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Recently, we have reported the isolation of cDNAs encoding the precursors of insulin-like growth factors
I and II (IGF-I and II) [(1983) Nature 306, 609—611; (1985) FEBS Lett. 179, 243-246. These cDNAs were
employed as specific probes to detect and isolate the corresponding genes from human cosmid DNA librar-
ies. Three cosmids were detected, together containing the entire cDNA sequence of IGF-I, and one cosmid
containing the sequence of IGF-II cDNA. Southern blot hybridization, physical mapping and nucleotide
sequence analysis of these cosmids revealed that the IGF-I and -II genes have a discontinous structure. The
IGF-I gene contains at least four exons spanning a region of probably more that 45 kilobasepairs (kb),
while the IGF-II gene consists of at least five exons, spanning a region of 16 kb.

Insulin-like growth factor I Insulin-like growth factor I1

1. INTRODUCTION

The insulin-like growth factors (IGF) constitute
a heterogeneous group of hormonal polypeptides
with insulin-like and growth-promoting properties.
The amino acid sequence of 2 of the human IGFs
have been identified [3,4]. IGF-I consists of 70
amino acids, while IGF-II, which is composed of
67 amino acids, shares homology with the so-called
multiplication stimulating activity (MSA) in the rat
[S]. Both IGF-I and IGF-II show a high degree of
homology.

We have reported the sequences of cDNAs en-
coding human IGF-I and IGF-II [1,2]. These se-
quences reveal that the coding regions of IGF-I
and IGF-II are flanked by regions encoding amino-
terminal as well as carboxyl-terminal peptides, in-
dicating that both growth factors are synthesized
as precursor molecules. The nucleotide sequence of
human IGF-II ¢cDNA was also determined by Bell
et al. [6].

Published by Elsevier Science Publishers B.V. (Biomedical Division)

Somatomedin Gene structure Hormone precursor

Using the cDNAs as specific probes, the
chromosomal assignment has been determined.
The IGF-I gene maps to chromosome 12, whereas
the gene for IGF-II is located on chromosome 11
[7-10). Here, we report the genomic organization
of the coding and the flanking non-coding regions
of the human IGF-I and IGF-II genes.

2. MATERIALS AND METHODS

2.1. Genomic libraries

Two non-amplified human genomic cosmid
libraries were constructed from human placenta
DNA as described [11]. A third cosmid genomic
library was constructed from GM 1416, 48 XXXX
cell-line DNA, using a double-cos-site vector 2cRB
[12]. Cosmids were transduced into E. coli 1046
and of each library 200000 colonies were screened
basically as described by Benton and Davis [13].
Nitrocellulose filter (90 mm, Satorius), containing
20000 colonies each, were washed after hybridiza-
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tion under stringent conditions (0.3 x SSC, 0.1%

195, number 1,2 FEBS LETTERS

SDS, pH 7.4) at 65°C.

2.2. DNA probes

c¢DNA probes were isolated from the plasmids
pIGF-I, pIGF-II and pIGF-II var [1,2]. The 731 bp
cDNA probe of IGF-I consists of the coding region
of the IGF-I precursor, flanked by the 5'- and
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3'-non-translated regions of 80 and 264 bp,

respectively. As probes for IGF-II we used partial-
ly overlapping c¢cDNAs containing the coding
regions of the IGF-11 precursor, flanked by §'- and

3’-non-translated regions of 488 and 237 bp,
respectively. Double-stranded ¢DNA probes were
labeled by nick-translation with [«->*P]dCTP to a
specificity of 10® cpm/xg DNA.
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Fig.1. Nucleotide sequence of the human IGF-]1 gene. The numbers —1, 1, 2 and 3 refer to the corresponding exons.
The exon-intron boundaries are indicated by v ; ¥ and ¥ are the 2 possible 5’ -splice sites of exon — 1. Starting with
the ATG codon for initiation of translation the sequence corresponding to the cDNA is numbeted positive in the
5'—3' direction and negative in the 3’ — 5’ direction. The prepro-IGF-I amino acid sequence is shown, in which
the underlined part indicates the mature IGF-I peptide.
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2.3. Southern blotting of cosmid DNA

Cosmid DNA was isolated according to stan-
dard procedures [14]. 1 x4g cosmid DNA was
digested with several restriction enzymes, run on
an 0.7% agarose gel and transferred to
nitrocellulose (Schleicher and Schiill). Hybridiza-
tions were performed in the presence of 50% for-
mamide at 42°C (18 h). Blots were washed under
stringent conditions at 65°C, 1 x SSC, 0.1% SDS,
pH 7.4.

2.4. Restriction mapping, subcloning and
nucleotide sequence analysis

The cosmid clones containing parts of the
human IGF-I or IGF-II genes were purified. After
restriction enzyme analysis, fragments carrying the
human IGF-I or IGF-II sequences were identified
by Southern blot hybridization. Using [a-*?P]
dCTP specific cDNA probes restriction maps of
these cosmids were constructed. Some cosmid
fragments were isolated directly, other fragments
were first subcloned in pUC12 followed by se-
quence analysis. Nucleotide sequence analysis was
carried out according to Maxam and Gilbert [15].

3. RESULTS

Employing 3*P-labeled cDNA probes encoding
IGF-I and IGF-II, respectively, 3 human genomic
cosmid DNA libraries were screened for IGF-I and
-II specific clones as described in section 2. Three
different clones (clones a, b and c) hybridized
specifically with IGF-I ¢cDNA, whereas only a
single clone showing homology to IGF-II cDNA
was isolated (cos IGF-II).

Southern blot hybridization analysis of HindIII-
digested total human placenta DNA and the
above-mentioned cosmid DNAs revealed that the
entire IGF-I and IGF-1I cDNA sequences were pre-
sent in these 4 cosmids (not shown). Employing
detailed restriction enzyme analysis, Southern blot
hybridization and nucleotide sequence analysis of
the cosmids, we have determined the precise posi-
tion of the IGF-I and IGF-II specific sequences on
the physical maps of the cosmids described above
(figs 1-3). This analysis reveals that the genes
coding for IGF-I and IGF-II have a discontinuous
structure. The 713 bp IGF-I1 cDNA is encoded by
4 exons extended over at least 45 kb of genomic
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DNA, while the 1265 bp IGF-II ¢cDNA sequence is
encoded by 5 exons spanning a region of 16 kb of
chromosomal DNA.

4. DISCUSSION

We have studied the organization of the genes
coding for human IGF-I and IGF-II. Employing
Southern blot hybridization and nucleotide se-
quence analysis the IGF-I and IGF-II cDNAs con-
taining the entire coding sequence for the precur-
sor as well as the 5'- and 3'-non-coding sequences
have been positioned on genomic cosmid clones.

Comparison of the structure of the exons of the
IGF-1 and IGF-II genes shows some interesting
common features. Both genes contain an exon (ex-
on 1) which starts 6 bp in front of the potential
ATG initiation codon and terminates close to the
COOH-terminus of the B-domain. Also, both
genes contain an exon starting at the end of the B-
domain and terminating in the E peptide of the
growth factor precursors (exon 2), while in both
genes the COOH-termini of the precursor are
located in a single exon (exon 3, fig.3). On the
other hand, the size of the corresponding introns
seems to differ extensively. The gene for IGF-I
must be of considerable length since the 713 bp
c¢DNA is divided over 4 exons which are located on
3 non-overlapping cosmid DNAs, suggesting that
these exons are located on a stretch of human
chromosomal DNA of at least 45 kb. Although
our cosmid clones contain the entire coding region
of the IGF-I precursor they probably do not repre-
sent the entire IGF-I mRNA, because the cDNA
appears to be incomplete. The previously assigned
poly(A) tail [1] is also present in genomic DNA in-
dicating that this A-rich region in IGF-I cDNA
does not represent the actual poly(A) tail.

The gene for human IGF-II spans a region of at
least 16 kb chromosomal DNA. The positions of
exons 1, 2 and 3 have also been determined by Dull
et al. [17], who used a rat MS cDNA as probe. As
described in [2], 2 closely related but distinct types
of IGF-II ¢cDNA were isolated from the same
human liver cDNA library. The difference of the
IGF-II variant (IGF-II var) compared to IGF-II is
situated at amino acid 29, where the variant IGF-II
c¢DNA predicts a tetrapeptide Arg-Leu-Pro-Gly
due to an insert of 9 nucleotides at position 158
(fig.2). Interestingly, examination of the genomic
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Fig.2. Nucleotide sequence of the human IGF-II gene. The numbers —2, —1, 1, 2 and 3 refer to the corresponding

exons. The 5'- and 3’-exon-intron boundaries are indicated by {v). Starting with the ATG codon for initiation of

translation the sequence corresponding to the cDNA is numbered positive in the 5’ — 3’ direction and negative in the

3’ ——5’ direction. The prepro-IGF-1I amino acid sequence is shown as well as the 3 amino acid insert for IGF-II var,

The underlined amino acid sequence indicates the mature IGF-II peptide. A possible alternative poly(A) site ATTAAA
is also underlined.
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Fig.3. Schematic representation of the IGF-I and IGF-II genes. The cDNA structures containing regions coding for the
B, C, A and D domains (higher open boxes), the N-terminal peptide (pre), the C-terminal peptide (E) and the 5'- and
3'-untranslated sequences are schematically depicted. The restriction maps of the genomic cosmid clones, a, b and ¢
for IGF-I and cosIGF-II and the localization of the exons are indicated. The exons are shown by the black boxes
numbered negative for the 5’-non-coding regions and positive for the coding regions. The exon carrying the ATG
initiation codon of the signal peptide is designated exon 1. Starting with the ATG codon for initiation of translation,
the sequence corresponding to the cDNA is numbered positive in the ' —3' direction and negative in the 3’ —5’
direction. The 5'-end of exon — 1 of the IGF-I gene is indicated by 2 potential acceptor splice sites (3’ and v, fig.1).
The nonanucleotide insert in the B-domain of IGF-II var cDNA is indicated by the shaded block. Restriction sites: *,
HindIll; v, EcoRI; e, BamHI; o, Kpnl.
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DNA sequence reveals that the difference is
located at the 5'-intron-exon boundary of exon 2.
At this position IGF-II var contains a
nonanucleotide insertion which is identical to the
last 9 bp of the intron for IGF-11 cDNA (fig.2, ex-
on 2). This suggests that the corresponding IGF-II
var mRNA arises by splicing 9 nucleotides
upstream from the acceptor splice junction of IGF-
Il (fig.2, exon 2). However, the nucleotide se-
quence at the hypothetical IGF-II var intron-exon
junction of exon 2 (CTGTGG) deviates from the
canonical acceptor sequence PyPyNPyAG [18].
Furthermore, Atweh et al. [19] have demonstrated
that the sequence CCACGG is not functional in
splicing. At the moment we favour the explanation
that the IGF-II var gene represents an allelic
variant of the IGF-II gene containing the acceptor
sequence CTGTAG which is present in the human
population in low abundance. Interestingly, the
IGF-II var gene is expressed in vivo, since recently
Humbel has identified its gene product as a minor
fraction in pooled sera (Humbel, personal com-
munication). Also, for IGF-II it is unlikely that the
c¢DNAs obtained so far represent the complete
messenger RNA, since a polyadenylation signal
and a poly(A) tail are absent in the cDNAs. In this
respect it is noteworthy that Scott et al. [20] recent-
ly demonstrated by Northern blot analysis of total
RNA from adult human liver that IGF-II mRNA
has a length of 5.3 kb. Further studies of the
genomic cosmic clones and isolation of longer
c¢DNAs will be necessary to determine additional
5’- and 3'-non-translated exons.

In conclusion, we have identified at the
nucleotide level those parts of the IGF-I and IGF-
II genes which correspond to the coding sequences
of prepro-IGF-I and -II. The results obtained so
far suggest that the IGF-I and -II genes contain
long non-coding sequences, spanning an extensive
region of the human genome.
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