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ABSTRACT

To understand the molecular mechanism which controls the transcription of the insulin-like growth factors
(IGFs) gene, we have cloned and sequenced the cDNA for the proximal promoter region of the tilapia IGFs
gene and have characterized its activity by chloramphenicol acetyltransferase (CAT) transient transfected ex¬

pression assays. Tilapia (Oreochromis mossambicus) IGF-I cDNA (549 bp) was amplified by PCR from sin¬
gle-stranded cDNA of growth hormone (GH)-induced liver RNA using a pair of oligonucleotides specific for
fish IGF-I as amplification primers. Tilapia IGF-I and IGF-II 5' termini were analyzed by rapid amplifica¬
tion of cDNA 5' ends (5'RACE). Analysis of the 5'RACE results revealed two transcription start sites in IGF-
I and one transcription start site in IGF-II. Different fragments of the 5' flanking region were transfected
into human lung adenocarcinoma cells. In the cell line, maximum promoter activity was located in the distal
657 basepairs of the IGF-I 5' flanking region and in the distal 450 basepairs of the IGF-II 5' flanking region.
The in vivo actions of the IGFs promoter on developmental stage expression were investigated further in trans¬
genic zebrafish in which an IGFs promoter-driven green fluorescent protein (GFP) encoding the cDNA trans-
gene was microinjected into embryos. Morphologic and RT-PCR studies of the transgenic zebrafish indicated
that IGF-I promoter-driven GFP transcripts appeared for the first time in the 1-K-cell stage and the IGF-II
promoter-driven GFP transcripts appeared for the first time in the 32-cell stage. Fluorescent (GFP) distri¬
bution was apparent within 48 h in IGF-II-transgenic zebrafish embryos, especially in eye, muscle, corpus¬
cle, floor plate, horizontal myoseptum, yolk sac extension, and yolk sac. These results indicate that the IGF-
I and IGF-II promoters are active in tissue and in a development-specific manner. Our findings also indicate
that the IGF-II promoter influences the growth of fish embryos earlier than does IGF-I, and IGF-II has higher
levels of expression than does IGF-I. These results suggest that the IGF-II promoter plays a growth factor
role in teleost embryo development.

INTRODUCTION then, the mature IGF-I is secreted into serum. In vertebrates,
the effects of IGF-I on somatic growth and cell differentiation

Mature insulin-like growth factor-I (IGF-I) is a sin- are regulated by GH and nutritional conditions (Clemmons and
gle-chain polypeptide with 70 amino acid residues. It Underwood, 1991; Conover et al, 1993). Growth hormone in-

plays a central role in regulating somatic growth in all verte- creases the abundance of IGF-I mRNA by enhancing the tran-
brates via the modulation of growth hormone (GH) (Mathews scription of the IGF-I gene, as well as affecting the processing
et al, 1986). The IGF-I prepropeptide consists of S, B, C, A, of the IGF-I mRNA (Daughaday and Rotwein, 1989).
D, and E domains; the S and E domains are cleaved from the Piscine cDNA sequences have been cloned and sequenced
others during post-translational processing of the propeptide; from several species, including salmon (Cao et al, 1989;
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Duguay et al, 1992), hagfish (Nagamasu et al, 1991), rainbow
trout (Shamblott and Chen, 1992), catfish (McRory and Sher¬
wood 1994), Spams aurata (Duguay et al, 1996), carp (Liang
et al, 1996), and tilapia (this paper), and show a high degree
of homology. Fish IGF-I peptides have been conserved over the
evolutionary time scale from hagfish approximately 550 Ma to
the present, suggesting that IGF-I function is important in fish.
Yet fish IGF-I endocrine function and structural comparisons
with mammals and birds are not understood clearly. In order to
further understand comparative fish endocrine physiology, we

have initiated a study of the growth regulation of IGF-I in the
tilapia, Oreochromis mossambicus.

Insulin-like growth factors (IGFs) consist of two polypep¬
tides, IGF-I and IGF-II. The peptides have high homology of
protein folding structure and play important regulatory roles in
growth and differentiation (Daughaday and Rotwein, 1989). Al¬
though IGFs have similar protein folding structure and growth-
promotion effects, their biologic effects are mediated by dif¬
ferent receptors. The IGF-I receptor is a tyrosine kinase
receptor; the IGF-II receptor is a mannose-6-phosphate recep¬
tor (Czech, 1989). The transduction of signals operates through
different mechanisms. Receptors that bind the IGFs are associ¬
ated with different biologic effects in vivo and in vitro.

The IGF-I gene structure has been analyzed in humans
(Rotwein etal, 1986), rats (Shimatsu and Rotwein, 1987; Hall
et al, 1992), sheep (Dickson et al, 1991), chickens (Kajimoto
and Rotwein, 1991), and salmon (Kavsan et al, 1993, 1994).
In general, the canonica fish gene consists of five exons: exon

1 encodes the 5' untranslated region and part of the signal pep¬
tide; exon 2 encodes the remainder of the signal peptide and
the  domain; exon 3 encodes part of the  domain, the C, A,
D domains, and the greater part of the E domain; exon 4, a mini
exon, encodes a little of the E domain; while exon 5 encodes a

little of the E domain and the 3' untranslated region. The com¬

plete mature IGF-I peptide is distributed in exons 2 and 3. Be¬
cause the complicated gene structure produces multiple E pep¬
tides, there are many types of alternative splicing. In fish
(salmon) a second nonallelic IGF-I gene (designated IGF-I.2)
has been found (Kavsan et al, 1994); the existence of these two
alíeles (IGF-I.1 and IGF-I.2) gives rise to the multidiversity of
IGF-I mRNA species, even though the salmon IGF-I gene is
less than 20 kb in length. In salmon, the IGF-I promoter region
has not produced a consensus TATA box-like element, but po¬
tent stimulatory action by hepatocyte nuclear factor 1 has been
found (Koval et al, 1994; Kulik et al, 1995) and may play an

important regulatory role by stimulating IGF-I expression with
transcription factor binding, especially of the liver-specific tran¬

scription factor. The rat promoter 1 has been shown to lack
TATA and CCAAT boxes in the region 20 to 80 bp upstream
of the start sites (Kim et al, 1991; Hall et al, 1992), but TATA
and CCAAT-like elements are found in the major exon 2 start
site (Adamo et al, 1991). The rat exon 1 and exon 2 transcripts
have a tissue-specific distribution according to two promoters
under different regulation. In other words, exon 1 transcripts
can be detected in all rat tissue, whereas exon 2 transcripts are

present in only a few tissues, particularly liver and kidney
(Adamo et al, 1989, 1991).

The human IGF-II gene consists of 10 exons about 30 kb in
length (de Pagter-Holthuizen et al, 1987, 1988; Holthuizen et
al, 1990). The sequence encoding the mature, circulating 70-

amino acid polypeptides is contained within exons 8, 9, and 10.
Rat and mouse IGF-II genes consist of six exons and span about
12 kb of DNA (Rotwein and Hall, 1990; Ikejiri et al, 1990,
1991). The prepropeptide is also contained within exons 4, 5,
and 6. The ovine IGF-II gene is comprised of nine exons that
span approximately 25 kb, and the coding region is contained
within exons 8, 9, and 10 (Ohlsen et al, 1994). The fish (tilapia)
IGF-II gene has a different structure, with four exons encoding
prepropeptides (Chen et al, 1997). The human IGF-II gene is
controlled by four different promoters. Human promoters P2,
P3, and P4 are highly activated in fetal tissue and most adult
nonhepatic tissues (de Pagter-Holthuizen et al, 1988), but in
adult human liver, the promoter PI is activated, and the other
promoters are not. Analysis of the human IGF-II P4 promoter
reveals that there are three possible Spi binding sequences
within 100 bp upstream of the transcription start site. Several
GC-rich regions and TATA-like sequences are contained in the
human IGF-II P4 promoter region (Hyun et al, 1993). The six
types of human IGF-II mRNA species are expressed by tissue-
specific and development-specific pathways. The expression of
these mRNA species is regulated by four promoters (de Pagter-
Holthuizen et al, 1988) that also represent IGF-II promoters
provided with tissue-specific and development-specific expres¬
sion.

Little is known about promoter control of the expression of
IGFs during various developmental stages in teleosts; however,
in Sparus aurata, IGF-I mRNA was detected in unfertilized
eggs and in developing embryos (Funkenstein etal, 1996). On-
chorynchus mykiss mRNA is maternally stored in eggs and was

detected from the cleavage stage to the feeding stage (Greene
and Chen, 1997). These data indicate that IGFs play an impor¬
tant role in embryonic development. However, up to now, no

reports have been published concerning which IGF-1 or IGF-II
promoter plays what role in the development of fish.

Recently, we isolated and sequenced the tilapia IGF-I and
IGF-II cDNA, expressed the recombinant polypeptides in an E.
coli system, and characterized the structure of the IGF-II cod¬
ing region (Chen et al, 1997). Our main objective in this pa¬
per is to describe the characterization of the proximal promoter
regions of tilapia IGF-I and IGF-II genes. We have used not

only the chloramphenicol acetyltransferase (CAT) system to an¬

alyze the proximal promoter activity but also the green fluo¬
rescent protein (GFP) system to analyze the proximal promoter
features of tissue-specific and development-specific expression.
The results indicate that the IGF-I and IGF-II proximal pro¬
moters are important regulators of embryonic growth and de¬
velopment.

MATERIALS AND METHODS

Oligonucleotides
The PCR primers for cloning IGF-I cDNA are located on

the S and E domain regions. After comparing several fish IGF-
I sequences, two universal primers were designed, namely, IGF-
I primer 1 and IGF-I primer 2. The 5' end of these primers con¬

tains the EcoRl restriction site. For IGF-I genomic DNA
cloning, six primers were designed to amplify the coding re¬

gion, namely IGF-I exon primers 1 through 6. As for first-strand
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Table 1. Primers Used

Name Sequence3
IGF-I primerl 5'
IGF-I primer2 5'
IGF-I exon primerl 5'
IGF-I exon primer2 5'
IGF-I exon primer3 5'
IGF-I exon primer4 5'
IGF-I exon primer5 5
IGF-I exon primero 5'
IGF-I GSP1 5'
IGF-II GSP1 5'
IGF-I P2 primer 5'
IGF-I P3 primer 5'
IGF-I P4 primer 5'
IGF-I P5 primer 5'
IGF-I P6 primer 5
IGF-I P7 primer 5'
IGF-II P3 primer 5'
IGF-II P4 primer 5'
IGF-II P5 primer 5'
IGF-II P6 primer 5'
IGF-n P7 primer 5'
IGF-II P8 primer 5
IGF-II P9 primer 5
IGF-II PI 1 primer 5'
GFP1 5'
GFP2 5'

CGGAATTCATGGAAACCCAGCAAAGATAC
CGGAATTCTCATTTTGTGACTGACAAAGTTG
CGAAGCTTAGATCMAAATTCRAKCCYATTC
GTCTCGAGTTGTTTTTACAGTGAACCATTCC
CGGGATCCGAAATAAAAGCCTCGCTCTCCACAGA

-CGGGATCCAATAAACCCAACAGGCTATGGCCCCAGT
-CGGAATTCGGCCCTGAGACCCTGTGCGGG
CGGAATTCAGAAATCTTGGGAGTCTTGAC
CGCTCGAGCGCCCCTGTTGCCGTCGGAG
GGTTGGCCTACTGAAATAAAA
CG/\AGCTTATTTTTACATTTTCACTC
CGAAGCTTCGGTGCCAAATTACGCAC
CGCTGCAGGACATTTTCAACAGGAAA
CGAAGCTTGCTGGTGGTGGTGGTGGGGCTG

-CGCTGCAGGACTTTGTTCCATTGCGC
-CCCTGCAGTTCCAACAAGACAAAGC
GGAAGCTTCATGCCTGCATCTAC
GGAAGCTTCTGCATCAACCCCG
GGAAGCTTAGTGATTCCACTG
GGAAGCTTCATTTTTCTTGGAGTC
CGCTGCAGCCTGTGTGTAAACATTGTGA

-GGAAGCTTTGCCCATGGAAGTGTTC
-CGCTGCAGTTCAAGCACTTTCATAAAAC
-GCGTCGACGTCAGATGGCAGTAGTCAAAATG
TTCACCGGGGTGGTGCCCATCCTGGTC
TTGAAGAAGATGGTGCGCTCCTGGACGTAGC

aW = A or T;
or G

C or  ;  = G or T; S = C or G; M = A or C; R

cDNA synthesis for rapid amplification of 5'cDNA ends, two

primers were designed, namely, IGF-I GSP1 and IGF-II GSP1.
For IGF-I promoter assay, six primers were designed to am¬

plify the promoter region, namely, IGF-I P2 through IGF-I P7.
For IGF-II promoter assay, seven primers were designed to am¬

plify the IGF-II promoter region, namely IGF-II P3 through
IGF-II P9 and IGF-II PI 1. For checking GFP expression, two

primers were designed to amplify that coding region, namely
GFP 1 and GFP 2. The sequences of all primers are shown in
Table 1; they were synthesized by Quality Systems, Inc., Tai-

Isolation of total RNA

Tilapia (Oreochromis mossambicus) were obtained from the
Tainan Fishery Institute and maintained in plastic tanks 2 m in
diameter under constant photoperiod (13 h light: 11 h dark) at
23°C. In order to obtain high levels of IGF-I RNA, the fish
were injected at 8 h intervals with yellowfin porgy (Acan-
thopagrus latus) GH (Tsai et al, 1993) at a dose of 1 µ-g/g of
body weight for three doses. Total liver RNA was prepared by
the guanidinium-phenol-chloroform extraction method (Chom-
czynski and Sacchi, 1987).

Reverse transcription and PCR assay
First-strand cDNA was generated from 30 µg of total RNA

in a 37/xl reaction volume. The IGF-I primer 2 was then added,

incubated at 80°C for 10 min, and allowed to cool down slowly
to room temperature in order to anneal the IGF-I primers to the
corresponding cDNA. This sample was mixed with 5 µ of 10 X
first-strand buffer (Stratagene), 2 µ of 100 mM dNTPs (Strat-
agene), and 2 µ of SuperScript™ II RNase H~ reverse tran-

scriptase (200 U/µ ; GIBCO BRL). Next, the cDNA synthesis
mixture was incubated at 42°C for 60 min and then at 95°C for
5 min. After incubation, the reaction vessel was immediately
placed on ice. The PCR reaction was carried out in a final vol¬
ume of 100 µ\. The reaction was constituted by the first-strand
cDNA, 10 µ\ of 10 X PCR buffer (HT Biotechnology), 200 µ 
of each dNTP, 1 µg of IGF-I primer 1 and primer 2, and 2.5
units of Taq DNA polymerase. The reaction mixture was sub¬
jected to 35 PCR cycles of 1 min at 94°C (denaturation), 2 min
at 42°C (annealing), and 2 min at 72°C (extension); the PCR
products were then resolved on 2% agarose gel.

PCR product cloning, sequencing, and analysis
The PCR products were size-separated by gel electrophore¬

sis and digested with EcoRl. The digested product of the pre¬
dicted size (549 bp) was then subcloned into the pUC18 plas¬
mid using 5 U of T4 DNA ligase (BM). The recombinant
plasmid was transformed into the E. coli JM109 strain. The nu¬

cleotide sequences of each insert were determined by the
dideoxynucleotide chain termination method (Sanger et al.,
1992) using forward and reverse primers. The comparison of
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the predicted IGF-I nucleic acid sequences and predicted amino was performed with IO-/1I positive phage plaque solutions con-
acid sequences was performed using the Genetics Computer taining 10 µ of 10X extension buffer, 8 µ of 2.5 mM dNTP,
Group Gap program. To compare and align these sequences 1 Mg 0f each primer, ddH20, and 2.5 units of Taq polymerase
with those which have been published, we introduced gaps to (TakaRa LA Taq™, Japan). The PCR was performed in a ther-
maximize identity via procedures described by the Gap pro- mal cycler (Perkin Elmer-Cetus 2400) for 35 cycles with de-
gram (Higgins and Sharp, 1988) and Molecular Evolutionary naturation at 94°C for 1 min, annealing at 50°C for 1 min, and
Genetics Analysis (Kumar et al, 1993). extension at 72°C for 5 min. Ten microliters of PCR products
, , ,. j .-,, . .. ¿ -,  r^T-, „ was analyzed by electrophoresis on 0.9% aearose gels. AfterIsolation and Characterization of Tilapia IGFs Genes .... \ .,

. .

^VT.

.

f, ,. ,

.
ethidium bromide staining, DNA fragments of the predicted size

Approximately 1 million recombinant bacteriophages from (exon primers 1 and 3 amplified about 1.9 kb, exon primers 2
the tilapia genomic DNA library were screened with 32P-labeled and 4 about 3.2 kb, and exon primers 5 and 6 about 11 kb) were
IGF-I 549-bp PCR fragments. This DNA library was con- excised from the agarose gel, and the QIAquick gel extraction
structed in a phage charon 40 vector. The hybridization buffer kit (QIAGEN GmbH and QIAGEN Inc.) was used to extract
used was 50% formamide containing SDS (7 g/100 ml), 0.5 M the DNA. The PCR products were sequenced by an ABI au-
EDTA (pH 8.0, 100 µ, /100 ml), 50% PEG8000 (20 ml/100 ml), tosequencer. The nucleic acid sequences were compared with
and formamide (50 ml/100 ml) at 42°C for 16 h; after hy- the Genetics Computer Group Gap computer program. In an-

bridization, filters were washed in four times with 0.1 X SSC other way of doing this, we isolated one of the IGF-I genomic
and 0.1% SDS at 65CC. A total of 18 positive plaques were ob- clones, mapped by restriction endonuclease, and subcloned the
tained. Exon primers 1 and 3 were used for PCR to amplify DNA fragments. These clones contain the 1.3 kb of nucleotides
IGF-I exons 1 and 2; exon primers 2 and 4 were used to am- encoding the promoter region.
plify /GF-7 exons 3 and 4; and exon primers 5 and 6 were used For IGF-II gene structure and promoter region determina¬
to amplify the IGF-I intron between exons 2 and 3. The PCR tion, we continued to sequence the recombinant bacteriophage

1 atgtctagcgctctttcctttcagtggcatttatgtgatgtcttcaagagtgcgatgtgc
1MSSALSFQWHLCDVFKSAMC

61 tgtatctcctgtagccacacoctctcactactgctgtgcgtcctcaccctgactccgacg
21CISCSHTLSLLLCVLTLTPT

121 gcaacaggggcgggccctgagaccctgtgcggggcggagctggtcgacacgotgcagttt
41ATGAGPETLCGAELVDTLQF

181 gtctgtggagagcgaggcttttatttcaataaaccaacaggctatggccccagtgcaagg
61VCGERGFYFNKPTGYGPSAR

241 cggtcacgtggcatcgtggacgagtgctgcttccaaagctgtgagctgcagcgccttgag
81RSRGIVDECCFQSCELQRLE

301 atgtactgtgcacctgtcaagactcccaagatttctcgctctgtgcgttcacagcggcac
101 MYCAPVKTPKISRSVRSQRH

361 acagacatgccaagagcacccaaggttagtagcagagcgaacaaggggacagagcgtagg
121 TDMPRAPKVS SRANKGTERR

421 acagcgcctcagccagacaagacaaaaaacaagaagagaccttcacctggacatagttea
141 TAPQPDKTKNKKRPSPGHSS

481 tccttcaaggaagtccaccagaaaaactcaagtcgaggaagttcggggggcagaaactac
161 SFKEVHQKNSSRGSSGGRNY

#
541 agaatgtag
181 R M

FIG. 1. Nucleotide sequence of IGF-I cDNA isolated from Oreochromis mossambicus. Predicted amino acid sequence is shown
below. Numbers on second line of each row represent amino acid position. Tilapia sequence contains a signal peptide (132 nt;
44 amino acids, 1 to 44),  domain (87 nt; 29 amino acids, 45 to 73), C domain (27 nt; 9 amino acids, 74 to 82), A domain (66
nt; 22 amino acids, 83 to 105), D domain (24 nt; 8 amino acids, 106 to 113), and E domain (210 nt; 70 amino acids, 114 to 183).
Tilapia IGF-I cDNA insert contains 549 nt, which encode 183 amino acid residues. *

= codon; # = stop codon.



TILAPIA IGF AND IGF GENE STRUCTURE AND PROXIMAL PROMOTER

clone (Chen et al, 1997), subcloning the DNA fragments and
sequencing the upstream ATG (start codon) of approximately
5.7 kb and the downstream TGA (stop codon) of approximately
3.4 kb.

ter verifying which fragments hybridized with the probe, re¬

striction endonuclease-digested 5'RACE products were cloned
into the pBluescript plasmid vector (Strategene) and sequenced
to confirm the genomic sequence.

RNA isolation and rapid amplification of 5 '

cDNA ends (5'RACE)
Total RNA was isolated from tilapia liver. The RNA ex¬

traction method followed the manufacturer's protocols (UL-
TRASPEC™-II RNA isolation system; Biotecx Laboratories,
Inc., U.S.A.). The 5'RACE procedure (Peduel et al, 1994)
strictly followed the instruction manual (Life Technologies,
U.S.A.) and Frohman (1990, 1993). Briefly, the sample con¬

tained about 5 µg of total RNA, and either the IGF-I GSP1 or

the IGF-II GSP1 primer. After PCR, the 5'RACE products were

analyzed on 1.5% agarose gel and transferred to nylon mem¬

branes (BioRad). The membranes were probed separately with
[32P] dCTP-radiolabeled IGF-I P2 -* P7 genomic DNA frag¬
ments and IGF-II P3 —> PI 1 genomic DNA fragments. The hy¬
bridization procedure was the same as that described above for
the isolation and characterization of the tilapia IGFs gene. Af-

IGF promoter plasmid constructs, cell culture, and
transient transfection assays

An approximately 2 kb Sacl-Sacl fragment was obtained
from an Oreochromis mossambicas IGF-I genomic clone. This
fragment includes 1360 bp of the 5' flanking region and the
transcription start site sequence. The promoter activity assay of
fragments was amplified by PCR (The primer location is ref¬
erenced below in Fig. 3 and Table 1). The PCR product was

digested with Pstl and Hindlll restriction endonucleases, and
the fragment was ligated into the Hindlll and Pstl sites of the
pCAT-Basic vector (Promega). The pCAT-Basic vector is a

promoterless plasmid containing multiple cloning sites up¬
stream of a CAT cDNA. This resulted in the IGF-I promoter
activity assay obtaining seven construct plasmids (see Fig. 6).
The clones of IGF-I P2 -» P7, IGF-I P3 -> P6, IGF-I P3 -h> PT,
IGF-I P5 -» P6, and IGF-I P5 -> P7 were constructed and con-

Signal peptide

tilapia
Sparus aurata
carp
rainbow trout
salmon
hagfish
human
rat
pig
sheep
chicken
xenopus

.MSSALSFQWHI£DVreSA.MCCISCSHTLSLLLCVLTLTPTATGA

.MSSALSFQWHLCDVFKSA.MCCISCSHUSLLLCVLUTPTATGA
MTSNKFIFAGLLLETQGMSSGHFFQGHCCDVFKCT.MRCLSCTHTLSLVLCVLALTPATLEA
.MSSGHFFQWHIillVFKSA.MŒVSCTHUSLLLCVLTLTSAATGA
.MSSGhLFQWHLœVTOSA.MœiSCTHTLSLLLCVLTLTSAATGA
.YIRRVRQGSIYSLLVÎSœWCKLTllLLLLLALLTRCTL..
.MITyiATOHTMSSSHLFYLALaLTFTSSAT.A
.MSSSHLFYLALaLTFTSSAT.A
.MHITSSSHLFYLALCLLSFTSSAT.A
.MGKISSLPTQLFKCCFCDFLKQVXMPVTSSSHLFYlAIXOAFSSSAT.A
.\KINSLSTQLVT(CCFœFLK.VKMH^SYIHFFYIi3IjCLLTLTSSAA.A
.METWM.STQLFKCYFœiLK.LKMHKMSCIHIXYLvLa^TLTHSAA.A

 domain C domain
ancestral fish GPETLCGAFXVürLQFVCGERGFYFSK???PT GYGPSSRRSHNR

tilapia GPETI/XAELVDTLQFVœERGFYFNK.. .PT GYGPSARRS. ,R
Sparus aurata SPETLCGAELVDTLQFVœERGFYFSK.. . GYGPNARRS..R
carp GPETLCGAELVDTLQFVCGDRGFYFSK...PT GYGPSSRRSHNR
rainbow trout GPEUœAELVDTLQFVœERGFYFSK...PT GYGPSSRRSHNR
salmon GPETTXGAELVDTLQFVCGERGFYFSK.. .FT GYGPSSRRSHNR
catfish GPETirGAFLVDTLQFVCGERRVHFSK...PT GYGPSSRRSHNR
hagf ish GSETLŒSELVOTLQFVCDDRGFFFVPQHVPP RRGAHRRSRARK
human GPETLCGAELVDALQFVCGDRGFYFNK...PT GYGSSSRRAPQT
rat GPETLCGAELVDALQFVCGPRGFYFNK...PT GYGSSIRRAPQT
pig GPETLCGAELVDALQFVCGDRGFYFNK...PT GYGSSSRRAPQT
sheep GPETLCGAELVDALQFVCGDRGFYFNK...PT GYGSSSRRAPQT
chicken GPETLCGAELVDALQFVCGDRGFYFSK...PT GYGSSSRRLHHK
xenopus GPETLCGAELVDTLQFVCGDRGFYFSK...PT GYGSNNRRSHHR

A domain D domair
GIVDECCFQSCELRRLEMYCA PVK7GKAA

GIVDECCFQSCELQRLEMYCA PVKTPKIS
GIVDECCFQSCELRRLEMYCA PAKTSKAA
GIVDECCFQSCELRRLEMYCA PVKPGKTP
GI VDECCFQSCELRRLEMYCA PVKSGKAA
GIVDECCFQSCELRRLEMYCA PVKSGKAA
GIVDECCFQSCELRRLEMYCA PVKSGKAA
GIVEECCFKGCSLRLLEMYCA RPSKAE
GIVDECCFRSCDLRRLEMYCA PLKPAKSA
GIVDECCFRSCDLRRLEMYCV RCKPTKSA
GIVDECCFRSCDLRRLEMYCA PLKPAKSA
GIVDECCFRSCDLRRLEMYCA PLKAAKSA
GIVDECCFQSCDLRRLEMYCA PIKPPKSA
GIVDECCFQSCDFRRLEMYCA PAKPAKSA

ancestral vertebrate GPETLCGAELVDTLQFVCGDRGFYFSK???PT GYGSSSRRSH7R GIVDECCFQSCDLRLLEMYCA PVKP7KSA

FIG. 2. Comparison of amino acid sequences of IGF-I in tilapia, Sparus aurata, carp, salmon, rainbow trout, catfish, hagfish, hu¬
man, rat, pig, sheep, chicken, and Xenopus. Gaps (...) were introduced to maximize potential homologies. Hypothetical ancestral
piscine IGF-I sequence is shown above; hypothetical ancestral vertebrate IGF-I sequence is shown below. Mature peptides largely
conserved in all fish are underlined. There are four types of amino acid sequences in IGF-I E domain; herein, we do not compare
them because of the complexity of this region. Amino acid sequences of. F-Y-F are putative receptor binding site in  domain.
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tain two transcription start sites. The clones IGF-I P3 —» P4 and
IGF-I P5 —> P4 lack one transcription start site, that connected
immediately upstream of the ATG codon.

Fragments of the IGF-II gene containing the promoter re¬

gion were obtained from the Oreochromis mossambicas ge¬
nomic clone. The IGF-I and IGF-II transcription start site was

dependent on the 5'RACE result and assigned at
—

1 to be near

the first nucleotide upstream of the ATG codon, with the def¬
inition of the -1 number according to Koval et al (1994). The
deletion series of the IGF-II promoter was constructed by PCR
amplification using oligonucleotides designed to generate ends
with Pstl-Sail and Hindlll-Sall restriction sites. This resulted
in the IGF-II promoter activity assay obtaining eight construct

plasmids (see Fig. 6). The PCR products of IGF-II P3 -» PI 1,
IGF-II P4 -*  11, IGF-II P5 ->  11, IGF-II P6 -*  11, IGF-II
P7^P11, IGF-II P9^P11, IGF-II P7^P11, and IGF-II
P8 <— PI 1 were then cloned into the pCAT-Basic vector, after
which the pCAT-Basic vector was digested with the same en¬

zymes. Next, the QIAGEN plasmid extraction maxi kit was

used to extract DNA, and one strand was processed by an ABI
autosequencer to identify the orientation and sequence.

Human lung large cell carcinoma cells (ATCC NCI  1299)
were grown in DMEM (glucose 4.5 g/1) containing 10% new¬

born calf serum. Approximately 6  105 cells were seeded 12
h before transfection. Calcium phosphate-mediated DNA trans¬
fection was as described previously (Tsai et al, 1996). Typi¬
cally, the transfection lasted 12 h. The CAT activity was mea¬

sured 48 h after transfection and quantified as described
previously (Tsai etal, 1996). Plasmids of pEGFP-1 ligated with
a IGFs promoter region were transfected into the same cells.
The procedure is described below, and the transfection method
was the same as that used for the CAT assay.

Reporter gene constructs, preparation of plasmid
DNA, fish egg collection, and microinjection

The vector of pEGFP-1 (CLONTECH Laboratories, Inc.; the
pEGFP-1 vector sequence can be found in GenBank accession
number U55761) was constructed by inserting IGF-I P2 —* P7
as a //¡rtdlll-Psfl site from the PCR fragment; the insertion of
the IGF-II P5 -^ Pll PCR fragment was conducted with the

pEGFP-1 vector as a Hindlll-Sall site. Plasmid DNA was ex¬

tracted according to the QIAGEN handbook for the plasmid
maxi kit (QIAGEN GmbH and QIAGEN Inc.). After purifica¬
tion, the plasmids were precipiated using ethanol and sodium
acetate. The DNA pellet was resuspended in ddH20 and stored
at -20°C.

The experimental specimens of Brachydanio rerio (ze¬
brafish) were maintained under standard conditions with an ar¬

tificial photoperiod of 11 h of darkness to 13 h of light to in¬
duce and maintain the reproductive cycle. Fertilized eggs were

collected, and one of the two cells in the embryo was intracy-
toplasmically with an appropriate amount of supercoiled plas¬
mid DNA 100 µg/ml. The injection method and GFP assay pro¬
cedure are described in Winkler et al. (1991) and Amsterdam
et al. (1995, 1996).

Fluorescence microscopy observation and RT-PCR
After injection of supercoiled plasmid DNA (the construction

plasmid of pEGFP-1 vector ligated with the IGF-I or IGF-II pro¬
moter region) into the zebrafish embryos, eggs were kept in a

28CC incubator. Embryos were observed and photographed on an

Olympus microscope LX70 and Leica MPS 48/52 dissection mi¬
croscope with a fluorescence filter using a long-wave UV lamp.

The zebrafish embryo RNA extraction method was accord¬
ing to the manufacturer's protocols (ULTRASPEC™-II RNA
isolation system; Biotecx). For IGFs promoter assay, 10 one-

wk-old fish (for IGF-I promoter assay) and 10 two-wk-old fish
(for IGF-II promoter assay) were collected, and their respec¬
tive extractions were pooled. These embryos and fish were all
injected with the construction of pEGFP-1 vector ligated with
the IGF-I or IGF-II promoter region as described above. The
concentration of total RNA was measured by an ultraviolet
spectrophotometer at an absorbance of 260 nm.

In order to investigate whether the expression of IGFs pro¬
moters is stage or tissue specific, 1.6 µg of whole embryo or

fish total RNA and the GFP 1 and GFP 2 primers were put
together in one-tube mixtures and used to amplify internal
fragments of GFP first-strand cDNA. The PCR was run con¬

tinuously to amplify about 317 bp of the GFP coding region
according to the manufacturer's instructions (AMPLY RT/PCR

Table 2. Homology of Insulin-Like Growth Factor (IGF) Polypeptide11

Insulin-Like
Growth Facator

Tilapia IGF-1
Mature Peptide

Identity (%) References
Tilapia IGF-II
Catfish IGF-I
Hagfish IGF-I
Human IGF-I
Mouse IGF-I
Pig IGF-I
Rainbow trout IGF-I
Rat IGF-I
Salmon IGF-I
Sheep IGF-I

59.1
83.8
59.7
79.4
79.4
79.4
86.8
79.4
89.7
79.4

Chen et al, 1997
McRory and Sherwood 1994
Nagamasu et al, 1991
Rindernecht and Humbel, 1978; Klapper et al,
Bell et al, 1986
Tavakkol et al, 1988; Muller and Brem, 1990
Shamblott and Chen, 1992
Roberts et al, 1987
Cao et al, 1989; Duguay et al, 1992
Wong et al, 1989

1983

aComparison of predicted IGF-I amino acid sequence was performed using Genetics Computer Group
program.
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Tilapia IGF-I Exon 1 and promoter region

-1213 GAGCTCCTGTATCaMGOÏÏÎJ^
-1163 TGATCATCGCGiTTTGAra
-un GTOTMcrixiraTiœMœMœiT^^
-1063 CACœACœAœATGCCTœATAO^^
-1013 GTCACAœACTCATCTCATGmACTCACTGGATC
-963 TCACirrrcAGMCMorin^MíraTitx^
-913 GACACAGTTOMCTGCHHramOTCMCAffi
-863 GarrcCATCMGAGTCIOTCAGTœAAMCMTaOXTAœMT^

ATTMTxrrCTccTœATCATAAMaœATCTClTTTTuriiiiTT'frrc
ClT'l'nT'lATTTTTGCACTCTAGTTaaGGNGaT^^
AGCKCMaXACTTCTAWMGTGAAAATCAGCAAGAAGGGAGAGAAAAC
CAGAGACATACAœAœ^m,A^ XAGTCACAGTGTGCAGAAAGGCAGCAA
ACCCTCCAacnrjGCTCTO^^
TTTCTGGCTCMGTITGCTanTACTUrMTAAAMTCTCACATTI^

-813
-763
-713
-663
-613
-563
-513

-463
-413

ATTnCACTCCAGTTCACATTTATTTACKnTTIOmXTroAGGTTI^
P2 Primer
GTGAGGAGaCTGCGœGTCTMGTœ
TMTCAMCCA AGra;AGAGACTra7 arrCAGATACAaXr GCCAAA

-363 TTAÇ^CMCAœAMGAGœATATCACMOirCAiKTCGTCTTTAAC
P3 Primer

-313 TTCTCCmATGAGCGTTTaGGGa^
-263 TCAGaXXTAarjCTXrrcCTGGTC^^

- 
P5 primer

-213 CTMœMGTCTTAGAGAGATCAAMWCMTCCCGTTCTGAGAAAAAAC
-163 AGAMTCACGT7^777t^TATÎJlTJCCCAAAATC^

HNF5-like HNF 1-like
5'RACE

-113 GGACGAGTAœAGOJÂMTGCTCC^^
P4 Primer

-63 TülTJTMTGTAGATAMTrjTGAGGGATTTIXnn^
5'RACE

-13 TTCGCTAAATCTC [ACTICiÎJCAAMœAGariïjCt
P̂6 Primer

38 GGMTATTGAGATÏjrcACATTGœCCCATurCATCCTCTITCT
88 mMTGACTlTAMCMGTTaTITirj<T^^<-

* P7 Primer
138 MajJTGGCiGAJtTIirrACnXTITTirXI^
188 TCTTCAAGgtaacttacctgatttcctttgacactatacattatcacctt
238 gattcttcacttgctcactatttgcacagagcatcctcgcetactttaaa
288 aagaaacaataaaaggggattcttatcgcttgcttgtatttcacagcttt

338 tgaacgcatgcattggtgcggatttattcacatttttctccttttcatcc
388 acttatggaacaactctcccgcatgtcctggtaatctattttattttatt
438 ttattttccagagataattatattttctacattttgctttaattgattct
488 tttctcttttttgcaattaaaaaaaaatcattgacatggatcgtgcatga
538 et t tcagcgcaggtatgaat t tggacat 11 tccgtgcgcccggcgctct t
588 tttccaccagaaagccctaatgcagctgtgcaactttccaaagtaattac
638 tgctgagtctgcataatttaagttgctaatatctaacctgatgcctctgg
688 cggggt tgaaagaacgagagcgggagagagagagat t tccgaaacact tg
738 cgggcgtcgggaact tgcgggtgtgaagt taatagataacgtcccgggt t
788 t

Tilapia IGF-I Exon 2

1 gttaaaagaaactctttttccgatgatgctgtgaaaatgttcttgctctc
51 tcccctgtgcgcagAGTOXîATGiXXTGTATCTCCTCTAGœACAœCrc
101 TCACTACTXXnxmKXÏÏ'trrCACCCTGACTaXÎACCUCM
151 CœTCAGACCCTGTGCGamXÎAG^
201 GTGGAGA(]ŒAarTTTTATTTC.

Tilapia IGF-I Exon 3 and Exon 4

1 MTAMŒMCAOrrATraiXrAGTœManXTrCAaïï'GGCATCGT
51 œAœACTGCTïTITŒAMGCTÎrrc^^
101 GTCACCTGTCMGACTCœMGATT^^
151 CACACAGACATTXCMGAœACCCAAGGTTAGTAGCAGAGCGAACAAGGG
201 GACAGAGCCTAGGACAGCGCCTCAGCCAGACAAGACAAAAAACAAGAAGg
251 ttgagctaagcatcaaaacagataaactgtaaaaat tgttgattggatcg
301 aatttacatttetgttacatgatcagagcatacgtgcataatateetgat
351 taattaaggtgatatagcttaataagcagaaactcgtccatccaactaaa
401 gt tacctaat 111 tet tccacagAGACCTTCACCTGGACATAGTTCATCC
451 TTCAAGgtatgcatgcaaaatgatctcatgttcattgtccttttgtcatt
501 taagctttaccaaaacacacaatctctcccatgacataagagtttcaaag
551 caggcgatctttacagaa

Tilapia IGF-I Exon 5

1 tctatatctctgctgtacatctaaaaaaaaaaaaaaaaaaaaacaaatgt
51 gt 11 tat 11 tgt t tgcagGMGTCCACCAGAAAAACTCAAGTCGAGGAAG

#
101 TTCmiHrAGAMCTACAGMTrjrAGffiMGGAACAAATGGACAAATG
151 œCAœMTTOTAœAGAGMGœAGTœCOTACCT^
201 GAATGGTTCACTGTAAAACAA

FIG. 3. Partial nucleotide sequence of 7GF-7 genomic DNA isolated from Oreochromis mossambicus. Tilapia IGF-I exon se¬

quences and 5' flanking sequences are shown in uppercase letters; intronic sequences are shown in lowercase letters. # = stop
codon; *

= start codon. Numbered arrows under sequence indicate positions for CAT assay of PCR-constructed primer. Regions
of 5'RACE termini are marked by arrows above sequence and labeled 5'RACE.

Kit; LTK BioLaboratories, R.O.C.). The amplification program
was established for a Perkin-Elmer 2400 thermocycler and was
as follows: 1 cycle of 5 min at 60°C, 30 min at 42°C, 35 cy¬
cles of 1 min at 94°C, 2 min at 55°C, and 2 min at 72°C fol¬
lowed by a final extension of 7 min at 72°C then immediate
storage at 4°C. Each RT-PCR included control groups: one tube
contained only GFP 1 and GFP 2 primers, and another tube

contained only embryos or fish total RNA mixtures. The PCR
amplification products (5 µ of 20 µ\) were analyzed on 1.5%
agarose gel and transferred to nylon membranes (BioRad). The
membranes were probed with [32P] dCTP-radiolabeled GFP
cDNA fragments. The hybridization procedure was the same as
that used for isolation and characterization of tilapia IGFs genes
described above.
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Tilapia IGF-II promoter region
-5477 TarfMGCTirjœAŒœrrAœACTAGTUrCGAGGCT
-5427 CGCOjGGOCaXîATCTGTr^^

-

5377 AGATCCrrXCTACAGACAGAffiAGGAGMTCATTXX7TCACATTC<rr^

-

5327 GATACAGATAGTTÎAGAT'GGGCCTTTIOTA^
-5277 MGAMTAGACATAAMGTCAMTGTMTMTT(rrcTGCATATXmTGTC

-

5227 CTCAGTGGGCAGTŒATCXICAGAaœMTACACAGAœAœAGATCGG
-5177       < ,                  (                  
-5127 ACATCAAMGWMGTCrcAAGTAGCAGTGAGMTAAAATCATAATrTAC
-5077 MTGMCACAAMTCTITITATCTAnAAMTAaïïTTCATTGTTATi^
-5027 GTmACTGTCMCACATTGTCCTCMCm^
-4977 aTATGMTGGTXTrTTATGGATGCTTIÏjGTAM
-4927 GGGTXrrCACTAGMTAMCrCGAGGTGACAGOOGAGCTTGTCTGMTC^
-4877 AAMCATATïXATAGŒTCAGMCAMGTGTTGTTTœMTTCAATAGAT
-4827 GTTTATCATTTTACTTGMCAGTTTAGGACAAAAAAAAAGGACACTAATG
-4777 MTCM^TTAGTCAœAGAœMGTAGAAAM ATAœAMG^ïX TTT
-4727 TCATAAGATTTATACGATACAAGAAAAACACAGCATAATAAATAGTTAAA
-4677              ^                              
-4627 ACTMœATMCTCTAAMCTACACTœMTTTTAim'ATTrŒAMGTT
-4577 TTTœMGATTTTGATTTrMTAMTGAMCrrCMTTITTATCT

-

4527 MTACTGATTTAGGœAGMGTATA^CMCCCTCAGœACTrGTACACC
-4477 AŒrATGOTTCAGTCMTAiriTGAGG
-4427 TTXnXXX7TACAGŒCAGACMCATT(XœAC<TœMGATCTXjrcACGCT
-4377 TCCTCAMGGTAAAAACGGGATAAGACNAAATGAAAAAAGAAAAGATACC
-4327 TAMTACAGAŒK^AœAMTGTAGACTœACCTATCAGGGTTTGGATT
-4277 CTCTCTCTCTCTCTCTCiTJIürcTCT
-4227 œATCCCCCTGMCACACACC^AGAGCSœACAœATTTCAGCTïXGTC
-

4177 aGTGGCGGGGOTrjCTCTCAG^
-4127 ŒGAGTXnTCCAGTGCACœAGTACATCŒACATtXTTCCTCaXCATGC
-4077 AatXXrAGMCCGTGAGTACTACKÏÏGACinTnTJCC^

-

4027 ACTAATTATAAAGTATACAATCAGAAATAGCTCCATAAAAACAAAAGCAA
-3977 GTGAAATTACACATAGCATCTGCTAATAGCAACAACAATTCATATTAAAA
-3927 AGCTTXTGTATKAAMGCIUITGT^
-3877 ATATGTTTTirjmAGAGMCAGGCTIi^^
-3827 TMTCAGATTGMTTrœAGTTTGTCATCATAMGTCTœATœMTOWV
-3777 ACTGMCrcTCTGGTXnTTTTCATTTMGATCAM^
-3727 ATATMCTGTTGCTTTXTtTITCAGTGAarjCGTŒ
-3677 ACGTAŒCATOrrcCCTGATCœACTrTTGCœAGT^
-3627 Gf^AMffiATTAKAGaTTACAGATCAnCAGTTCrTTTGTCO'ATTT
-3577 AGCMGMTTGATCTATTATTTTTXACAGM(riTGGTTTGGCITCA(^
-3527 GGGGC aX]ATGMGATATTCAGAMCTGTœACAGTMGAC^T TGTC
-3477 TTŒMCACAMCMCACATTXAMCTÏjrATAAAMnACTGCGGTGAAG
-3427 TTTGGG(rrTGMC(^ATGTTGœAGCœATC(ÏXrrMCAGAGACACA^
-3377 ACACACACAMCACACACACC€TCœAOXTICTTAGCCTC<HTrCAAG
-

3327 C^œ^^CTG^G^ kCk ^ (XC^n ^(ïï^kACr nC^^ ^^ ^ CG
-3277 CTAAMTA^rJr CAAMTACA AOTTGGACAG(ÏTrGTCTAAMTCT
-3227 MaTGTAGCTMTCaCTGATirrir^^
-3177 TTOXrrTmœATCAC<TGTAaxm^
-3127 AMCAAMTÏIÏÏÇAG(7raAGG(mATœAGCTTM^
-3077 TCGTGMCTTGTGGTAGGTTCACACGII^ïril^'l^'fl^UrriMTrjCAG
-3027 GACACACAGACAGCTGTCAGCTMWCTœATiTITnAMinTCCAGCA
-

2977 CTCTCTGTCTCATCMœAGAGACMGAGAGTiTGATCCAGAGGCTGCAG

-2927 CAGTTKACKXrTATCMGAŒAGACGTAœAœaOTTTAaTTATTTCT
-2877 GAGAGTTTTTCAGATCCmœAGAMTir^^

-

2827 ŒAGACATACAŒTACATMGMCATACAGMCTGATAAAAAAMTGTGT
-2757 AAAAAACAACAACGAAAAACAAAAAAGAGAGGGGTTATGTGAGGACGAGG

-

2727 TCAGAGMCAœCAGœMCCCCGGAGGCCACAAACTATTGTAGGTCAGC

-

2677 CATAœAGŒAGMGACAC<ÏÏOTTCCrMTÎjrAGTCITCCTTACCAAGGC
-2627 AAMCICTGGAGTTTTATTirM:AMCAGATCAMTC<nTXCCT^
-2577 CMGTATCTTMGTGAGTÏjrGTrcACMTATTCAGCrTCTAGTAGMTGC

-

2527 AKACATCACATCTCXMACACACTCGATCAGGAMTACCCGCACTGGAAT

-

2477 GTTGAMGAœACAGAGMCATTGTGAGCATCATACATAGGAGTATATCT
-2427 CTATXnTGTœMTCCACAGTCTCMTMTTTœATrXATGTrXAACATG
-2377 KAMTTATMCMCMffiACMTTrCCAGKATGGTTGOTTAGTCCAT
-2327 ACITTCAGTTGGAKATAMGACAGaXEATTroAGATCTTrMCTTT^
-2277 GACTTCmACATUmACMTTITGAœAGGGOTAT^^
-2227 MCOÏÏ'œCnXTCAGTCAGATTTCATXrATATACCAœAGTXnTGAAGT
-2177 ATTGGACMCœAGTGMGATXTMGGAGGCCiœMC<nxnrjMœATG
-2127   0   0 0(^   0   :(   0      (   1  0  0 00 
-2077 GTXTITCAœATXrGCCTGTKriTIXriTiT^^
-2027 TGTCGMGATCOrMTGTnTCATATTinxrrGCCGTACCTGC^
-1977 MTCTCAGTTITGCTTGTTGTrjG^
-1927 CCAWAAMCCTCAAMCTCAGOÏCTGACAAAGTATCCAAAGATCTTAAA
-1877 TGCTTœATTTXÏÏGAMTCATGGGGTTTTACrGAa^
-1827 TTTAMGTTïïrrTGTTTGAGAMTGTCTCAMTCTAGAGTCACATCAAAG
-1777 GGMCTCTCATAATGAAGAATAAAAGGAGGTATATAAGAATGGTATAGAA
-1727 TTOAMCTAMGMmTMTTinrjMTATTTO^
-1677 TAGAAAAAMTCTGTMCTOTCTTTrcAAMO
-1627 AGMTTTAG(mTTCAGTMTTAMTœATAGCTITCATATrXTGT^
-1577 GTXTItXATTGTXn'AiTITATTXTCGTTTCCrrCr^
-1527 MTAAAAAAAMGGGOHXiGMGAAMCATAGWtrrATGTAATAMCT
-1477                         (              
-1427 ATarrTTJJTXTTCATTTATCMGTTTITATlL^
-1377 ATAMTMTACKAWATATTTGATAGGTTTTGarTCTTATCGCTC
-1327 AAMCCTAGAMTAaTTCACATGM^TA AG^TMœACAO rcGCTG
-1277 AGTCTTCCTTrACATTrGTCTATCœMGAGGGAGCTGTCT
-1227 CCCCTÏXCTarrCATAAMTCACAœATATTTATTGAA'rri'fri'l'riGAG
-1177 AGAATAMTCTTAAGGTTCTrnrjCT^
-1127 AAMCMGCTAMGCTCACAMCMCCTCMGATATrrTAATGACACTAA
-1077 ATœACTATAGAMCan"ATnMTGTCCTJJTATTGAAAATAAATAAATA
-1027
-977
-927
-877
-827
-777
-727
-677
-627
-577
-527
-477

-427

MTAMTTAAAMTCAGCCGTTTTTCAMCimTATTCTœATMTCA
    0   0      0       0       0    0 (  ; 
CACGCTTCCITCTGTTCAGGTMGMGATXXXÎATCATATŒAœATTCAA
CATTœAGGACAAMGCTCGAMGCŒAMGCKXÎAœACAMCAMCGG
AOÏÏ'ACCGTMŒAGAŒAœACXrrGTCAGTATGAGTCrGMGACACGTG
CAGATCITrMCTTCAœAGAœACACA(Ii;AMTMC<M3GCCaCGAG
TTrcATAMœATMCGTGMTTTTGCGTGm^
TTtmGTATGGATCACTCnTTGTATAC^^
CTtXMTCMGTAGTOTGCTGGACICT^^
TCCATACTMTTXATTAGTAMGCTTTTAAAAAMTXnCCACATTIO^
CMTÏXTGACTrjITXATCATATGAŒATŒATMTATCTGTXXK^
CATGCcrccATCTACTnrjcac^^
- 
P3 Primer
CirXATCMCCCOnTTACTATCTCCCCITCACKr^
P4 Primer

FIG. 4. Nucleotide sequence of promoter region of tilapia IGF-II gene. Numbered arrows under sequence indicate positions
for CAT assay of PCR-constructed primer. Regions of 5'RACE termini are marked by arrows. Exon sequences and 5' flanking
sequences are shown in uppercase letters; intron sequences are shown in lowercase letters. Translation initiation codon is under¬
lined and marked*.
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-

3 77 CœAGTGCOTXATCrACACAGTOOAœAMGCCœAMCCTra^
-327 AGTCA^TœA  MTGTTM^r TM ACAGCAG(X X;AGACATTGA
- 

-P5 Primer Spi-like
-277 CATTTTTCTiœAGTœMœMTTAarCTATTriTGTrc
-*
P6 Primer

-227 IXIXrnTirjTAMCATTXJTCATTGTAGGTTACACnxn^
P7 Primer

-177 TCCœATGGMGTGTTœATATTTITT^^
P8 Primer

-127 TTmœACTTTaTAAA^CGTCT^
P9 Primer
AGA(«AGGA^MGGGGTGGGGTXHnrjTMGG(HiniXTTTAGTATAT

5'RACE
-77

-27
24
74

MTAOTCTCCrrcAGMGTTTTGIX^
TCTCAOrAœATnCTATAGTWMŒMOriXJAMCTMCTCAC^
CMTCACACCMŒAMTMTTCŒMCATTITGACTA(7TGCCATCTGAC

*-
* Pli Primer

124 ATGGAAACCaGCAMGATACGGACATaC^
174 GAGAACGCAGAACAGCAGATGGAAGgtaaccaaagaacaagcaaattgtt
224 ttat actetccgggtctgccgtgcgcgtaatgaaagacgtctgacaggtt
274 tatagcggtgttgtcttggttttataagtaggaaaaccagttcgggttct
324 gtagatgcagtgctcgcatcagttttgtgcagtatgagccccgggacatc

374 111 tgat t tgtatgcagcagagaaagt tcaagatgcataaacggcgagga
424 gaagctttgcggcatttgggatagaaaaagaacaagtaattt tagte ttc
474 tcgcgcctggatggtgtcgtggacacggagcaaacagctgat 1111 tace
524 ggcagatagggggcggcaggtttgagggtcagtgagctcattccggggtg
574 agcaaagggaaaatatatgctgagtttggtgttttcggctagttaactat
624 cgagcagccggccttgcaacttcaggatggttgtgtaagagtggaaagct
674 ggtgatactggcgacttgtgtttttttcctccagaataagcacttcttca
724 ggtgcgacagacatgacagcagctgataatagcgggcggggaaggtgaag
774 agcgggtctgcacattgtgacttgatttgagatgattttctttttctgaa
824 11 tctact t tgtcgaacat t tgagcacgtacaccgtacacaccgggagcc
874 tgtgatgaagactgtaccctcttcgtctgaaaaaaaaaaaaaaaactctg
924 gctgattttgattaaaaaaatggtatttaactgtcattaactgttatttt
974 gttaacgatttctgtatgccacaactttctgcatatcatggctacatttg

1024 gtgacccccatgcttcataccgcagGTCAAGAAGATGTCTTCCACGAATC
1074 canxïïtxinTTXocTGœir^
1124 TCCGOTAMCOTXÏÏTTGGCXXÎAAMCT^^
1174 CTCTGMGACAGMGCTTTTATTTCAgtaagtttcaaagcattacnagtt
1224 tccccaatggctgcgtgattgctcatttgcctgttgaatctctctgttgt
1274 gcccttgcacacatctgtttggagcaaaagtgggaagttacccactacna
1324 atacttcgttactgtactccagtatagttttcagttagaatttttgcccc
1374 ctacatttttaaacagatatctgtactttctactcc

FIG. 4. Continued

RESULTS

RT-PCR cloning and characterization of tilapia
IGF-I cDNA

To isolate the IGF-I coding region from tilapia as quickly as

possible, our strategy included injecting seabream GH and
comparing multiple piscine IGF-I sequences (salmon, rainbow
trout, seabream, hagfish, and catfish); after this, two primers
were designed. For simplicity, an FcoRI restriction enzyme
site was designed to clone the IGF-I RT-PCR product. A to¬
tal of 20 E. coli clones were selected and sequenced, and three
clones were identified as tilapia IGF-I cDNA sequences. The
nucleotide sequence and predicted amino acid sequences of
tilapia IGF-I are described in Figure 1. The tilapia 7GF-7
cDNA insert contains 549 nt, which encode 183 amino acid
residues. Herein, we identify a tilapia IGF-I cDNA sequence
containing a signal peptide (132 nt; 44 amino acids),  do¬
main (87 nt; 29 amino acids), C domain (27 nt; 9 amino acids),
A domain (66 nt; 22 amino acids), D domain (24 nt; 8 amino
acids), and E domain (210 nt; 70 amino acids). The tilapia
IGF-I nucleotide and amino acid sequences were compared
with those of rainbow trout IGF-I and possessed 86.6% and
84.9% homology, respectively. The tilapia IGF-I nucleotide
and amino acid sequences were compared with those of
salmon IGF-I and possessed 86.8% and 85.4% homology, re¬

spectively. Comparison of the amino acid sequences for fish
in Figure 2 and Table 2 shows high evolutionary conserva¬

tion. The homology between IGF-Is indicates that amino acid
substitutions are relatively few, and the IGF-I mature peptide
sequence is highly conserved (Fig. 2). The mature insulin and
IGF peptides are highly conserved among vertebrate species;
it can be inferred that IGF-I-like molecules were found in

species with origins from 550 million years ago (LeRoith et
al, 1993), which is near the beginning of the Cambrian Era
between the Paleozoic and Proterozoic.

Characterization of tilapia IGF-I gene structure

In tilapia IGF-I, the first exon encodes a partial signal pep¬
tide and is highly conserved in the 5' untranslated region. The
B, C, A, and D domains of the mature peptide are encoded by
exons 2 and 3. The first E domain of 40 amino acids is encoded
by exon 3. The second E domain of 11 amino acids is encoded
by mini-exon 4. The last E domain and part of the 3' untrans¬
lated region are encoded by exon 5.

The partial nucleotide sequence of the Oreochromis mossam¬

bicus IGF-I gene is shown in Figure 3. The gene contains five
exons, and the exon structure is like that of chum salmon. All
five exons and part of the introns were sequenced, and the ge¬
nomic DNA sequence was compared with the Oreochromis
mossambicus IGF-I cDNA sequence. From exon 2 to exon 3,
the junction of the intron could not be amplified by PCR. So,
unlike chum salmon, it could not be determined whether the
tilapia sequence of exon 2 to exon 3 is divided into about a 10-
kb intron. We surmise that the separated intron may have the
same structure and nucleotide length as that in the chum salmon
gene. In tilapia, exon 1 to exon 2 is about 1.8 kb, and exons 3
to 5 are about 3.1 kb. Exon 1 is separated from exon 2 by a

1.2-kb intron. Exon 3 is separated from exon 4 by a 173-bp in¬
tron, a mini-intron. Exon 4 is separated from exon 5 by a 2.5-
kb intron. In the chicken, human, rat, and salmon (Kajimoto
and Rotwein, 1990; Kavsan et al, 1993), there is a TATA-like
consensus sequence of about 300 bp upstream of the first me-

thionine, but no CCAAT-like or GAGA sequence was found.
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1 attgaacaatatnttatnaccntaatgaatgatccttcttttcccttttt 1851
51 cttctattttcgcccgcacgccacaatagGAAGTTCAGAAGAAGCAACAT 1901
101 GTGACCGTGMCrrATTLrAMTAœAGGTGTXHTAGAœManJGCCCA 1951
151 œGGCTCCGGAGGGGTGTCœcœCATTCTGAGGGCCAGAAAGTATAAGA 2001
201 GGCAarœAGMGAWAMœCMGGAœAGGCTATCTTCCACAGGCCC 2051
251 CTCATCAœOTCCTAœMGCTCanXiœiïjrTGCTCACCAiœACM 2101

# 2151
301 CTTÏÏH'CAGTCACAMTOGœt^ 2201
351 TTnGAOKnOAAAAAMGACTAGGœAmTAGOT^ 2251
401 TCATTTCTXÏÏÏjœAGTCCTCTTTGAC^^ 2301
451 CMTCCCTCCCCTCCACATATŒACTAC^^ 2351
501 TCTMTCACraWITAMCOm^ 2401
551 CCTCrGGCACACAGACATœCTTCACATTOTa^^ 2451
601 Ora:ACTCTXTrTCAGTCACrGATACAAMGœACAMCACAAMarrC 2501
651 GMCAAAMCTTMCMTTTGCCrGMTCCGGTTCAGGraîATCCnMG 2551
701 CAAMGACAAAMGAGMGGGAAAMGMGATGAMGAGATCKTrCGTTT 2601
751 œMGTGTCMGAGGACACCTAGOTMTCTTTT^^ 2651
801 CM(^AMGTCMGAGOÏXTTœATGAMGMTCCATTCCACCTCATT 2701
851 TTCCTCAa^AAMGAAMTCTarjiTAGiTCIT^ 2751
901  m'M^XXXÍAa œACACTGTMGGM A^T^TGTAAM AGATTC 2801
951 CTGTTCCAœACCTnTGATCACAMCAAAMGCAGAAMGAGTaxrAA 2851
1001 MTrrcACATrraAOTAmantTT^ 2901
1051 TTITmATGMCMTGMCtjrGTAGOTAAAAA^ 2951
1101 CTTTCGGMTGGACTaMGMGAGGTfjGAAAAGa 3001
1151 TCMTTMTM^AMGCTTTainTTTMGGAMGTÎïïrjACTTTrTAAA 3051
1201 AAMœAAMTTTTOATATTMXXÎAGCTCAœa^ 3101
1251 AGŒNaOÎGGGGGGGCMacœGGGGAA^ 3151
1301 TAGCTTCATCGTXffiAGCTAGCGGCTGCTATTTACTAGCTTi^ 3201
1351 AœAœMGGœAGœCŒAGœCTAGTOXTGCTCCTCCTGCCCCTCTG 3251
1401 AGCXTGCTCGACACATCGAœACTATCGœACACATACOiGACACCATGG 3301
1451 AŒAŒriœATTGGGACAGTACTATACTrCaXWACAGTACTrcCTGT^ 3351
1501 GŒATCOTirGCGGAOOTTCTIKKAœMGTM 3401
1551 GMCGAGTGGGATMTGATCATTATATITTAlTTTTimUlTTT'flCATA 3451
1601 TCMTGTTTCMTCAAAAAAAMGGAAMCCCTXÏÏ'CAGTTnTTGGTAC^ 3501
1651 TGAaTirxirriTiTTCCMGTTAGa'iTrrm 3551
1701 TTTrACAGTTATAAAGAAAGGGAAAAAACAGCAATAATGTCAACTAACAT 3601
1751 mATTmATTGTATCTCAGTAGTATACAa^
1801 CATACGTGAATATATATATATATATGTATATATATATATATATACACATG

TACACATGTATATATATATATATATATATATATATATATATATACACATG
TACACATGTATATATATATATACACATATATATGTGCGCATATATATAGA
TATATATATAGACACTCATATATATATATATATATATXTICTGTGTGTGTG
TATATATATATATACACATATATATÜTCCGCATATATATAGATATATATA
TAGACATœCœATATATATATATATATtH'ATGTATGTGTGTATATATAT
ATATATACATATATATGTGTGCATATATATAGATATATATATAGACATTC
ATATATATATATATATATATATATATAGATATATAGATAGATATATAGAT
ATACTA AGT^TCCAGœACATTGTG A^TlTGATACTAGTa AGCT
CTACCTTGCGTMmGCCGCCMG
œMGOTTriTGWœTTTGTTOAMTACAMTMGGœACTGTATAA^
GœAWATrTATTTTXrrTATAAMTATATTTGAAAAAnGGTCCAAATAA
TATAOTAföAOTATGCTCMCTCCTAGA
TTTrœMTTGGAGTTGTMGœillT'rrilGTAGATGOTTGTACCAAA
MTGTTGTTTITnrjCTUIT^
nMCAGCAœATAGCCTœATTaTTAGœATÏjnATGTCACAAAAATA
GœACATACTCCTMTCTGTŒGIC^
GGGTTGTXnXÎAGAAMTCAMœATCMTCAGTMtmTITCATTOC^
AAAAMTGAGAMTMCTGTTaœATCGATATTGœrCMGOrarrA
TXÏÏTITTTTMGCCAimTAGTATTGATGœAGGœAGGGGGAATGACGA
GTCCTTCAWAMCTGTÎjrcTTTATMGTGTœATGGT^
TCTMœMCATCTMTCCAC^CAGTœCAnTÎATACrcniXTCGG^
CATGAGGu:ATAMTCrcCACTCAGCT(nœA(rrTGTGœTn^
ACATGACCTMCCMGTCATCC A CA K GACCT GGTGTCA^TJCTA
œAMCATCAMGGTCATTTGAMGTCACirjTC^
reATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCT^
ATXTATCTMGTCrCTTTTIÏÏGTATAœACAGTCACTCTGTGCATCATCA
œATATCTTGAGCTTGTGCATCATCMTATœATCTGTATTrœATT^
TTTCGGGTinmTTCATCOC^^
TrXATTTMTGMGGGCTATCATGCTGMœATTTOUMGarrcAœ^
AAAAAAAATGTCCTCTCTMGœAGMGTXmT^^
AGATMTUITGTTGtGGM(3GTCAGOT^
ACMTMTATACTTOnOTMCAMŒACTOMC<rCATGTCAGAAGCA
AGGTCATaninXKCACATrTGTCACAGTTTCCrccrnxnTG^
ATCAœŒATCAMOXrfGACTCMTœATAGTTarATATTGTGGTCTA
GAGTŒAGAGMCACTTTGTCTTTTITCTGTCAGAGAGATaHXrCtœ
CGCCC

FIG. 5. Partial nucleotide sequence of last exon of tilapia IGF-II gene. There are putative polyadenylation signals at positions
1153-1158, 1160-1165, and 2541-2546, which are underlined. # = stop codon. PreproIGF-II stop codon (TGA) is underlined
and occurs at position 317-319. A poly(AT) stretch is present between positions 1801 and 2201. Exon sequences and 3' flank¬
ing sequences are shown in uppercase letters; intronic sequences are shown in lowercase letters.

Examination of the 5 ' flanking region of tilapia showed several
potential transcriptional factor-binding sequences, a TATA-like
consensus sequence of about 300 bp upstream of the first me-

thionine, one possible HNF-5-binding sequence, one possible
HNF-1-binding sequence, and one possible AP-1-binding se¬

quence.

Characterization of tilapia 5 ' and 3 'flanking
regions of IGF-II gene

Using data published before (Chen et al, 1997), we contin¬
ued to sequence the subclone of IGF-II genomic DNA. The en¬

tire DNA sequences are shown in Figures 4 and 5. The partial

nucleotide sequence of the Oreochromis mossambicus IGF-II
gene is shown in Figure 4, which depicts the sequence of about
5.7 kb 5' upstream of the first methionine sequence containing
the tilapia IGF-II promoter, as determined by the research re¬

ported in this paper. As in the human IGF-II P4 promoter se¬

quence (Hyun et al, 1993), there are a TATA-like sequence, sev¬

eral G+C-rich regions, three possible Spl-binding sequences,
one AP-1-binding sequence, and a C/EBP-binding sequence. In
tilapia, there is an undefined TATA-like sequence of 25 bp in
front of the 5'RACE end. There is one possible Spl-binding se¬

quence. Between -5477 bp and -4477 bp, there are one possi¬
ble DBP-binding sequence, one possible GHF-1-binding se¬

quence, one possible AR-binding sequence, and one possible
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A ATG

Plasmid

n
Relative Promoter Activity (% MAX)

pCAT basic (promoterless)

IGF-I P2 -*-P7(657bp)
IGF-I P3 -*-P4(308bp)
IGF-I P3 -+-P6(408bp)
IGF-I P3 -*-P7(5I0bp)
IGF-I P5 -*.P4(132bp)
1GF-IP5 -*-P6(232bp)
IGF-I P5 -»"P7(333bp)

 

-Ih
Plasmid

pCAT basic (promoterless)

IGF-II P3 - Pll (600 bp)

IGF-II P4 -*- Pll (550 bp)

IGF-II P5 "*· Pll (450 bp)

IGF-II P6-*· Pll (400 bp)
IGF-II P7 -*- Pll (350 bp)

IGF-II P9 -*. Pll (250 bp)

IGF-II P7 -«- Pll (350 bp)

IGF-II P8 ^- Pll (300bp)

1.0 ±0

46.4 ± 7.8

32.2 ±4.5

1.0±0

27.8±4.4

13.6±2.2

1.3 ±0.1

28.2 ±5.0

ATG

n
Relative Promoter Activity (% MAX)

1.0 ± 0

1.0 ± 0

1.0 + 0

82.6 ±11.2
38.0 ± 7.1

79.4 ± 9.2

71.5 ± 12.1

19.2 ± 2.3

24.4 2.9

FIG. 6. Identification of promoter activity in 5' flanking region of tilapia 7GF-7 gene (A) and IGF-11 gene (B). The IGF-CAT
fusion plasmids containing fragments of 5' flanking region were transfected into human lung large cell carcinoma, and CAT ac¬

tivity was measured 48 h later as described previously (Tsai et al, 1996). All transfections were performed in triplicate. Values
(mean ± SEM) represent CAT activity relative to that in cells transfected with promoterless plasmid pCAT-basic vector, defined
as 1.0.

HNF-5-binding sequence. Although we did not characterize this
region, we surmise that it contains another promoter. In the 3'
flanking regions of the tilapia IGF-II gene, we found that the last
exon contains an A + T-rich sequence, which proved to include
the complete sequence of a 3.6-kb genomic region downstream
of the 5' boundary of the last coding exon (Fig. 5). In the rat, a

3' terminal exon can be found, and two polyadenylation signals
(5'-AATAAA-3') can be distinguished (de Pagter-Holthuizen et

al, 1988), but in the tilapia 3' last coding exon sequence, we

could not find a legitimate polyadenylation signal; we found only
three less common variants of the AATTAA signal.

Determination of tilapia IGFs 5 'cDNA terminus

To ascertain the tilapia IGFs 5'cDNA terminus, the 5'RACE
method was applied. The results identified two 5' cDNA ends
in the tilapia IGF-I gene and one in the tilapia IGF-II gene. The
5' cDNA ends of the tilapia IGF-I gene compared with the
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salmon IGF-I gene show a different location for the transcrip¬
tion start site. The first 5' cDNA end is the same as the salmon
5'UTR, which is 450 to 550 nt long. The second 5' cDNA end
is the same as in the salmon 5'UTR, which is 200 to 250 nt
long (Koval et al, 1994). In tilapia IGF-II, the 5' cDNA end
is different from the human P4 promoter transcription start site.
In humans, there are two different transcription start sites (Hyun
et al, 1993), but in tilapia, we found only one 5' cDNA end.
The data are shown in Figures 3 and 4.

Demonstration of promoter activity in tilapia
IGFs gene

To determine which regions of the tilapia IGFs promoter are

involved in its regulation, we constructed sequential 5' dele¬
tions of the assumed promoter region, including the flanking
transcription start sites described above (Figs. 3, 4, and 6), lig¬
ated with the CAT coding sequence. The constructs were then
transfected into human lung large cell carcinoma cells in trip¬
licate, and, after transient transfection expression, CAT activ¬
ity was analyzed (Fig. 6). The fragment of IGF-I P2 —* P7
(46.4 ± 7.8) contained enzymatic activity with a maximum
value comparable to that of the other IGF-I promoter-region
constructs and the promoterless plasmid, pCAT-basic. Deletion
of the fragment from IGF-I P2 -^ P7 to IGF-I P5 -» P7 de¬
creased the CAT activity. In contrast, minimal CAT activity
was generated with the fragments IGF-I P3 —» P6 and IGF-I
P5 —> P6. Comparison of the activities of fragments IGF-I P3 —*

P4 (32.2 ±4.5), IGF-IP3^P6 (1.0 ± 0), IGF-I P3 -* P7
(27.8 ± 4.4), and IGF-I P5 -h> P4 (13.6 ± 2.2), IGF-I P5 -+ P6
(1.3 ± 0.1), IGF-I P5 -* P7 (28.2 ± 5.0) showed that the se-

IGF-I

IGF-II

quence from P4 to P6 contains a positive regulatory element.
Surprisingly, the fragment narrows to a 184-bp length (IGF-I
P5 —> P4); the CAT activity represents only basal transcription
in this fragment, although the fragment contains all possible
transcription factor-binding sequences (Figs. 3 and 6A). In the
rat, the minimal exon 2 promoter is contained within the 73 bp
upstream and 44 bp downstream of the transcription start site
cluster. These minimal promoters contain specific elements for
basal transcription (Wang etal, 1997). However, our data show
that the region downstream of the transcription start site and
the sequence of about 120 bp from P6 to P7 may contain a neg¬
ative regulatory element, which gives rise to decreased CAT
activity.

Figure 6B reveals that the fragment of IGF-II P5 —» PI 1
(82.6 ± 11.2) has enzymatic activity with a maximum value
comparable to that of the other IGF-II promoter region con¬

structs and the promoterless plasmid pCAT-basic. Deletion of
the fragment from IGF-II P5 -^ PI 1 to IGF-II P6 -* PI 1 rapidly
decreased CAT activity, and deletion of the fragment from IGF-
II P6 -* PI 1 (38.0 ± 7.1) to IGF-II P7 -* PI 1 (79.4 ± 9.2) and
IGF-II P9^> Pll (71.5 ± 12.1) sharply increased CAT activ¬
ity. Inverted orientation of the fragments (IGF-II P7<—Pll

FIG. 7. Human lung large-cell carcinoma cells transiently
transfected with IGF promoter ligated to pEGFP-1 vector and
expressing GFP.

FIG. 8. Expression of IGF-I promoter-GFP vector microin-
jected into zebrafish 2-cell-stage fertilized eggs. After 24 h of
development in freshwater on culture dishes, GFP was first vis¬
ibly expressed in whole trunk and head. Other embryo at the
same stage injected with IGF-I promoter-GFP vector shows no

GFP. Brightfield photograph and fluorescence image (above)
of same 24-h injected embryo. All photographs were taken with
45 X lens on Olympus microscope 1X70.
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FIG. 9. The IGF-II promoter-GFP vector microinjected into zebrafish 2-cell-stage
fertilized eggs. Fluorescence (bottom) and brightfield (top) photographs. A. The GFP
was first visibly expressed at 8 h (75% epiboly, gastrula period). Photograph was taken
with 100X lens on Olympus microscope 1X70. The IGF-II promoter-GFP vector was

highly expressed from embryo to embryo (B) and from 1 stage to the next (panel C is
24 h after injection, and panel D is 48 h after injection). Panel D shows two fish of
which the upper was not injected. Green fluorescence accumulated in yolk sac, yolk sac

extension, and notochord (D). The GFP is visible in horizontal myoseptum (E), eye (F),
and floor plate (G) 48 h after microinjection.
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[19.2 ±2.3] and IGF-II P8<-Pll [24.4 ± 2.9]) produced
lower promoter activity than was seen with the fragment of IGF-
II P7 —> Pll and the other fragment. These results show that
the sequence from IGF-II P5 —* P6 contains a negative regula¬
tory element, and the sequence from IGF-II P6 —» P7 contains
a positive regulatory element. The sequence from IGF-II P5 —*

P6 contains a possible Spl-binding regulatory element. This pu¬
tative Spi element may play an important role in regulating
IGF-II promoter function in tilapia.

Expression of IGFs promoter-GFP in human cell
line and zebrafish embryos

To understand the IGFs promoter regulation in fish, we con¬
structed the fragment IGF-I P2 —> P7 and the fragment IGF-II
P5 —* Pll ligated with the pEGFP-1 vector. The promoter ac¬

tivity of these regions produces enzymatic activity to a maxi¬
mum value identified by transient transfection expression in hu¬
man lung large cell carcinoma cells, as described above. A
plasmid containing the IGF promoter driving the GFP cDNA
was transfected into lung carcinoma cells, and the fluorescence
was observed (Fig. 7). The data show that the IGF-II promoter
is stronger than the IGF-I promoter, and the fish promoter can

take advantage of the GFP system in the human cell line to be
expressed. About 24 h after microinjection of the plasmid of
pEGFP-1 and IGF-I promoter region construct, patches of flu¬
orescent cells could be observed in a zebrafish embryo injected
with the IGF-I P2 -* P7 plasmid construct (Fig. 8). The low
fluorescence in the whole embryo implies that the IGF-I pro¬
moter has little expression during the zebrafish straightening

No.s of
base pairs 1» I 1 5 M 6

FIG. 10. Detection of IGF-I (lane 1 to lane 5) and IGF-II
(lane 6 to lane 9) promoters driving GFP cDNA production of
mRNA in each stage of embryos and fish (Brachydanio rerio).
Whole-embryo total RNA and juvenile tilapia total RNA were

extracted, and RT-PCR and Southern blot analyses were con¬
ducted as described in the text. Upper picture shows ethidium
bromide staining of RT-PCR products using GFP-specific
primers. Lower picture shows Southern blot analysis of the gel
using 32P-labeled GFP full-length cDNA as a probe. Lane M is
 XI74 Haelll marker. Lanes 1 and 6: 32-cell stage; lanes 2
and 7: 1-K-cell stage; lanes 3 and 8: 30% epiboly stage; lane
4: gastrula stage; lane 5: 1-wk-old fish; lane 9: 2-wk-old fish.

period. Otherwise, 8 h (75% epiboly, gastrula period; Fig. 9A)
after injection of the plasmid of pEGFP-1 and IGF-II promoter
construct, patches of fluorescent cells could be observed in 42
of the 60 embryos. Strongly fluorescent cells were visible from
embryo to embryo (Fig. 9B) and from one stage to the next

(Fig. 9C, D). The fluorescence was visible for up to 1 wk; in
24 h, it was visible in the horizontal myoseptum and the eye
(Fig. 9E, F); in 48 h, the fluorescence appeared in the yolk sac

(Fig. 9D) and floor plate (Fig. 9G). The fluorescence from the
segmentation period to the straightening period also appeared
in the heart and blood cells (data not shown). The expression
of Xex-GFP in zebrafish embryos appears in a pattern differ¬
ent from what was seen in our studies (Amsterdam et al, 1995).

After injection of the fragment IGF-I P2 —» P7 and the frag¬
ment IGF-II P5 -> PI 1 ligated with pEGFP-1 vector into ze¬

brafish embryos, RT-PCR was run using primers GFP1 and
GFP2 (see Table 1), followed by Southern blotting by hy¬
bridization assay. The data show that the tilapia IGF-I promoter
drives the GFP cDNA the first time the transcripts rise in the
1-K-cell period; after 1 wk, RT-PCR cannot detect the tilapia
IGF-I promoter-driven transcript products (Fig. 10). In IGF-II,
the promoter drives the GFP cDNA the first time the transcripts
rise in the 32-cell period; after 2 wk, the RT-PCR can contin¬
uously detect the IGF-II promoter-driven transcript products,
but expression is weak (Fig. 10).

DISCUSSION

The tilapia IGF-I cDNA insert contains 549 nt, which en¬

code 183 amino acid residues. In the tilapia E domain, there
are 11 amino acid insertions. The IGF-I has four size forms,
and the size differences are attributable to insertions or dele¬
tions of  -domain amino acids (Chen et al, 1994). According
to the insertions or deletions, the IGF-I forms are designated
Ea-1, Ea-2, Ea-3, or Ea-4 (Duguay et al, 1992; Holthuizen et

al, 1991; Shamblott and Chen, 1993). Tilapia IGF-I RT-PCR
products belong to Ea-4. The 7GF-7 Ea-4 form is also found in
coho salmon (Duguay et al, 1992), rainbow trout (Shamblott
and Chen, 1993), and chinook salmon (Wallis and Devlin,
1993). The quantity of Ea-4 mRNA was not changed after GH
treatment, and the Ea-4 transcript was expressed only in most

nonhepatic tissues (Duguay et al, 1994). In our experiment, the
first step was to inject GH to induce high expression of IGF-I.
Growth hormone can increase immunoreactive IGF-I levels in
fish plasma and mRNA levels of IGF-I in salmon liver.
Gillichthys mirabilis was injected with tilapia GH, and it has
been suggested that IGF-I is sensitive to the GH status of the
animal (Gray and Kelley 1991). Plasma IGF-I levels increased
significantly after 48 h in Oncorhynchus mykiss injected with
a higher dose of GH (Moriyama et al, 1995).

Figure 2 shows that the mature tilapia IGF-I peptide has nine
amino acids different from the conjectured ancestral piscine
peptide. They are located at B26(Asn), C6(Cys), A14(Gln),
D4(Thr), D5(Pro), D7(Ile), and D8(Ser). The peptide changes
include SerB26(Asn -» Ser) and AlaD8(Ser -> Ala), but the
other five amino acids could not be distinguished from the con¬

jectured ancestral peptide. Compared with the ancestral piscine
IGF-I, the tilapia IGF-I B26 was changed to a polar amino acid
(Asn), but ArgA14 was changed to a charged GlnA14, and hy-
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drophobic AlaD8 was changed to a SerD8. The implications for
the protein structure and stereospecific form of the two changes
here are still unknown. The human native IGF-I molecule con¬

tains three disulfide bonds linking six cysteine residues. They
are located at CysB6-CysA7, CysA6-CysAll, and CysB18-
CysA20 (Iwai et al, 1989); in tilapia, the linking disulfide
bonds are located at the same sites. In the C domain, HisCIO
and AsnCll exist in rainbow trout, salmon, hagfish, and cat¬
fish but have been deleted in tilapia. In the E domain, the ac¬

tual mechanism is at present unknown. The N-linked glycosy-
lation site (Asn-X-Ser/Thr) exists at the amino acid position
E22-24 in humans, while the rat and mouse also have a glyco-
sylation site at E30-E32 (Howard and Charles, 1991). In con¬

trast, the tilapia sequences contain a putative glycosylation site
at residues E57-E59 (see Fig. 1). In the E peptide processing
site there is a Lys-Lys-Lys motif. Chum salmon IGF-I. 1 and
IGF-I.2 sequences have Pro and Thr instead of Lys (Kavsan et

al, 1994), but in tilapia, the possible motif is an Asn-Lys-Lys
sequence. The actual physiological role of this sequence in
tilapia is unknown. Comparing this with the known sequences
in other fish species shows that fish IGF-Is are highly con¬

served.
We have sequenced and identified IGF-I and IGF-II proxi¬

mal promoter regions in the tilapia IGFs gene. In the chicken,
the IGF-I gene is about 50 kb in length (Kajimoto and Rotwein,
1991), and those of rat and human genes are from 80 to 100 kb
(Rotwein et al, 1986; Shimatsu and Rotwein, 1987). If the
tilapia IGF-I gene is the same length as the chum salmon gene,
then, compared with avian and mammalian IGF-I genes, the
fish gene is very small. In tilapia, in contrast to the salmon IGF-
I gene (Koval et al, 1994), there is a TATA-like consensus se¬

quence upstream of the first methionine to about 300 bp. The
vicinity of the tilapia IGF-I proximal promoter sequence con¬

tains a potential hepatocyte nuclear factor 1 (HNF-1) and he-
patocyte nuclear factor 5 (HNF-5) binding site; however the
HNF-1-binding site sequence is identical in chum salmon (Ku-
lik et al, 1995) and is also found in the Sparus aurata IGF-I
genomic sequence (Funkenstein et al, 1996).

Here, we confirm that the tilapia IGF-I gene contains five
exons. Tilapia exon 4 is the same as the mammalian exon 5
(Holthuizen et al, 1991). Tilapia exon 4 is a "cassette" exon;
the cassette is retained in some IGF-I mRNAs but not in oth¬
ers. There are "cassette" exons retained in mRNA termed Eb
IGF-I mRNAs, otherwise termed Ea IGF-I mRNAs. The two

types of IGF-I prepropeptides (IGF-I Ea and Eb) give rise to
the alternative splicings. In rats, the two types, IGF-I Ea and
Eb, depend on whether the differential splicing contains the 52-
nt mini-exon (Adamo et al, 1991), and in rats, the mini-exon
is suggested to cause a frameshift and the introduction of a stop
codon. In chinook salmon, four distinct IGF-I genes were found
by Southern blotting, which suggests that there are at least two
IGF-I loci in salmon (Wallis and Devlin, 1993). In tilapia, this
remains unknown, although we have performed Southern blot¬
ting in this species. In chum salmon, there are two nonallelic
IGF-I genes (Kavsan et al, 1994), but in tilapia, we have not

yet obtained this sequence.
Analysis of the tilapia IGF-II proximal promoter region se¬

quence has shown possible transcription factor-binding ele¬
ments such as Spi. The human IGF-II P4 promoter shows sev¬

eral G + C-rich regions and three possible Spl-binding

sequences (Hyun et al, 1993). In the rat, the results suggest
that there are four proximal upstream GC boxes binding the
general transcription factor Spi (Soares et al, 1986; Evans et

al, 1988). Comparison of the tilapia IGF-II proximal promoter
region upstream of the first methionine DNA sequence with
those of the human and rat indicates that homology is low
among the three species. The potential transcription factor-bind¬
ing sequence represents only an Spi site but does not include
an Egr-1 site in the tilapia IGF-II proximal promoter region.
The tilapia last exon shows a poly(AT) stretch different from
the human poly(AC) stretch (de Pagter-Holthuizen et al, 1988).
Additional IGF-II transcripts of between 1.2 and 3.0 kb have
been detected in fetal rat tissue and transformed cells, but their
origins are unclear. A stable 1.8-kb RNA is formed that is de¬
rived from the 3' untranslated region of exon 9; this RNA is
formed through site-specific endonucleolytic cleavage of IGF-
II mRNAs (Meinsma et al, 1992; Nielsen and Christiansen,
1992). Unusually, cleavages of the IGF-II mRNA trailer will
occur at a guanosine-rich region and a putative hairpin
(Meinsma et al, 1992; Nielsen and Christiansen, 1992). The
poly(AT) stretch of the tilapia last exon was shown to play an

important role in gene regulation of general mechanisms of
mRNA degradation; alternatively, specific mRNAs may be se¬

lectively targeted for degradation (Ratnasabapathy et al, 1990).
The CAT analyses presented here suggest that the tilapia

IGF-I promoter's more distal 5' flanking region has greater ac¬

tivity (IGF-I P2 -^ PT). In rat IGF-I, exon 2 transcripts are ex¬

pressed at high levels in the OVCAR-3 cell line (Tobin et al,
1990; Yee et al, 1991). The construction containing 1500 bp
of 5' flanking sequence and 44 bp of exon 2 stimulates lu-
ciferase activity 13- to 23-fold, whereas the fragment contain¬
ing only 36 bp of the 5' flanking sequence is inactive (Wang
et al, 1997). In tilapia, if the fragment is shortened to 132 bp
(IGF-I P5 -^ P4), the activity is weak (13.6 ± 2.2). When the
tilapia IGF-II proximal promoter region is shortened to 450 bp
(IGF-II P5 —» Pll), it shows maximum activity. The fragment
IGF-II P5 —* P6 shows a negative regulatory effect, and the
fragment IGF-II P6 —» P7 shows a positive regulatory effect.
The fragment IGF-II P5 —» P6 shows a putative Spi transcrip¬
tion factor-binding element. Here, Spi may play a negative reg¬
ulatory role, but in humans, Spi binds to the P4 promoter and
is involved in regulation of the transcription of the IGF-II gene
(Hyun et al, 1993).

Salmon IGF-I genes have negative regulatory effects that
may be due to the tissue-specific and developmental regulation
of IGF-I gene expression (Koval et al, 1993). Human IGF-II
mRNAs show transcription can be initiated at three distinct pro¬
moter sites, suggesting that these promoters may be subject to

tissue-specific and development-specific regulation (de Pagter-
Holthuizen et al, 1987, 1988). To integrate these reports, we

can say that the IGFs promoter is regulated by a complicated
pathway. To understand IGFs promoter function, we used the
GFP system as a reporter gene (Amsterdam et al, 1995; Ogawa
et al, 1995; Chiù et al, 1996; Corbo et al, 1997). In the analy¬
ses presented here, GFP mRNA was detected using primers de¬
signed to amplify GFP cDNA specifically, and the result was

confirmed by Southern blot analysis. In rainbow trout, the early
detection in embryos of IGFs mRNA expression is similar to
that in bovine embryos (Telford et al, 1990; Schultz and
Heyner, 1992; Schultz et al, 1993; Greene and Chen, 1997).
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However, those reports could not confirm the presence of ma¬

ture IGF peptides in embryos. In our GFP system, the IGFs
proximal promoter drove the GFP cDNA, which then produced
the GFP protein, and fluorescence could be observed. In other
words, the construction of GFP cDNA is replaced by the IGF
coding region of genomic DNA sequences. When the promoter
starts to drive, the mature IGF peptide may be present in the
natural state of the fish. From our GFP analysis data, we found
that the IGF-II proximal promoter was expressed more strongly
than was the IGF-I proximal promoter in the embryo stage and
began expression earlier than did IGF-I. Although we used RT-
PCR to check GFP transcripts, we found that IGF-I proximal
promoter-driven GFP transcripts appeared for the first time at
the 1-K cell stage, and the IGF-II proximal promoter-driven
GFP transcripts appeared for the first time at the 32-cell stage.
These data will need further checking in the next generation of
IGF promoter-GFP transgenic fish. The IGFs proximal pro¬
moter may play an important role in teleost embryos for con¬

trolling IGF expression.
In summary, we have located two 5' cDNA termini in tilapia

IGF-I and one in tilapia IGF-II using the 5'RACE method. We
have determined the proximal promoter region in the tilapia
IGFs gene using CAT analysis and have presented GFP and
GFP/RT-PCR data suggesting that the fish IGFs first proximal
promoter region plays a very important role in controlling IGF
expression in embryo development. Future studies will focus
on characterization of the tilapia second promoter and on find¬
ing interactions between IGFs and specific transcription factors
controlling gene expression in fish.

ACKNOWLEDGMENTS

We thank Dr. Thomas T. Chen for his advice on this man¬

uscript and Dr. Wei-Yuan Chow for kindly providing the Ore¬
ochromis mossambicus genomic DNA library. We thank Dr.
Ching-Ming Kuo, Dr. Mau-Sun Chang, and Dr. Cho-Fat Hui
for valuable advice and scientific discussions. We thank Dr. I-
Chiu Liao for his support and encouragement. This work was

supported by NSC Grants NSC87-2311-B-001-031-B24
(R.O.C), to Dr. Jen-Leih Wu.

REFERENCES

ADAMO, ML., BEN-HUR, H., ROBERTS, CT., JR, and LEROITH,
D. (1991). Regulation of start site usage in the leader exons of the
rat insulin-like growth factor-I gene by developments, fasting, and
diabetes. Mol. Endocrinol. 5, 1677-1686.

AMSTERDAM,  ., LIN, S., and HOPKINS, N. (1995). The Aequorea
victoria green fluorescent protein can be used as a reporter in live
zebrafish embryos. Dev. Biol. 171, 123-129.

AMSTERDAM,  ., LIN, S., MOSS, L.G., and HOPKINS, N. (1996).
Requirements for green fluorescent protein detection in transgenic
zebrafish embryos. Gene 173 (Spec. Iss. 1), 99-103.

BELL, G.I., STEMPIEN, M.M., FONG, N.M., and RALL, L.B. (1986).
Sequence of liver cDNA encoding two different mouse insulin-like
growth factor I precursors. Nucleic Acids Res. 14, 7873-7882.

CAO, Q.P., DUGUAY, S.J., PLISENTSKAYA, E.M., STEINER, D.F.,
and CHAN, S.J. (1989). Nucleotide sequence and growth hormone-

regulated expression of salmon insulin-like growth factor I mRNA.
Mol. Endocrinol. 3, 2005-2010.

CHEN, J.Y., CHANG, C.Y., CHEN, J.C, SHEN, S.C, and WU, J.L.
(1997). Production of biologically active recombinant tilapia insulin¬
like factor-II polypeptides in E. coli cells and characterization of the
genomic structure of the coding region. DNA Cell Biol. 16, 883-892.

CHEN, T.T., MARSH,  ., SHAMBLOTT, M., CHAN, K.M., TANG,
Y.L., CHENG, C, and YANG, B.Y. (1994). Structure and evolution
of fish growth hormone and insulin-like growth factor genes. In Mol¬
ecular Endocrinology ofFish, Fish Physiology, Vol. XIII. N.M. Sher¬
wood, and CL. Hew, eds. (Academic Press, New York) pp. 179-209.

CHIÙ, W., NIWA, Y., ZENG, W., HIRANO, T., KOBAYASHI, H.,
and SHEEN, J. (1996). Engineered GFP as a vital reporter in plants.
Curr. Biol. 6, 325-330.

CHOMCZYNSKI, P., and SACCHI,  . (1987). Single-step method of
RNA isolation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal. Biochem. 162, 156-159.

CLEMMONS, D.R., and UNDERWOOD, L.E. (1991). Nutritional reg¬
ulation of IGF-I and IGF binding protein. Annu. Rev. Nutr. 11,
383^112.

CONOVER, CA., BAKER, B.K., BALE, L.K., CLARKSON, J.T.,
LIU, F„ and HINTZ, R.L. (1993). Human hepatoma cells synthesize
and secrete insulin-like growth factor la prohormone under growth
hormone control. Regul. Pep. 48, 1-8.

CORBO, J.C, LEVINE, M., and ZELLER, R.W. (1997). Characteri¬
zation of a notochord-specific enhancer from the Brachyury promoter
region of the ascidian, Ciona intestinalis. Development 124,
589-602.

CZECH, M.P., LEWIS, R.E., and CORVORA, S. (1989). Multifunc¬
tional glycoprotein receptors for insulin and the insulin-like growth
factors. CIBA Found. Symp. 145, 27^14.

DAUGHADAY, W.H., and ROTWEIN, P. (1989). Insulin-like growth
factor I and II: peptide, messenger ribonucleic acid and gene struc¬

ture, serum, and tissue concentrations. Endocr. Rev. 10, 68-91.
DE PAGTER-HOLTHUIZEN, P., JANSEN, M., VAN SCHAIK,

F.M.A., VAN DER KÄMMEN, R.A., OOSTERWIJK, C, VAN
DEN BRANDE, J.L., and SUSSENBACH, J.S. (1987). The human
insulin-like growth factor II contains two development—specific pro¬
moters. FEBS Lett. 214, 259-264.

DE PAGTER-HOLTHUIZEN, P., JANSEN, M., VAN DER KÄM¬
MEN, R.A., VAN SCHAIK, R.M.A., and SUSSENBACK, J.S.
(1988). Differential expression of the human IGF-II gene: charac¬
terization of the IGF-II mRNAs and an mRNA encoding a putative
IGF-II associated protein. Biochim. Biophys. Acta 950, 282-295.

DICKSON, M.C., SAUNDERS, J.C, and GILMOUR, R.S. (1991). The
ovine insulin-like growth factor-I gene: characterization, expression
and identification of a putative promoter. J. Mol. Endocrinol. 6,17-31.

DRAKENBER, K, SARA, V.R., LINDAHL, K.I., and KEWISH, B.
(1989). The study of insulin-like growth factors in tilapia, Ore-
ochromus mossambicus. Gen. Comp. Endocrinol. 74, 173-180.

DUGUAY, S.J., PARK, L.K., SAMADPOUR, M., and DICKHOFF,
W.W. (1992). Nucleotide sequence and tissue distribution of three
insulin-like growth factor I prohormones in salmon. Mol. Endocrinol.
6, 1202-1210.

DUGUAY, S.J., SWANSON, P., and DICKHOFF, W.W. (1994). Dif¬
ferential expression and hormonal regulation of alternatively spliced
IGF-I mRNA transcripts in salmon. J. Mol. Endocrinol. 12, 25-37.

DUGUAY, S.J., LAI-ZHANG, J., STEINER, D.F., FUNKENSTEPN,
B., and CHAN, S.J. (1996). Developmental and tissue-regulated ex¬

pression of IGF-I and IGF-II mRNAs in Sparus aurata. J. Mol. En¬
docrinol. 16, 123-132.

EVANS, T., DECHIARA, T., and EFSTRATIADIS, A. (1988). A pro¬
moter of the rat insulin-like growth factor II gene consists of mini¬
mal control elements. J. Mol. Biol. 1988, 61-81.

FROHMAN, M.A. (1990). PCR Protocols: A Guide to Methods and



TILAPIA IGF AND IGF GENE STRUCTURE AND PROXIMAL PROMOTER 375

Applications M.A. Innis, D.H. Gelfand, J. Sninsky, and T.J. White,
eds. (Academic Press, San Diego), p. 28.

FROHMAN, M.A. (1993). Rapid amplification of complementary
DNA ends for generation of full-length complementary DNAs: ther¬
mal RACE. Methods Enzymol. 218, 340-356.

FUNKENSTEIN,  ., SHEMER, R., AMULY, R., and COHEN, I.
(1996). Nucleotide sequence of the promoter region of Sparus au¬

rata insulin-like growth factor I gene and expression of IGF-I in eggs
and embryos. Mol. Mark. Biol. Biotechnol. 5, 43-51.

GRAY, E.S., and KELLEY, K.M. (1991). Growth regulation in the go-
biid teleost, Gillichthys mirabilis: roles of growth hormone, hepatic
growth hormone receptors and insulin-like growth factor-I. J. En¬
docrinol. 131, 57-66.

GREENE, M.W., and CHEN, T.T. (1997). Temporal expression pat¬
tern of insulin-like growth factor mRNA during embryonic devel¬
opment in a teleost, rainbow trout (Onchorynchus mykiss). Mol.
Mark. Biol. Biotechnol. 6, 144-151.

HALL, L.J., KAJIMOTO, Y„ BICHELL, D., KIM, S.W., JAMES, PL.,
COUNTS, D., NIXON, L.J., TOBIN, G., and ROTWEIN, P. (1992).
Functional analysis of the rat insulin-like growth factor-I gene and
identification of an IGF-I gene promoter. DNA Cell Biol. 11,
301-313.

HIGGINS, D.G., and SHARP, P.M. (1988). CLUSTAL: a package for
performing multiple sequence alignment on a microcomputer. Gene
73, 237-244.

HOLTHUIZEN, P., VAN DER LEE, F.M., IKEJIRI, K, YA¬
MAMOTO, M., and SUSSENBACH, J.S. (1990). Identification and
initial characterization of a fourth leader exon and promoter of the
human IGF-II gene. Biochim. Biophys. Acta 1087, 341-343.

HOLTHUIZEN, E., LEROITCH, D., LUND, P.K., ROBERTS, CT.
JR., ROTWEIN, P., SPENCER, E.M., and SUSSENBACH, J.S.
( 1991 ). Revised nomenclature for the insulin-like growth factor genes
and transcripts. In Modern Concepts ofInsulin-Like Growth Factors.
E.M. Spencer, ed. (Elsevier, New York).

HOWARD, L.F. and CHARLES T.R. JR. (1991). The IGF-I gene:
structure, expression, and gene products. In Insulin-Like Growth Fac¬
tor: Molecular and Cellular Aspects. D. LeRoith, ed. (CRC, Boca
Raton, FL) pp. 1-16.

HYUN, S.W., KIM, S.J., PARK, K, RHO, H.M., and LEE, Y.I.K.
(1993). Characterization of the P4 promoter region of the human in¬
sulin-like growth factor- gene. FEBS Lett. 332, 153-158.

IKEJIRI, K., UENO, T., MATSUGUCHI, T., TAKAHASHI, K,
ENDO, H., and YAMAMOTO, M. (1990). The primary structure of
the rat insulin-like growth factor II gene region. Biochim. Biophys.
Acta 1049, 350-353.

IKEJIRI, K., FURUICHI, M., UENO, T., MATSUGUCHI, T., TAKA¬
HASHI, K, ENDO, H., and YAMAMOTO, M. (1991). The pres¬
ence and active transcription of three independent leader exons in
the mouse insulin-like growth factor II gene. Biochim. Biophys. Acta
1089, 77-82.

IWAI, M., KOBAYASHI, M„ TAMURA, K, ISHII, Y., YAMADA,
H., and NIWA, M. (1989). Direct identification of disulfide bond
linkages in human insulin-like growth factor I (IGF-I) by chemical
synthesis. J. Biochem. Tokyo 106, 949-951.

KAJIMOTO, Y., and ROTWEIN, P. (1991). Structure of the chicken
insulin-like growth factor I gene reveals conserved promoter ele¬
ments. J. Biol. Chem. 266, 9724-9731.

KAVSAN, V.M., KOVAL, A.P., GREBENJUK, V.A., CHAN, S.J.,
STEINER, D.F., ROBERTS, CT. JR., and LEROITH, D. (1993).
Structure of the chum salmon insulin-like growth factor-I gene. DNA
Cell Biol. 12, 729-737.

KAVSAN, V.M., GREBENJUK, V.A., KOVAL, A.P., SKOROKHOD,
A.S., ROBERTS, CT. JR., and LEROITH, D. (1994). Isolation of a

second nonallelic insulin-like gene growth factor I gene from the
salmon genome. DNA Cell Biol. 13, 555-559.

KIM, S.W., LAJARA, R., and ROTWEIN, P. (1991). Structure and
function of a human insulin-like growth factor I gene promoter. Mol.
Endocrinol. 5, 1964-1972.

KLAPPER, D.C, SVOBODA, M.E., and VAN WYK, J.J. (1983). Se¬
quence analysis of somotomedin-C: confirmation of identity with in¬
sulin-like factor I. Endocrinology 112, 2215-2217.

KOVAL, A„ KULIK, V., DUGUAY, S., PLISETSKAYA, E.,
ADAMO, M.L., ROBERTS, CT. JR., LEROITH, D., and KAVSAN,
V. (1994). Characterization of a salmon insulin-like growth factor I
promoter. DNA Cell Biol. 13, 1057-1062.

KULIK, V.P., KAVSAN, V.M., VANSCHAIK, F.M., NOLTEN, L.A.,
STEENBERGH, P.H., and SUSSENBACH, J.S. (1995). The pro¬
moter of the salmon insulin-like growth factor I gene is activated by
hepatocyte nuclear factor I. J. Biol. Chem. 270, 1068-1073.

KUMAR, S., TAMURA, K, and NEI, M. (1993). MEGA: Molecular
Evolutionary Genetics Analysis, Version 1.01. (The Pennsylvania
State University, University Park, PA 16802).

LEROITH, D., KAVSAN, V.M., KOVAL, A.P., and ROBERTS, CT.
JR. (1993). Phylogeny of the insulin-like growth factors (IGFs) and
receptor: a molecular approach. Mol. Reprod. Dev. 35, 332-338.

LIANG, Y.H., CHENG, C.H.K., and CHAN, K.M. (1996). Insulin-like
growth factor IEa2 is the predominantly expressed form of IGF in
common carp (Cyprinus carpio). Mol. Mark. Biol. Biotechnol. 5,
145-152.

MATHEWS, L.S., NORSTEDT, G., and PALMITER, R.D. (1986).
Regulation of insulin-like growth factor I gene expression by growth
hormone. Proc. Nati. Acad. Sci. USA 83, 9343-9347.

MCRORY, J.E., and SHERWOOD, N.M. (1994). Catfish express two
forms of insulin-like growth factor-I (IGF-I) in the brain: ubiquitous
IGF-I and brain-specific IGF-I. J. Biol. Chem. 269, 18588-18592.

MEINSMA, D„ SCHEPER, W., HOLTHUIZEN, P.E., VAN DEN
BRANDE, J.L., and SUSSENBACH, J.S. (1992). Site-specific cleav¬
age of IGF-II mRNAs requires sequence elements from two distinct
regions of the IGF-II gene. Nucleic Acids Res. 20, 5003-5009.

MORIYAMA, S., DICKHOFF, W.W., and PLISETSKAYA, E.M.
(1995). Isolation and characterization of insulin-like growth factor-I
from rainbow trout, Oncorhynchus mykiss. Gen. Comp. Endocrinol.
99, 221-229.

MÜLLER, M. and BREM, G. (1990). Nucleotide sequence of porcine
insulin-like growth factor I: 5'-untranslated region, exonl and exon2
and mRNA. Nucleic Acids Res. 18, 364.

NAGAMASU, S., CHAN, S.J., FALKMER, S., and STEINER, D.F.
(1991). Evolution of the insulin gene superfamily: sequence of apre-
pro insulin-like growth factor cDNA from the Atlantic hagfish. J.
Biol. Chem. 266, 2397-2402.

NIELSEN, F.C and CHRISTIANSEN, J. (1992). Endonucleolysis in
the turnover of insulin-like growth factor II mRNA. J. Biol. Chem.
267, 19404-19411.

OGAWA, H., INOUYE, S., TSUJI, F.I., YASUDA, K, and
UMESONO, K. (1995). Localization, trafficking, and temperature-
dependence of the Aequorea green fluorescent protein in cultured
vertebrate cells. Proc. Nati. Acad. Sci. USA 92, 11899-11903.

OHLSEN, S.M., LUGENBEEL, K.A., and WONG, E.A. (1994). Char¬
acterization of the linked ovine insulin and insulin-like growth fac¬
tor II genes. DNA Cell Biol. 13, 377-388.

PEDUEL, A.D., ELIZUR,  ., and KNIBB, W. (1994). Cloning and se¬

quencing of dolphinfish (Coryphaena hippurus, Coryphaenidae)
growth hormone encoding cDNA. DNA Seq. 5, 121-123.

RATNASABAPATHY, R., HWANG, S.P.L., and WILLIAMS, D.L.
(1990). The 3'-untranslated region of apolipoprotein II mRNA con¬

tains two independent domains that bind distinct cystosolic factors.
J. Biol. Chem. 265, 14050-14055.

RINDERNECHT, E. and HUMBEL, R.E. (1978). The amino acid se¬

quence of human insulin-like growth factor I and its structural ho¬
mology with proinsulin. J. Biol. Chem. 253, 2769-3706.



376 CHEN ET AL.

ROBERTS, CT. JR., LASKY, S.R., LOWE, W.L. JR., and LEROITH,
D. (1987). Rat IGF-I cDNAs contain multiple 5'-untranslated re¬

gions. Biochem. Biophys. Res. Commun. 146, 1154-1159.
ROTWEIN, P., POLLOCK, K.M., DIDIER, D.K., and KRIVI, G.G.

(1986). Organization and sequence of the human insulin-like growth
factor I gene: alternative RNA processing produces two insulin-like
growth factor I precursor peptides. J. Biol. Chem. 261, 4828-4832.

ROTWEIN, P., and HALL, L.J. (1990). Evolution of IGF- : charac¬
terization of the mouse IGF-II gene and identification of two pseudo-
exons. DNA Cell Biol. 9, 725-735.

SANGER, F., NICKLEN, S., and COULSON, A.R. (1992). DNA se¬

quencing with chain-terminating inhibitors. 1977 [classical article]
Biotechnology 24, 104-108.

SCHULTZ, G.A., and HEYNER, S. (1992). Gene expression in pre-
implantation mammalian embryos. Mutat. Res. 296, 17-31.

SCHULTZ, G.A., HAHNEL,  ., ARCELLANA-PANLILIO, M.,
WANG, L, GOUBAU, S., WATSON,  ., and HARVEY, M. (1993).
Expression of IGF ligand and receptor genes during preimplantation
mammalian development. Mol. Reprod. Dev. 35, 414-^120.

SHAMBLOTT, M.J., and CHEN, T.T. (1992). Identification of a sec¬

ond insulin-like growth factor in a fish species. Proc. Nati. Acad. Sci.
USA 89, 8913-8917.

SHAMBLOTT, M.J., and CHEN, T.T. (1993). Age-related and tissue-
specific levels of five forms of insulin-like growth factor mRNA in
a teleost. Mol. Mark. Biol. Biotechnol. 2, 351-361.

SHIMATSU,  ., and ROTWEIN, P. (1987). Mosaic evolution of the
insulin-like growth factors: organization, sequence, and expression
of the rat insulin-like growth factor I gene. J. Biol. Chem. 262,
7894-7900.

SOARES, M.B., TÜRKEN,  ., ISHII, D., MILLS, L., EPISKOPOU,
V., COTTER, S., ZEITLIN, S., and EFSTRATIADIS, A. (1986). Rat
insulin-like growth factor II gene: a single gene with two promoters
expressing a multitranscript family. J. Mol. Biol. 192, 737-752.

TELFORD, N.A., WATSON, A.J., and SCHULTZ, G.A. (1990). Tran¬
sition from maternal to embryonic control in early mammalian de¬
velopment: a comparison of several species. Mol. Reprod. Dev. 26,
90-100.

TOBIN, G., YEE, D., BRUENNER, N., and ROTWEIN, P. (1990). A
novel human insulin-like growth factor I.

TSAI, H.J., LIN, K.L., and CHEN, T.T. (1993). Molecular cloning and
expression of yellowfin porgy (Acanthopagrus latus Houttuyn)
growth hormone cDNA. Comp. Biochem. Physiol. 104B, 803-810.

TSAI, H.L., KOU, G.H., CHEN, S.C, WU, C.W., and LIN, Y.S.
(1996). Human cytomegalovirus immediate-early protein IE2 tethers
a transcriptional repression domain to p53. J. Biol. Chem. 271,
3534-3540.

WALLIS, A.E., and DEVLIN, R.H. (1993). Duplicate insulin-like
growth factor-I genes in salmon display alternative splicing path¬
ways. Mol. Endocrinol. 7, 409^22.

WANG, X., YANG, Y., and ADAMO, M.L. (1997). Characterization
of the rat insulin-like growth factor I gene promoters and identifica¬
tion of a minimal exon 2 promoter. Endocrinology 138, 1528-1536.

WINKLER, C, VIELKIND, J.R., and SCHARTL, M. (1991). Tran¬
sient expression of foreign DNA during embryonic and larval de¬
velopment of the medaka fish (Oryzias latipes). Mol. Gen. Genet.
226, 129-140.

WONG, E.A., OLLSEN, S.M., GODFREDSON, J.A., DEAN, D.M.,
and WHEATON, J.E. (1989). Cloning of ovine insulin-like growth
factor-I cDNAs: heterogeneity in the mRNA population. DNA 8,
649-657.

Address reprint requests to:
Dr. Jen-Leih Wu

Institute of Zoology
Academia Sinica

Nankang, Taipei, Taiwan 11529
The Republic of China

Received for publication August 29, 1997; accepted November
24, 1997.


