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Human Endothelial Cell Growth Factor: Cloning,
Nucleotide Sequence, and Chromosome Localization
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Several of the endothelial cell polypeptide mitogens that have been described probably
play a role in blood vessel homeostasis. Two overlapping complementary DNA clones
encoding human endothelial cell growth factor (ECGF) were isolated from a human
brain stem complementary DNA library. Southern blot analysis suggested that there is
a single copy of the ECGF gene and that it maps to human chromosome 5 at bands
5q31.3 to 33.2. A 4.8-kilobase messenger RNA was present in human brain stem
messenger RNA. The complete amino acid sequence of human ECGF was deduced
from the nucleic acid sequence of these clones; it encompasses all the well-characterized
acidic endothelial cell polypeptide mitogens described by several laboratories. The
ECGF-encoding open reading frame is flanked by translation stop codons and
provides no signal peptide or internal hydrophobic domain for the secretion of ECGF.
This property is shared by human interleukin-1, which is approximately 30 percent

homologous to ECGF.

RTERIES, VEINS, AND CAPILLARIES

in vivo are protected from thrombo-

genesis by the presence of the endo-
thelial cell (). The endothelium exists as a
single cell layer, and the cells generally do
not show mitosis except after wounding.
Factors that mediate endothelial cell func-
tion are important to the maintenance and
regulation of blood vessel homeostasis (2)
and may be important in the pathobiology
of tumor growth and development, the gen-
esis of atherosclerosis, and events related to
the aging process.

Specific modifiers of endothelial cell mi-
gration and proliferation include the extra-
cellular matrix, polypeptide mitogens, hy-
drolases, and heparin and have a role in the
process of neovascularization in vivo. The
diversity of these and other effectors has
yielded the cascade hypothesis, which as-
sumes the existence of pathways that can act
either independently or synergistically to
generate the neovascularization process (3).

Two forms of endothelial cell growth
factor (ECGF) have been isolated from bo-
vine neural tissue and termed o- and B-
ECGF (4). These polypeptides are members
of a family of anionic endothelial cell poly-
peptide mitogens (5) that also includes acid-
ic fibroblast growth factor 1 (aFGF-1) (6)
and acidic fibroblast growth factor 2 (aFGF-
2) (7), eye-derived growth factor II (8), and
a-retina—derived growth factor (9). The
biological activity of ECGF is mediated by a
high-affinity polypeptide receptor present
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on the endothelial cell surface (10, 11) and is
potentiated by a structural interaction with
the glycosaminoglycan heparin (4, 10, 12).
Polypeptides of the ECGF family are potent
modulators of the angiogenic response in
vivo (7, 13, 14). The cationic or basic fibro-
blast growth factor family of endothelial cell
polypeptide mitogens has also been de-
scribed (9, 15-17). These polypeptides share
many biochemical features with the poly-
peptides of the ECGF family, such as similar
molecular weights (approximately 17,000),
affinity for heparin, and angiogenic activity
in vivo. Although it is unclear whether the
ECGF and basic FGF families of polypep-
tide mitogens mediate separate angiogenic
pathways or act synergistically, the isolation
of two angiogenic polypeptide families from
diverse sources suggests that the mechanism
of neovascularization in vivo is complex. To
further characterize the ECGF family of
polypeptide mitogens and to facilitate stud-
ies correlating polypeptide structure with
biological function, we isolated complemen-
tary DNA (cDNA) clones that encode the
polypeptide human ECGF and determined
the primary structure of the endothelial cell
polypeptide mitogen by nucleotide se-
quence analysis.

A cDNA library was constructed in
Agtll (18) by using polyadenylated RNA
extracted from human brain stem (19). The
cDNA library, which consists of 5.7 x 10°
phage, of which approximately 65 percent
are recombinant, was screened for clones

containing ECGF inserts with a synthetic
oligonucleotide probe. The oligonucleotide
was designed with amino acid sequence data
obrained from automated Edman degrada-
tion of a trypsin-derived fragment that is
common to both a- and B-ECGF (20). The
amino acid sequence of this peptide is Ile-
Leu-Pro-Asp-Gly-Thr-Val-Asp-Gly-Thr-Lys.
Instead of using a mixture of oligonucleo-
tides containing all of the possible coding
sequences (owing to the degeneracy of the
genetic code), we designed a long unique
oligonucleotide. ~ Such  oligonucleotide
probes have been shown to be successful in
screening complex cDNA (21) and genomic
(22) libraries.

~ The following criteria were used in the
construction of the oligonucleotide probe:
(1) the dinucleotide CG was avoided because
it is underrepresented in eukaryotic DNA
(23), (ii) preferred codons (24) were used
wherever possible, and (iii) unusual base
pairing was allowed because of the natural
occurrence of G*T, I T, I*A, and I:C
base pairs, which occur in the interaction
between transfer RNA anticodons and mes-
senger RNA (mRNA) codons (25). The use
of inosine (I) in the construction of a hy-
bridization probe was first demonstrated by
Ohtsuka et al. (26). The 33-base oligonucle-
otide used to screen the human brain stem
¢DNA library contained six inosines and
had the nucleotide sequence 5'-ATTTTTC-
CIGATGGIACIGTIGATGGIACIAAA-3'".
Additional amino acid sequences were de-
rived from automated Edman degradation
of undigested a-ECGF and cyanogen bro-
mide—digested a- and B-ECGF (20). These
sequences were used to design two 48-base
oligonucleotides according to the strategy
described above.

The human brain stem ¢DNA library
(1.5 x 10° plaques) was screened with the
%2P-labeled 33-base oligonucleotide. Two
plaques generated a positive autoradio-
graphic signal. The clones were purified to
homogeneity by repeated hybridization
with the 33-base oligonucleotide. These
clones, designated clone 1 and clone 29,
were analyzed by Eco RI digestion and
revealed cDNA inserts of 2.2 and 0.2 kilo-
bases (kb), respectively. Nick translation of
the cloned cDNA and its subsequent use as a
radiolabeled probe in Southern blot analysis
(27) demonstrated that clones 1 and 29
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Fig. 1. Schematic diagram of human ECGF
cDNA clones. Construction of the human brain
stem cDNA library in Agtll has been described
(19). Phage (1.5 x 10%) of the human brain stem
cDNA library were plated on a lawn of Escherichia
coli Y1088 [supE supF metB trpR hsdR ™ hsdM™*
tonA21 strA lacU169 (proC::Tn5) (pMC9)] and
incubated at 42°C for 6 hours. Phage DNA was
transferred to duplicate nitrocellulose filters and
denatured (27), and the filters were prehybridized
at 42°C in 6X SSPE [1x SSPE is 0.18M NaCl,
0.0lM NaPO, (pH 7.2), and 0.001a4 EDTA],
2x Denhardt’s (1x Denhardt’s is 0:2% each of
Ficoll, polyvinylpyrrolidone, and bovine serum
albumin), 5% dextran sulfate, and denatured
salmon sperm DNA (100 pg/ml). Approximately
30 pmol of the 33-base oligonucleotide was la-
beled by incubation with [**PJadenosine triphos-
phate and T, polynucleotide kinase (27). Follow-

were overlapping clones. Hybridization
with both radiolabeled 48-base oligonucleo-
tides was observed with clone 1, whereas
clone 29 failed to hybridize with the 48-base
oligonucleotide derived from the amino acid
sequence of cyanogen bromide—digested o-
and B-ECGF. A restriction enzyme map and
a schematic diagram of the cDNA inserts of
clones 1 and 29 is shown in Fig. 1.

The ¢cDNA inserts from clones 1 and 29
were isolated, subcloned into M13mpl8,
and the ECGF-encoding open reading
frame and flanking regions were sequenced
by the chain termination method (28). Ex-
amination of the nucleotide sequence. re-
vealed an open reading frame of 465 nucleo-
tides encoding human ECGF (Fig. 2). The
amino acid sequence Ile-Leu-Pro-Asp-Gly-
Thr-Val-Asp-Gly-Thr-Lys used to design
the oligonucleotide probe was encoded by
nucleotides 118 through 150 (Fig. 2). The
155 amino acids encoding human ECGF
were flanked by translation stop codons.

The complete amino acid sequence of
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ing 4 hours of prehybridization, the *?P-labeled
oligonucleotide was added, and hybridization
continued overnight at 42°C. Unhybridized
probe was removed by sequential washing at
37°C in 2x SSPE and 0.1% sodium dodecyl
sulfate (SDS). The hybridized probe was detected
after overnight autoradiography. The two clones
that were isolated, ECGF clones 1 and 29, were

bovine aFGF-1 has been reported (29) and
agrees well with the amino acid sequence
deduced from the human ECGF cDNA
sequence. However, bovine aFGF-1 begins
with the amino-terminal sequence Phe-Asn-
Leu-Pro-Leu and thus is 15 amino acids
smaller than human ECGF (Fig. 3, line II).
The predicted amino-terminal modification
of human ECGF that would result in the
formation of aFGF-1 involves the process-
ing of a Lys-Phe bond (Fig. 3, residues 15
and 16), a cleavage that may involve serine
proteases.

Amino acid sequence determination at the
amino terminus of bovine a-ECGF (20) or
aFGF-2 (7) reveals the sequence Asn-Tyr-
Lys-Lys-Pro . . ., corresponding to a poly-
peptide that is 21 amino acids shorter at the
amino terminus than human ECGF. Diges-
tion of bovine a- and B-ECGF with trypsin
reveals two tryptic peptides unique to f-
ECGF (4). These two tryptic peptides may
be predicted from the amino acid sequence
of human ECGF (amino acids 1 to 15 and

purified to homogeneity by repeated cycles of
purification with the 33-base oligonucleotide as a
hybridization probe. The open box represents the
open reading frame encoding human ECGF. The
Eco RI sites correspond to synthetic oligonuicleo-
tide linkers used in the construction of the cDNA
library. The polyadenylate tail at the 3’ end of
clone 1 is shown as Ay;.

16 to 24) (Fig. 2). Thus, our human ECGF
sequence most likely represents that of hu-
man B-ECGF. However, until a precursor-
product relation between B-ECGF and the
smaller polypeptides aFGF-1, aFGF-2, and
a-ECGEF is established experimentally, these
alignments do not eliminate the alternative
possibilities of separate genes encoding the
acidic endothelial cell mitogens or alterna-
tive splicing of a precursor mRNA moiety.

The formation of a-ECGF or aFGF-2
from B-ECGF is noteworthy because it in-
volves the processing of a Gly-Asn bond
(Fig. 3, residues 21 and 22), which should
be refractory to trypsin-like enzymes. Analy-
sis of the amino-terminal sequence of bovine
basic FGF isolated from various tissues (16)
suggests that a Gly-His bond that aligns
with the Gly-Asn bond in B-ECGF (Fig. 3)
is similarly cleaved. Neural tissue may con-
tain a unique proteolytic activity with the
ability to cleave these polypeptides at these
specific peptide bonds.

Comparison of the complete amino acid
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ends of the ECGF-encoding open reading frame are indicated by the asterisks.
The single-letter notation for amino acids is used: A, Ala; C, Cys; D, Asp; E,
Glu; F, Phe; G, Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q,
Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr.

Fig. 2. Nucleotide and deduced amino acid sequence of human B-ECGF. The
cDNA inserts from ECGF clones 1 and 29 were subcloned into M13mp18, and
the ECGF-encoding open reading frame and flanking regions were sequenced
by the chain termination method (28). In-frame stop codons at the 5" and 3’
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sequence of bovine basic FGF (16) with the
amino acid sequence of human B-ECGF
indicates an overall sequence identity of
50.7 percent (Fig. 3, line III). Clusters of
basic amino acids are conserved among bo-
vine basic FGF and human ECGF; these
may represent the site of heparin binding
(30) to these growth factors. However, the
most significant homology between bovine
basic FGF and human ECGF occurs near
the respective carboxyl termini, where a

Fig. 4. (A) Hybridization of the
labeled ECGF cDNA clone 1 probe
to Eco RI digests of human, RAG
mouse, E36 Chinese hamster, and
selected hybrids. Restriction endo-
nuclease—digested genomic DNA
was separated in agarose gels, trans-
ferred to GeneScreen Plus (New
Engla,nd Nuclear), and hybridized
to 32P-labeled human ECGF clone
1 ¢cDNA in a solution containing
0.60M NaCl, 0.06M sodium ci-
trate, 0.2% Ficoll, 0.2% bovine se-
rum albumin, 0.2% polyvinylpyr-
rolidone, 0.1% SDS, and low mo-
lecular weight salmon testes DNA
(50 pg/ml) at 65°C for 18 to 29
hours. Sizes are in kilobases. (Lane
1) Hind ITI-digested lambda DNA
molecular weight standard. (Lane
2) Human lymphocyte DNA.
(Lane 3) Chinese hamster hybrid
80H7C. (Lane 4) Chinese hamster
hybrid 80H8D. (Lane 5) E36 Chi-
nese hamster. (Lane 6) RAG
mouse. (Lane 7) Mouse hybrid
70M5C. (Lane 8) Mouse hybrid
70M6C. The 9.4-kb human-specif-
ic fragment is indicated by the ar-
row. (B) Plot of the frequency of
discordancy between human ECGF
sequences and each of the 23 hu-
man chromosomes in a panel of 41
somatic cell hybrids. The chromo-
some scores of hybrids represent
the consensus of G-trypsin karyo-
type and isozymal scores (32). (C)
In situ hybridization of *H-labeled
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stretch of nine amino acids with the se-
quence Gly-Gln-Lys-Ala-Ile-Leu-Phe-Leu-
Pro is perfectly conserved in both polypep-
tides. The significance of this homology in
terms of structure and function is not
known. In contrast, the amino-terminal re-
gion (residues 7 to 18) of human ECGF
contains no homology with basic FGF. The
short, imperfect repeats of the amino acid
sequence observed in bovine basic FGF also
show no conservation in human ECGF.

o

Percent discordance
with ECGF

ECGF probe to metaphase chro-
mosome preparations and to sever-
al labeled chromosomes 5. (D)
Idiogram of grain distribution or
chromosome 5.
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Fig. 3. Homology of human ECGF with bovine
acidic fibroblast growth factor, and bovine basic
fibroblast growth factor. (Line I) The deduced
human ECGF amino acid sequence derived from
ECGF clones 1 and 29; (line II) amino acid
sequence of bovine acidic fibroblast growth factor
(29); (line IIT) amino acid sequence of bovine
basic fibroblast growth factor (16). The following
symbols are used: *, identical amino acid; —, a gap
has been introduced in the amino acid sequence to
allow maximum alignment.

Tetrapeptides that are related to the se-
quence NH,-Arg-Gly-Asp-Ser-COOH are
thought to be involved in the cellular attach-
ment of fibronectin, fibrinogen, and von
Willebrand factor (31). As originally noted
by Esch et al. (16), bovine basic FGF con-
tains multiple sequences of related structure
that may mediate interactions with cellular
surfaces. These or related tetrapeptides do
not occur in the deduced amino acid se-
quence of human ECGF.

80 s eRRRNRORERNRERNRBROERBORES
essseRsOIOIRERRIRIRRIRRDS
LR NN ]

WHIWWLIWIGI 6 G
SPICIEIREL G STOPEN o o e
WL Wk

REPORTS §43



We sought to determine whether the acid-
ic endothelial cell polypeptide mitogens are
encoded by one or multiple homologous
genes by Southern blotting. Upon digestion
of either human lymphocyte or HeLa cell
DNA with Eco RI, Pst I, Pvu II, or Bam
HI, and with the 2.2-kb ¢DNA insert of
human ECGF clone 1 as probe, one to three
bands were revealed with an average total
size of 12 = 3 kb. The simple patterns ob-
served are consistent with the proposition
that the human genome contains only a
single copy of a gene homologous to the
ECGF <DNA probe. The results suggest
that B-ECGF, o-ECGF, aFGF-1, and
aFGF-2 are encoded by a common gene. In
addition, the gene for ECGF is interrupted
by introns.

The human chromosome containing the

ECGF sequences was identified by a South-
ern transfer analysis of cellular DNA’s from
rodent-human somatic cell hybrids (32).
These hybrids retain the entire rodent
genome but lose human chromosomes in
different combinations. Cellular DNA (ap-
proximately 10 pg) was digested with Eco
RI, transferred to GeneScreen Plus mem-
branes, and hybridized with a nick-translat-
ed probe derived from the 2.2-kb ¢cDNA
insert of human ECGF clone 1. The pres-
ence of the diagnostic human 9.4-kb frag-
ment (Fig. 4A) was 100 percent concordant
with human chromosome 5 and 98 percent
concordant with the isozyme marker for
chromosome 5 (HEXB), but was highly
discordant (12 to 77 percent) with each of
the other human chromosomes and their
included markers (Fig. 4B). These results
permit the assignment of the structural gene
for ECGF to human chromosome 5.
- In situ hybridization (33) of the nick-
translated *H-labeled human ECGF ¢cDNA
clone to normal human chromosome prepa-
rations confirmed the assignment of ECGF
to chromosome 5 and further localized the
gene on the long arm. In an analysis of 81
mitoses, 25 percent of the 257 grains scored
on the metaphase spreads exhibited label on
the region of 5q31.3-33.2. These results are
illustrated by a cell metaphase, several la-
beled chromosomes 5 (Fig. 4C), and an
idiogram indicating grain distribution on
chromosome 5 (Fig. 4D). These results
assign the human ECGF structural gene to
the q31.3-33.2 region of chromosome 5.

Northern blotting experiments (34) were
performed with polyadenylated RNA de-
rived from human brain stem and liver to
determine the molecular size of the ECGF
mRNA transcript. A single molecular spe-
cies at 28S, or approximately 4.8 kb, was
observed in human brain stem mRNA, but
not in mRNA derived from a single human
liver (Fig. 5). The observation that only a
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singular mRNA species is homologous with
the ECGF probe suggests that the multiple
acidic endothelial cell polypeptide mitogens
discussed above are not derived by alterna-
tive RNA splicing. Since the B-ECGF cod-
ing sequence is flanked by translation stop
codons (Fig. 2), it is likely that the 4.8-kb
mRNA contains unusually long regions of
untranslated sequence. Thus, unlike many
growth factors, such as epidermal growth
factor (35) and nerve growth factor (36),
human B-ECGF is not derived by proteolyt-
ic processing of a polypeptide precursor.
The amino-terminal amino acid of human
B-ECGF deduced from the cDNA sequence
is methionine, which most likely serves as
the translation initiation residue. The nucle-
otide sequence around and including this
proposed translation initiation codon is 5'-
GCCAUGG-3'. This sequence conforms
well to the nucleotide sequence that is opti-

1 2
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Fig. 5. Northern blot analysis of human ECGF
mRNA. Ten micrograms of polyadenylated RNA
from human brain stem (lane 1) and human liver
(lane 2) was denatured in 2.2M formaldehyde and
50% formamide and fractionated by electropho-
resis in a 1.25% agarose gel containing 2.2M
formaldehyde. This was transferred to Gene-
Screen Plus by blotting with 10x SSPE. Blots
were hybridized to 3°P-labeled nick-translated
probes of ECGF clone 1 at 65°C for 16 hours in a
mixture containing 2X SSPE, 20X Denhardt’s
solution, yeast transfer RNA (200 pg/ml), and
0.2% SDS. The membrane was subsequently
washed at 65°C, twice with 2X SSPE and 0.2%
SDS and twice with 0.2x SSPE and 0.2% SDS,
then air-dried and exposed overnight to Kodak
XAR film with an intensifying screen. The migra-
tion of 28S and 185 RNA is noted.

mal for initiation of protein synthesis in
eukaryotes, 5'-ACCAUGG-3' (37). The
first 15 to 20 amino-terminal residues of
human B-ECGF are relatively nonhydro-
phobic, suggesting that it is synthesized
without an amino-terminal signal peptide.
Analysis of the amino acid composition of
an amino-terminal peptide derived by tryp-
sin treatment of bovine B-ECGF (20) shows
strong homology with the first 15 amino
acids deduced from the cDNA sequence of
human B-ECGF. From this we conclude
that the deduced amino-terminal amino acid
sequence of human B-ECGF corresponds to
that of the native polypeptide and that no
signal sequence or other polypeptide precur-
SO exists.

The lack of a signal peptide in human B-
ECGF, a polypeptide for which high-affinity
cell-surface receptors have been character-
ized (10, 11), evokes the obvious question
of how it is released from the site of its
biosynthesis. To our knowledge, the lack of
a signal peptide or internal hydrophobic
domain in human B-ECGEF is shared by only
one other extracellular protein—human in-
terleukin-1 (IL-1) (38). Human IL-1 has
approximately 30 percent homology with
aFGF-1 (7), which, as discussed above, is
most likely cleaved from B-ECGEF. Auron ez
al. (38) speculate that IL-1B is released from
stimulated monocytes or macrophages by
leakage, perhaps due to cell damage. If
release of ECGEF is also due to leakage from
cells, it is likely that neural tissue is not the
sole site of synthesis of ECGF.

Baird ¢t al. (39) demonstrated the pres-
ence of basic FGF in extracts of stimulated
peritoneal macrophages. In view of the simi-
larities between ECGF and IL-1 discussed
above, as well as the similar biological activi-
ties of the basic and acidic endothelial cell
polypeptide mitogens, it is reasonable to
speculate that the macrophage also synthe-
sizes ECGF. Delivery, by the stimulated
macrophage, of endothelial cell polypeptide
mitogens to sites of injury and inflammation
may be the underlying mechanism by which
these polypeptides play a role in the regula-
tion and maintenance of homeostasis in
vivo. This may also be relevant to the high-
affinity binding of monocytes to endothelial
cells (40), which appears to be an early event
in the genesis of atherosclerosis (41).
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Nucleotide Sequence of a Bovine Clone Encoding the
Angiogenic Protein, Basic Fibroblast Growth Factor

JuprtH A. ABRAHAM, AYALEW MERGIA, JACQUELINE L. WHANG,
ANNETTE TUMOLO, JEFF FRIEDMAN, KATHRYN A. HJERRILD,
DEN1s GosPODAROWICZ, JOHN C. FIDDES

Basic and acidic fibroblast growth factors (FGF’s) are potent mitogens for capillary
endothelial cells in vitro, stimulate angiogenesis in vivo, and may participate in tissue
repair. An oligonucleotide probe for bovine basic FGF was designed from the
nucleotide sequence of the amino-terminal exon of bovine acidic FGF, taking into
account the 55 percent amino acid sequence homology between the two factors. With
this oligonucleotide probe, a full length complementary DNA for basic FGF was
isolated from bovine pituitary. Basic FGF in bovine hypothalamus was shown to be
encoded by a single 5.0-kilobase messenger RNA; in a human hepatoma cell line, both
4.6- and 2.2-kilobase basic FGF messenger RNA’s were present. Both growth factors
seem to be synthesized with short amino-terminal extensions that are not found on the
isolated forms for which the amino acid sequences have been determined. Neither basic

nor acidic FGF has a classic signal peptide.

ASIC FIBROBLAST GROWTH FACTOR
(FGF) stimulates the proliferation in

vitro of a wide range of mesoderm-
derived cells and, in particular, is a potent
mitogen for vascular endothelial cells (1). It
has been purified from various tissues, in-
cluding pituitary, brain, hypothalamus, reti-
na, adrenal gland, corpus luteum, and kid-
ney (2). A second endothelial cell mitogen,
acidic FGF, is structurally and functionally
related to basic FGF but has only been
detected in neural tissues such as brain,
hypothalamus, and retina (2). Both of these
growth factors have a high affinity for the
glycosaminoglycan heparin (3) and are
probably identical to several other heparin-
binding endothelial cell growth factors (4).
In addition to being mitogenic for the
same types of mesoderm-derived cells, both
basic and acidic FGF also stimulate new
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capillary growth (angiogenesis) in the chick
chorioallantoic membrane and the rabbit
cornea (3, 5, 6). Although the precise phys-
iological role of the FGF’s has not been
established, they could promote the angio-
genesis that accompanies the development
of the corpus luteum, placenta, and fetus
and may be involved in tissue repair. Also,
the probable identity of basic FGF with
tumor angiogenesis factor (3) implies an
involvement with the neovascularization as-
sociated with the rapid growth of solid
tumors.

The complete amino acid sequences of the
bovine basic (7) and acidic (8) FGF’s have
been established. Basic FGF has 146 amino
acids, although a form lacking the amino-
terminal 15 amino acids has full mitogenic
activity (2). Acidic FGF has 140 amino
acids, and a form lacking the amino-terminal

6 amino acids is also biologically active. The
two FGF’s have a 55 percent amino acid
sequence homology; slight homologies have
also been detected between the FGF’s and
interleukin-1, and between a region of acidic
FGF and neuropeptides such as neuromedin
C, bombesin, substance P, and substance K
(6, 8).

To clone the genes encoding acidic and
basic FGF, we initially isolated a DNA
fragment encoding part of the acidic FGF
protein. Unique sequence oligonucleotide
hybridization probes corresponding to ami-
no acids 1 to 16 and 18 to 34 of bovine
acidic FGF (8) were designed (Fig. 1),
taking into account (i) the codons found in
other sequenced bovine genes and (ii) the
underrepresentation of the dinucleotide
CpG in mammalian DNA (9). A bovine
genomic library was screened in duplicate
with these probes, and phages that hybrid-
ized to both probes were rescreened with a
short, degenerate oligonucleotide probe
corresponding to amino acids 7 to 12. Two
phages, ABA2 and ABA3, hybridized to all
three probes; these phages were purified and
shown by restriction enzyme analysis to
contain overlapping genomic sequences
(10). A 250—base pair (bp) Alu I fragment
was subcloned from ABA2, and its nucleo-
tide sequence was determined (Fig. 1). An
open translational reading frame, encoding
the first 41 amino acids of bovine acidic
FGF, could be identified within this se-
quence. Codon 42 is interrupted by an
intron (10).
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