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Isolation and characterization of a cDNA encoding the
low molecular weight insulin-like growth factor binding
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IGF-I and IGF-LI are growth-stimulating peptides with
strong mitogenic properties. These polypeptide growth
factors circulate in serum bound to specific binding
proteins. We report the cloning and complete sequence
of a cDNA encoding a low mol. wt IGF-binding protein
from a human placenta cDNA library. We propose the
designation IGF-binding protein 1 (IBP-1) for the gene
and corresponding protein. Expression of the cDNA en-
coding IBP-1 in COS cells resulted in the synthesis of a
30-kd protein which binds IGF-I and is immunologically
indistinguishable from the IGF-binding protein isolated
from amniotic fluid or human serum. Northern blotting
analysis demonstrated that expression of the IBP-1 gene
is highly tissue specific and limited to placental mem-
branes and fetal liver suggesting a rigid control. The
EBP-1 gene is a single copy gene, located on chromosome
7. The results obtained suggest that most, if not all, lower
mol. wt IGF-binding proteins originate from this gene.
Key words: IGF-binding protein/human placenta/human
fetal liver/HEPG2 cell line/cDNA

Introduction
Insulin-like growth factors (IGF) I and II are small poly-
peptide hormones structurally related to insulin (Rinder-
knecht and Humbel, 1978a,b). The IGFs evoke a number
of biological activities including cellular induction of DNA
synthesis and cell multiplication (Rechler et al., 1974). IGF-I
is thought to mediate the growth-promoting effects of growth
hormone (Van Wyk et al., 1974), while IGF-ll is primarily
expressed in first trimester human fetal tissue (Scott et al.,
1985).
The biological effects of the IGFs are exerted through

association to specific receptors. The IGF-I receptor binds
IGF-I and IGF-II with high affinity and insulin with lower
affinity, the IGF-ll receptor binds IGF-H with high affinity,
IGF-I with lower affinity but has no significant affinity for
insulin (Massague and Czech, 1982).

Unlike insulin both IGFs circulate in plasma tightly bound
to specific binding proteins (BP). Two major forms of IGF-
BPs with apparent mol. wts of 150 and 30-35 kd have been
identified in human plasma (Smith, 1984). In addition, a wide
variety of IGF -BPs have been isolated from various bio-
logical sources, e.g. tissue extracts (brain, pituitary and
cerebrospinal fluid) and cell culture media (human hepatoma

cell line HEPG2). The mol. wts range from 24 to 150 kd
(Wilkins and D'Ercole, 1985; Binoux et al., 1986). Some
of these proteins are related to the 150-kd BP (Baxter et al.,
1986a), some are thought to be derived from the low mol.
wt IGF-BP by proteolytic processing (Huhtala et al., 1986).
The NH2-terminal amino acids of the 30-35-kd BPs de-
rived from amniotic fluid, human serum and the HEPG2
cell line are completely homologous, suggesting that these
proteins are in fact identical (Drop et al., 1984a; Povoa et
al., 1985). Recently, another 35-kd IGF-BP has been
isolated from soluble extracts of term human placental/fetal
membranes (Koistinen et al., 1986). The protein has been
designated placental protein 12 (PP12) and the preferential
site of synthesis of PP12 is in the secretory/decidualized
endometrium (Rutanen et al., 1986). Of the 15 NH2-
terminal amino acids of PP12 that have been determined 13
are identical to the sequence of the low mol. wt BPs found
in amniotic fluid, serum and HEPG2 cells (Koistinen et al.,
1986). Because of the confusing terminology, the abbrevi-
ation IGF -BP28 has been suggested for the lower mol. wt
binding proteins and for similar proteins sharing the same
NH2-terminal amino acid sequence. The designation is
based on electrophoretic mobility of these proteins in non-
reduced SDS-PAGE (Baxter et al., 1987).

In various bioassays partly purified BP fractions were
shown to inhibit the insulin-like and growth-promoting
activities of IGF (Drop et al., 1979; Zapf et al., 1979). In
vivo the BPs increase the biological half-life of IGFs (Hintz,
1984). Human amniotic fluid is an abundant source of 30-
35-kd IGF-BP and very high levels are found in fetal serum
suggesting a possible role during embryonal and fetal devel-
opment (Drop et al., 1979, 1984b). However, the precise
biological function of these proteins is still unclear.
As a first step towards a better insight into the function

of IGF-BP we have screened a cDNA library with an
antibody to the low mol. wt IGF-BP and obtained cDNA
clones encoding this protein from two different cDNA
libraries. We propose the designation IBP-1 for the gene and
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Fig. 1. Restriction map for human IBP-I. The four cDNA clones are

aligned, p4 and p19 are representatives from the placenta cDNA
library, w61 and w85 originate from the liver cDNA library. The
composition restriction map is shown at the top of the figure. The
open box represents translated regions. The putative leader sequence is
shaded. Solid lines represent untranslated regions. The zigzag line
represents the poly(A) tail. E = EcoRI, P = PstI, B = BamHI,
H = HindU, S = SstI, X = XbaI, N = NcoI.
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GGGCGGGCACAGCCAGAGAGCATCGGCCCCTGTCTGCTGCTCGCGCCTGGAGE AAGCCCCGTTGCTCGCGTCTGGCTGGTACT
10 20 30 40 50 60 70 80 90

+1
L L L T 0 V G V T AG A P W Q C A P C S A E K L A L C P P 18

GCTCCTGCTGACTGTCCAGGTCGGCGTGACAGCCGGCGCTCCGTGGCAGTGCGCGCCCTGCTCCGCCGAGAAGCTCGCGCTCTGCCCGCC
100 110 120 130 140 150 160 170 180

V S A S C S E V T R S A G C G C C P M C A L P L G A A C G V 48
GGTGTCCGCCTCGTGCTCGGAGGTCACCCGGTCCGCCGGCTGCGGCTGTTGCCCGATGTGCGCCCTGCCTCTGGGCGCCGCGTGCGGCGT

190 200 210 220 230 240 250 260 270

A T A R C A R G L S C R A L P G E Q Q P L H A L T R G Q G A 78
GGCGACTGCACGCTGCGCCCGGGGACTCAGTTGCCGCGCGCTGCCGGGGGAGCAGCAACCTCTGCACGCCCTCACCCGCGGCCAAGGCGC

280 290 300 310 320 330 340 350 360

C V Q E S D A S A P H A A E A G S P E S P E S T E I T E E E 108
CTGCGTGCAGGAGTCTGACGCCTCCGCTCCCCATGCTGCAGAGGCAGGGAGCCCTGAAAGCCCAGAGAGCACGGAGATAACTGAGGAGGA

370 380 390 400 410 420 430 440 450

L L D N F H L M A P S E E D H S I L W D A I S T Y D G S K A 138
GCTCCTGGATAATTTCCATCTGATGGCCCCTTCTGAAGAGGATCATTCCATCCTTTGGGACGCCATCAGTACCTATGATGGCTCGAAGGC

460 470 480 490 500 510 520 530 540
I

L H V T N I K K W K E P C R I E L Y R V V E S L A K A Q E T 168
TCTCCATGTCACCAACATCAAAAAATGGAAGGAGCCCTGCCGAATAGAACTCTACAGAGTCGTAGAGAGTTTAGCCAAGGCACAGGAGAC

550 (C) 570 580 590 600 610 620 630

S G E E I S K F Y L P N C N K N G F Y H S R Q C E T S M D G 198
ATCAGGAGAAGAAATTTCCAAATTTTACCTGCCAAACTGCAACAAGAATGGATTTTATCACAGCAGACAGTGTGAGACATCCATGGATGG

640 650 660 670 680 690 700 710 720

E A G L C W C V Y P W N G K R I P G S P E I R G D P N C Q M 228
AGAGGCGGGACTCTGCTGGTGCGTCTACCCTTGGAATGGGAAGAGGATCCCTGGGTCTCCAGAGATCAGGGGAGACCCCAACTGCCAGAT

730 740 750 760 770 780 790 80t0 810

Y F N V Q N 243
GTATTTTAATGTACAAAACTGAAACCAGATGAAATAATGTTCTGTCACGTGAAATi333jIAGTATATAGTATIJ.JTACTCTAGAACAT

820 830 840 850 860 870 880 890 900

II
W

GCACIhTATATATGTATATGTATATATATATAGTAACTACTTCTTATACTCCATACATAACTTGATATAGAAAGCTGTTT3.2-T.Q10 920 930 940 950 960 970 980 990
IR IR

CACTGTAAGTTTATTTTTTCTACACAGTAAAAACTTGTACTATGTTAATAACTTGTCCTATGTCAATTTGTATATCATGAAACACTTCTC
1000 1010 1020 1030 1040 1050 1060 1070 (T)1080

ATCATATTGTATGTAAGTAATTGCATTTCTGCTCTTCCAAAGCTCCTGCGTCTGTTTTTAAAGAGCATGGAAAAATACTGCCTAGAAAAT
1090 1100 1110 (G) 1130 1140 (C) 1150 1160 1170

GCAAAATGAAATAAGAGAGAGTAGTTTTTCAGCTAGTTTGAAGGAGGACGGTTAACTTGTATATTCCACCATTCACATTTGATGTACATG
1180 1190 1200 1210 1220 1230 1240 1250 1260

TGTAGGGAAAGTTAAAAGTGTTGATTACATAATCAAAGCTACCTGTGGTGATAGTTGCCACCTGTTAAAATGTACACTGGATATGTTGTT
1270 1280 1290 1300 1310 1320 1330 1340 1350

AAACACGTGTCTATAATGGAAACMITATAArATTCTGCATGGAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1360 1370 1380 1390 1400 1410 1420

Fig. 2. Nucleotide and deduced amino acid sequence of human IBP-l. The putative initiating codon and the polyadenylating signal are boxed. A thin
line represents the leader sequence. Also indicated are possible 0-linked glycosylation sites (*), two repeated sequences (I and II) and an inverted
repeat (IR). Differences between the placental cDNA sequence and the liver cDNA sequence are shown in parentheses.

corresponding protein. Northern blot analysis revealed that Results
expression of the IBP-1 gene is highly regulated with specific
expression in placental membranes and also in fetal and adult Isolation of cDNA clones encoding IBP- 1liver. In addition, we show that the IBP-l gene is a single We have previously reported the isolation of a polyclonal
copy gene and is located on chromosome 7. antibody raised against IGF-BP isolated from amniotic fluid
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Placental cDNA encoding IBP-1

(Drop et al., 1984a). The antibody was used to screen a
human placental cDNA library in X gtl 1. In this library 33
plaques which strongly cross-reacted with the polyclonal anti-
body were identified. Ten of them were rescreened and the
inserts were isolated. The inserts, varying from 0.9 to
1.5 kb, were isolated and subcloned in the vector PTZ19.
Restriction enzyme analysis of the subclones and Southern
blot experiments showed that all clones but one originated
from the same mRNA. In addition two other clones were
isolated from a human-liver-derived cDNA library. Restric-
tion enzyme analysis indicated that the clones isolated from
the placenta library and the clones isolated from the liver
library were colinear, supporting their candidacy as IGF-BP
clones. Figure 1 shows the physical map and size of four
representative cDNA clones.

Nucleotide sequence of IBP- 1
The complete nucleotide sequence of the cDNA insert of
two clones (pl9 and w85) has been determined (Figure 2).
The 1425-nt sequence of p19 contains one major open
reading frame of 777 nucleotides. The potential initiation
codon at position 53 is flanked by sequences matching
Kozak's criteria for an initiation codon (Kozak, 1986). At
the 3' end the putative open reading frame is flanked by a
translation termination codon (TGA) and a 596-nt-long 3'
untranslated sequence. At the 3' end a canonical polyadenyl-
ation signal (AATAAA) is found 13 nt upstream of the
poly(A) tail. The coding region contains a 10-nt-long repeat
(Figure 2, I) and in the 3' untranslated region a 9-nt-long
repeat (Figure 2, II) and a 12-nt-long inverted repeat can
be found (Figure 2, IR).
The nucleotide sequence is characterized by an unusually

high content of CpG dinucleotides in the 5' coding region.
Between nucleotides 1 and 361 the content of C plus G is
74% and the level of the dinucleotide CpG is 94% of that
expected on a random basis. Thus this region does not show
marked suppression of the CpG dinucleotides as commonly
seen in eukaryotic DNA (Gardiner-Garden and Frommer,
1987).
The 3' untranslated region contains AT-rich sequences

which are frequently found in transiently expressed genes
of certain lymphokines, cytokines and proto-oncogenes. A
common motif to these genes is the pentanucleotide sequence
A'TTTA, which has been proposed to destabilize the mRNAs
of these genes (Shaw and Kamen, 1986).

Primary structure of the IBP- 1 precursor
The open reading frame in cDNA clone p19 has a coding
capacity for a protein of 259 residues, with a calculated M,
of 28 172 daltons. The proposed initiating methionine is the
first amino acid of a series of highly hydrophobic amino
acids, suggesting the presence of a signal peptide. A recently
developed method for predicting signal sequence cleavage
sites (Von Heijne, 1987) revealed a favourable signal peptide
cleavage site after the glycine shown in Figure 2 as residue
-1. The thus predicted NH2 terminus of the mature protein
is identical to the chemically determined NH2-terminal se-
quence of the IGF-binding protein isolated from amniotic
fluid (Povoa et al., 1984a,b; Baxter et al., 1986a) and the
HEPG2 cell line (Povoa et al., 1985). In view of these
findings we propose that the ATG codon at position -25
in Figure 2 is indeed the ATG where translation initiation
takes place.

Human A PWQCA S A K L-V S S s V T S Aw

Rat F RICP T P R A GPP D ACAL V E PG

Fig. 3. Comparison of the deduced NH2-terminal amino acid sequence

of human IBP-1 with the NH2-terminal rat IGF-BP. The conserved
amino acid regions between the human and rat proteins are boxed.

The nucleotide sequences of the liver cDNA clones differ
in four nucleotides from the placenta clones. Of these three
are located in the 3' untranslated region. The coding region
bears a transition resulting in the incorporation of a Thr
instead of an Ile (Figure 2). These differences may be caused
by allelic variation of the IBP-1 gene.

The mature protein is unusually rich in tryptophans. We
have identified six Trp residues in the amino acid sequence

accounting for 2.6% of the total amino acid sequences. Other
characteristic features are a cysteine-rich region with nine
cysteine residues concentrated between residues 1 and 46.
The primary structure of the protein encloses three regions
(80-102, 105-127 and 141- 178) with prominent a-helix
properties, separated by short unordered segments. A short
stretch of amino acids with the features of a phosphoryl
binding site is located in the COOH-terminal part of the
protein. Although the low mol. wt IGF-BP was found to
be glycosylated (Bohn et al., 1980; Koistinen et al., 1987),
the deduced amino acid sequence did not enclose N-linked
glycosylation sites (N-T and N-S). However, at least five
potential 0-linked glycosylation sites (Takahashi et al., 1984)
were found in the NH2-terminal two thirds of the molecule.
The IBP-1 protein did not show any significant homology

to 4612 entries of the National Biomedical Research Foun-
dation, protein data base release no. 11.0 and no. 26.0,
suggesting that IBP-l is a unique protein. Comparison of
the amino acid sequence of IGF-I, IGF-H, insulin, IGF-I
receptor and the IGF-II receptor with that of IBP-1 revealed
no considerable homology.

Recently the NH2-terminal amino acid sequence of the
low mol. wt IGF -BP synthesized in rat BRL 3A cells has
been presented (Mottola et al., 1986). With the complete
amino acid sequence available we demonstrate here that the
NH2-terminal part of human IBP-1 is strongly homologous
with that of the rat IGF -BP (Figure 3), suggesting that the
gene is conserved during evolution. In addition, no homology
was found with the reported NH2-terminal amino acid se-

quence of the rat high mol. wt IGF-BP (Baxter et al.,
1986b), indicating that these proteins are distinct.

Expression in COS- 1 cells, immunoprecipitation and
IGF-I binding
We constructed the expression plasmid pSV19 by inserting
cDNA p19 (Figure 1) into expression vector pSV328 (Van
Heuvel et al., 1986). In pSVl9 the IBP-1 coding sequence
is under direction of the SV40 early promoter. Monkey
COS-1 cells were transfected with this plasmid and pSV328
as a negative control. Samples of the medium of transfected
COS-1 cells were used for non-reduced SDS-PAGE and
subsequently transferred to nitrocellulose filters. The filters
were incubated with either ['251]IGF-I or antibody against
low mol. wt IGF -BP. The results are shown in Figure 4.
In lane B (pSV19) a band of 30 kd cross-reacting with the
antibody is visible, which is absent in lane A (pSV328). This
band migrates at the same position as the IGF-BP present
in amniotic fluid (lane C). When incubated with [251I]IGF-I
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Fig. 4. Binding protein analysis in culture media from COS-1 cells
transfected with pSV328 (lanes A and D), pSV19 (lanes B, E and F)
and amniotic fluid as a positive control (lanes C, G and H). The
IGF-BPs were separated by SDS-PAGE (12.5% acrylamide) and
transferred onto nitrocellulose by Western blotting. The filters were
incubated with >200 000 c.p.m. [1251]IGF-I with (+) or without (-)
150 ng cold IGF-I, washed and autoradiographed (lanes D-H). After
autoradiography the same filters were incubated with antibody against
low mol. wt IGF-BP (lanes A-C). The immunoreactive bands were
made visible by immunostaining as described for the screening of the
cDNA libraries. The IBP-1 protein is indicated by an arrow.

the same 30-kd band binds [1251]IGF-I (lane E). This bind-
ing is specific because it can be displaced by cold IGF-I (lane
F). Lanes C, G and H are control samples of IGF -BPs
present in amniotic fluid showing a 30-kd band which reacts
with the antibody (lane C) and with [1251]IGF-I (lanes G and
H without and with excess cold IGF respectively). Incubation
with [125I]IGF-II gave similar results (data not shown).
Thus the IBP-l cDNA encodes a IGF-BP which has the
same Mr, immunoreactivity and IGF-binding properties as
the IGF-BP present in amniotic fluid. In addition slower
migrating bands of - 34 kd can be found in medium from
pSV19 and control transfected cells (lanes A, B and D -F).
These bands cross-react with the antibody (lanes A and B)
and also bind [1251]IGF-I which cannot be displaced by cold
IGF (lanes D -F). They presumably represent non-specific
cross-reacting proteins from COS-1 cells. The high mol. wt
band in amniotic fluid which specifically binds IGF-I prob-
ably is the high mol. wt IGF-BP (lanes F and G).

Tissue speciric expression of IBP-1 mRNA
Total RNA prepared from human fetal liver, the HEPG2
cell line, human placental tissue and placental membranes
from term pregnancy were examined for IBP-1 expression
by Northern blot analysis. Using a 32P-labelled 5' EcoRI-
PstI fragment derived from cDNA clone p19 as probe, a
single transcript of - 1.5 kb was demonstrated in HEPG2
and in fetal-liver-derived RNA (Figure 5, lanes A and D).
Since the cDNA clone p19 was isolated from a placental
cDNA library it was surprising to find that RNA isolated
from placental tissue did not show any expression (Figure
5, lane B). However, analysis of RNA isolated from pla-
cental membranes showed a strong hybridizing band of

- 1.5 kb (Figure 5, lane C).
In addition, Northern blots of RNAs isolated from a wide

range of human fetal tissues (14-16 weeks gestation) and
adult liver and kidney were hybridized with IBP-1 and human
actin probes. None of the tissues, with the exception of fetal
and adult liver, showed hybridization to the cDNA probe,

4 1 '- Q

Fig. 5. Northern blot analysis of total mRNA isolated from HEPG2
cell line (lane A), human placenta (lane B), placental membranes
(lane C) and human fetal liver (lane D). The samples containing
50 *tg of RNA were electrophoresed on 0.8% agarose containing
formaldehyde, transferred to nitrocellulose and hybridized with the 5'
EcoRI-PstI fragment of IBP-1 cDNA as probe.

Table I. Northern blot analysis of total RNA from different tissues
hybridized to human placental IBP-1 cDNA and to actin cDNA

RNAa 1BP-1 Actin

Liver + + +
Kidney - +
Lung - +
Heart - +
Brain - +
Adrenal - +
Tongue - +
Muscle - +
Jejunum - +
Thymus - +
Spleen - +
Pancreas - +
Liverb + +
Kidney" - +

Northern blots were kindly provided by Dr M.Jansen.
aTotal RNA was isolated from fetal tissues at 14- 16 weeks gestation.
bThe marked RNAs originated from adult tissues.

whereas all RNA samples tested were positive for actin
expression (Table I). Apparently expression of the IBP-1
gene is highly tissue specific and of all tested tissues limited
to liver and placental membranes. Expression of the IBP-1
gene in fetal liver was found to be 5-10 times higher than
in adult liver (results not shown).
The IBP-1 clones hybridize to a single mRNA of - 1500

nt. This suggests that clone p4 which contains an insert of
1470 bp may represent a full-length cDNA clone.

Genomic DNA analysis
To determine the size and the number of IBP-1 genes present
in the human genome, Southern blot analysis was performed
using a 5'-(EcoRI-PstI) and a 3'-(PstI-EcoRI) fragment
of clone p19. Figure 6 demonstrates that both probes hybrid-
ize with single restriction fragments. In most cases the probes
recognized different restriction fragments. However, in
EcoRI-digested DNA the 5' probe hybridized with two
fragments from which the larger also hybridized to the 3'
probe. In PstI-digested DNA an additional 2.7-kb fragment

2420
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Fig. 6. Southern blots of genomic DNA hybridized to 3' and 5'
fragments of IBP-1 cDNA. About 10 fig genomic DNA was digested
with HindIH (lane A), BglII (lane B), SstI (lane C), PstI (lane D) and
EcoRI (lane E). After digestion the samples were electrophoresed on
0.8% agarose and subsequently transferred to nitrocellulose and
hybridized using either the 3' PstI-EcoRI fragment or the 5'
EcoRI-PstI fragment of IBP-1 cDNA as probe.

Table II. Segregation of human IBP-1 gene in rodent-human hybrids

Human chromosome Chromosome/IBP-1 % discordancy
+I+ +1- -1+ -I-

1 9 6 6 8 41
2 4 2 11 12 45
3 8 2 7 12 31
4 9 4 6 10 34
5 10 2 5 12 24
6 12 4 3 10 24
7 14 la ib 13 7
8 10 7 5 7 41
9 9 6 6 8 41
10 7 6 8 8 48
11 7 5 8 9 45
12 10 6 5 8 38
13 9 6 6 8 41
14 11 9 4 5 45
15 8 5 7 9 41
16 9 5 6 9 38
17 14 9 1 5 34
18 8 1 7 13 28
19 11 7 4 7 38
20 11 7 4 7 38
21 12 7 3 7 34
22 12 7 3 7 34
X 8 9 7 5 52

aException may be due to small deletion of chromosome 7 not
detected by cytogenetic analysis in this clone.
bWeak hybridization signal.

was found, which weakly hybridized to the 3' probe and
probably encodes only a small part of the cDNA. Genomic
DNA digested with BglH reveals fragments of 1.2 and
4.5 kb, which hybridize to the 5' and 3' probes respectively.
These data suggest that the IIBP-1 gene is a single copy gene
spread over at most 5.7 kb in genomic DNA.

Chromosomal localization
Southern blot analysis of genomic DNA isolated from 29
human-rodent somatic cell hybrids was used for the
chromosomal localization of the IBP-1 gene. Filters contain-

ing PstI- and SstI-digested DNA from hybrids and their
parental cell lines were hybridized with 32P-labelled IBP-1
cDNA clone w85 (Figure 1). Specific 1.1- and 1.2-kb PstI
and 5- and 2.1-kb SstI hybridizing fragments were clearly
distinguishable in size from rodent cross-hybridizing IBP-1
fragments (results not shown). The presence or absence of
human-specific PstI and SstI fragments was correlated with
the presence or absence of human chromosomes in the
hybrids. The results of this concordance analysis are sum-
marized in Table II. The human IBP-1 fragments appeared
to segregate with chromosome 7 with high (93 %) concord-
ance. Only two exceptions were observed. One discordant
clone did contain chromosome 7, but did not hybridize to
the IBP-1 probe. This may be due to a small deletion of
chromosome 7 not detected by cytogenetic analysis in this
clone, a phenomenon which is known to occur in hybrid
cells. The other discordant clone hybridized only weakly with
the probe. For all other human chromosomes high discord-
ance scores were obtained ranging from 24 to 52%, confirm-
ing the assignment of the IBP-1 gene to human chromosome
7.

Discussion
IGF -BPs with apparent mol. wts of 24-150 kd have been
isolated from different biological sources. The designation
IGF-BP28 has been proposed for IGF-BPs with an appar-
ent mol. wt of 28 kd under non-reducing conditions and for
BPs with the same NH2-terminal sequence (Baxter et al.,
1987). In this paper we describe the isolation of several
clones from X gtl 1 cDNA libraries using an antibody raised
against the low Mr IGF-BP from amniotic fluid. All
cDNA clones were found to derive from at most two alleles
of the same single copy gene. These results strongly suggest
that most, if not all, lower mol. wt IGF-BPs originate from
this gene. In view of this finding and the confusing termin-
ology for IGF-BPs, we propose the designation LBP-1 (IGF-
binding protein 1) for the gene and corresponding protein.
The IBP-1 cDNA sequence predicts a mol. wt of 25 kd

for the 234-amino-acid-long mature protein. The Mr found
under non-reducing conditions is 30 kd. It has been reported
that the protein is glycosylated. If true, this cannot be due
to N-glycosylation because putative N-glycosylation sites are
absent from the primary sequence of the protein. Although
no definitive consensus sequence for 0-glycosylation is
known, recently some structural similarities in 0-linked
glycosylation sites have been observed (Takahashi et al.,
1984). Several such sites are found in the NH2-terminal part
of IBP-1. Thus, it is possible that 0-linked glycosylation
is partly responsible for the observed difference in Mr.
Besides this discrepancy there is a difference between the
Mr under non-reducing (30 kd) and reducing conditions
(34 kd). This is probably due to the high cysteine content
of the protein, enabling the formation of several S-S
bridges, with as a consequence a faster migration in the gel.

Isolation of the BP from placental membranes, PP12, also
yields lower mol. wt peptides which are thought to arise
through proteolytic processing (Huhtala et al., 1986). The
presence of two putative proteolytic processing sites in the
primary sequence of IBP-1 supports this finding. Some of
the PP12-derived fragments were still able to bind IGF. They
were shown to have the same NH2-terminal sequence as
PP12, suggesting that the IGF-binding site is located in the
NH2-terminal part of the protein. From our data it appears
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that this part of the protein is very rich in cysteines. Cysteine-
rich regions are frequently found in the binding portion of
hormone receptors and are thought to define ligand speci-
ficity (Ullrich et al., 1984, 1985; Yamamoto et al., 1984).
Similarly, the cysteine-rich region at the NH2-terminal part
of IBP-1 might be the portion of the molecule which binds
IGF.

There is some evidence that IBP-1 may be involved in
IGF-IGF receptor interaction. Binding studies with IGF-I
on cultured fibroblasts demonstrated that these cells syn-
thesize and secrete a 35-kd IGF-BP, which is associated
with the cell surface. This BP is immunologically indis-
tinguishable from IBP-1 (Clemmons et al., 1987). Addition
of increasing concentrations of IGF-I resulted in augmented
binding of IGF-I to this cell-surface-associated BP and to
the IGF-I receptor (Elgin et al., 1987). In the primary se-
quence of IBP-1 as presented here no hydrophobic region
which could serve as a membrane anchor is evident. Re-
cently, the human GH-binding protein was found to be a
truncated form of its receptor (Leung et al., 1987). Similarly,
evidence has been presented that a rat high mol. wt IGF-BP
might be a truncated form of the rat IGF-II receptor (Morgan
et al., 1987). The lack of significant homology between
IBP-1 and either type of IGF receptor proves that IBP-1 is
not derived from one of the growth factor receptors. How-
ever, it cannot be excluded that IBP-1 might be associated
with one or both types of IGF receptors and plays a role
in IGF binding. IBP-1, the IGF-I and the IGF-ll receptor
all bind IGF-I as well as IGF-ll, albeit with different
affinities. An intriguing consequence of the difference in
primary structure between IBP-1 and both receptors could
be that the relatively small IGF peptides contain distinct
binding sites for each of these three proteins.
The primary structure of the IBP-1 cDNA shows that the

sequence ATTTA occurs several times in the 3'-non-coding
region. This sequence is present in a similar position in
several hormone mRNAs and has been shown to decrease
mRNA half-life (Shaw and Kamen, 1986).

Northern blot analyses of RNA from different fetal and
adult organs show that expression of the IBP-1 gene is highly
tissue specific. Very large amounts of mRNA are found in
placental membranes, with at most a very low expression
in the placenta itself. Of the other organs tested only fetal
and, to a lesser extent, adult liver were positive for IBP-1
mRNA. This type of expression correlates with the high
amounts of IGF-BP that were found in amniotic fluid and
in fetal serum. Thus, synthesis of IBP-1 is primarily taking
place during fetal life, suggesting a specific role of this
protein during fetal development. This is in accordance with
the observation that synthesis of IGF-BP PP12, which
presumably is identical to IBP-1, depends on progesterone
stimulation (Rutanen et al., 1985). As is generally known,
progesterone levels increase during pregnancy, reaching a
maximum shortly before birth.
The availability of complete cDNA encoding human IGF-

binding protein IBP-1 will enable the investigation of the
function of IBP-1 as a mediator in the complex action of
insulin-like growth factors (IGF-I and IGF-ll), the intriguing
regulation of the gene and its putative role in fetal
development.

Materials and methods

Isolation of cDNA clones and sequencing
A polyclonal antibody to the low mol. wt IGF-BP isolated from human
amniotic fluid was raised and purified as described previously (Drop et al.,
1984a). The antibody preparation was depleted for Escherichia coli and
Xgtl 1 proteins and by incubation with nitrocellulose filters that had been
lifted from confluent lysis plates of E.coli Y1090/Xgtl 1, induced with10mM
isopropyl,B-d-thiogalactopyranoside (IPTG). The antibody was further
absorbed against human serum albumin immobilized on nitrocellulose filters.
The thus purified antibody was used to screen a human placenta cDNA
library in Xgtl 1 (kindly provided by Dr J.Groffen, Children's Hospital, Los
Angeles) and a Xgtl 1 library of RNA isolated from human liver (Chandra
et al., 1983) according to the procedure described by Young and Davis
(1983).
Approximately 4 x105 clones of the placental library and 0.5 x 105

clones of the liver library were screened with the purified antibody. The
plates were overlaid with nitrocellulose filters (Millipore HATF) saturated
with 10 mM IPTG, and they were incubated for 2 h at 37°C. The filters
were removed, rinsed with Tris-buffered saline (TBS; 10 mM Tris-HCI,
pH 7.5/150 mM NaCI) at room temperature and incubated with 3% BSA
in TBS for 30 min at room temperature. The filters were incubated over-

night with a 1:125 dilution of antibody in TBS, 3% BSA, 0.02% sodium
azide for 16 h at4°C. Subsequently the filters were washed and incubated
for 60 min at room temperature with horseradish peroxidase conjugated
goat anti-rabbit IgG (Tago) diluted 1:200 in 3% BSA in TBS. The filters
were washed and stained with amidophenyl and naphthol AS-MX phosphate
in 0.2 M Tris- HCI pH 9.2, 10mM MgCl2 at room temperature.

Isolation and analysis of DNA from positive phages was performed using
standard methods (Maniatis et al., 1982). Restriction fragments were sub-
cloned in the vectors PTZ18 or PTZl9 (Pharmacia) and sequenced according
to the chain termination method (Sanger et al., 1977). In regions that lacked
convenient restriction sites, appropriate clones were generated by Bal3I
nuclease digestion.

DNA analysis
Genomic DNA was extracted from cultured HEPG2 cells (Blin and Stafford,
1976) and was digested with various restriction endonucleases (BRL, NEN,
Boehringer) according to the suppliers' directions, electrophoresed in 0.7%
agarose, and transferred to nitrocellulose filters according to the method
of Southern (1975).
Chromosomal mapping of the IBP-1 gene was performed using Southern

blots containing DNA from a panel of human -rodent somatic cell hybrids
segregating human chromosomes. DNA was extracted from 25 human
hamster and four human-mouse hybrids, digested with PstI or SstI and
subsequently separated on 0.7% agarose gels and blotted onto nitrocellulose
filters. The resulting blots were hybridized to the IBP-l cDNA clone w85.
Chromosome analysis of hybrid cells was carried out using reverse (R)
banding with acridine orange after heat denaturation. The same batches of
cells were used for karyotyping and DNA extraction.

Northern analysis
RNA was extracted from fetal liver, HEPG2 cells, placental membranes
and placenta tissue from term pregnancy by the thioguanidyl method as

described (Ullrich et al., 1977). The RNA was denatured with dimethyl-
sulfoxide and glyoxal, electrophoresed in 1 % agarose and transferred to

nitrocellulose filters (Thomas, 1980). The filters were hybridized with
fragments derived from IBP-1 cDNA clones. In addition, filters containing
poly(A)+ RNAs of various fetal tissues of 12- 16 weeks gestation (kindly
provided by Dr M.Jansen, Wilhelmina Children's Hospital, Utrecht) were

hybridized with the same fragments.

Transfection of COS- 1 cells and IGF- BP analysis
The cDNA clone p19 encoding the IBP-1 gene was inserted into the EcoRI
site of pSV328, which expresses cloned inserts using the simian virus 40
(SV40) early promoter (Van Heuvel et al., 1986). COS-1 cells (Gluzman,
1981) were transfected with the expression vector by incubation with

100 Ag/ml DEAE-dextran for 2 h (McCutchan and Pagano, 1968) followed
by treatment with 100 zM chloroquine in Dulbecco's MEM (DMEM) for
4 h. After this treatment the cells were fed with DMEM plus 5% fetal calf

serum for 24 h. Subsequently, the cells were washed extensively with
DMEM and incubated for 72 h with DMEM without serum.

The culture medium was concentrated 20-fold using centricon microcon-

2422



Placental cDNA encoding IBP-1

centrators (Amicon) and desalted on Sephadex G25 columns (Pharmacia).
Samples of culture medium were used for SDS-PAGE (12.5% acrylamide)
and transferred onto nitrocellulose filters (Millipore HATF) by Western
blotting. Production of IBP-1 protein in culture media was determined by
binding with ['251]IGF-I (Hossenlop et al., 1986) and by cross-reaction with
the antibody against the low mol. wt IGF-BP. The nitrocellulose filters
were incubated with >200 000 c.p.m. ['25I]IGF-I (kindly provided by Dr
M.Jansen, Wilhelmina Children's Hospital, Utrecht) for 16 h at 40C with
or without 150 ng cold IGF, washed and autoradiographed. After auto-
radiography the same filters were incubated with antibody against low mol.
wt IGF-BP. The immunoreactive bands were made visible by immuno-
staining as described for the screening of the cDNA libraries.
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Note added in proof
These sequence data will appear in the EMBL/GenBank/ DDBJ Nucleotide
Sequence Databases under the accession number Y00856.
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