstream from the polyadenylation 

site. It is of particular interest to observe that sGH cDNA 

contains a EcoRI site at nt 321. This restriction site was 

not present in any of the growth hormone cDNAs charac- 

terized so far, including fish and mammals. 

Fig. 2 shows a Northern blot hybridization analysis of 

So. pituitary total RNA with the sGH cDNA clone iso- 

lated. A RNA band of about 0.9 kb was detected with 

the probe. This mRNA size corresponds well to that de- 

scribed for other fish GH (Koren, 1989). 

(b) Comparison of sGH cDNA sequence to other fish GH 
The aa sequence predicted from the cDNA of the .sGH 

mRNA presently described, bring new information about 

the GH structure of a teleost. 

A comparison of sGH to other fish species GH aa 

sequences as derived from the cDNA is presented in 

Fig. 3. The first 17 aa at the N terminus of sGH, like 

those of gilthead seabream, red seabream and tuna GH 

28% 

18% 

Fig. 2. Northern blot hybridization of So. pituitary total RNA to “P- 

labelled GH cDNA probe. 30 pg of S&u pituitary total RNA were 

electrophoresed on a 1.25% agarose-2.2 M formaldehyde gel. transfcr- 

red onto nylon filter (Sambrook et al., 1989). prehybridized for 3 h 

at 60°C in a solution containing 0.9 M NaClQ0.09 M 

Na,citrate/S x Denhardt’s mixture (0.1 o/o Ficoll/O.l”% polyvinyl 

pyrrolidone/O.l% bovine serum albumin)/O. I % SDS/100 ug per ml 

yeast tRNA. The 32P-labelled probe was then added and hybridization 

was carried out in the above solution for 16 h at 60 C. The filter was 

washed twice for 30 min with 1 x SSC.‘O.l% SDS at 70 C. A RNA band 

of 0.9 kb was detected with a S&o cDNA probe. 
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YDWVIVLSVLSVA..ASSQSILD.QP3.PSIAVSRVQHIBLLAQRYPSDPZSS~R 
MDR~sVusLG..VSsQPITWQW SIAvslzVQmmLAQRLPsD~ss~Qx 
HGRVILLLSWCVG..VSSQPITS"QRLPSIAVGRVQYLEL-PSDpRWLQLRDQR 
KGQVPL-LvscpLsp 
Y v V S 

slaIAWWQW,WAQTzyy 
QpcPIAVRVQ BL A 

QVNKIPLQDk!NSDDIISP;DI[HBTQp8 

120 
&RLLSISVR~,IPSI~SSR~TWSTPPR.. 

QLNRIPLQDF‘!NSDYIISPIDRSXTQRS SVLRLLSISYRLVRSIIEPsRsLSGGSApR.. 
LLNRIASRS~CESDN'PLSPIDRSET@~S~VQRLLSVSYBLIRSWEPPSRPLVA~FAVR.. 
QLHRIpLLDPC‘,SDSIVSPIDRLRTQP.SsVL~ISPRLIE%9SYpSQT%TISNSLMVR 

NRI PC SD SPIDK ETQ SS" SLL S I1G ESWS S 

180 
..NQISSELSELPZTGIRMLIEANQDGARVFSDSSTFQUpYGNpYQSLGGDESLRRNYRL 
..NQISPUISELIMIHLGIRGASIPPDSsALQUpY~QSLGTDESLRRTYEL 
..TQVTSRLSRLSWGLLRLIRANQDGAGGPSESSVLQLTPYGNs..............BL 
NSNQISEKLSDLKVGINLLIKGSQDGVLSLDDNDSQQLPPYGNYYQNLGGDGNVMNY= 

Q F&S LX G LI DG QL PYa 

210 
LAcbmmksPSAwcn 
LAc-TvAxcRLsPSAwcTL 
FACPFP~CTL 
IAC-TvAxcRKsLSAwcTL 
AC-TY'LTVAXCS EANCTL 

Comparison of deduced aa sequences between sGH, spGH, 

pGH and saGH. Dots indicate gaps which were introduced into the 

sequences to maximize homologies. Consensus aa are shown. The signal 

peptide is from aa 1 to 17 and the mature hormone from aa 18 to 203 

for sGH. 

sequence, probably represent the signal peptide of the 

pre-GH, which is cleaved upon hormone secretion. This 

fish signal peptide, showed however to be shorter to that 

of the mammalian GH (Koren, 1989). As it was described 

by others, the sequence of the signal peptide, is more 

divergent among species than that of the mature GH 

polypeptide (Koren, 1989). For sole and gilthead sea- 

bream, the similarity of aa and nt sequence in the signal 

peptide is 64% and 74.5% respectively, as compared to 

83.3% and 79.3% in the mature GH polypeptide. Fig. 3 

also shows that sGH shares structural features which 

have been observed not only in other fish GH but also 

in mammalian GH. Four Cys residues (CYSTS, CYS’~~, 

cys’93 and Cyszol) in sGH occur at nearly identical posi- 

tions as those in mammalian GH (Dayhoff et al., 1978). 

The resulting disulfide linkages may also play the same 

essential role for the maintenance of the biological activ- 

ity of the hormone (Lewis et al., 1980; Paladini et al., 

1981). These specific disulfide bonds are crucial for bio- 

logical activity as it has been shown by in vitro binding 

assay (data not shown) and by in vivo studies (Lewis 

et al., 1980). Comparison of aa sequence of sGH to those 

of mammalian GH shows in average, a homology of 35% 

(Miller et al., 1980; Seeburg, 1982; Miller and Eberhardt, 

1983). However, this is increased when functional aa dis- 

tribution was compared (data not shown). Further, sGH 

shares with other GH, domains at the N- and C-terminal 

regions, which may be important for the hormone func- 

tion. So, there is one Asn-Cys-Thr motif in sGH aa se- 

quence which is a potential site for N-linked glycosylation 

as have also been observed in the salmon GH (Sekine 

et al., 1985). 
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(c) Conclusions 

(1) The sGH nt sequence, including 17 bp upstream 

from the start codon, has been determined. 

(2) The results showed that the sGH cDNA, similary 

to other fish GH, contains four Cys residues probably 

essential for the biological activity of the hormone. 

(3) A unique 0.9-kb mRNA species was observed by 

Northern blot analysis. 

(4) Surprisingly, sGH contains an internal EcoRI site 

not shown in any other GH cDNAs described so far, 

including mammalian and fish species. 
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