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PDGF a-RECEPTOR

Technical Field

The present invention relates to biological
receptors and their use. More specifically, the
invention provides a novel receptor for platelet-derived
growth factor (PDGF) and methods for using the receptor
to identify PDGF agonists and antagonists.

Background of.the Invention

In higher eukaryotic cells, the interaction

between ligands (e.g., peptide hormones, growth factors
and their analogs) and their receptors is of central
importance in the transmission of and response to a
variety of extracellular signals. It 1s generally
accepted that peptide hormones and growth factors elicit
their biological functions by binding to specific
recognition sites (receptors) on the plasma membranes of
the target cells. Upon 1ligand binding, the receptors
are Dbelieved to undergo a conformational change,
triggering intra-cellular responses, which in turn

process(es). Ligand analogs fall into two classes:
those that mimic <the effect(s) of <the corresponding
natural ligand, termed agonists; and those that block
receptor-ligand binding or the effects elicited by the
natural ligand, termed antagonists.

Of particular interest is the interaction
between platelet~derived growth factor (PDGF) and its
receptor(s). PDGF 1s the major mitogenic protein in
serum for mesenchymal cells. It induces cell
multiplication or DNA synthesis in cultured smooth
muscle cells, fibroblasts and glial cells, is a potent

chemocattractant and exhibits other bilological
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activities. The biology of PDGF is reviewed by Ross et
al. (Cell 46: 155-169, 198¢). PDGF has been shown to

play an important role in the wound-healing response
(Ross and Glomset, New Eng. J., Med. £25: 369, 1976;
Grotendorst et al. J. Clin. Invest. 76: 2323-2329, 1985;
Murray et al., U.S. pPatent Application Serial No.
230,190) and is believed to play a causative role in the
development of the proliferative lesions of
atherosclerosis (Ross and Glomset, ibid.). These
activities are mediated by the binding of PDGF to
membrane-associated receptors comprising an
extracellular binding site, a transmembrane anchor and
an intracellular tyrosine kinase domain. Antagonists
that Dblock receptors against the action of endogenous
PDGF may be useful in the treatment of atherosclerosis
Or in the inhibition of other conditions involving PDGF-
induced aberrant growth patterns. PDGF agonists may be
useful for promoting wound healing.

Current methods for SCreening potential
agonists and antagonists involve assaying the binding of
radiolabeled compounds to responsive cells, to +the
membrane fractions of disrupted cells, or to solubilized
receptors. Alternatively, compounds may be screened for
thelir ability to compete with a labeled known ligand for
Cell~-surface receptors. For example, Lefkowitz et al.

(Biochem. Biophys. Res. Comm. £0: 703-709, 1974),

Aurbach et al. (Science 186: 1223-1225, 1974) and Atlas
et al. (Proc. Natl. Acad. Sci. UsSAa 71: 4246-4248, 1974)
disclose receptor-binding assays for B-adrenergic
agonists and antagonists. These assays utilize isolated
erythrocyte membranes.

The success of current Screening procedures
depends in part on the avallability of reproducibly high
quality preparations of membrane fractions or receptor

-35 molecules. The preparation of membrane fractions and

soluble receptor molecules often involves extensive

manipulations and complex purification steps.
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thelr biological activity. Furthermore, the large size
of typical receptor molecules makes them particularly
vulnerable to proteolysis during purification.
Production of large amounts of functional receptor
proteins by standard techniques of protein chemistry is
not economical. The use of membrane preparations in
ligand binding assays  typically results in low
reproducibility due to the variability of such
preparations. '

In the case of growth factor receptors,
ligand-binding assays generally require the isolation of
responsive cell lines. Often only a limited population
of a responsive cell type is responsive to a particular
agent, and such cells may be responsive only under
certain conditions. In addition, these cells may be

difficult to grow in culture O may possess a low number
of receptors.

to PDGF contain only a low number of receptors per cell,
thus requiring large numbers of cells to assay potential
PDGF analogs or antagonists. Such assays are labor-
intensive and compiex, and do  not readily 1lend
themselves to automation and high through-put. |

A PDGF receptor that specifically binds <the
PDGF BB isoform at high affinity (hereinafter referred
to as the f-receptor) has been described (¢ Claesson-~Walsh

et al., Mol. cell, Biol. 8: 3476-3486, 1988; Gronwald et

al., Ioc. Natl. Acad. Sci. UsSa 83: 3435-3439, 1988).

and BB) or mixtures thereof » this receptor cannot be
used to detect all forms of PDGF Or analogs thereof.
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There 1s therefore a need in the art for an
assay system that permits commercial scale screening of
compounds for PDGF agonist and antagonist activity.
Such an assay system should be rapid, inexpensive,
adaptable to high through-put screening and capable of
detecting analogs of all PDCF isoforms. The present

invention provides such asSsay systems, and further
Provides other related advantages.

number 20, to leucine, amino acid number 1089. In one
embodiment, the DNA molecule encodes the amino acig
Sequence shown in Figure 1 from methioinine, amino acid
number 1, to leucine, amino acid number 1089. The DNA
molecule may comprise the nucleotide sequence shown in
Figure 1 from nucleotide number 262 to nucleotide number
3471, or from nucleotide number 205 to nucleotide number
3471.

In a related aspect, the present invention
provides cells transfected or Lransformed with a DNA

linked to a DNA molecule as described above. In certain
embodiments ©0f the invention, the cells are cultured
mammalian cells or yeast cells.

In ancther aspect, the transfected or
transformed cells expressing the PDGF receptor as a cell

PDGF agonist or antagonist activity in a test compound.
In one embodiment the methods include incubating the
cells with sthe test compound under conditions suitable
for the binding of PDGF to the receptor; incubating the
cells in the presence of PDGF coupled to a label capable
of providing a detectable signal, concurrent with or
subsequent to incubating the cells with the test
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compound; and detecting binding of the labeled PDGF to
the receptor as an indicator of PDGF agonist or
antagonist activity in the test compound. The methods
may further include the step of detecting PDGF-like

5> mitogenic activity in the test compound, such as by
measuring incorporation of thymidine by the cells in the
presence of the test compound.

wlll become evident upon reference to the following
10 detailed description and attached drawings.

Brief Description of the Drawings

Figure 1 illustrates the sequence of the PDGF
@-receptor cDNA and the amino acig sequence (using
15 standard one-letter codes) encoded by the cDNA. Numbers

positions.

Figure 2 illustrates the assembly of a cDNA
<0 molecule encoding the PDGF e~-receptor. CDNA sequences
are shown as open boxes. Vector seguences are shown as

lines. Only those portions of the Vectors adjacent to
the cDNA inserts are shown.

25 vector ZMB4. Symbols used are: DHFR, mouse
dihydrofolate reductase gene; SV40p, SV40 promoter:
SV40t, 8SV40 terminator ; MT-1, mouse metallothionein-1

promoter, MLP, adenovirus 2 major late promoter; and Ss,
splicing signals.

30
Best Mode For Carryving Out the Invention
Prior to setting forth the invention, it may
be useful to define certain terms to be wused
hereinafter:
35 DNA_construct: 2 DNA molecule, or a Clone of

Such a molecule, either single- or double~-stranded,
which has been modifjied through human intervention to
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Iransfection and transformation: The process

> of altering the genotype of a recipient cel] or
microorganism by the introduction of cloned DNA.
"Transfection" refers to the insertion of DNA into
cultured mammalian cells. "Transformation” is used to

describe the insertion of DNA into other cell types,
10 including fungi and bacteria.

PDGF: As used. herein, the ternm "PDGF"
includes the AA, AB, and BB isoforms of platelet-derived

growth factor individually or in any combination,
regardless of source.

15 Receptor: A cellular or cell surface protein
that binds a particular ligand or group of ligands with
high affinity. In 1ts native state, a receptor is
membrane-associated, generally  includes external,
transmembrane and Cytoplasmic domains and is capable of

20 signal transmission. As used herein, the term "PDGF

receptor" refers to 2 receptof that specifically binds
any or all of the isoforms of PDGF.

The present invention provides a novel PDGF
receptor, termed the "a-receptor", which may be used to

23 screen compounds for PDGF agonist and antagonist

activities. The PDGF e-receptor described herein is
similar biochemically to the pPreviously-described PDGF
f-receptor. Similar features include high affinity

binding of PDGF BR homodimer, ability to stimulate
30 mitogenesis upon ligand binding, and autophosphorylation
of tyrosine residues within the intracellular portion of
the'molecule upon ligand binding. Analysis of the amino
acid sequence Predicted on the basis of the cDNA
Seéquence (Figure 1) indicates that the e-receptor is a
35 member of the split tyrosine kinase receptor family, as

are the PDGF f-receptor, the CSF=1 receptor and the c-
kit gene product.
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The PDGF a-receptor is distinguished from the
previously-described PDGF f-receptor on the basis of

several properties. For instance, the a-receptor is able
to bind the AA, AB and BB isoforms of PDGF with high
affinity. In contrast, the f-receptor binds only the BR

isoform. Although similar in size, the mature, cell-
surface forms of the e~ and B-receptors can be
distinguished on polyacrylamide gels under reducing
conditions. The a-receptor has an apparent molecular
weight of approximately 180,000 daltons, whereas the B~
receptor has an apparent molecular weight of
approximately 185,000 daltons. The two receptors are
also distinguishable by amino acid sequence.

The PDGF a~receptor of the Present invention
may be prepared by transfecting or transforming host
Cells to express a DNA Sequence encoding the receptor.
The receptor may then be isolated from the cells or the
Cells themselves may be used within assays for detecting
PDGF agonists and antagonists as described below.

A DNA molecule encoding the human PDGF oa-
receptor is isolated from a library of human genomic or
CDNA sequences. Such libraries are prepared by standard
procedures, such as <+those disclosed by Gubler and
Hoffman (Gene 25: 263-269, 1983). It is preferred that
the molescule is a cDNA molecule because cDNA lacks
introns and is therefore more sulted to manipulation and

approximately equivalent numbers of PDGF e-and f-
receptors on its cell surface as determined by ligand-

binding studies. Saturation binding experiments with
1251-pDGF BB and  1257_pper AB  indicate that
approximately 50,000 bind ing sites for each receptor
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type are present on the surfaces of these cells.
Alternatively, other PDGF-responsive cell types, such as
human diploid fibroblasts, may be used. The mRNA is
isolated from the cells and cDNA 1s prepared and cloned

5 1n a suitable vector, such as the bacteriophage Agtl0
(ATCC 40179; commercially available from Bethesda

Research Laboratories, Gaithersburg, MD, or Invitrogen,
San Diego, CA). As described in detail hereinafter, a
CDNA library prepared from MG-63 RNA was screened with a
10 cDNA probe containing Seéquences encoding the cytoplasmic
portion of the PDGF p-receptor, and the blots were
washed under increasingly stringent condltlons. -

at low stringency but to be distinguishable from B-

15 receptor sequences by their inability to remain

hybridized to the probe under more stringent wash

conditions, which require sequence identity for

hybridization. Alternatively, human PDGF e-receptor

sequences disclosed herein may be wused as probes.

20 Positive clones are analyzed by restriction enzyme

mapping and nucleotide Seéquence -analysis. Screening and

analysis are repeated until clones representing the
entire receptor coding sequence are obtained.

Once the complete DNA sequence has been

25 obtained, it is inserted into an expression vector. The

expression vector contains a promoter operably linked to

the DNA sequence. Other genetic elements may also be

included in the vector, the selection of which is based

on the particular host cells with which the vector is to

30 be used. These genetic elements include terminators,

enhancers, polyadenylation signals, RNA  splicing

signals, leaders and selectable markers. Expression

vectors will also commonly contain one or more origins

Oof replication. Many examples of each element are known

35 and available, and the selection of a4 proper combination

of elements is within the ordinary level of skill in the
art.
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Expression vectors as described above are used
to transfect or  transform eukaryotic host cells.

Suitable cells include yeast cells, particularly the
Yeast Saccharomyces cerevisjae, and cultured mammalian
5 cells, such as baby hamster kidney cells. Methods for
transforming yeast cells are described by Beggs (Nature
£72: 104-108, 1978) and Hinnen et al. (Pxoc. Nat ,
Sg¢i. Usa 75: 1929-~1933, 1978). Methods for transfecting
mammalian cells are disclosed by Graham and van der EDb
10 (Virol. 52: 456, 1973), Wigler et al. (Cell l4: 725,
1978) and Neumann et al. (EMBO_J. 1: 841-845, 1982).
Preferred mammalian cell 1lines include baby hamster
kidney (BHK) cell 1lines, such as the tk tsl3 BHK cell
line disclosed by Waechter and Baserga (Proc. Nat
15 Acad. Sci. USA 79:1106-1110, 1982), hereinafter referred
to as "BHK 570." It 1is generally preferred that the
host cells do not express endogenous PDGF g-receptor or
express pf-receptor at only a low level. Such cells,
when transfected or transformed to express the ¢~
20 receptor, may be used to specifically assay for a-
receptor ligands. However, cells expressing higher
quantities of p-receptor may also be Lransfected to
express the a-receptor, thus providing cells capable of
expressing all classes of PDGF receptors.

25 The transfected or transformed cells are then
screened for the ability to bind PDGF and/or anti-a-
receptor antibodies. Those cells expressing

sufficiently high numbers of cell surface PDGF -

receptors (generally at least 4-5 x 10° receptors per
30 cell, preferably at least about 1 x 10° receptors/cell)

may be used in assay systems for agonist and antagonist
screening.

35 suitable detergent (e.qg., Tweent?

[Polyoxyethylenesorbitan] or Tritonm, available from
Sigma Chemical Co., St. Louis, MO) to prepare a membrane
extract. The receptor protein is then isolated by
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immunoaffinity using an anti-receptor antibody bound to
a solid support, generally in the form of a column.
Alternatively, the receptor protein may be produced in a

fused form with a peptide for which an antibody 1is
available. The fusion protein is then isolated using an
anti-peptide antibody, and the peptide is enzymatically
removed from the receptor protein, for example as
disclosed in U.S. Patents 4,703,004 and 4,782,137. An
anti-peptide antibody is commercially available fronm
Immunex Corp. (Seattle, Wa). Chemical purification

methods commonly used in the art for isolating membrane
proteins may also be used.

agonist and antagonist activity. Briefly, the
transfected or transformed Cells expressing cell-surface
PDGF a-receptor are cultured in an appropriate growth
medium to the desired cell density. Binding assays are
then carried out under conditions determined to be
suitable for binding of PDGF to the cell-associated a-
receptor. Determination of suitable conditions is
within the level of ordinary skill in the art.
Generally, assays are performed in the absence of serum
Lo avoid contamination with serum'-bcrne growth factors.
A preferred assay medium for use with transfected
mammalian cells is Ham‘’s Fi2 (available from GIBCO,
Grand Island, NY) containing 25 mM Hepes, PH 7.4, 0.25%
serum albumin and antibiotics. Binding of test
Compounds 1s then assayed using known methods, for

10785, 1987). The cells are incubated with the test

label capable of producing a detectable signal, is
Subsequently added. Preferred labels include 125y and
other radioisotopes, although it will be appreciated
that fluorescent labels, biotin and enzymes commonly
used in the art may also be employed. Alternatively, the
test compound and PDGF are added concurrently. The
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amount of PDGF bound to the cells is then measured and
Compared to PDGF binding in control (minus test
compound) cultures. A reduction in PDGF binding
compared to the control culture indicates that the test
compound binds to the a-receptor. Compounds that bind
the receptor are then distinguished as PDGF agonists or
antagonists by assaying for PDGF-like mitogenic activity
(i.e., mitogenesis or receptor phosphorylation). A
preferred mitogenesis assay, described by Raines and
Ross (Methods Enzvmol. 409:749-773, 1985), measures the
uptake of 3H-thymidine by mitogen-stimulated cells.
Briefly, the test Compound 1s added to quiescent
cultures of cells transfected or transformed to
express the PDGF a-receptor. The test compound is then
removed and 3H-thymidine is added. Incorporation of
labeled thymidine into DNA is indicative of PDGF or PDGCF
agonist binding. Receptor phosphorylation may be
assayed as disclosed by Hart et al. (Science 240:1529-
1531, 1988) by incubating receptor-containing membrane
extracts with [7-329] ATP in the presence of the test

compound. The extracts are ~analyzed for receptor
phosphorylation by gel electrophoresis and
autoradiography.

The above-described assays are preferably
carried out in-  96-well microtiter plates. These plates
are commercially available and may be used within
automated assay systems.

enhancing the wound-healing process in warm-blooded
animals. EXamples of wounds that may be treated with
PDGF agonists include burns, chronic non-healing dermal
ulcers, superficial wounds and lacerations, abrasions
and surgical wounds.

Therapeutic compositions may bé prepared by
combining PDGF agonists with suitable carriers, as well
as adjuvants, diluents, or stabilizers. Suitable
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adjuvants 1nclude collagen or hyaluronic acid
preparations, fibronectin, factor XIII, polyethylene
glycol, or other proteins or substances designed to
stabilize or otherwise enhance the active therapeutic
ingredient(s). Diluents include albumins, saline,
sterile water, etc. Other stabilizers, antioxidants, or
protease inhibitors may also be added. Alternatively,
PDGF agonists may be applied to wound dressings as
agqueous solutions. These therapeutic compositions may
be reapplied at one- to several-day intervals until
healing is complete.

These  therapeutic compositions may also
contain other Pharmaceutically active ingredients, for
example heparin, which has been shown to accelerate the
healing of thermal burns. Other growth factors such as
IGF-a, TGF-8, EGF, FGF, platelet factor 4, insulin or
somatomedins (see Grotendorst et al., J. cClin. Invest.
£16:2323-2329, 1985) and angiogenesis factors, may also
work synergistically with the PDCF analogs. Antibiotics
may also be included +o keep the wound free of
infection.

Therapeutic compositions containing PDGF
antagonists may be formulated in suitable carriers or
diluents and administered ln cases where it is desirable
to block the effects of endogenous PDGF, for example in
treatment of atherosclerosis or fibrotic diseases.

The following detailed example 1s offered by
way of illustration, not by way of limitation.

EXAMPLE
A. ¢cDNA Construction

RNA was prepared by the method ©of Chirgwin et

al. (Biochemistrvy 18: 5294, 1979) and twice purified on
©ligo dT cellulose to yield poly(A)* RNA.

CONA was prepared in Agtlo phage using a kit
purchased from Invitrogen (San - Diego, (Ca). The

resulting ) phage DNAs were packaged with a coat
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particle nmixture from Stratagene (la Jolla, cCa),
infected into E. ¢cell strain €600 Hf1 , and titered.

B. Library Screening

5 Approximately 1.4 x 108 pPhage recombinants
were plated to produce plaques for screening.
Nitrocellulose filter 1lifts were made according to

standard methods and hybridized to a f-receptor DNA

fragment (Gronwald et al., ibid.) labeled with 34p. The
10 probe fragment was the 1.9 kb Fsp I-Hind 1III segment
that encompasses +the transmembrane ang Cytoplasmic

domain coding portions of the PDGF p-receptor cDNA.
Hybridization was performed for 36 hours at 429 in a
mixture conta ining 40% formamide , 5x Sscp (SSC
15 containing 25 mM phosphate buffer, PH 6.5), 200 ug/ml
denatured salmon sperm DNA, 3x Denhardt’s, and 10%
dextran sulfate. Following hybridization, the filters

20 overnight to £-ray film, the filters were treated to

25 but were not seen at the highest stringency emploved.

30 screening were subcloned into the Not T site of a puC-

type plasmid vector (PBluescript SK¥, obtained from
Stratagene, La Jolla, CA) and analyzed by restriction
mapping and sequence analysis.

35 designated el-1 revealed a restriction fragment pattern
dissimilar from +that of the p-receptor with the

exception of a common Bql II-Bgl II band of
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approximately 160 bp. The  f-receptor contains two
similarly spaced Bgl II sites within the region coding
for the second tyrosine kinase domain.

Sequence data obtained from the ends of al-1
allowed a putative orientation and alignment of the cDNA
with the B-receptor gené. Sequence obtained from the
~300 bases at one terminus showed no clear homology to
the p~receptor. This region came to be understood to be
3’/ non-coding sequences of the cloned cDNA. Sequence
obtained from the opposite end of @al-1 was found to
contain an open reading frame, portions of which were
highly homologous to the PDGF p-receptor, and to a far
lesser extent, the C-fms and C-kit genes. Alignment of
the @l~-1 open reading frame and PDGF f~-receptor amino
acid sequence revealed that ¢l—-1 contained at its 5
end approximately 13 amino acid codons of +the
eXtracellular domain followed by a highly hydrophobic
transmembrane domain. This initial sequence analysis
revealed a striking homology to the PDGF  jg-receptor
aminc acid sequence in the Cytoplasmic portion between
the membrane spanning region and the first tyrosine
kinase domain. Of the 46 amino acids found in this
portion (domain), 38 are identical and the changes are
largely conservative ones. This 85% amino acid identity
is mimicked to a lesser extent in the membrane spanning
region (48%) but is not found in the small amount of
protein sequence exXtrapolated from the 5’ nost sequences
found in a1-1. '

Restriction analysis of a second plasmid
subclone (designated ¢l-7) revealed an overlap of the
5/ ~1.2 kb of clone al-l, and an additional ~2.2 kb of
sequence extending in the 5’ direction. Sequence

corresponding regions in the PDGF f-receptor. The 5’
end of clone al-7 contained non-receptor sequences.
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Iwo additional a-receptor clones were obtained
by probing with ai-1 sequences. Clone al-1 was digested
with Not I and Spe I, and a 230 bp fragment was
recovered. al-1 was also digested with Bam HI and Not
I, and a 550 bp fragment was recovered. A clone that

hybridized to the 230 bp probe was designated a5-1.
This clone contained the 5/-most coding sequence for the

receptor. Another clone, designated a6~3, hybridized to
the 550 bp probe and was found to contain 3’ coding and
noncoding sequences, including the poly(A) tail.

Clone @l-1 was radio-labeled (329) and used
to probe a: northern blot (Thomas, Methods Enzymol.

100:225-265, 1983) of the MG-63 poly (A)+ RNA used ¢to

prepare the cDNA library. A single band of ~6.6 kb was
observed.

expression were probed by northern format with ai1-1
CDNA. Receptor-positive cell lines tested included the
human fibroblast SK4, WI-38 and 7573 lines; the mouse
fibroblast line DI 3T3; the U2-0S human osteosarcona
cell 1line and baboon aortic. smooth muscle cells.
Negative lines included A431 (an epithelial cell 1line)
and VA 13 (SV40-transformed WI-38 cells). In all cases,
the amount of the 6.6 kb bang detected in these RNAs
correlated well with the relative levels of a~receptor
detected on the respective cell surfaces. The 6.6 kb
RNA was not detected in RNA preparations from any cell
lines of hematopoietic origin analyzed, in agreement
with a lack of PDGF a-receptor protein detected on
these cell types.

' Clones ¢l-1 and and al-7 were Joined at a
unique Pst I site in the region encoding the
transmembrane portion of the receptor. Clone al-l was
digested with Pst I and Xba 1 and the receptor sequence
fragment was recovered. Clone @l-7 was digested with

Pst I and Bam HI and the receptor fragment was

lllll
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recovered. The two fragments were ligated with Xba I +
Bam HI-digested pIC19R (Marsh et al. Gene 32: 481-486,
15984) to construct plasmid Pal7R (Figure 2).

The remainder of the 5’-most a~receptor

The three cDNA ¢ ragments used 1in the

Ml3mpl8 and M13mpl9. The cDNA fragments were sequenced
by the method of Sanger et al. (Proc. Natl. Acad. Scj
USA 74:5463-5467, 1977) . The ¢DN2A sequence and the

CDNA. Based on the model of von Heijne et al. (Nuc.
Acids Res. 3:4683-4690, 1986) signal peptide cleavage
is predicted to occur after amino acid 19 (serine),
resulting in a 1070 amino acid mature protein.

D. ExXpression Vector Construction and Transfection

A vector for expressing the a-receptor in
mammalian cells was then constructed. Zem229, shown in
Figure 3, is a puCi8-based expression vector containing
a unique Bam HI site for insertion of cloned DNA between
the mouse metallothionein-1 promoter and  SV40
transcription terminator and an expression unit
containing the 8SV40 early promoter, mouse dihydrofolate
reductase gene and SV40 terminator. dem229 was modified
to delete its two Eco RI sites by partial digestion with
Eco RI, blunting with DNA polymerase I (Klenow fragment)
and dNTPs, and religation. Digestion of the resulting
Plasmid with Bam KI followed by 1ligation of +the
linearized plasmidq with Bam HI-Eco RI adapters resulted
in a unique Eco RI cloning site. ‘The resultant plasmid
was designated Zem229R. Zem229R was digested with Hind
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III and Eco RI, and the 520 bp fragment containing the
SV40 and MT-1 promoters was removed. The large fragment
of Zem229R was then joined to the ~1100 bp Hind III-Eco
RI fragment of pPDX (Hagen et al., U.S. Patent
No. 4,784,950), which contains the SV40
promoter/enhancer, the adenovirus major late promoter

designated ZMB4 (Figure 3).
Plasmid 2ZMB4 containing a ca. 5 kb CDNA
inserted at the Eco RT site (designated PM296-~10) has

been deposited with American Type Culture Collection,
Rockville,_ Md. under Accession Number 67960. The vector

may be regenerated from the deposited plasmid by

The a-receptor Seguences were removed fronm
Pal7B by digestion and were inserted into Bam HT-
digested 2ZMB4. The resulting vector, designated
@l7/ZMB4, is transfected into Cultured BHK 570 cells and
receptor-producing clones are selected.
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Claims
We claim:
1.

An 1solated DNA molecule encoding a PDGF

receptor, wherein said Leceptor comprises the aminoc acid

Sequence of Figure 1 from leucine, amino acid number 20,

to leucine, amino acid nunber 1089.

2. The DNA molecule of claim 1, wherein said

molecule comprises the nucleotide sequence .of Figure 1
from nucleotide number 262 to nucleotide number 3471.

wherein said

quence of Figure 1
from nucleotide 205 to nucleotide 3471.

4. The DNA molecule of claim 1, wherein said

molecule encodes the amino acid segquence of Figure 1 from
methionine, amino acigd number 1,

Lo leucine, amino acid
number 1089.

claims 1-4.

6. The cells of clainm 5,

wherein said cells are
cultured mammalian cells.

7. The cells of claim 3,

wherein said cells
are yeast cells.

8. A method for detecting PDGF agonist or

antagonist activity in a test compound, comprising:

lncubating cultured cells

transfected or
Cransformed wlth a DNA

construct coemprising a

-----
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transcriptional promoter operably linked to a DNA molecule
according to any one of claims 1-4 wherein sald cells
express the PDGF receptor as a cell surface protein, with
a test compound under conditions suitable for binding of
PDGF to the receptor;

incubating said cells in the presence of PDGF
coupled to a label capable of providing a detectable
signal, concurrent with or subsequent to incubating said
cells with the test compound: and

detecting binding of said labeled PDGF to the
receptor as an indicator of PDGF agonist or antagonist
activity in the test compound.

2. The method of claim 8, wherein said label is
a radioisotope.

10. The method of claim 8, wherein said cells
are cultured mammalian cells.

1l. The method of claim 8, further comprising,
subsequent to the step of detecting: '

adding the test compound to a quliescent culture
©f <cells transfected or transformed with said DNA
~construct under conditions suitable for binding of PDGF to

the receptor;
adding thymidine to the cells: andg

measuring the incorporation of the thvmidine
into the cells.
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FIG.1

1 GCCC‘I‘GGGGACGGACCGTGGGCGGCGCGCAGCGGCGGGACGCG‘I'I"I"I'CGGGACGTGGTGGCCACCGCCT
70 TCCTGCAGACCCACAGGGMGTACTCCCTTTGACCTCCGGGGAGC'I'GCGA CCAGCTTATACGTTIGCTGG

139 TGGAAAAGTGACAATTCTAGGAAAAGAGCTAAAAGCCGGATCGGTGACCGAAAGTTTCCCACAGCTATE
208 GG T CA T CCGG LG TTCCTGGTCTTAGG CTG T T TCTCACAGGECTGAGCCTAATCETCTGCCAL
477 CTTTCATTACCCTCTATCCTTCCAAATGAAAATGAAAAGGTTGTGCAGCTGAATTCATCCTTTTOTCTG
746 AGATGCTTTGGGGAGAGTGAAGTGAGCTGGCAGTACCCCATGTCTGAAGAAGAGAGCTCCGATCTCEAA

415 ATCAGMATGMGMMCMCAGCGGCCI'I'I'ITGTGACGGTC'ITGGMGTGAGCAGTGCC'I‘CGGCGGCC

484 CACACAGGGTIGTACACTTIGCTATTACAAC CACACTCAGACAGAAGAGAATGAGCTTGCAAGS CAGGCAC

233 ATTTACATCTATGTGCCAGACCCAGATGTAGE CTTTGTAC CTCTAGGAATGACGCGATTATT TAGTCATC

622 GTGGAGGATGATGATTCTGCCATTATACCTTGT CGChCAACTGATCCCGAGACTCCTGTAACCTTACAC

691 AACAGTGAGGGGGTCGTACCTGC C’I‘CC'I’ACGACAGCAGACAGGGC'ITTMTGGGACCTTCACTGTAGGG

760 CCCTATATCTGTGAGGS CCACCGTCAAAGGAAAGAAGTTCCAGAL CATCCCATTTAATGTTTATGCTTTA

823 AAAGCAACATCAGAGCTGGATCTAGAAATGCAAG CTC T TAAAACCCTGTATAAGTCAGGGGAAACGATT

898 crccr&ccwc'rcc'rcmnmcmrcaac'rccncacmmrccamacccrccacmcrcm
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FI1G. ] CONT.

1864 iccTATGAAATTécCTGGAGCGTCATTGAATCAATCAGcccccarccACATGAATATATTTATGTGGAC
R Y E I RWRUV I ESTISPODGUHEUZ YTIUZYUV D

1933 CCGATGCAGCTGCCTTATGACTCAAGATGGGAGTTTCCAAGAGATGGACTACTGCTTGGTCGGGTCTTG
2002 GGGTCTGGAGCGTTTGGGAAGGTGGTTGAAGGAACACCCTATGGATTAAGCCGGTCCCAACCTGTCATG

2071 AAAGTTGCAGTGhAcATcCTAAAACCCACGcccxcarcCAGTGAAAAACAAGCTCTCATGTCTGAACTG

2140 AAGATAATGACTCACCTGGGGCCACATTTGAACATTCTAAACTTGCTGGGAGCCTGCACCAAGTCAGGC

2209 CCCATTTACATCATCACAGAGTATTGCTTCTATGGAGATTTGGTCAACTATTTGCATAAGAATAGGGAT~
2278 AGCTTCCTGAGCCACCACCCAGAGAAGCCAAAGAAAGAGCTGGATATCTTTGGATTGAACCCTGCTGAT
2347 GAAAGCACACGGAGCTATGTTATTTTATCTTTTCAAAACAATGGTGACTACATGGACATGAAGCAGGCT

2416 GATACTACACAGTATGTCCCCATGCTAGAAAGGAAAGAGGTTTCTAAATATTCCGACATCCAGAGATCA

2485 CTCTATGATCGTCCAGCCTCATATAAGAAGAAATCTATGTTAGACTCAGAAGTCAAAAACCTCCTTTCA

2554 GATGATAACTCAGAAGGCCTTACTTTATTGGATTTGTTGAGCTTCACCTATCAAGTTGCCCGAGGAATG

2623 GAGTTTTTGGCTTCAAAAAATTGTGTCCACCGTGATCTGGCTGCTCGCAACGTCCTCCTGGCACAAGGA

2692 AAAATTGTGAAGATCTGTGACTTTGGCCTGGCCAGAGACATCATGCATGATTCGAACTATGTGTCGAAA

2761 GGCAGTACCTTTCTGCCCGTGAAGTGGATGGCTCCTGAGAGCATCTTTGACAACCTCTACACCACACTG
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2830 AGTGATCTCTGCTCFTATGG C‘.A'I‘TETGC'I‘CTGGCAGATC'ITI'I‘CCCTTCGTGGCACCCCTTACCCCGGC
S DV W S ¥ 6 I L L W E I P 8 L G G T P ¥ P ¢

2899 ATCATGGTCGAT'I'CTACTTTCTACMTMGATCAACAGTGGGTACCGCATCGCCAAGCCTGACCACGCT
M H V D S T F Y N X I K S G Y R M A X P D H A

3244 GCTGACAGTGG T ACATCATTCCTCTGCOTGACATTCACCOTGTCE CTGAGGAGGAGGACCTGGGCAAG

3313 AGGAACAGACACAG CTCGCAGACCTCTGMGAGAGTGCCATI‘GAGACGGG'I'I’CCAGCAGTI‘CCACCTTC
3182 ATCKAG’AGAGAGGACGAGACCATTGAAGACATCGAC}\TGATGGACGACATCGGCATAGACTC.'I'I‘CAGAC

3451 CTGGTGGAAGACAGC‘T’I‘CC.'I‘G'I’A.ACTGGCGGA’I'I‘CGAGGGG'I'I‘CC'I'I'CCACI‘TCTGGGGCCACCTCTGG

3520 ATCCCGTTCAGAAAACCAC'I'ITATTGCAATGCGGAGGTTGAGAGGAGGACT'I‘GG'I‘TGATG'I'I'TA.AAGAG
J389 AAGTTCCCAGCCAAGGGC C'I‘CGGGGAGCGTTCTAAATATGAATGAATGGGATATI'ITGAAATGAAC'I"I’T
3638 GTCAGTGTTGCCTCTTGCAATSE C'I’CACT_AGCATC'I'CAGTCGTGTGTGAAG'I'I‘TGGAGATAGATGGATA
3727 AGGGAATAATAGGC CACAGAAGGTGAAC'I'I'TGTGC'I‘TC.A.AGGACAT’I‘GGTGAGAGTCCAACAGACACAA
3796 TTTATACTGCCA CAGA.ACTTCAGCATTG‘I‘AATTATGTMATMCTCTA.ACCAAGGCTGTGTT'I‘AGAT’I'G
3865 TA‘I'I‘A.AC‘I‘ATC‘I‘TCT"I'I'GCACTTCTGMGAGACCACTCA.ATCCATCCTGTAC'ITCCCTCTTGA.MCC’I‘G
3934 ATGTAGCTGCIGTTGAACTITTTAAAGAAGTG CATGAAAAACCATTTTTGAACCTTAAAAGGTACTGGT
4003 ACTATAGCATTTTCCTAT T I T TTAGTGTTAAAGAGATAAAGAATAATAAG

FIG.1 CONT.
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