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HUMAN PILATELET-DERIVED GROWTH FACTOR RECEPTORS

~

.The present application is a c¢ontinuation-in-part
application of commenly assigned patent applicatidn U.5.S8.N.
07/309,322, filed February 10, 1989, which is a ¢~I-P of
U.8.8.K. 07/151,414, filed February 2, 1988, both of which are
1ncorporated herein by reference. o L -

The Government has rights in this 1nvent10ﬂ pursuant
to Grant No. ROl HL-32898 awarded by the National Institutes of
Health. '
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C10
d of the Invention
The present invention relates to the development of
diagrostic and therapeutic agents and, in particular, teo
compositions based on platelet-derived growth factor receptors.
15 '
| BACKGROUND OF THE INVENTION
Platelet-derived growth factor (PDGF) is a major
mitegen for cells of mesenchymal origin. The protein mitogen
is usually a 32 kDa protein heterodimer usually composed of two
20 polypeptide chains, A and B, linked by disulfide bonds. In
addition to the PDGF 2B heterodimer, two homodimeric forms of
PDGF, denoted AA and BB, have been identified.
The -Tirst event in PDGF-mediated mitogenesis is the
‘binding of PPGF to its receptor at the cell membrane. This =
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interaction triggers a diversity of ecarly cellular responses
including activation of receptor tyrosine kKinase, increased
phosphatidylinositol turnover, enhanced expression of a group
of geﬁes, activation of phospholipase A2, changes in cell
shape, an increase in cellular calcium concentration, changes
30  in intracellular pH, and internalization and degradation of
" bound PDGF. These changes are followed by an increase in the
rate of proliferation of the target receptor contalnlng cells.
The abillty of a polypeptide to stimulate growth of a
Dartlcular cell type in vitro does not prove that it serves the
35 samc function in yive, but the roles of many growth factors on
celils are being studied to determine the roles that the factors
play in the whole organism. In vitro, platelet-derived growth

factor is a major ped E LAéEE,'Egg%g—inﬂ§grum”for cells of
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mesenchyma] ovlgln such as fibroblasts, smooth muscle cells,
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and glial cells, In vivo, PDGF does not circulate freely in

blood, but is stored in the a granules of circulating blood
platelets. During blood clottlng and platelet adhesion, the |
granules are released, cften at sites of injured blood vessels,.

- thus implicating PDGF in the repair of blood vessels. PDGF may

stimulate migration of artetrial smooth muscle cells from the
medial to the intimal layer of the artery where the muscle
cells may proliferaté. This is likely to be an early response
to injury. '

PDGF is being studied to determine how cell-
proliferation is controlled in the body. The growth factor has
been implicated in wound healing, in atherosclerosis, in
myeloproliferative disease, and in stimulating genes associated
with cancerous tva.nsfo*"mat.lon of cells, partlcularly c-myec and

.c-fos. ‘Therefore, PDGF agonists wmay be useful in pronoting

wound healing. PDGF antagoniéts may also be useful in
preventing atherosclerosis, in retarding blood vessecl narrowing
that cccurs after cardiovascular intervention and in
controlling cancerous proliferation.

The interaction of PDSF with cells is medlated in
part, by a receptor for the mitegen. The PDGF receptor is
therefore a very important component in mitogenic stimiulation
by the growth factor. However, the inability to characterize
the direct interaction bstween the PDGF and its receptor and
between the PDGF receptor and intracellular components has
hampered the development of reagents needed in the diagnesis or
treatment of physiological conditions or disorders
characterized by abnormal or undesired PDGF responses. For

these reasons, a dramatic need exisits to characterize the

structural and physiological properties of PDGF receptors.

SUMMARY OF THE INVENT_ION
In accordance with the present invention, DNa
sequences encoding human platelct-derived growth factor
receptor (hPDGF-R) polypeptides have been isolated and
sequenced. In one embodiment, expression constructs are
provided comprising one or more sequences that encode
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PDGF-receptor proteins that can be secreted or associated with
the membrane of a mammalian cell, The membrane associated
receptor should be'functionally similar to or eguivalent to a
wild-type receptor thereby conferring a PDGF sensitive

3

' mitbgenicfresponse-on Cells'laéking_the reCeptof. “The

construct can be used, inter alia, fer producing large amounts
of the PDGF-receptor or fragments, for enhancing PDGF response
of cells, for derermining the regions of the receptor _
polypeptides involved in transducing the mitogenic signal?in.
response to PDGF binding, for providing mutated analegs of the
receptor, for evaluating drugs for their physiologic activity,
and for probing the integrity of sequences nearby the
chromosomal loci of the receptor genes. In particular, various
soluble fragments of the receptor are provided, many possessing
various properties of cell associated hPDGF-R proteins. -Novel
methods utilizing these”constructs are also providea..

The present invention provides a purified and
isolated recombinant nucleic acid of less than about 50 kbp
comprising at least about 24 contiguous nucleotides which
encode a human platelet-derived growth factor receptor (hPDGF-
R} polypeptide segment. Preferably the segment is a soluble
polypeptide. In particular embodiments, the segment consists
essentially of a full length extracellular region of a B type
or an A type hPDGF receptor, e.g., a sequence of a polypeptide
in Table 2 or Table 3. In other embodiments, the nucleic acig
encodes a segment with a phosphorylation site.

Usually, the encoded segment is less than about 300
amino acids, an@ will preferably be cabable ¢f binding to PDGF,
be a substrate for phosphorylation, or be capable of binding to
& PI3 kinase. In other embcdiments, the encoded segment lacks.
a subgtantially ccmple;a 1ntracellular region. ' . '

The invention also embraces a cell transformed with

+the described nucleic acids, typically where the cell is a

rammalian cell. 1In particular embodiments, the cell further
contains a glycosylation enzyme origipating from a non-fungal
species.

Expression vectors are also provided, and in certain
enbodiments, the nucleic acid nucleotides enceding the segment
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are operably linked to a promoter. Recombinant nucleic acids
are provided which further encode a heterologous polypeptide
which is fused to the hPDGF-R segment.

As another aspect of the invention, methods are

PCT/1S92/00862

: pfovided for evaluating the ability of a compound to functlon

as a hPDGF~R agonist or antagonlst utlllzlng the step of

comparing the amount of a PDGF- Jnduced_response from a control

cell with tha* in a cell transformed with a hPDGF~R peptide
fragmen: encuding nucleic acid. In various embodiments, the
PDGF~indused response is compared by measuring synthesis of DNa
in the cells, After contacting the cells with cell with PDGF.

rFolypeptide embodiments include a substantially pure
hPDGYr-R polypepiide fragment of at least about twenﬁy amino
acids navlrg pratelet-derived growth factor (PDGF) binding
activisy 1 T roszno kinase activity. Typically, &
polypept:de fragment will be soluble, |

In other embodiments, hPDGF-R fragments are provided
having h#DGF-R binding activity consisting essentially of amino
acids ~eginning at about 1 and ending at about 499 of a type B
hPDGF-2, e.g., derived from Table 2, or consisting essentially
of am:..0o acids beg:.nning about 1 and ending at about 501 of a

-type A hPDGF#R,_e:gt; derived from Table 3. The invention -

embsraces compositions having an unglycosylated hPDGF=R
fragrnant, preferably where the fragment is substantially pure.
\in otner embodiments, the hPDGF-R fragment exhibits a
giycosylation pattern which is non-fungal and non-human.
Particularly useful conpositions have a hPDGF-R polypeptide
fragment which is es=sentially the extracellular region of a
type B or a type A hPDGF-R, ¢:g., derived from sequences of
Table 2 or Table 3, An additional embodiment is. a compositicn
comprising a combination of: (a) a recombinant nucleic acid |
encoding a human platelet-derived growth factor receptor
polypeptide (hPDGF-R) fragment; and (b) a non-fungal
glycosylation enzyme capable of glycosylating said fragment
when expressed,

The preszent invention provides various methods for
introducing a hEDGF~R activity to a cell, comprieing the step
of introducing a hPDGF-R protein fragment of at least about
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five hundred daltons to a cell, A method for assaying the

provided, comprising the steps of: (a) combining the sample

'wlth a hPUGF receptor ligand kinding site; and (b) detectlng

binding between the ligand and the hPDGF receptor. ligand -
binding site. _ _

With respect to the intracellular region of the PDGF
receptors, the present invention provides an isclated
polypeptide of less than about 200 amino acids comprising a
receptor kinase insert region.,” In various embodiments, the
polypeptide has a phosphorylated amino acid residue, e.q.,
phosphotyrosine. Usually, the polypeptide has a sequence
substantially homologous to a kinase insert segment of a PDGY
receptor, e.g., a sequence from Table 2 or Table 3. The
invention also provides a composition w:.t‘l the polypeptlde and

‘a pharmaceutically acceptable carrier.

Various methods are provided by the invention,
including methods for modulating the biological activity of a
first protein which binds to a phosphorylated region of a
second protein, the method including a step of adding to the
first protein a peptide analogue of the phosphorylated region,
where the analogue isg capable of inhibitlnq the binding of the
first protein to the second protein. Other methods are
provided for selecting a molecule capable of inhibiting binding
of a protein which binds to a target phosphorylated
polypeptide. This method has steps of contacting the protein
with the target phosphorylated polypeptide in the presence of
the molecule in a first analysis; contacting the protein with,
the target phosphorylated polypeptide in the absence of the

.molecule in a second analysis; and’ COmpa"‘lng these analyses to

determine the effect of the molécule on- the blndlng In
particular embodiments, these contacting steps are performed in.

© succession.

Other metheds for modulating a PI3 kinase activity as
provided, comprising the step of adding a phosphorylated PDGT
receptoy kinasc insert region polypeptide to the PI3 Rinase,
thereby allowing binding between the polypeptide and the PI3

HlI

kinase. heet Has Been Relplaced
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. The present invention provides methods for purifying,
from a sample, a protein capable of binding to a PDGF receptor
kinase insert segment, comprising the step of contacting the
sample with an analogue of a phosphorylated_pqupeptidc

'-sﬁbstantially homologous to a PDGF receptor kinase insert

region polypeptide, thereby allowing the protein to bind
specifically to the phosphorylated polypeptide.

Kethods of isclating a nucléic acid encoding a
protein capable of binding to a PDGF receptor are provided,
comprising the steps of combining a labelad and rhosphorylated
PDGY receptor kinase insert region pelypeptide with cells
expressing various proteins, thefeby labeling these cells which
express the nucleic acid to produce & protein which binds the
phosphorylated polypeptide; and isolating those cells which
have been labeled. This method is particularly useful to
isolate nucleic acids encoding PI3 kinase or c-fime

s Sheet Has Been Replaced
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. BRIEF DESCRIPTION OF THE FIGURES
Figure 1 illustrates . the association of 85 kD/PI3

‘kinase with the type B PDGF receptor. The association of

phosphoprotein with the PDGF receptor (a and b) and i
phosphaticylinositol 3' kinase (PI3 kinase) activity (¢ and a)
were studied in intact cells {a and c) and in wvityo (b and 4).
In the intact cell experiments PDGF-stimulated- (+) or control
cells (-) were solubilized and the receptor was
immuncprecipitated using anti-receptor antibodies. The
receptor-associated phosphoproteins were detected by incubating
the receptor-associated protein complex with MnCl and +’?P-ATP
followed by auvtoradiography of an SDS polyacrylamlae gel. The
PDGF-stimulatoed receptor associated with 85 kD and 110 kD
phosphoproteins and PI3 kinase activity, but the unstinulated
receptor wag not. FEquivalent amounts of receptor werc.
immunoprecipitated frbm the'lyéates from stimulated and
unstimulated cells. JIn vitro associations were performed by
incubating the baculovirus-expressed receptor with lysates from
PLGF-stimulated {+) or unstimulated (-) cells. Receptor-
associated phosphoproteins (b} and PI3 kinase activity (d) were
detected. The position of the 85 KD protein is indicated by

Pigure 2 illustrates the association of 85 kD pfotein
and PI3 kinase activity with the wild type and kinase ingert
deletion mutant receptor in vitro. Lysates from unstinulated

373 cells were mixed with immunoprecipitated wild type PDGF
type B receptor or kinase insert deletion mutant receptor that
were prepared using a baculovirus expression systerm. The
immunoprecipitates contzining receptor-associated proteins were
washed extensively. -In vitro protein Kinase assays (panel a)
or PI3 kinase activity assays (panel bj.Were performed on the
proteins. The first lane of panel (2) shows thes in vitre o
protein kinase assay of the baculovirous-expressed receptor
that was not mixed with cell lysate. The top two bands of the
second and third lanes of panel (a} are from the baculovirus-
expressed'receptor (secend lane) or the mutated receptor (third
iane) and their respective precurscrs. The arrow indicates the

85 kD prote;n.
ITh|s Sheet Has Been Repl
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Figure 3 illustrates the need for reguirement of
receptor autophosphorylation for association with PI3 kinase
activity and 85 kD protein. PDGF receptors were

immunoprecipitated from Sf£9 cells 1nfected with the wild type
5 PDGF receptor recombinant baculov1rus Immuncpre01p1tate=
containing phosphorylated receptor were incubated with
solJubilized 373 cell 1ysateé} PI3 kinase assays (a and b) and
in vitro kinase assays (c) were performed (a) Association of
'PI3 kinase activity with phosphorylated PDGF receptors were
10 incubated with pdtato acid phosphatase (PAP} or PAP plus
orthovanadate. |

Figure 4 illustrates the use of peptides to block the
assocciation of the 85 kD phosphoprotein and PI3 kinase activity

_ with the receptor. The peptides listed in Takle AT were
‘15 . preincusated with Qnstimulatéd 3Tj-cell-lysates'pri¢r to

PCT/US92/00862
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incubation with immunoprecipitated receptor. The detection of
the receptor-associated phosphoproteins (panel a) and the
receptor-associated PI3 kinase activity (panel b) were
performed as in Figs, 1 and 2. The 85 kD protein is indicated

20 Dby the arrow.

Figure 5 illustrates the concentration-dependance of
the blocking activity of pcptlde Y719P.. A series of _
concentrations of peptide Y719P were tested for the abllltj to
block the binding of proteins (panel a) or PI3 kinase activity

25  (panel b) to baculovirus-expressed immunoprecipitated receptor.
The arrow points to the 85 kb phosphoprotein. The assays werc
performed as described in Figs. 1, 2 and 3.

Figure 6 illustrates that the association of PDGF
receptor with PLC~4 and GAP is not affected by preincubation of

30 373 unstimulated lysates with receptor phosphopeptide, Y719P.

' -Unstlmulaved 373 lysates were preincunated in the prCSEhLE and
abscnce of & receptor phosphopeptide (Y719P) prior to the
association with the baculovifus-expressed receptor. The
peptide/lysate mixture was incubated with the

35 immunoprecipitated baculovirus-expressed receptor as described
in Figs. 1, 2 and 3. The presence of PLC-4 and GAP in the

. receptor complex Was determined by immunoblot analysis using
PLC-4 and GAP antibodies as probes. In tne lane marked
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nlysates", crude lysates of 3T3 cells were immunoblotted as
controls to shdW the electrophoretic position of the PLC-y and
GAP.

, Flgure 7 1llustratcs the association of soluble
radlolabeled reccptor with immobilized 85 kD protein ("recepto:
kloth). Baculov1rus-expressed PDGF receptors vere
immunoprecipitated using receptor antibodies and the receptor
was *?p-labeled in vitro by autophdsphorylation. 'The
solubilized radiclabeled réceptor was used to probe
nitrecellulose filters containing sbS-polyacrylamide gel-
fracticnated lysates from control (lanes 1, 3, 4 and &) or PDGF
stimulated (lane 2) cells. In the peptide competition
experiments (lane 3, 4, and 5) the peptides were added to the
nitrocellulose paper along with the radiolabeled receptor
probe. The arrow indicates the position of the 85 kKD protein.

Figure 8 illustrates a stratégy for oligonucleotide
directed in vitro production of a soluble hPDGF~R extraccllular
region. The abbreviations used are:

PR = PDGFR: intact

P = PDGFR; extracellular region

TM = transmembrane region

K = kinase '

s signal sequence

r

This Sheet Has Been R
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DBIAILFD DESCRIPTION OF THE PREFEIRRED EMBODIMENTS
Human plitelet derived growth factor receptor (hPDGF-

R) compositions are provided by the present invention. ' These
compoeitions will be full 1ength natural forms, fragments of

* the natural fornq, fusion pxotelns w1tb thDuE fragnent

modified forms of each, and multi-protein complexes comuri31ng
them. In particular, soluble polypeptides exhibiting hPDGF-R
functions are méde availablé,-both extracellular and
intracellular region fragments. '

Methods for producing protein compositions based upon
nPDGF receptors are provided. RNucleic acid constructs which
encode the various hPDGF-R protein compositions are also
disclosed. The nucleic acid constructs will be useful to
transfect cells, providing an efficient and economical means to

- produce conmerc*ally useful quantities of the protein

COmpOSltlonS. Thase¢ ¢cells, and cthers containing hPDGF
receptors, will also be useful in diagnosis or for study of
mechanisms of PDGF mitogenic action. They will be used to
evaluate new drugs which affect signal transduction of PDGF

ligand binding, and in treatment of diseases asscciated with .

hPDGF receptors. The constructs c¢an be usged to transfect

'cells, provzd;ng membrane-bound receptors that are £unct:onally

eguivalent to w31d—type receptors ‘and conferring a PDGF-
sensitive mitogenic response on cells lacking recgptors. The
transfected cells can be used as a model for studying the PDGF-
induced response of cells, determining the regions invelved in
transducing the signal in response to PDGF ligand binding, and
evaluating drugs for their physiologic acdtivitics., Encoded
receptors or their binding regions algo find use in evaluating
PbGF'analoguesh : - _ _ . _

The receptor fragments ard their analogues will find
use in determining regions of the receptor polypeptides which
are involved in signal transduction in response to PDCY
binding. In particular, the ability to test various
combinations of structural features, e.q. . ligand binding
determinants, will allow disscction of recepto* fecatures to
determine the importance to ligand binding affinity, ¢1gand

specificity, and physiological responses.
' PR d P his Sheet Has Been Replaced
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antibody reagents. These reagents should be capable of
interfering with, or simulating, particular molecular
1nteractlons of tHe ~-eceptor polypeptldes.

. Socluble’ protelns posse531ng PDGF blndlng rapacity
will be useful in blocking PDGF action, as reagents for the

The hPDGF-R prbteins‘will also find use in producing

quantitation of PDGF in -diagnostic samples, for soluble testing
of binding interactions between modified determinants for..
ligand binding and natural, modified, or derivatized ligands,
and for gcreening for monoclonal antibodies against hPDGF-R
polypeptides. They will also find therapeutic uses.

The DNA segquences will also find use as probes to
detect genetic abnormalities, e.q., deletions or rearrangements

-

in the regicn of chromosome 5 where a number of growth-control

.related genes are clustered, in the reqlon of chromosome 4 near.

the c-kit_cncégenes, or to dst ect other geﬁes encodlng tyrosine
kinases or homologous genes.

| Certain regions ¢f the cytoplasmic region of the PDGF
recéptor, among them the kinase insert (KI) region, allow the
PDGF receptor to interact with, e.g., bind with, other cellular
proteins. Peptides substantially homologous to these regions,
as vell as organic analogue molecules, will find use in
inhibiting the interaction between the PDGF receptor and other
proteins, in identifying, screening for, and purifying proteins
with which the PDGF receptor interacts, and in cloning genes
enceding these proteins. These homologous peptides will also
find use in medical diagnesis and in drug therapies, e.g.,
affecting PDGF receptor activities and receptor interactions
with other proteins. -

Moreover, the unde*stand&ng of the role of .

phoaphorylatea residues to p*oteln—proteln 1nheract10n= is

'appllcable to cother receptors and phosphorylated proteins, The

_ phosphorylation of specific amino acids in particular

polypeptide scgments or substantially'hcmologous segments,
e.g., phosphorylation sites, has special biological
significance. Identification of the phosphorylation sites and
regions of pretein interactions are important in preparing
reagents useful in inhibiting such interactions, leading to a
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modulation of the function of such proteins. The peptide
analogues will also be useful in identifying and purifying
proteins which interact with phosphorylated residues and in

- isolating and cloning genes enceding these proteins.

OUTLINE

I. General Dascrlptlon
A. PDGF-R |
1. structural features
a. extracellular region
l. signal secquence
ii. I¢g domains -
b. transmembrane segment
¢. dintracellular region
i, tyrosine kinase
- ii. ‘insert
2. function
a. bind PDGF
b, bind to PDGF-R peptlde
o ¢. tyrosine kinase activity.
B. Physiological Functions
1. ceallular
2. tissue differentiation
3. organismal
II. Polypeptides
A. Soluble Forms
B. Truncated Forms
C. Fusion Proteins
D.” Genetic Variants (51te-d1reoted
mutagenized)
E. Compositions Comprising Proteins
ITXI. Nuecleic Acids
A. 1Isolated Nucleic Acids
B. Recombinant Nucleic Acids
C. Compositions Comprising Nucleic Acids
IV, Methods for Making PDGF-R
A. Protein Purification
1. affinity with derivatized PDGF
2. various ligands, same receptor
B. Expression of Nuclelc Acids

V. Antibodics
VI, Methods for Use
‘A. 'Diagnostic

L _ _ - This Sheet Has Been Repl
B. Therapeutic ,"I

I. General Description
The isolated full-length human platelet —-derived
growth factor (hPDGF) receptor mRNA encodes a single

* %* % * *

"hydrophobic polypeptide segment similar to a membrane-spanning

segrent {designated the transrembrane segment). The segments
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of a PDGF-R amino proximal to the transmembrane scgment make up
the extracellular region, while the segments carboxy proximal
to the transmembrane segment are designated the intraccllular
region. " ‘From the amino terminus, the extracellular region has
an Nﬁzéterminal'hydrophobiczputativé signal sequence, an - '
immunoglobulin-like domain {designated IgI), and seceond, third,
fourth, and fifth iﬁmunbélobulir—like dorains (designated IgII,
IgIII, ‘IgIV, and IgV, respectively). Although various .
structural features are identified in the external region of
the hPDGF-R, the most important functional property which
defines the region is the binding te the receptor ligands,
e.g., members of the PDGF family and analogues thereof.

The intracellular region is characterized, in part,
by the presesnce of a split tyrosine kinase structural domain.
In the human typo B receptor polypéptide;_ﬁhis.domain is about-
244 residues long.and has an insert of about 104 amino acids.
See Table 2, 1In the human type A receptor polypeptide, the
tyrosine kinase domain is also about 244 residues long with a
xinase insert cof about 103 amino acids. Sece Table 3.
Functicnally, this domain is defined, in part, by its tyrosine
kinase activity, typically modulated by ligand binding to the
extracellular region, and appears to function .in a dimer state.

‘The substrate for phosphorylation includes various tyrosine

residues on the accompanying receptor polypeptide chain, and
other proteins which associate with the receptor. The tyrosine
kinase ¢omain is also defined, in part, by its homology to
similar domains in other tyrosine kinase activity containing
proteins. Sce, e.g., Yarden et al. (1986) Nature 323: 226-.
232, As sguch, the actual boundaries, determined by homology to
other similar domains may vary by a few anlno acid re51dues,

perhaps as many as about 7 residies, but probably within about

4 residues, and nore probably within about one or two reszdues.
A protein’ sub stantially lacks a complete lntracellular region
when it lacks a prototypical 1ntrace*;u1a; region, particularly
lacking a tyrosine kinase domain; a similar concept is provided
with reegpect to lack of a conplete transmembrane region.

A typical PDGF-R nucleic acid sequence encodes a
transitory NH, —te.u,nal hydrephobic sequence, which is usually
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cleaved during the membrane translocation process. The
classical function of a signal sequence is to direct the
nascent polypeptide chain to membrane bound ribosomes, thereby
1ead1ng to membrane translocatlon and subsequent processxng and

‘targeting steps. Since the signal sequience is typically

removed in the translocation process, the signal sequence is
absent in a mature polypeptide. However, other features of the
amino proximal sequence of the mature protein may also be
important for expression or correct localization or targeting
of receptor fragments. .

.The putative boundaries of the different regions of
the receptors are indicated in Table 1, derived, in part, by
homology to the mouse PDGF receptor. In particular, a
hydrophobic =egment has been idenbified and designated a
transmembrana segment, due to its structural homology and
physical properties charadcteristic of a membrane spanning
segment. The segment divides the protein into an extracellular
region and an intracellular region, The intracellular region
has homology to various other receptors believed to exhibit
tyrosine kinase activity, though this receptor has an insert
region, as indicated, which is embedded within the region of
high homology to other tyrosine kinase segments.
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TABLE 1

approximate segment boundaries

(1) - 1lys (499)
(300) - trp (524)

(572) - his (662)

(663) - leu (766)

(767) - phe (919)
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 Type A
(1) = glu
(502) ~ trp
(572) - his
(665) - leu
(768) -~ pne

(501)

(526)

(664)

(767)

(920)
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The intracellular region of the receptor contains a
tyrosine kinase activity. PDGF receptors have a characteristic
split tyrosine kinase domain, with an insert segment of about
103 or 104 amino aciH ' This 1nsert segment has regulatory and
other properties which are aescrlbed in greater detail below.

The present invention provides isclated nucleic acids
and pelypeptides relating to PDGT receptors. An isolated
molecule is one which is substantially separated from
substances which naturally accompany the molecule when found in
its natural form. For example, an isolsted polypeptide is onec

which is substantially purified away from naturally

accompanying human cell components, e.q., human nucleic acids,
lipids, and other proteins. Of particular interest are

- contiquous segments of polypeptide which might.belz_sepa_rated by

genetic recombination or deletion techniques. Thus, an
expression product of an isolated and manipulated genetic
seguence is an isolated polypeptide, as used herein, even if
expressed in a homologous cell type. Synthetically made Forms
or molecules expressed by heterologous cells are inherently
isvlated molecules,

Physiologically, the. receptcr is responsible for
1n1t1at1ng a nuuber of metabolic changes. 1n, e.dq.,
phosphatlleIHOSltoi levels, pH, calcium ion levels,.
cytoskeletal structure, gene expression, CcAMP levels, and
ligand receptor levels. Many of these metabolic changes are
characteristic of a mitogenic, e.g., ligand induced, response.

The type A and type B PDGF receptor forms, when
cormbined in the various dimer combinations into functional

receptor compl*xea also bave cbaracter;stlc binding affxnltleg

for tnc various forme of PDGF'S, e:g., for the A2, AB and BB
forms. For example, a type B isoform receptor binds the BB
isoform PDGF at high affinity, the AB heteroform PDGF with
lower affinity, and the Aa isoform PDGF at low or no affinity.
The type & isoform receptor binds to the AA isoform PDGF with
high affinity, and with the AB heterodimer and BB isoform
PDGF's with lower affinity. o

The term "ligand" refers to molecules, usually
members of the platelet-derived growth factor family, that bind
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the segments involved in the growth factor binding. Also, a

ligand is a molecule which serves either as a natural ligand to
which the receptor, or an analogue of the receptor, binds, or a
functional analogue of a natural ligand. The functional |

~analogue may be a ligand with structural modlflcatlohs, or may

be a wholly unrelated molecule which has a molecular shape
which interacts with the appropriate ligand binding '
determinants. The ligands may serve as agonists or
antagonists, see, e.g., Goodman et al. (eds) (1990) Goodman &

Gilman's:  The Pha;mdcologﬁcal Bases of “he:;peut;cq (8th ed),

Pergamon Press.

II. Polypeptides
The PDGF receptor is believed to be a dwﬁer of

similar polypeptides and the conpcnent polypeptlue determinc_
the q1her1zed receptor bLnnlng affinity for ligand.

The AA homodimer PDGF ligand is preferentially bound
with high affinity by one form of the hPDGF receptor, and this
form is correlated with a polypeptide chain referred to as the

" A receptor, the o receptor, and, as used herein, the type A

receptor polypcptide (A-hPDGF-R). The receptor dimer is
apparently a homcdimer of the type A receptor polypeptides,
‘The BB homodimer PDGF'ligaﬁd is preféreﬁtially bound

with high affinity by two forms of the hPDGF-receptor. These
forms are correlated with a second polypeptide chain referred
to as the B receptor, the B receptor, and, as used herein, the
type B receptor polypeptide {E~-hPFDGF-R), These two receptor
dimer forms are apparently the homodimer of the B regepror .
polypeptides and the heterodimer type B/type A form.

- The designations type A and type B polypeptides are

isoform. Thus, naturally occurring variants of each are

- embraced by the invention, as are other variants, analogues,

and modified sequences, .

The nucleotide sequence of a cDNA seqguence encoding
one B-hPDGF-R allele is set forth in Teble 2 (See SEQ ID No.:
1) together with the deduced amino acid seguence of the
receptor precursor. Tne following descriptions indicate



15

PCT/US22/00862
18

presumed gross structural and functional characterizations
based upon analogy te the mouse and other growth factor
receptors and proteins.

. The sequence beginning at the amino acid numbered 1
corresponds to the putative amino terminus of a mature form of
a human PDGF-R. The first 32 amino acides (designated -32 to
~1) encode the putative-signai peptide sequence. The putative
transmembrane séquence corresponds to amino acid residues a
val {500) to trp(524). Potential N-glycosylation sites are at
positions corresponding tc amine acids asn(13) - ser(1is):
asn{s7) ~ thr(60); asn{71l) - ser(73): asn(183) - ser(185):
asn(198) - thr(200}); 65n{260).~ thr(262); asn(275) - thr(277):;
asn(322) -~ thr(324); asn(339) - ser(341): asn(436) - ser(438):
and asn(447) - thr(449). The putative tyrosine kinase domain

is interrupted by an amino acid insertion bestween about

arg(663) and leu(766), see Table 1. The putative
polyadenylation site is at the 3' end of the given cDNA
seguence. ;
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TABLE 2, panels A-~?
~ seguence of the type B hPDGF-R from 12418-14 disk, file Oltable
both nucleic acid and polypeptide sequence
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The nucleotide sequence of a cDNA sequence encoding one
allele of & type A hPDGF-R is set forth in Table 3 (See SEQ ID
No. 5), together w1th the d@duced amino acid seqguence of the
receptor (See SEQ 1D Ho._ 3). The structural features, as

described, are again based'upon analogy to the mouse PDGF

receptors and other growth factor receptors and proteins.

The sequence beginning at the amino acid numbered 1
corresponds to the putative amino terminus of a mature form of
a human PDGF-R. 7The first 23 amino acids (designated ~23 to
~1) enccde the putative SLgnal peptidse segquence. The putative
transmembrane scguente corresponds 1o anine acid residues
leu(502) to trp(t26). Potential N-glycosylation sites are at
positions corresponding te amino acids asn{l9) -~ ser(21):
asn(53) - ser(55): asn(80) ~ thr(82): asn(1l56) - thr(158);
asn(330) - thr(332): asn(336) - thr(338); a&n(435) - thr(437);
and asn{445) -~ ser{447). The putative'tyrosine Kinase domain
is interrupted by an amino acid insertion between about
lys(66E) and lcu{767), =see Table 1.
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TABLE 3, panel A
sequence of the type A hPDGF~R from 12418-14 disk; file 02table

-
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As seen in Tables-z and 3, the presumed intracellular

22

tyrosine kinase domain of thé'type A and type B receptors have

about 80% identical residues. The putative extracellular

.reglon= of the type A and B receptors have about 34-35%

identical residues, an adaitlonal 14% of the’ remalnlng reSLdueq'
being conservative subsgztutions, i.e., substitutions with
aminoc aclds having similar chemical properties,” fThe desxgnayed
transmembrane regions of the hPDGF receptors have about 48%
identical residues. Of the 52% of residues that differ, 70%
are conservative substitutions. Aas seen in the tables, both
receptor sequences have an amino acid insertion of about 103 or
104 amine acids interrupting the putative tyrosine kinase
region. The overall homology between the two polypeptide
seauences is about 44% o

The term platelet-derlved growth factor réceptor -

(PDGF R} refers to a composition having properties
characteristic of a PDGF-R. The native human PDGF receptors
are examples of the class of PDGF-Rs, as are each of the
polypeptides whose seguences are disclosed in Tables 2 and 3,
and allelic variants. The natural receptor is typically a
membrane. glycoprotein having a molecular weight of about 180
kd. . The receptor is no“mally found in vascular smooth muscle
u911, fibroblasts, and glldl cel;s, but not commonly observed
in endothelial cells or on most hematopoietic cells.

As indicated above, the PDGF receptors have three
major identifiable regions. The first is an extracellular
region which contains the ligand binding determinants for the
PDGF, i.e., the ligand binding segments. The extracellular
region is also divided into Ig-like domains with the
cha*acteriﬂtics describeé above. 'The second major 1dent1f1able
region is a transmembrane region and the third is an
intracellular region. The intracellular region contains a
characteristic type of tyrosine kKinase domaln, interrupted by a
kinase insert (Kl) segment.

' The description "human" refers to the origin of the
composition. 1In one use, it implies that the composition was
found, at one point, within a humap or human-derived cecll or a
miror variant from a naturally occurring human cell. With
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respect to a protein or nucleic acid or sequence, .it refers to
a composition encoded by a natural human gene, or a closely
related gene. Thus, the present invention includes proteins
and nugleic acids enboding such proteins. The nucleic acids
include RNA, cDNa, génomib’DNA,-Synthetic forms, and mixed
polymers, both sense and antisense strands. Thus, a protein

‘derived from the seqguence information disclosed, even if made

synthetically, would be considered a'human seguence.
Furthermore, different alleles of each isoform are each also
considered a human PDGF-R. '
Thus, for the purposes used herein, the term human
PDGF~R, when applied to a polypeptide, means a protein or
polypeptide, which is substantially homologous to the amine
acid sequences depicfed in Table 2 or 3 and any alleles of
ther, or a fragment thereof, Ordinarily, hPDGF-R's will be at
least about 80 percent homolOQOUS'to the describéd PDGF-R
seguencss, preferdbly in excess of about 90 percent: homology,
and, more preferably, at least about 95 percent homology. The
recepfor will ordinarily also exhibit at least some bioclogical
activity in common with a hPPGF~R provided in the relevant
sequences, e.d,, PDGF binding, tyrosine kinase activity,

_phocphatidy11n051to¢ 3 kinase (P13 klnase) binding, or

immunolegic properties. The hPDGF receptor embraces forms of

the molecule which share the primary structural sequence,. and

is intended to encompass chemical and biochemical

modifications, e.y., glvcosylation, phdsphorylation,

ubiquinization, disulfide bonds, and other minor alterations in

the basic primary sequence. .
In particular, glycosylation alterations are '

included, made by modifying the glycosylation patterns of a

- polypeptide during its syntheszis and processing, or in further

processing steps. Particularly preferred means for
accorplishing this are by exposing the polypeptide to
glycosylating enzymes derived from cells which normally provide
guch processing, e g,, mammalian glycesylation enzymes. aAlso
embreced are verzions cf the same primary amino acid sequence

which have phosphorylated amino acid residues, e.q.,
phosphotyrofine, phosphoseringe, or phosphothreonine. Th Sheet Has Been Repiace-
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The type B hPDGF-R is an isctype 0f a hPDGF~R
polypeptide whose properties have been described above, and
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includes all alleles -of that seguence and minor modified

;sequences derlved thernrrom. GLnerall the term also is .
 intended to include fragments of the protein, particularly

those vhich are characteristic of the human type B isoform.
Corresponding meaning is intended in reference to the type & _.
hPDCF-R, '

In certain uses, the tern applies to the functional
receptor. As described, the functional form is believed to be
a dimer complex of the type A receptor polypeptide, or of the
type B receptor poliypeptide, or the heterodimer form.

A heterologous fusion protein is a fusion of proteins
or segments which are naturallv not normally fused in the same
nanner. Thus, the fuvlon product of an immunoglebulin with a.
hPDGF-R polypeptide is a continuous protein molecule having
sequences fused in a typica) peptide linkage, typically made as
a4 single translation product and exhibiting both immunoglobulin
and hPDGF-R polvpsptide dependent propertis. A similar concept
applies to heterclogous nucleic acid ssaguences.

A polypeptide fragment, or segment, is a stretch or
amino ac::.d regidues. of at least about 5 amino acids, often at

" least about 7 amino acids,; usually at least about ¢ amino

acids, more usually at least about 11 aminc acids, typically at
least about 13 amino acids, nmore typically at least about 15
amino acids, and, in various embodimants, at least about 17 or
more amino acids, In a nucleic acid, a fragment or segment is
a stretch of at least about 6 nucieotides, often at least about
9 nucleotides, usualily at least about 12 nucleotides, more
usually at least absut 15 nuclaotldcs, typlcally at least about -
18 nucleotldes more typltally ‘at least about 21 nucleohldes,
and in various preferred embodiments, at least about 24 or more
nuclcotides. | ' '

4 polypeptide fragment is “phys 1olog1ca11y active"
when it substantially contributes to an activity characteristic
of a natural pelypeptide or fragment, e.qg., a PDGF-R
polypeptide. Typically, a hPDGF~R polypeptide, when associated
inte a functional receptor, has the set of activities performed
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by the receptor in a bioclogical context (e.q., in'an organism
or an in vitro'biological_context).' In the case of the hPDGF-
R, a functional fragment has these physiological activities, or
functional act1v1t1es characteristic of a hPDGF receptor, whzch .

-include PDGF binding, tyroslne klnase act1v1ty and any of the

mitogenic or other cellular responses nmediated by the receptor.
However, the protein fragment may exhibit other speCLflc or
inherent functions, such as vital conformational constralnts,-
gserving as a substrate site for glycosylation, Contrlbutlhg the
signal séquence for cellular targeting, presenting
characteristic epitopes absent in a mouse PDGF-R, or presently
unrecognized functions possessed inherently.

Solubility of a polypeptide depends upon the
environment and the polypeptide. Many parameters affect

. polypeptide solublllty, including the temperature the

eloctrolyte environment, the size and molecutar Cnaracter1st1cs'
of the polypeptide, and the nature of the solvent. Typically,
the temperature at which the polypeptide is used ranges from
about 4°C to about 65°C., Usually the temperature at use is
Qreater than about 18¢C and more usually greater than about
22'C. For diagnostic purposes, the temperature will usually be
about room temperature or warmer, but less than the

‘denaturation temperature of components in the assay. For

therapeutic purposes, the temperature will usually be body
temperature, typically about 37°C for humans, though under
certain situations the temperature may be ra1 sed or lowered in
Sltu or in vitro.

The electrolytes will usually approximate in situ
physmloglca1 conditions, but may be modified to higher or
lower ionic strength where advantageous. fhe actual ions may
be modified to eonform to standard buffers ised in
physiolbgical or analytical contexts.

The size and structure of the polypeptide should
generally be in a substantially stable and globular state, and
usually not in a denatured state., The polypeptide may be
associated with other polypeptides in a quaternary structure,

e.g., to confer solubility. —
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The solvent will usually be a kiologically compatible
buffer, of a type used for preservation of biological
activities, and will usually approximate a physiological
solvent. On some occasions, a detergent hlll be adacd
tynlca¢1y a wmild non—denaturlng one,

Solubility is usually measured in Svedbery units,

‘which are a measure of the sedimentatlon velocity of a nolecule

under particular conditions. The determlnatlon of the
sedinentation velocity was classically performed in an
analytical ultracentrifuge, but is typically now performed in a
standard ultracentrifuge. See, Freifelder (1982) Physical
Biochemistry (24 ed.), W.H. Preeman, and Cantor and Schimmel
{1980) Biophysical Chemistry, parts 1—3, ¥W.H. Freeman & Co.,
San Francisco, each of which is hereby incorporated herein by

‘reference. As a crude determination, a sample containing a

putatively soluble polypeptide is spun in a standard full sized
ultracentrifuge at about 50K rpm for about 10 minutes, and
soluble molecules will remain in the supernatant. A soluble
particle or polypeptide will typically be less than about 308,
more typically less than about 158, usually less than about
108, more usually less than about 68, and, in particular
embodlmen_u, preferably 1ess'than about 48, and more preferably
less than about 38. ' - -

The PDGF receptors or the specific extracellular
regions of the receptors as provided herein may be used to
affinity purify respective PDGFs. The full length, or entire,
extracellular region, cemprises the ligand-binding determinants
of the type B receptor in Table 2, and extends from about
leu(l) to lys(499%). The full length, or entire, extracellular

‘region comprising the ligand-binding determinants of the type A
- hPDGF-R shown in Table 3 extends from about gln(i) to glu(s01).

The ligand-bhinding determinants vary with different PDGF
receptor alleles and way be anywhere from 5% to all of the
extracellular'region. The minimal amount of protein séduenCe
esgential for ligand binding may be determined by excisihq
varicus segments of the exXtraccllular region and measuring
ligand binding. Studies of ligand-receptor intecraction
indicate that the ljgand-binding region is located in the
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extracellular region of the receptor. More sophisticated

studies on the effects of various residues on the specificity
of ligand b;rdlﬂg are also made possible by the reagents of

'thls *nveﬂtzon. As used in this abpxlcation, PDGF. receptor oxr

PDGF~R ligand-binding acthlty means having the ability to bind
a PDGF, a PDOF agonist or antagenist, or other specific ligand
for a hPDGF recepteoxr. Usually these ligands will be members of
the PDGF Fam*ly, typically a human form. Therefore the
external region has utility in establishing whether an analogue
iz a PDGF agonist or antagohist. |
It is also likely that the PDSF-R, like many other

growth factor receptors, is feund naturally in a multimeric
rotein complex, most likely in dimer form. Thus, other
important regions of a receptor w111 be those segments, elthev

T extracellular or utherw1¢e, which are 1nvolvcu in dlmernzatlon

or prote;nwprobc1ﬁ interaction.

Besides substantially full-length polypeptides, the
present inventicn provides for biologically active fragments of
the polypeptides, or analogues therecf, including organic
molecules which simulate the interactions of the peptides.
Significant biological activities include ligand-binding,
immunological properties, dimer assobiation, vé*ving as a
kinase substrate, interacting with other mediators specific for
binding to a PDGF-R protein, and other biological activities
characteristic of human PDGY receptor polypeptides.
Immunological activities include both immunogenic function in a
target immune system, sharing of immunoleogical epitopes for
binding, and servinyg as either a competitor or substitute
antigen for a human PDGF receptor epitopc. Assays for these

~ immunological activities are known in the art, see, e.g., bélow

in the Experimental section: Harlow and Lane (1989) Aptibggiggi_

A Laboratory Manual, Cold Spring Rarbor Press, New York: and

Escobedo et al. (1988) J. Biol. Chem. 263:1482~1487, which are
cach hereby Jincorporated herein by reference. For example,

ligand~binding or other segments nay be "swapped" between
different new fusion pelypeptides or fragments., Thus, new
chimeric polypeptides exhibiting new combinations of
specificities will result from the functionzl linkage of
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ligand-binding specificities and intracellular regions. For
exampla, the Ig domains from other related polypeptides may be
added or substituted for other Ig~like domains of these '
receptors. The resultlng proteln w1ll ‘often have hybrld

28

function and properties.

Por immunclogical purposes, immunogens may be

produced which tandemly repnat polypeptlde segments, thereby

roducing highly antigenic proteins. Alternatively, such
polypeptides will serve as highly efficient competitors for
specific binding. Production of antibodies to hPDGF receptor
polypeptides is described below.

The present invention also provides for other
polypeptides comprising fragments of PDGF receptors and
polypentides substantially homologous thereto. The receptor
peptides of the. present 11'Went1.on will generaily exhibit at

" least about 80% homold gy with naturally occurring sequences 01

hPDGF receptor, typically at least about 85% homology with a
natural receptor seguence, more typically at least about 90%
homology, usually at least about 95% homology, and more usually
at least about 97% homology. The length of comparison
sequences will generally be at least about 16 amino acids,
usually at least about 206 residues, more usually at -least about’
24 .residues, typically at least about 28 residﬁes, and- '
preferably more than about 35 residues.

Homology, for polypeptides, is typically measured
using sequence analysis software, see, ¢.Y., Seguence Analysis
Software Package of the Genetics Computer Group, Unlversary of
Wisconsin Biotechnology Center, 1716 University Avenue,
Madiscn, Wisconsin 53705. Protein analysis software matches
gimilar sequences, using neasure of Lomeleogy assigned to various
substitutions, deletions, subs tltutlons, and other '
modifications. Ceonservative substitutions typically inglude
substituticns within the following groupg: dlycine, alanine;
valine, isoléucine,-ieucine: aspartic acid, glutamic acid;
asparagine, glutanine: serine, threonine; lysine, arginine; and
phenylalanine, tyrosine.

Furion polypeptides between the receptors and othor
homologous or heterologous proteins are also provided.
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factor receptors, resulting in, for instance, a hybrid protein
exhibiting ligand bp?GlLICltY of one receptor and the

hroadened or. weakened Spec1f1c1gy of binding.
" heteroiogous fusions may be constructed which would exhibit a
-combination of properties or activities of the derivative

proteins.

Typical examples are fusions of a reporter

Aintracellular region of another, or a receptor which may have
Likewise,

polypeptide, e.g., luciferase, with a segment or domain of a

receptor,

e.qg., a ligand-binding segment, so that the

prescnce

or location of a desired ligand may ke easily determined. See,
e.g., Dull et al., U.S. No. 4,859,609, which is hereby

incorporated herain by reference.

- Other gene fusion partners

include bacterizl ﬂ—galactosidasé, trpE, Protein a, g-

lactamasa, "alpba amylase, alcohol dehydrqgenase,jand.yéast
ing factor. See, e.qg,., Godowski et al. (1988)

alpha mat
Science 241:8.2-816.

Such polypeptides may also have amino acid residues

which nave heen chemically modified by phosphorylation,
sulfonation, biotinylation, or the addition of other moieties,
particulasly those which have molecular shapes similar to
phosphate.g;oups. 1n some embodiments, the modifications will

be uscfu: labeling recagents, or serve as purification targets,

e. g., aff

inity ligands.

Fusion proteins will typically be made by cither

recombinant nucleic acid methods or by synthetic polypeptide

nmethods.

reierence.

Techniques for nucleic acid manipulation are
described generally, for example, in Sambrook et al.

Moleculur Clouning: A Iaboratory Manual (2d ed.), Vols. 1-3,
Cold Spring Harbor Laboratory, which are incorporated hereby by

described, for example, in Merrifield (1963) J. Amerx.

Boc, 85:2
Atherion

herein

(1889),

Techniques for synhthesis’ of polypeptides are

Chen.

149~2156; Merrifield (1986) Sgience 232: 341-347: and
et al. (1989) Solid Phage Peptide Synthesis: 2
Practical aApproach, IRL Press, 0xford} each of which is
incorporated herein by reference.
Fragments of an intact receptor are also epbraced

Various fragments include the transmembrane

segment,
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which confers a cel)l surface attachment function., Various

30

fragments deleting either intracellular or extracellular
segments will be produced. For example, fragments comprising a
transmembrane segment either of a PDGF receptor or another

- protein, in comblnatlon with-ligand binding determznants, will

provide membrane associated llgand binding regions. Similar
constructs with intracelluldr regions may be prepared,
producing, e.4., membrane associated tyrosine kinase segmentes,

In particular, soluble fragments comprising ligand
binding detérminants will be produced which may be used for
absorbing free ligand. The soluble fragments can be used for
diagnostic and therapeutic purposes to block PDGF mediated
responses. ' ' |

In another embodiment, intracellular fragments and
analogues will be prepared. ‘The kinase'insert region (KI)

within the tyrosine Kinase domains is a particularly useful

fragment, as described below.

A peptide analogue of & phosphorylated region of a
protein is a peptide with substantial primary sequence homology
to a phosphorylated region of another protein, and having at
least one phosphorylated or similarly derivatized residue at
positions corresponding to the position of similar
phosphorylated residues in the phosphorylated region of that
other protein. Where such a region has twoe or more
phosphorylated residues, peptide analogues will, in certain
embodiments, have only one such phosphorylated or similarily
derivatized residuc. Such phosphorylated residues will
generally include phosphotyrosine, phosphoserine, or
phosphothreonine. fThe peptide analogue will sometimes have one
or more unnatural amino acids, including, e.g., residues
chemically modified by biotinylation, phosphorylatiOn,
sulfonation, or glycosylation. It will generally be in monomer
form or a multimer of repeated peptide units, and bften will be
joined to heterologous proteins or peptide fragments. Such
heterologous proteins or peptides will often include segments
derived from various proteins, e.g., immunoglobulins, g-
galactosidase, B~glucuronidase, luciferase, trpE, or Protein A.
See, e.g., Godowski et al. (1988) Science 241: 812-816. Such
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peptide analogues will generally be soluble or coupled to a
solid phase support, e.g., nitrocellulose, nylon, column
packing materials (e.yg., Sepharose beads), magnetlc beads,
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- glass wool, cells, or other substrates,'

‘A phosohorylated region of a proteln lnportant for

.normal protein function will often be identified by a number of

approaches, e.g., analysis of mutated. proteins that have )
deletions or point mutations resulting in a change of ability
to bind to another protein, altered enzymatic dctivity, or
modification of cther protein characteristics. WMethods well
known to those in the art are available to determine whether a
peptide region is phosphorylated in_vivo. See, e.q.,
Kazlauskas and Cooper (1989) Cell 58: 1121-1133: Willjams
(1829) Science 243: 1564-1570; and Wahl et al. (1590) J. Biol
Chem. 265: 3944, Direct structural determination, e.g., x-ray
cfystallographlc or 2D-NMR, can be used to determine locationé
of interactions, which guide where modifications are likely to

affect interactions, both ligand and effector binding
activities. _

Fragments, in various extracellular region and
intracellular region embodiments, will generally be at least
about 1200 daltons, often be at least about 2400 daitons,' _
typicaily at least abrout 3050 daltons, moure typically at léast
apout 3600 daltons, and in some preferred embodiments, aty least
about 4200 daltons or more.

ITI. Nucleic Acids
The nucleic acid compositions of this invention will

generally be in RNA or DNA forms, or even a mixed polymer. The

described DNA embodiment ¢s usually derived from genomi¢ DNA or
cDNA, prepared by synthesis, or derived from combkinations
thereoi. The DNA compositions generally include the complete
coding regicn encoding hPDGF-R or fragments thereof, e.g.{
cbmprising at least 8 codons (24 bp), usually at least 12
cedons, more usually at least about 15 codons, typically at
least about 20 codons, more typically at least about 30 codons
and preferably even more. One or nore introns may be present;
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The term hPDGF~R, when loosely applied to a nucleic
acid, refers to a nucleic acid which encodes a hPDGF-R
polypeptide, fragment, or variant, including protein fusions or
deletion variants. A_nucleic acid eéncodes a polypeptide when a
corresponding message of a saguence, or its complement, is
translated, as provided by & universal code of nucleotide
triplets into polypeptide primary structure. '

An %isolated® nucleic acid-is a nucleic acid, e.g.,
an RNA, DNA, or a mixed polymer, which is substantially
separated from other DNA sequences which naturally accompany a
native human sequence, e}é.,-ribosomes, polymerases, and many
other human genome seguences. The term embraces a nucleic acid
sequence which has been removed from its naturally occurring
envireonment, and includes recombinant or cleoned DNA isolates

"and chemically synthesized analogues or analogues biologically .

synthesized by heterologous systems. A substantially pure
molecule includes jsolated fcrms of the molecule.

An isolated nucleic acid will generally he a
homogeneus composition of molecules, but will, in some
embodinents, contain minor heterogeneity. This heterogencity
is %ypically found at the polymer ends or portions not critical
t0 a desired biological function or activity.

- ~ The term "encoding" refers generally to the seguence
information being present in & translatable form, usually
operably linked to a promoter. A sequence is operxably linked
to a promoter when the functional promoter enhances
transcription or expression of that scguence. An anti-sense
strand is considered to also encode the sequence, since the
same informational content is present in a readlly accessible
form, especially when lirked to a segquence which promotes

‘expression of the sense strand. The information is convertible

using the standard, or a modified, genetic code, 5See, ¢.q.,
Watson et al. {1987) The Molecular Bioloay of the Gene (4th
ed.) vols, 1&2, Benjamin, Menlo Park, California.

_ The term "recombinant" refers to a nucleic acid
seguence which is net naturally ocourring, or is made by the
artificial combination of two otherwise separated segments of
sequence. This artificial combination is often accomplished by
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either chemical synthesis means, or by the artificial
manipulation of isclated segments of nucleic acids, e.g., by
genetic engineering techniques. Such is usually done to
replace a codon with a redundant codon encoding the same or a
conservative amirio adid,'whileifypically introducing or
removing a sequence recoghition'site. Alternatively, it is
performed to join together nucleic acid segments of desired
functions to generate a single genetic entity comprising a
desired combination of functions not found in the common
natural forms. Restriction enzyme recognition sites are often

PCT/US92/00862

the target of such artificial manipulations, but other site

qpe01L1c targets, ©.g., promoters, DNA replication sites,
regulation seguences, control sequances, or other useful
features may be incorporated by design. A similar concept is

intended for a recombinant, e.g,, fusion, polypeptide.

Homoldgoué'sequences, when compared, exhibit
similarity. The standards for L:aology in nucleic acids are
either measures for homology generally used in the art or
hybridization conditions, The hybridization conditions are
described below, but are further limited by the homology
between the corresponding human and mouse segments. Homology
will be limited, in addition to any stated parameters, by any
similarity between the human and mouse sequences such that the
stated homology specifically is limited by the conditions which
are sufficient for the corresponding mouse segment of the
segment being compared to match the stated human segment.

Substantial homelogy in the nucleic acid context
means either that the segments, or their complementary strands,
when compared, are identical when optimally aligned, with
appropriate nucleotide insertions or deletionﬂ, 1n at least .
about 60% of the residues, usually at least about 70%, more
usually at least about 80%, preferably at least about 90%, and

‘more preferably at least about 95 to 98% of the nucleotides.

Alternatively, substantial homology exists when the scgments

will hybridize under selective hybridlzatlon conditions, to a
strand, or its complement, typically using a sequence derived
from Table 2 or 3. Selectivity of hybridization exists when

- hybridization occurs which is more selective than total lack of
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specificity. Typically, selective hybridization will occur
when there is at least about 55% homology over a stretch of at
least about 14 nucleotides, preferably at least about 65%, more

- preferably at least about 75%, and most preferably at least

about 90%, See, Kanehisa (1984) Nuc. Acids Res. 12:203-213,
which is incorporated herein by reference. The-length of

" hemology comparison, as described, may be over longer -

stretches, and in certain embodiments will often be over a
stretch of at least about 17 nucleotides, usually at least
about 20 nucleotides, more usually at least about 24
nucleotides, typically at least about 28 nuclcotides; more
typically at least about 32 nucleotides, and preferably at
least about 36 or more nucleotides

Stringent conditions, in referrlng to homology, will
be surlngent combined condltlons of salt, temperature, organlc
solvents, and other parameters typically controlled in
hybridization reactions. Stringent temperature conditions will
generally include temperatures in excess of 30° C, typically in
excess of 37°, and preferably in excess of 45°. Stringent salt
conditions will ordinarily be less than 1000 mM, typically less
than 500 mM, and preferably less than 200 mM. However, the
COmblnatlon of parametcrs iz much more important than the
measure of any s;ngle parameter. See, e.g., Wetmur and
Davidson (1968} J. Mol. Biol. 31:349-370, which is hereby
incorporated hersin by reference,

While the wild-type sequences of these alleles will
generally be employed, in some situations one or more mutations
or ninor modifications wmay be introduced, such as deletions,
substitutions or inser tlone resulting in chang9° in the amino
acid_sequence providing silent mutations or modlfying amino
acid residues or amino or carboxyl terminal groups. There will
be 01rcumstance= where gene fusions between a hPDGF-R and
another.proteln can be useful, or a fusion between the separate
types A and B formz. The nﬁclelc acld sequence, usually
genomic, will often not exceed about 50 kb, more often will not
exceed about 40 kb, typically will not exceed about 30 kb, more
typicaliy will not exceed about 20 kb, usually will not cxceed
about 10 kb, and in various embodiments, preferably will not
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exceed about 6 kbp. Such sequences may have any or all introns

-

removed.

A DNA fragment encoding hPDGF-R finds use to isolate
DNA encoding PDGY receptors. of other species which. share
substantial homo]og;es with hPDGF R. Fragments from the
intracellular tyrosine kinase region can be used to isolate
other tyrosine kinases. Poftions of the DNA fragment having at
least about 10 nucleotides, usually at least about 20
nuclecotides, more usually at least ahout 306 nucleotides, and
fewer than about 6 knt (kilonucleotides), usually fewer than
about 0.5 knt, frem a DNA sequence encoding a hPDGF~R find use
as probes. The probes can be used to determine whether RNA
encoding a hPDGF-R or & fragment thereof is present in a cell.

Additionally, the type B human PDGF receptor gene is
located at a site opn chromosome 5 where a number of growth
control related genes are clustered. at least one genectic
disease, 5g minue syndrome, has been shown to involve a
delstion in this regiocn. The type A receptor gene is located
on chromosome 4 near the c-kit proto-oncogene. These
sequences, often intact genes, will find use in diagnosing the
integrity of these chromosomal regions. Fragments of hPDGF-R
gene sequances will often be used as markers to probe the

‘structure of these important regions of- the genone and to

diagnose genstic diseases apssociated with those areas of the
genone. Altcrnatively, the sequences are ugeful to isolate
other fragments for testing the integrity of the chromosome
regions.

The recombinant nucleit acid sequences used to
produce fusion proteins of the present invention will often be
derived from natural or synthetic seguences. Many natural gene
sequences are obtainable from varioiis libraries, cDNA or .
genonic, using appropriate probes. See, GenBank™, National
Institutes of Health. Typical probes for human PDGF receptors
will be selected from the seguences of Table 2 or 3 in
accordance with standard procedures, or from alleles of thom.
The phosphoramidite method described by Beaucage and Carruthers
(1981) Yetre, Letts. 22:1859-1862, will produce suitable
synthetic DN: fragments. A double stranded fragment will often
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be obtained either by synthesizing the complementary strand and
annealing the strand together under appropriate conditions or
by adding the complementary strand using DVA polymerase with an
approprlate primer seuubnce -

Iv. Methods for Making PDGF Receptor and Fragments

The novel nucleic acids provided herein are useful
for making PDGF recaptor. The DNA fragment or portions thereof
will be used to prepare an expression construct for a hPDGF-R.
The expression construct normally comprises one or more DNHA
sequences encoding & hPDGF-R under the transcriptional control
of & native or other promoter. When more than one sequence
encoGing hPDGF-R is present in the comstruct, the sequences
will encode the same or different forms of the receptor,
usﬁaily different, Usually the promoter'will.be_a.eukafyotic
promotér for expression in a mammalian cell, where the
mammalian cell may or may not lack PDGF receptors. The
transcriptional regulatory sequences will typically include a
heterologous enhancer or promoter which is recognized by the
host. The selsction of an appropriate promoter will depend
upon the host, but promoters such as the trp, lac and phage
promoters, IRNA promoters and glycolytic enzyme promoters are
known. See, c¢.g., Sambrook et al. (158%). Conveniently '
available expression vecters which include the replication
system and transcriptionalhand translational regulatory
sequences together with the insertion site for the fibroblast
growth factor receptor DNA sequence may be employed. Examples
of workable combinations of cell lines and expression vectors
are described in Sanbroox et al. (1989): see also, Metzger et
al. (1988), Nature 334:31-36, each of which is hereby

incorporated herein by reference. In particular, non-fungal

promoters will be preferred where expression occurs in non-
fungal cells, Occasionally, it might be useful to express the
sequences in other types of cells, and appropriate promoters
may be selected. And in some circumstances, an inducikle
promoter may be preferred. In other circumstances, it will be

desired to coexnress a glycosylation enzyme which will provide
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a glycosylation pattern similar to that provided by a different
cell type.

In cases where one wlshes to expand the DNA sequence
or produce the receptor proteln or fragments therecf in a
proka*yotlc hoot, a preferred promoter is a prokaryot;c
promoter, e, g., trp, lac, and lambda, and see Sambrook et al.

. {1989) for other uscful prokaryotic promoters. Usually a

strong promoter will be employed to provide for high level
transcription and expression. | _

' The expression construct will often be contained in a
vector capable of stable extrachromosomal maintenance in an
appropriate cellular host or may be integrated into the host
genome. The expression construct may be bordered by seguences
which allew for inscertion into a host, such as transposon
sequences,. lysogenic viral sequences, or the like. Normally,
markérs.are provided with the ekpreséion construct which.ailow
for selection of host cells conﬁaining the construcf. The
marker may be on the same or a different DNA molecule,
preferably on the same¢ DNA molecule.

In mammalian cells, the receptor gene itself will
often provide a convenient marker. However, in prokaryotic
cells, markers such as a resistance to a cytotoxic agent,
complementation of an auxotrophic host to.prototrophy,
pfoduction of a detectable product, ete., will be more
convenient, ’

The expression construct can be joined to a
replication system recognized by the intended host .cell.
Various replication systems include viral replication systens
such as retroviruses, simian virus, bovine papilloma virus, or
the like. 1In addition, the construct may be joined to an
amplifiable gene, c¢. g., DHFR gene, so that multiple copie of
the desired hPDGF-R gene may be made. See, e.g., Schimke, R.
(1984) Cell 37:705-713; and Raufman et al, (1985) Mol. Cel)
Biol. 5:1760~3759; each of which is hereby incorporated hercin
by reference, )

In particular, it will often be desired to express a
receptor polypeptide in a system which provides a non-fungal
glycosylation pattern. In this case, the usual pattern will be
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that provided naturally by the expression system. However, the
pattern will be modifiable by exposing the polypeptide, e.qg.,
an unglycosylated form, to appropriate.glycosylating proteins
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introduced into a hetérologbns_expression"systemr For example,
' the PDGF raceptor gene may be co-transformed with one or more

[++}

genes encoding mammalian or other glycosylating enzymes,
preferably originating from 2 non-fungal species, and in some
embodiments, non-human species. Using this approach, certain
mammalian leCGSY1au10n patternn will be achievable in

10 prokaryote or othar cells.

The means of introduction of the expression construct
into a host cell will vary depending upon the particular
construction and the target host. Introduction can be achieved
by any conQenienc means 1nc1hd1ng fugieon, conjugatlon,

15 transfection, tran duCthh, elecnroporatlon, ‘injection, or the

' like. See, g,g.,, Sambroo k, et al. (1989) Molecular Cloning: A
Laboratory Guide, Vols 1-3, Cold Spring Harber Press, which is
hereby incorporated hersin by reference. Introduction of
constructs encoding different forme of the receptor into a

20 single host cell is also contemplated. The host cells will
normally be immortalized cells, i.e., cells that can be
continuously passaged in culture. For the most part, these
cells will be convenient mammalian cell lines which are able to
express a hPDGF-R and, where desirable, process the polypeptide

25 ' so0 as to provide an appropriatc mature polypeptide. By
processing is intended glycosylation, ubiquitination, disulfide
bond formation, general post-translational modification, or the
like. Usually the host will be able to recognize the signal *
sequence for inserting hPDGF-R inte the membrane of the cell.

30 - if secre»lon 1s oe51red the tranameﬂbrane sequence will

' generally be deleted or nutated to prevent membrane

localizatlon of the protein,

& wide variety of host= will be employed for
expr9551on of the peptides, both prokaryetic and eukaryotic,

35 Useful hosts include bacteria, such as E. coli, yeast,
filamentous fungi, insect cells, mammalian cells, typically
immortalized, c.g., various mouse cell lines, monkey cell
lines, Chinese hamster ovary cell lines, human cell lines,
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‘derivatives of them, or the like. In some cases, the cells

will be derived from a neoplastic host cell or wild-type cells
will be transformed with oncogenes, tumof causing viruses or
the like. o . : |
.. Under some c1rcumstances, it will be desirable to
transfect mammalian cells which lack a PDGF receptor, e.q,,
with a construct where a signal seguence and transmembrane
region direct the receptor peptide td the cell membrane.
Progeny of transformed or transfected cells are also intended
to be encompassed. Lymphocytes and cardiac myocytes are
examples of primary cells which lack a receptor. Chinesce
hamster ovary cells (CHO), epithelial cells lines, and a number
of human tumor cell lines also lack PDGF receptors.

The compositions and cells comprising hPDGF receptors
and fragments.can be used for diagnostic purposes and to study

.and treat dlsease or nedical conditlons associated with PDGF

receptors. Use of the soluble extracellular ligand binding
fragments has already been described generally. In addition,
various segments of the intracellular region include
phosphorylated amino acid residues. The sites of
phosphorylation are important in interaction of segments with
other polypeptides. The nature and specificity of the

-interactions are highly dependent upen the presence or absenceé

of the phosphorylation, and fragments ¢f the intact receptor,
or related segquences, will be useful in modulating the
interactions. Thus, intracellular region fragments will also
find important uses.

Cells expressing cloning vehicles containing defined
sequences can be used {0 define specific sites of a PDGF

‘Yeceptor necessary for effecting & particular activity.

Alternatively, these cells will be'useful to assess the ability
of"' a selected rcceptor to bind different ligands (PDGFs and
analogues) thereby providing a powerful tool for evaluating the.
potential .of drugs for promoting or inhibiting specific PDGF~
induced cellular responses. .

Cells transfected, injected, infected or
electroporated with DNA or nRNA containing a full length
natural PDGF-R sequence will often express the native or wild
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type receptor and respond accordingly less than full length
segments will often have desired equivalent functions,
Specific concentrations of a purified receptor or a receptor
polypeptide'fragmeﬁt-cén'be_uséd to block the binding of the’
ligand (PDGF) to native PDGF receptors. Alternatively,
antibodies to the receptor .or fragment can have the same -
effect. In particular, it has been demonstrated herein that
antibodies against epitopes of the extracellular region can
block ligand-receptor binding. Other antibodies will block
dimerization of receptcr polypeptides, and thus modulate

receptor function.

Homogeneous and defined polypeptides and DNa
sequences will find use in raising antibodies and defining
specificity of their binding. 1In particular, antibodies
against'specific regiéns'bf'thé receptor, e.g.,'the.ligand—
bin&ing segments, will £ind use in diagnostic testing or
therapeutics. The reagents PDGF~R, PDGF-R polypeptides, and
antibodies to specific regions of the receptor can be used to
study requlation of PDGF mediated activities. Intracellular
fragments will also have important uses, especially, e.g., the
kinase insert segment.

_ PDGF has roles in tlssue repair, embryogenesis, and
1ikc1y'is involved in atherosclerosis, myeloproliferative
disease, and some carcinomas. Treatment of these conditions
responds to attenuation by therapeutic adninistration of the
soluble extracellular fragments or antibodies. For exanmple,
PDGY agonists stimulate cell proliferative development, an
effect particularly beneficial in wound healing, muscle
regeneration, and arterial wall proliferation. PDGF
antagonists will be uéed, in some cases, to block excess
response, or fo'modulate'PbGF respbﬁse. '

Compositions containing a soluble PDGF-R polypept;de
having betwaen about five and tweo hundred, preferably about 10
or 15 to 50, contiguous amino acids from a human PDGF-R
extracellulayr region are described. In one embodiment, the
polypeptide contains at least about 80 anino acids from .
residues 1 to 499 of a type B human PDGF receptor of Table 2,
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or from residues 1 to 501 of a type A human receptor of
Taktle 3. ' _

In another embodlment, fragments of fhe intracellular
region will find various uses. - In particular, the KI region,
and fragments or analagues thereof, will find use in blocking

or modulating interaction of 'a phosphorylated residue with a

recognition interaction, usually binding by another protein.’
These interacﬁions are often important in further signal
transduction and cellular responses. _

The hPDGF-R protein cxpressed by transfected cells
also finds many uses. If the peptide is secreted, the peptide
will typically be isolated from the supernatant in which the
expression host is grown. If not secreted, the peptide will be
typically be igolated from the e%pression host, e. 9., from a
lysate, The DeptldL will generally be isolated by convenient
technigues employing HPLC, elegtrophore51s, gradient
centrifugation, affinity chromatography, e.g., using PDGF,
column chromatography and other methods of protein purification
used in protein biochemistry to provide a substantially pure
product, e.g., particularly free of cell component

contaminants., See, e.g., Jacoby (15984} Eetgods in Enzymoloqy,

"Vol. 104, Academic Press, New York; Scopes (1987) Protein

burification: Principles and Prggpice; (2nd Ed.) Springer-

Veriag, New York; Deutscher {(ed.) (1990) Guide to Protein

Purification, Methods in Enzvmolooy, Vol. 182: each of which is
hereby incorporated herein by reference.

The receptor protein or amino acids beginning at
about leu(l} through lys(499) of the amino terminal sequence of

H

.the type B receptor, and about gln{l) through glu(501) of the

seauence of the type A receptor, which form the entire |
extracellular reglons, and particularly the PDGF ligand b1nd1nq
portions of the receptor proteins, will find use to affinity
purify PDGF. The extracellular region can also be used affixed
to a so0lid substrate or free in solution to determine drugs
useful as PDGr agonists and antagonists.

The intracellular region of the protein, beginning at
about val(5060) tkrough the carboxyl terminal amino acid of the
type B receptor, and about leu(502) through the carboxyl
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terminus of the type A receptor, aléo find use as tyrosine
kinases for protein phosphorylatian in accordance with well
known techriques. Additionally, aminc acids wmet(-32) through
gly(~1) of the am;na terminal sequence of the type B receptor

" and from about met (-23) through ¢ys(~1) of the type A receptor,

comprise signal sequences which direct the structural protein
through the membrane of a transfected cell. These signal
sequences will be used with a hPDGF-R, but also would be
expected to find use with other proteins if fused to then,
Human PDGF receptor polypeptide fragments will
typically be generated either by direct expressién of truncated
nucleic acid sequences, or by standard proteasc treatment of a
hPDGF receptor, preferabiy purified. Reagents are provided

.harein for either appraacn

As & ulagnostic uSE, thcse reagents provide a method

“for measurlng a PDGY or a PDGF receptor in a target sample,

said method comprizing the steps of:

combining said target sample with a hPDGF receptor
polypeptide segment; and '

determining the extent of binding between said
polypep*lde segment and said sample.

_ . This invention also provides a tranvformeu cell,
whlch is alsc includes progeny of the primary transformant,
capable of expressing a polypeptide homologous to at least a
segment of human PDGF receptor. A preferrad cnbediment is
where the cell expresses a polypeptide homolegous to
subgtantially the entire extracellular region of a human PDGF
receptor, including soiuble proteins,

V. An*1bouzes , ) .

' Polyclona] and/or monoclonal antibodies to the
various PDGF receptors and peptide fragments may also be
prepared. Synthetic peptide fragments may be. prepared in a
peptide synthesizer and coupled to a carrier molecule {e.g.,
keyhole limpet hemocyanin) and injected inte rabbits at
selected times over several months.  The rabbit sera is tested
for immunoreactivity to the PDGF receptor protein or fragment.
Monoclonal antibodies may be nade by injecting mice with hpPDSY-
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R protein, hPDGF-R polypeptides or mouse cells expressing high
levels of the cloned PDGF receptor on its cell surface.

‘Monoclonal antibodies will be screened by ELISA and tested for

specific 1mmunoreact1v1ty with the PDGF receptor protein or

polypeptides thereof. See, e. g., Harlow and Lane {(1988).

antibodies: A laboratory Mapual, Cold Spring Harbor Press, New

York, which is hereby incorporated herein by reference. These
antibodies will be useful in a=gays, or as pharmaceuticals.

once a sufficient guantity of the desired hPDGY
receptor polypeptide has been obtained, the protein will be
used for various purposes. A typical use is the production of
antibodies specific for binding to these receptors. These
antibodies will usually be either polyclonal or monoclonal and
will usually be produced by in yitro or in vive techniques,
c.q., directed towards the goal of defining or recognizing
particular antigenic'determinants; or épitbpes. Usually the
epitopes will be provided by molecular shapes of contiguous
amino acid residues, but may be sequentially non-contiguous but
in close spatial proximity due to secondary or tertiary
structure. In particular, a polypeptide epitope homologous to
a sequence of at least six contiguous amino acids described in
Table 2 or Table 3 will be a useful immunogen. The epitopes of
most ihterest will be those f{rom a gignal segment or .
immunegleobulin domains found in the extracellular region,
particularly those surrounding the PDGF ligand binding regions.
However, other segments will also be important, including
phosphorylation sites in the intracellular region, e.g., the
kinage insert segment, phosphorylated or not.

Forx roductlon of polyclonal antlbodles, an
abploprlate carget 1wmune system is Selected typically a mouse
or rabbit. ' The substantlally purlfled antlgen is presented to
the immune system in a fashion determined by methods '

appropriate for the animal and ‘other marameters well Xnown to

immunologists. Typical sites for Iinjection are in the
footpads, intramuscularly, intraperitoneally, or intradermally.
Of crurse, another species wilil sometimes be substituted for a
mouse or rabbit, including goats, sheep, cows, guinea pigs, and

‘Va'!'
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An immunslogical response is usually assayed with an
immunoassay. Normally such immunoassays involve some
purification of a source of antigen, for example, produced by
the same cells and in the same fashlon as the antlgen was

produced. The immunoassay will, in some instanceés, be a

radioimmunoassay, an enzyme-linked assay (ELISA), a fluorescent
assay, or any of many other choiceg, most of which are
functionally equivalent but may exhibit advantages under
specific conditions.

Monocleonal antibodies with affinities of 10® M
preferably 10° to 10!°, or stronger will typically be made by
standard procedures as deseribed, e. g., in Harlow and Lane,

~1

Antibodies:; A Laboratory Manual, CSH Laboratory (1988); or
Goding (1986) Monoclonal Antlbodles: Prlnclples and Practice

{2a ed) Academic Press, New York; each of which is hereby

incorp orated herecin by referonce. Briefly, éppropriate aniﬁals
will be selected and the desired immunization protocol
followved. After the appropriate period of time, the spieens of
such animals are excised and individual spleen cells fused,
typically, to immortalized myeloma c¢ells under appropriate
selection conditions. Thereafter the cells are clonally
separated and the supernatants of each clone are tested for

their produc *tion ‘of an appropriate antibody specific.for the

desired reglon of the antigen. )
Other sujtable technigues involve jin vitro exposure

of lymphocytes to the antigenic polypeptides or alternatively

to selection of libraries of antibodies in phage or similar

vecitors. See, Huse et al., (1989) Generation of & Large
Combinatorial Library of the Immuncglobulin Reperteoire in Phase
Lambda,"” Science 246:1275-1281, which is herebf_inbdrpqratéd_
herein by refercnce. The polypeptides and antibodies of the
present invention may be used with or without modification,
Freguently, the polypoptides and antibodies Wili'be labeled by
joiﬁing, either covalently or non=-covalently, a substance which
provides for a detectable signal. A wide variety of labels and
conjugation techniques are known and are reported extensively
in both the scientific and patent literature. Suitable labels
include radionuclides., enzyres, substrates, cofactore,
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inhikitors, fluorescent meoieties, chemiluminescent neieties,
magnetic particles, and the like. Patents, teaching the use of
such labels include U.S. Patent Nos. 3,817,837; 3,850,752;
3,939,350; 3,996,345; 4,277,437 4,275,%49; and 4,366,241.

A)lso, recombinant immunoglobulins'maY-be prdduced;'sge Ccabilly,

U.5. Patent No, 4,816,567. |

Full lenath peptides'or portions thereof will, in
particular embodiments, be used for produeing antibodies, .
either peolyclonal or monoglonal. Antibodies are produced by
immurnizing an appropriate vertebrate host, e.g., mouse, with
the peptide or fragment itself, or in conjuaction with an
adjuvant. Usvally two cor more immunizations will be involved,
and the blood or spleen will be harvested a few days after the
last injection.

For . polyclonal antlsern, the ¢mnunoglobu11ns may be

' prec1n1taued isolated and purl&led, including aiflnlty

purification. For monoclonal antibodies, the splenocytes
normally will be fused with an immortalized lymphocyte, ¢.g., a
nyeloid line, under selectiVe'conditions for hybridomas, The
hybridonas will gencrally then be cloned under limiting
diluticon conditions and their supernatants screened for
antibodies having the desired Speclflclty - Technigues for
producing antibodiss are well known in the literature, see,
e.g., Goding (1985} Monoclonal Antibodies: Principles and
Practice (2d ed.,)} Acadcemic Press, N.Y., and Harlovw and Lanc
(1988} Antibodies: A Laboratorv Manual, Cold Spring Harbor
Laboratery, New York, and are exemplified by U.S. Patent Nos,

4,381,292, 4,451,570 -and 4,618,577, which are each incorporated_

nere1n by reference. The antibodies generated therefrom may

_have nany uses in dlSsSbtlng the portions of the receptor

rQSponSLble for various uellu;ar responses and in the general
processing and maturation of the receptor itself, Antibady
agonists or antagonists might even be produced.

| Both proteins and fragments to serve as immunogens,
and as reagents to determine the specificity of binding, are
provided herein.
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The present invention provides a human platelet
derived growth factor receptor (hPDGF-R) purification method as
well as a method for synthesizing PDGF receptors within cells.
Also provided are homogeneous receptors produced by these "

Ui

methods, nucleic acid sequnnces enCleng the receptcrs or
pertions of the receptors, expression vehicles containing these
sequences, cc¢lls comprising the PDGF-receptors, and antibodies
‘to the receptors. Of particular intérest are fragments of the
receptors, which have functional binding sites which compete
10 with receptors to bind particular ligands. See, e.q.,
| Orchansky ot al. (1988) "Phosphatidylinositol Linkage of a
Truncated Form of the Platelet-derived Growth Factor Receptor?
J. Biol. Chem, 263:15159-15165, which provides evidence that an
extracellular region of the PDGF *eueptor can blnd to the PDGr _
15 - ligands.  Also provided are phosphorylated fragments or sites
for phosphorylation which interact with other protalns
important in cellular response to ligand binding. In
particular, soluble extracellular region segments are provided.
Transfected cells find use as a moedel for studying
20 cellular responses to PDGF. For controlled investigation,
mammalian cells which lack a PDGF ‘receptor can be transfected
with an expres 51ﬁn ‘construct conprlslng a DNA -sequence encodlng
a. hPDGF-R. Cells are produced that encode a reccptor that is
often functicnally eguivalent to the wild-type receptor and
26 confer a PRCF-sensitive nmitogenic response on the cell. In
this way, the binding properties of the naturally-occurring
PDGF will he analyzed, as well as fragments or synthetic
compounds, hoth proteinacecus and non-proteinaceous. As
demonstrated in the Experimental section, transfected cells
30 Were used to detcrmine that the AA form of PDGF activates the
type B receptor tyrosine kinase. - The presence of the type A
and type B raveptor polypeptides in a single c¢ell will
fecilitate the study of receptor binding properties and perhaps
even receptor interactions
35 In addition to study:ng PDGF-medlated mitogenesis,
the transfectod cells can be used to evaluate a drug's ability
to funciion as & PDGY agonist or antagonist. In particular,
transfected cells can ke contacted with the test drug, and the
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amount of response determined, e.g., receptor tyrosine kinase
activation or the rate of DNA synthesis, as compared to control
cells in the presence or absence of PDGF or analogs thereof.

~ Alternatively, in a. non—therapeutlc enV1ronment, & method is -

prov1ded for 1nhib1t1ng bxndlng between a PDGF. analogue and a
PDGF receptor present in a solution. This method will contain
a step of adding a PDGF_recepﬁor peptide, e.g., a peptide
homologous to a sequence described in Table 2 or Table 3 to the
solution, or a mutation or medification of one. Binding ,
affinity to variants of the PDGF will alsc be evaluated by such
cells. The inhibition of binding will usually occur by
competition or by interfering with binding, on cither the
reéeptor or the ligand, The assay will often make use of
comparisons with and without test ligand, or by a dlsplacemen+

‘assay, where the dlﬂplaclng llgana is addad after blndlng

occurs.

- However, as indicated above, the PDGF receptor likely
functions in a dimer state. The scoluble forms of the receptor
may interfere with the dimerization and, in some embodiments,
will be effective in blocking signal transduction by a
different mechanism from competitive affinity for the PDGF
ligands. The soluble, or intracellular or transmembrane
fragments'of the various receptor forms would interfere with
dimer formation and thus blocks at least some types of, or some
fraction of, signal transduction. .

This observation provides a method for modifying in
vivo a PDGF receptor modulated activity comprising
adninistering to a patient an amount of a PDGF receptor
blocking agent effective to inhibit PDGF binding to PDGF
receptors. Sometimes, the blockage wil occur at the level of

. ligand binding, by blocking the functional assembly of the-

receptor compleX, or by blocking further interaction of the
receptor with other proteine important in effecting cellular
response, e.dg., phosphotyrosine binding 1nteractions As
discussed above, the PDGF family of protelns have a significant
role in regulating many important physiological processes. The
gcluble PDGF-R polypeptides will generaly ke effective in
nodifying the extent of PDGF modulation of these processes.
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For this reason, the soluble forms of the receptors are useful
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as competitive binding sites for PDGF. Likewise, truncated
DGF binding sites or binding sites which have been mutated
partlcularly those from the human forms descrlbed w1ll

.Fsometlmes be equally effective as natural fcrms, but at n'

lesser cost, both in monetary terms of and in terms of medical
slde-eff°Ct upon admlnlstratlon. i

The reagents provided herein will also find use 1n
the quantitative detection or diagnosis of PDGF analogues, or
PDGF-like ligands for the receptors, or for PDGF receptor™

'polypeptide producticn. Various medical conditions are

indicated by an abnormal level of production of either of these
proteins, including, e.g., various tumor conditions. Thus,
dlagnostlc tests dependent upon uhese reagcnt= are now
available.. ' '

_ With the dlfferent PDGF types, combinlng segments
into chimeric receptors will form different types of receptors
having variations in affinities for the various ligands. With
the genes and proteins of the present invention, distinctions
between various patterns and receptor types will be foung,
specific for various tissue types. Thus, tissue markers based
upon differences in PDGF receptor expresalon would become
available.

Soluble fragnments containing various regions of the
extracellular region of the human PDGF receptor have been shown
to retain high affinity specific binding as in the intact type
B PDGF receptor. The extracellular region of the human
receptor has been expressed at high levels in CHO cells and
secreted intc the medium. In the presence of ligand, the
soluble extracellu;ar fraémcnts block the ablllty of BB- PDGF to'
1n1tiate responses - characterl.tlc of a phy51ologlcal mitogen
responge, The soluble fragments also retain high specificity

in binding to only the BB PDGF, not altering the mitegenic

effect by the AA PDGF. Additional experiments using the human
extracellular region have shown that the {ragments may be used
&% binding segments to assay, ¢.g., by competition, for the
presence of ligands. These results suggest the possibility of
treating various conditions which excessively respond to PDGF
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such as atherosclerosis, osteosarcoma, and glioblastoma. The
mitogenic responsé nay be attenuated through use of the soluble
extracellular fragments.

The blocklng of pbyslologlcal response to PDGF

'-resultc From the 1nh1b1tlon of blndlng of the llgand to the

receptor, llkeLy through competitive inhibition. Thus, in
vitro éssays of the present invention.will generally use
soluble fragments comprising the 1igahd binding segments of
these receptors, or fragments attached to solid phase
substrates. These asgays will also allow for the dlagnostlc
determination of the effects of either blndlng soqment
mutations and modifications, or ligand mutations and
modifications, e.g.,, ligand analogues.

The soluble Iragmént will also find use in testlng
1nteractlon of the receptor with modified ligands, e.g.,
biotinylated AA isoform or other PDGF forms, Another means for
blocking ligand acotion will be to interfere with proper multi-
protein receptor association, e.g., dimerization, or
intracellular region interactions with other proteins. 1In
particular, it is demonstrated that particular phosphorylation
events control interactions with ¢ther protein which mediate
other cellular functions. Various assays for this are well
known to those skilled in the art, and see below. '

Receptor components may be substituted by eguivalent
or corxresponding scluble fragments from the other type
polypeptide, e.g., cxXchanging fragments from the type & and
type B polypeptide forms, or from other related polypeptides,
e.g., mouse receptors, or other related receptors.

Morsover, because the type A homodimer binds all

" three *orms of PDGF, the type A binding fragments exhibit

substas.tial generality of ligand biﬁding. The type A binding
fragments are useful for preparing general PDGF bindihg
reayents, _

The qguantities of rsagents necéssary for effective
therapy will depend upon many different factors, including
means of administration. target site, physiological state of
the patient, and other medicants administered., Thus, treatment
dosages should be titrated to optimize safety and efficacy.
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mypically, dosages used in vitro may provide useful guidance in
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the amounts useful for in situ administration of these
reagents. Animal testing of cffective doses for treatment of

“particular disorders- will provide further_predictive'indibatioh
"of human dosage. Various consideratione are ddscribed, e.g.,

in Gilman et al. (eds) (1990) Geodman and Gilman's: The
Pharmacological Bases of Therapeutics, 8th Ed., Pergamen Press;
and Remington's Fharmaceutical Sciences, 17th ed. (1%90), Mack
Publishing Co., Easton, Penn.; each of which is hereby
incorporated herein by reference. Methods for administrafion

are discussed thercin, e.d., for oral, intravenous,

intraperitoneal, or intramuscular administretion, transdermal
diffusion, and others., Pharmaceutically acceptable carriers
will include water, saline, buffers, and other compounds-.

idescribed, 2.9., in the Merck Index, Merck &'Co., Rahway; New

Jersey. Because of the high'affinity binding between PDGF and
its receptors, low dosages of thése reagents would be initially
expected tc be effective, Thus, dosage ranges would ordinarily
be expectei to be in amounts lower than 1 mM concentrations,
typically less than about 20 uM concentrations, usually less
than akeut 100 nM, preferably less than about 10 pM
{picomolar), and most preferably less than about 1 fM
(fazmtomolar;, with an appropriate carrier. Slow relcase
‘ormulations, or slow release apparatus will often be utilized
for continuocus adwinistration. The intracellular segments of
the receptors, both the PDGF receptor and related receptors
will find additional uses as described in detail below.

- The pharmaceutical compositions will be adnministered
by parenteral, topical, oral, or local administration, such as

by aerosol or transdermally, for prophylactic and/ox

therapeutic treatment. The pharmaceutical compositions can be
adninistered in a variety of unit dosage forms depending upon
the method of administraticn. For example, unit dosage forms
suitable for oral administration include powder, tablets,
pills, capsules and dragees.

The pharmaceutical compositions will often be
administered intravenously. Thus, this invention provides
conmpositions for intravenous administration which comprise @
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solution of the’ compgund disgolved or suspended in an
acceptable cérriéf; preferably an agueous carrier. A variety
of aqueous carriers may be used, e.g., water, buffered water,
0.4% salinc, and thé like., These comp051tlons will sometlmes
be sterilized by conventional, well known sterillzatzon |
technigues, or may be sterile filtered. The resulting agueous

PCT/US92/00862

solutions may be packaged for use as is, or lyophilized, the
lyophilized pfeparation being combined with a sterile aqueoﬁé
solution prior to administration, The compositions may contain
pharmaceutically acceptable auxiliary substances as reguired to
approximate physioclogical conditions, such as pH adjusting and
buffering agents, tonicity adjusting agents, wetting agents and
the like, for example, sodium acetate, sodium lactate, sodium
chloride, potassium cblorlde,_calc1um chloride, sorbltan
nonolaurate, tricthanolamine oleate, etc.

For solid compositions, conventional nontoxic Solld
carriers may be used which include, for example, pharmaceutical

-grades of mannitol, lactose, starch, magnesium stearate, sodium

saccharin, talcum, cellulose, glucose, sucrose, magnesium
carbonate, and the like. For oral administration, a
pharmaceutically acceptable nontoxic composition is formed by
incorporating any of the normally employed excipients, such as

. those carriers previously listed, and generally 10-95% of

active 1ncredlent prcferabTy about 20% (see, Remington's,
supra).

For acrosol administration, the compounds are
preferably supplied in finely divided form along with a

surfactant and propellant. The surfactant should, of course,

be non-toxic, and preferably soluble in the propellant.
Representative of such agents are the esters_cr-partial esters,

- of fatty acids containing from 6 to 22 carbon atoms, such as
‘caproic, octanoic, lauric, palmitic, stearic, linoleic,

linolenic, olesteric and oleic acids with.an aliphatic

- polyhydric alceohol or its cyclic anhYdri&a such as, for

example, ethylene glycol, glycerol, erythritol, arabitol,
mannitol, sorbiteol, the hexitol anhydrides derived from
sorbitol, and the polyoxyethylere and polyoxypropylene
derivatives of these esters. Often mixed esters, such as
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mixed or natural glycerides will be employed. The surfactant,
in some embodiments, will constitute 0,1%-20% by wéight of the
composition, preferably 0.25-5%. The balance of the
composition ls ordlnarlly propellant._'Liquefied propéllants'

- are typically gases at ambient condltions, and are condensed

under pressure. Among suitable liquefied propellants are the
lower alkanes containing up to 5 carhons, such as butane and
propane; and preferably fluorinated or fluorochlorinated
alkanes. Mixtures of the above will sometimes also be
employed. In producing the aercsol, a container eguipped with
a suitable valve is filled with the appropriate propellant;
containing the finely divided compsounds and surfactant. The
ingredients are thus maintained at an elevated pressure until
released by action of the valve.
- fhe compositions containing the conpoundq can he

dnlnlste*ed for prophylactic and/or therapeutic treatments.

In therapeutic applications, compositions are administered to a
paticent already suffering from a disease, as described above,
in an amount sulficient to cure or at least partially arrest
the syhptoms of the disease and its complications. An amount
adeguate to accomplish this is defined as “therapeutically
effective dose." Amounts effective for this use will depend on
the severity of the disease and the weight and general state of
the patient.

In prophylactic applications, compositions containing
the compounds of the invention are administered to a patient
susceptible to or otherwise at risk of a particular disease,
Such an amount is defined to be a "prophylactically effective
dose." In this use, the precise amounts again depend on the
patlent's state of health ‘and welght.

| In a. partﬁcularly important. aspbct of the present
invention, it was recognized that many growth factors mediate
their pleiotropic actions by binding te and activating cell
surface receptors with an intrinsic protein tyrosine kinasc
activity. Growth factor receptors with tyrosine kinasc
activity, or receptor tyrosinc kinases, typically possess
similarities in molecular topology. For example, they possess
a large extracellular ligand binding region, a hydrephobic
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transmembrane region, and a cytoplasmic, i.e., intracellular,
region that contains a tyrosine kinasge catalytic domain.
Receptor tyrosine kinases typically have a topology dictating
that the ligand binding segments and protein tyrosine kinase
adtivity_are separated by the plasma membrane. ‘Therefore,

PCT/US92/00862

receptor activation due tc extracellular ligand binding is
translated across the membrane barrier inte activation of
intracellular region functions. | ’ '

The present inventicn takes advantage of the
discovery that phosphorylation of particular amino acid
residues in a polypeptide segment is important in certain
protein-protein interactions. The phosphorylation state of
residues within the regions of interaction, or coupling
regions, modulate the interacfions. In the case of the PDGF
receptor and phosphatidylinositol 3! kinase (PI3 kinase)
iﬁteraétipns, the presance of a phosphotyrosine in the'defined'
kinase insert sequence is important in the interacting between,
e.g., binding between, the receptor and the PI3 kinase, thereby
activating the P13 kinase enzyme. An unphosphorylated XI
segment fails to bind a PI3 kinase activity. fThese
observations will be generally applicable to the interaction of
phosphorylated segments with other binding proteins. With the
elucidation of the nature and specificity of these
interactions, arnalogues, e.g., organic noleécules, are prepared
which serve as analogues to the peptides or phosphorylated
peptides, ' '

Tyvrosine kinases can be broadly classified into two
groups, the transmembrahe receptor kinases and the gytoplasmic
nen-receptor Kinases, with most of the members of the second
group belonging to the so-called src family of tyrosine
kinases. The receptor kinases géhest including the PDGF.
receptor, share certain structural features, e.g., an arino-
terminal signal peptide which is chazacterlstic of membrane
glycoprotelns and a transmenbrane segmeht vhich defines and
separates the oxtracellular angd the 1ntracellular regions of
the receptor protein., The amino-terminal portion of the
receptor protein nakes up the extracellular region which
contains the ligand binding sites. The carbhoxXy-terminal
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portion of the protein makes up the intracellular region of the
receptor, on which the kinase activity is located. Recéptor
kinases are responsible for transducing a signal prov;ded by
1ligand binding to the extracellular region into the '
intracellular compart mnnt, and through cytoplasm;c second
messages, ultlmately to the nucleus.
' betailed comparison of established receptor tyresine

kinase (RTK) primary sequences has led to the identification of
"both shared and unique structural subdomains, or segments,
which permit classification of the RTK family into distinct
groups, see, e.q., Yarden and bllrich (1988) Ann. Rev, Biochem.
57:443-478: and Ullrich and Schlessinger (1990) Cell 61:203~
212: each of which iz incorporated herein by reference.

The PDGF receptor is a member of one such subclass.

| Thess receptors, 1nclud;ng macrophage growth factor (CSF— ~-R)

and the putative receptor g-kit share at least two distinct
structural features. They lack cysteine-rich repeat clusters
within thelr extracellular regions, and they possess another
conserved repeat structure that includes five immunoglobulin-
like rep=zats, suggesting a common architécture for the ligand-
binding regions of the members of this receptor subclass.

| Furthermore, when compared with RTKs of other

subclasses, the catalytic domains of members of this group are
interrupted by long, structurally unigue, hydrophilic, proline-
rich insertion seguences of about 77-107 amino acid residues.
This "kinase insert" (XI), also referred to as a kinase insert
region, divides the cataiytic demain into two segments and is
defined by homology to other tyrosine kinase domains. These KI
seguences are highly divergent, even within each receptor

- subfamily, but. are ctrcrgly consexved between eveolutionarily

distant species, such as chickens, cats and humans. Members of
& related subclass, including the FGF receptor, flg, and bek,
similarly have immunoglobulin-like repeats in their
extracellular region, although only three in number, and kinasc
insert sequences of 10-19 residues located in the cbrresponding
position of the tyrcsine kinase segments.

RTK ligands 1nduce pleioctropic cellular responses,
which in many cell types culminate in cell cycle progression,
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DNA synthesis, and cellular repliéation. Upon ligand binding,
numercus responsive membrane events are initiated, indluding
stimulation of ion transport glucose transport, membrane
kinases, pinocytos is, membrane ruffling, and other cytoskeletal
and morphologlcal cnanges. TheSe events are paralleled by
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actlvatlon of a2 nunber of cytoplasmlc pathways, including

glycelysis, polyamine synthesis, and ribosomal protein $6
phosphorylation. Alterations in the pattern of specific gene
transcription (e.g., g-myc and ¢~fog) are detectable within
minutes, and increased macromolecular synthesis of protein, RNA
and DNA is observed within about 3-20 hours after ligand
binding. PDGF has the unique capability of stimulating both
protein kinase C, through an increased turnover of
phosphatidylinosjtol, and proteln Kinase A, thrcugh nroductlon
of type E prostaglandin. ' : . ’
The importance of the correct regulation of ‘receptor
function is emphasized by the fact that a large variety of
structural alterations found in receptor-derived oncogene
products lead to constitutive activation and, censegquently,
subversion of molecular contrel mechanisms and alteration of
receptor signals. The most common cellular lesion found in

_human cancers involves autocrine activation in conjunction with

receptor overexpression. Many tumors and tumor cell lines have
baen found to coexpress growth factors and their receptors,
including PDGF=-A chain, PDGF-B chain, and PDGY receptor
polypeptides. Autocrine receptor activation represents one
scenario of subversion of normal growth control. 1n principle,
every receptor with tyrosine kinase activity has oncogenic
potential. Many more types of activating mutations, as well as
specific instances of receptor tyrosine kinase. overexpression,
would be anticipated.to be detected in animal and human tumors.
The understanding and control of such defects in normal
cellular metabolism and signal transduction will play an
important role in the diagnosis and therqﬁy of oncogencsis.
When activated by ligand, the PDGF f-rececptor becomes
phosphorylated on tyrosine residues, See, e.g., Ek and Heldin
(1982) J. Riol. Chem. 257: 10486; Frackelton et al, (1984) J.
Biol, Chem. 259: 7909; Kazlauskas and Cooper (1989) Cell 58:
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1121; and Yarden et al. (1986) Nature 323: 226-232. The
mechanism of this "autophosphorylation" reaction appears to
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depend on ligand-induced formation ef receptor dimers and a

, "transphosphorylatlon reaction in which each of the two

5 polypeptlde chains of the dimer phosphorylates the other chalﬁ.
The major =sites of PDGF stinulated receptor phosphorylation are
located in the carboxyl terminal portion of the tyrosine kKinase
domain, about tyr(825) in both the human and mouse type B

. receptor, and in the kinase insert region, about tyr(718) in

10 both the human and mouse type B, that splits the kinase coding
sequences into two parts. It is likely that additional sites
of autophosphorylation have not yet been identified.

One of the consequences of ligand-induced receptor

autophosohorylatioﬂ appesa 's to be a change in confoxrmation of

/15 - the intracelluar region of the receptor. In its activated
state the receptor can physically 1nterac£ with several
cytoplasmic molecules that are likely to be important in signal
transduction.

Activation is also acconmpanied by complex formation

20 with, and tyrosine phosphorylation of, a variety of proteins.
The first to be described was a protein of 85 kD, which is a
putative PI kinase and identical to.a protein referred to as-
D8, see Kaplan et al, (1987) Cell 50:1021. Subsequently, a
number of other proteins have been shown to complex with PDGF

2% receptors and to becomc phosphorylated on tyrosine following
PDGF stimulation. These include the serine/threonine kinase
Raf-1l, which becomes activated in the conple¥; see, ¢.q.,
Morrison et al, (1989) Cell 58: 649-657; and phospholipase C-+,
see, e.g., Morrison et al. (1990) Mol. Cell. Biol., 10: 2359-

30 2366; and GAP, the GTPase activating protein involved in the

;ﬁontrol of ras acﬁivity, sée,'e.g., Xa?lan et al. (1990) Cell
B8: 1121-1133. PDGF treatment also enhances the kinasc
activ1tles of some of these proteins. '

Recently, transient complex fornatlon also has been

'35 shown to occur between three grc family tyrosine kinases (pp60-
¢~src, p59~-fyn, and ppé2-c-yes), p8l, and PDGF receptors. 1ln
addition, PDGF treatment stimulates the tyrosine kinase
activates of these proteins, suggesting that src family kinases
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may play a role in the response to PDGF. Phosphorylation on
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tyrosine residues likely activates the mitogenic potential of
the target protein either by enhancing its enzymatic activity
or by alterxng 1ts 1nteractlons w1th other cellular. protelns. '_

The SH2 system prOV1des poss;ble guidance to :f
part1cu1ar mechanisms and propertles which could bhe applicable
to the PDGF receptors. Some non-réceptor tyrosine kinases
share a congerved noncatalytié'region of approximately 100
amino acids callad the src homology region 2 (SH2) domain. The
SH2 domains of the Fps and Src tyrosine kinases are thought to
possibly interact with and regulate the adjacent kinase domain
and may also form binding sites for proteins phosphorylated by
the kinase domain. 

- Phosnho;apas: C~y (PLC~ 7, and p2l-ras GTPase-

'aCulVatlhg protein (GAP) each contain two ‘adjacent SH2 domalnm.
‘Recent experiments have shown that SH2 domains endow proteins
such as GAP, v-Crk and p60-v-src¢ with the potential to form
complexes with specific tyrosine phosphorylated ligands. The
relevance of these results to the PDGF-R.Was, until now,
unclear. 1n the PDGF receptor embediments, ligand-activated
PDGF receptor induces the formation of a complex of signaling
nolecules including PLC~y, Raf-l, and the 85 kDa PI-3 kinase.

One of the first of the signaling molecules to be
identified as a receptor-associated protein was phosphatidyl-
inositol-3' kinase (PI3 kinase). This enzyme was originally
found to be a kinasc that co-immuncprecipitated with the
complex cf polyoma middle T antigen and the c-src protein, and
with transforming v-gr¢ proteins. PI3 kinase activity was aldo
found in phosphotyroelne or receptor 1mmuncprcc1p1tates of
.lysates from PDGF- stlmulatea cells. The specific role of PI3
‘kinage in mediating cell proliferation has not been determined.
However, the enzyme is regulated by a number of groﬁth factors
and growth factor-treated cells contain increased levels of
phosphoinositides and inositcl phosphates phosphorylated on the
3 position of the inositol ring., Mutants of middle T antigen
or the PDGF receptor that d¢ not associate with P73 kinase are
defective in their mitogenic activities. The protein
responeible for the PI3 kinase acitivity has not been well
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characterized. However the close correlation of the enzymatic
activity with ths presencé of an 81-85 kD protein in |
co-immunoprecipitation experiments with the middle T/c-srg
complex and with the PDGF receptor has strongly suggested that
the 85 XD protéein is either the PI3 kinase or an important
subunit of the kinase. :

Definable fegioﬁs'of the-PpG? receptor were capable
of mediating the interaction with PI3 kinase, as evidenced by
an analysis of a mutated type B PDGF receptor having a deletion

- of the kinase insert (XI) region. This receptor mutant (AKI)

was defective in stimulatiing cell proliferation and in binding
PI2 kinase, even thousn it had tyrosine kinase activity and

stimulated several other responzes to PDGF binding, including
phospholipase C~rediated PI hydrolysis. Recent gtudies have

" shown that the ligand-activated AKI mutant receptor fails to

bind PI3 kinuse, but binds as much PLC-+4 and the c-Raf-1
proteins as the wild type receptor. However, the mutant
receptor i:¢ unable to phosphorylate c-Raf-l ¢n tyrosine

residues and the binding of PLC~-y required tyrosine
phosrlorylation of the receptor. A mutant of the human type R
PDCF receptor that had one of the phosphorylation sites in the
kinase insert domain, tyr({719) in both the human tyﬁc B
receptor, converted to phenylalanine was alsc defective in

pinding P13 kinase.

Thase experiments indicate that either the

' P13 kinase binds directly to a portion of the kinase insert

region containing tyr(719) or that the binding interaction

involves other portions of the receptor that are

conformationally dependent on se uences in the kinase insert

region.

To alhectly study the 1nteractlon between the type B

' PDGF receptor and PI3 kinase, an in vitre system was

cstablished. With this system, it was p0551ble to test the

-‘ability of SynthEtlu polypeptides derived from receptor

sequences in the kinase insert domain to block interaction of
the PI2 kinase with the PDGF receptor. The interaction could
be blocked by a tyrosine-phosphorylated peptide representing a
highly conserved region of the kirase insert domain that

included tyr{71%).

However the peptide blocked PI3 kinase
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binding to the PDGF receptor only when the peptide was
phosphorylated on tyrosine. Scrambled versions of the peptide,
even when phosphorylated on tyrosine, had no blocking activity.
These Studles show that phosphotyr051ne in a SPECIflc sequence
context: serves as. a recognition 51te for the blndlng of ‘a
cytoplasmic signaling molecule,

An in vitro system was used to study the interaction
of PDGF receptors and PI3 kinase. The association of
phosphoproteins with the PDGF receptor is demonstrated by
stimulatiﬁg 3T3 cells with PDGF, immunoprecipitating cell
lysates with type B PDGF receptor antibodies and by examining
the immunoprecipitates for the presence of receptor-associated
proteins that can be phosphorylated in the immunoprecipitates.
See Fig. la "+" lanes. These phosphoproteins include the 85
kDa protein and a 110 kDa protein that have reccntly been
correlated with PI3 kinase activity. See Fig. 1¢. In in vitro
experiments, the type B PDGF receptor was expressed in an
insect cell expression system, partially purified, and
immobilized using anti-receptor antibedies and protein A
Sepharose. The receptor was allowed to autophosphorylate in
vitro, so that it would be in a conformation that mimicked the
ligand-activated state of thé receptor. Cytoplasmic cell
lysates from den51ty~arrested BALB/c 3T3 cells were mixed with
the immobilized receptor and the complexes were washed

extensively. PI3 kinase activity was found in the complex of
proteins associated with the receptor (Fig. id). The receptor-
associated phosphoproteins were detected by an jn vitro kinase
assay using *?P-ATP. See Fig. 1b "-" lane. At least four N
receptor~associated proteins with apparent molecular weights of
140 kb, 120/110 kD (sometimes .a doublet), 85 LD and 74 kD were_
radiolabeled (the bands at 160 kD and 150 kD are the ' '
baculovirus-expressed receptor and its precursor,
réspectively). The 140 XD band has been previously identifiecd
as PLC-4 and the band at 74 XD includeg the raf-1 kinase and
probably another molecule as well. The 85 kD protein
co-miqréted with the 85 kD band, previously considered to be
PI3 kinase, in anti-phosphotyrosine immunoprecipitates of cell
lysates prepared from PDGF-stimulated cells. The association
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of 85 and 110 kD proteins with the baculovirus-expressed
receptor was also observed by gilver stain analysis. W¥hen cell
lysate was incubated with immobilized kinase insert deletion
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7mutant of the PDGF receptor there was no. assoclated PI3 Kinase

activity, and the 110 kD and 85 kD phosphoproteins did not
associate with the mutant receptor. 8ee Fig. 2a and A2b. This
in v1:ro result is consistent with previous indications that
this receptor mutant does not assoclate with PI3 kinase in
intact cells.

When 373 cells were stimulated with PDGF prior to
making the lysates, there was a dramatic reduction in the
amount of PI3 kinase available for association with the
recéntor in vitro (Fig. 1d) and a concomitant reduction in the
association of the 85 kD and 110 kD phosphopro*elns with the
rgccptor_'Flg 1b "+ lane) Although the explanatlon of thls
phenomenon 1s not entirely clear, the observation that PDGF
pretreatment of cells influences the subsequent jin vitro
association of cellular proteins with the receptor indicates
that the associations are sbecific'PDGF—regulated processes,

When the autophosphorylated PDGF receptor was
dephosphorylated ;g_yitfo using potato acid phosgphates (PAP) it

“lost the ablllty to associate with PI3 klnasa activity or 84 kD

protein derived from the BALB/C 3T3 cell lysates (Fig. 3b
and c). This finding indicates that phosphorylation of the
PDGF receptor was required for these protein interactions to
occur,

T¢ identify the site of interaction between the
receptor and the Pi3 kinase, phosphorylated synthetic peptides
were prepared to compete for the binding of the 85 kD protein

"and the PI3 kinase act1v1ty to the receptor in vitro.- Previous .
data suggested that the kinase insert region wasg anOlved in

the association of the PI3 Kinase activity with the PDGF
receptor. In scanning sequences from the kinase insert regions
of the mouse and human PDGF type B and type A receptors, a 20
amino acid region of particularly high seguence honmoleogy (8 out
of 20 identities for the human and mouse PDGF type B receptor
compared to 12% identity for the entire kinasc insert region)
was found., A peptide (¥719) containing amino acids 705 to 724
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of the nouse type B PDGF receptor sequence was synthesized,
This peptide seguence contained two tyrosine residues, Y708 and
¥719. The tyrosinc at pesition 719 of the mouse sequence also
corresponds to tyr(719)-in the human type B PDCF receptor, a
known autophosphorylatlon 51te of the receptor

To determine the abjility of a series of synthetic

.pcptxdes derived from this sequence to block the lnteractlon

between the receptor and the 85 kD/PI3 kinase activity, 3T3
lysates were incubated with the different peptides prior to
mixing with immobilized receptor. The results of these
experiments are shown in Fig, 4. The first lane of Fig, 4a
shows rhosphorylated proteins that associated with the wild
type receptor in the absence of peptides, The arrow indicates
the position of the 85 kD procezn that co-purlfled with bhe PI3
kinase activity. The’ otker lanes show the protelns that )
associated with the receptor in the presence of der1Vat1ves'of
the Y7192 peptide. See Table 4. Mo change in the pattern of
receptor-associated protein was seen when the unphosphorylated
71% peptide (¥719) was preincubeted with the 373 lysate prior
to the association with the receptor. By contrast when a
derivative of this peptide that was phosphorylated at position

719 (Y719P) was added to the incubation, it blocked the binding

of the 85 kD phosvhoprotein {(Fig. 4a) and inhibited the
association of PI3 kinase activity (Fig. 4b) with the receptor.
A scrambled version of this peptide that contained
phosphotyrosine at a position corresponding to 719 but had a
rearranged primary sequence failed to block binding of the 85
kD protein and did not prevent the association of PI3 kinasc
agtivity with the receptor.

e
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Y719

Y719p

¥708P

Y719P short

“Y708P short

Y708P/F719

708/Y719P

Y708P/Y719P
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'TABLE 4

PDGF Receptor Synthetic Peptides

¥71i9pP sCrambicd'

‘Seguence

CGYMDMSKDESIDYVPMLDM

*
GGYMDMSKDESIDYVPMLDM

*
GGYMDMSKDESIDYVPMLDM

&
MDMSKDESIDYVPMLDM

* .
GGYMDMSRDESID

®
GGYMDMSKDESIDFVPMLDM

* .
GGFMDMSKDESIDYVPMLDM

* %
GGYMDMSKDESIDYVPMLDM

% -

- MMDIKVPMDEYMESDYSDLGG

PCT/US92/00862

The asterisks (%) indicate the position of a phosphate group
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A shorter version of peptide Y719P that includes only
34 amino acids (¥719P short) and lacked tyrosine 708 also
blocked binding of the 85 kD protein (Fig. 4a, lane 4) and
 inhibited the association of PI3 kinase activity with the
5 receptor, Surprisiﬁgly,'a-peptide:that includes tYrosihe at
position 719 and phespheotyrosine at position 708 blocked the
interaction of PI3 kinase with the receptor (Fig. 4, lanc 6).
This finding suggests the possibility that tyrosine 708 is one
of the autophesphorylation sites of the receptor that has not
io yet been mapped. A peptide that included phosphotyrosine at
both positions 708 and 719 (Y708P/Y¥719P) also blocked binding
~of the 85 kD protein (Fig. 4, lane 8). Short forms of Y708P
and Y719F also had blocking activity (Fig. 4 lanes 4 -and 9).
To determine the amount of peptide necessary to block
15. the association of the 85 kD and the PIS!kinase activity to the
receptor, the 3T3 lysates'were preincubated with-a range of
concentrations of phosphorylated peptide (¥719P)., As shown in
Fig. 5, approximately 5 pM of Y719P was- sufficient to block
more than 50% of the association of the 85 kD protein (Fig. 5a)
20 and PI3 kinase activity (Fig. 6B) with the receptor.
Concentrations of up to 100 pM of unphosphorylated peptide did
not affect association bestween the receptor and the PI3 Kinase.
Thus the coincident blocklng of 85 kD and PIB kinase acthJty
asscriation with the receptor by peptide Y719P supports the
25 hypothasis that the 85 kD protein is a subunit of the PI3
Llnaqe enzyme,
Next, the ability of peptldes to block the
association of other signaling molecules with the receptor was |
) asscssed. Lysates from 373 cells were incubated in the absence
30 ©or the presence of peptide ¥719P prior to association with the
' récéptor immunoprecipitatgé.'_The dssociation of PLC-y and GAD
with the receptor was determined by immunoblot analysis using
‘specific antibodies (Fig. 6), -confirming previous studies that
these molecules speéifically associate with'autophosphorylated
35 receptors. The association of these proteins with the receptor
' vas not affected by the addition of the phosphorylated peptide,
Y719P, Thus the Y719P peptide specifically blocked association

This Sheet Has Been Replaced .

WL




20

25

30

35

heet HasI “BecinITelgilaced

of 85 XD/PI3 kinase activity with the receptor and did not

affect the interaction of the receptor with GAP or PLC-+.
To determine the nature of the intcractioh of the

receptor with the 85 XD protein, a modxficatlon of Western

PCT/US92/00862

~ blotting methodology was used. - PDGF receptor from S£0 cells

infected with PDGF receptor baculovirus was immuno precipitated-
with receptor antibodiss, labeled with 32p in vitre, and used as
a probe to bind proteins from 3T3 cell lysates that had been '
separated electrophoretically and transferred to
nitrocellulose. The radiolabeled PDGF receptor bound directly
to an 85 kDa protein in unstimnlated 3T3 cell lysate (Fig. 7,
lane 1). Cell lysates from PDGF-treated 3T3 cells did not show
any binding when incubated with the radiolabeled PDGF receptor,
(Fig, 7, lane 2) consistent with the finding that the 85 kD

‘protein from. PDGF-stinulated lysatés was not available for
_asgociation with the imme bilized PDGF receptor (Flg ib). When

the nitrocellulose paper that contained cell lysate protcins
was pre~incubated with peptide Y719P, the radiolabeled receptor
failed tc associate with the 85 kD protein (Fig. 7, lane 4).
The unphosphorylated peptide (¥719) or the scrambled peptide
(Y719P scrambled) did not interfere with the association of the
receptor with the 85 kD protein (Fig, 7, lanes 3 and 5){ This
experiment -showed that the 85 kD protein (Fig., 7, lanes 3 and
5). This experiment showed that the 85 KD protein binds
directly to the PDCGF receptor and does not reguire the presence
of other molecules, The direct binding interaction appears to
involve the 20 amino acid segment in the kinase insert region
containing tyrosine 71%, and t?rOSine phosphorylation of this
segment appears Lo be necessary for the interaction.

These results 1nﬁicate that the 1ntracellu1ar region
of the type B PDGF recentor interacts with molecules that are
likely to play & role in signal transduction. The physical
association between the receptor and signaling molecules such
as PI3 kinase, PLC-v, GAP, and raf-1 only. occurs when the
receptor is phosphorylated on tyrosine. See Fig. la. A recgion
of the receptor that is involved in the blndlng 0f the receptor
to the PI2 kinase has been defined. Short peptides were used
to block the in vitro association of PI3 kinase with the
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phosphorylated receptor. The most likely explanation for the
ability of the peptides to block the association is that they
mimic the receptor and bind directly to the PI3 kinase, 1n
this way they act as competitive antagonlsts. The observation
that only tyroenhe—pho phcrylated peptides had this blocklng

65

actlvity sugygests that phosphotyroslne is directly involved in
the binding of the receptor to PI3 kinase, However
phogphotyrosine alone is not sufficient for binding, since *°
scrambled peptides containing phosphotyresine did not interact
with the PI3 kinase. Therefore the primary sequence of this
portion of the receptor has cssential structural information
that ig required for the binding of the receptor to PI3 Kinase.
t is somevhat surprising that peptides as short as 13 amino
acids contained enough structural information to mimic the
native receptor region that normally binds to the PI3 kinase
(Table 4). S : |
Tyrosine 719 of the type B PDGr receptor is one of

the autophosphorylation sites of the receptor in intact cells
as well as in vitro. Thus, it appears that the portion of the
KI domain around tyrosine 719 is directly involved in the
association of PIa kinaﬁe with the receptor in_vivo. The data
presented hereﬁn indicate that peptide derivatives of Y719
containing one of the two tyrosine residues phosphorylated
(Y708P or Y719P) officiently prevented the association of the
roceptor with the PI3 kinase in in vitro assay. Similar
sequences and interactions are subject to blockage by the
appreopriate fragment seguences., In particular, seguences known
to be phosphorylation sites will be used to select for
analogues which block interaction with other wmediating

proteins. The PI3 kinase is known to associate with the c-ims

protein and with the middle T antigen,.and both of these

proteins are phosphorylated on tyrosine in vivo. A

~ phosphorylation site of the middle T antlgen {(tyrosine 315) ias

in a seguence somewhat homologous. (5 out of 10 amino acids are
identical) to the peptide Y719P used in our experiments. ‘“There
is no obvious homology of peptide Y719¢P to any of the tyrosine
phosphorylation sites on the c~-fns protein. However peptide

¥718P blocked asscciation of P13 kinase with the c~fns protein
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in vitro. Thus an autophosphorylation site of the c-fms
protein is in a region that has a secondary structure that is
similar to the corresponding domain of the PDGF receptor.
These findings 1ndicate that s;gnallng molecules
recognize phosphonyr051ne in a spec*flc sequence context. The
pattern of interactions of the kinase insert deletion mutant
with GAP, PLC-y, and c-raf-1 and the lack of ability of the
peptides used in this report to block GAP and PLC-«y associat;ion
with the recepror shows that different regions of the receptor,
possibly containing different auiophosphorylation sites, are
involved in the binding of specific signaling molecules. Tho
binding of these molecules to the receptbr localize the
signaling molecules and regulate their activities. Tyrosine
phosphorylation of other'cellular proteins by the receptor
kinase targets them‘as;proteins for binding signalihg mqiecules
and the present invention provides the methods and naterials
for generating reagents which will successfully nimic or
interfere with natural signals. For example, fragments from
the hPDGF~-receptor, or related tyrosine kinase proteins, will
be useful to block the natural interactions between them and

 function-mediating proteins. See, e.g., Williams (1989}

Science 243: ~1564-1570; Yarden et al. (1986) Nature 3?3. 226-
232; and Gengank™, for other anuences and proteins Whlch show
homology, both structural and funectional, with the

phosphorylated inserts described herein,

This discovery leads the way to the production of
analogues of the KI segments, For example, short peptides
having non-hydrolyzable moieties will often be produced with,

e.qg., sulfonated mnoieties substituted for phospheorylated
 moieties. A?ternat1Ve1y other o*ganic molecules exhibiting

sufficient structural homologv will often be selected for their
funculonal interaction with the PI3 kinase or other function
mediating proteins. In addition, chimeric analogues, portions
of which are peptide, or modified peptide, and other portions
of which are organic molecules vhich have similar structural
features which are important for interaction, will be
constructed. Thus, molecules exhibiting particular interacting
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features become available, including both natural or

synthetically generated compounds. '
The invention will better be understood by reference

to the fDllOWlng 1llustrat1ve examples. The following examples
are offered by way of Lllustratlon and not by way of
limitation. -

_—

i
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EXPERIMENTAL

In general, standard technigues of recombinant DNA
technology are described in various publications, e.g., _
 Sambrook et al. (1939) molegular;Qlggigg;__énggxuxﬂ;uaLlﬁnﬂﬂa_,-f

5 Cold Spring Harbor Laboratory; Ausubel, et al. (1987) Current
Protocols in Mpolecular Biology, vols. 1 and 2 and supplements;
and Wu and Groseman (eds.) (1987) Methods in Enzymology Vol. 53
(Recombinant DNA Part D); each of which is incorporated herein
by reference. Variations, if any, on those methods have

10 generally been minor.

1. Screening of Human Kidney AGT131 _cDNA Libra angd
" Human Placenta AGT10 cDNA Library

A full-length DNA sequence encoding the mouse PDGF
receptor (mPDGF-R) protein was used as a probe to screén
250,000 plagues of a huﬁan kidney cDNA library. Nick
translation was used to prepare a probe with specific activity
of 12 x 10° cpm per pg. The filters were incubated with the
probe {10° cpm per ml) in hybridization buffer containing 30%
20 formamide, 1X Denhardt's solution, 5¥ $8C, 0.02 M sodium
phosphate pH 6.5, and 500 pg per ml of salmon sperm DNA. After
14 h of hybridization at 40°C, the filters were washed four
times at 55°C with 0.2X 58C and 0.1% SDS ahd'two'additional
times at 65°C with 0,2X SS8C. The filters were then air dried

25 and expcsad for 16 h. '

Ten positive clones were cbtained which were

rescreened with the full-length mPDGF-R probe., Individual
clohes were isolated and analyzed by restriction analysis using -

s
14

) EcoRI endonuclease. The clone containing the largest insert

30 “{2.3 kb), designated clone HK-6, was further characterized and
‘sequenced using dideoxy terminators. Clone HK-6 contained the
receptor sequence from nucleotide 3554 to nucleotide 5691 plus
nine bases fxrom the poly-A tail. '

A nick-translated probe, prepared from the 2.3 kb HK-

35 6 DHA, was used to screen 250,000 plagues of a human placenta
C¢DNA library. This screening was performed at high
hybridization stringency (50% formamide in the hybridization
buffer described above). The filters were incubated with 5
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10° cpm per ml of probe for 14-16 h at 42°C. The filters were
than washed at 65°C in 0.1% SSC-and'O.l%,SDS four times.

After secondary screening with the HK-6 probe, seven
clones were selected and analyzed by restriction digestion with

- ECORI endonuclease. A clone (HP-7) that contained a 4.5 kb

insert was selected and characterized. The sequence of that
clene is described in Table 2 and encodes the type B human PDGF
receptor (B~hPDGF-R}. .

II. ; Construction of Expression Vector

The 4.5 kb DNA fragment containing the complete
coding sequence for the type B human PDGF receptor was isolated
from the HP-7 clone by EcoRI digestion. The gel purified
fragment was cloned inte the EcoRI site in the polylinker
region of SV40 expression vector PSVIC, The psv7d expression
vector, obtained from P. Luciw, at the University of '
California, Davis, was a pML derivative containing the sv40
early promoter region {SV40 nucleotides 5190-5270), a synthetic
polylinker with restriction sites for EcoRI, SmaI, Xbal, and
S8all followed by three translation terminator codons (TAA) and
the SV40 polyadenylation signal (SV40 nucleotides 2556-2770)
(Truett et al. (1984) DNA 4:333-349). The EcoRI fragment
containing the ¢bNA sequence obtained from the HP-7 clone was
inserted at the EcoRI site of the p3v7d.. In the resulting
expression vector, the B~-hPDGF-rcceptor gene was under
transcriptional control of the SV40 promoter.

To ensure the proper orientation of the PDGYF receptor

insert (4.5 kb) with respect to the 8V40 promoter, the positive . .

clones were digested vwith Smal endonuclease which cuts at
position 573 of the receptor .sequence and in the polylinker
region of the expression vector. ' , |

Clones containing the receptor in the proper
transcriptional orientation relcased a 4.0 kb insert in
addition to the 3.2 kb fragment containing the expression
vector plus 573 basc pairs of the 5' end of the receptor. This
plasmid, PSVRH5 was used to co-transfect cells with PSV2 neo
plasmid that confers resistance to the antibiotic neonycin,
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III. Cell Culture and Transfegticn of CHO Cells

CHO cell) clone KI, obtained from the U.C.S.F. Tissue
Culture Facility, were grown in Ham's F-12 media supplemented
with 10% FCS (UCSF Tlssue Culture Facility) and pen101llln and
streptomy in at 37°C in 5% CO,/SS% air. -.

pSVRhs plasmid DNA {10 ug) and psv2 g_g (1 ug) were.
used to co-transfect 1 x 10° CHO cells by the calcium _
precipitation technique of Van der Eb et al. (1580), Methods:in
Enzymology (1980) 65:826-839, with the addition of 10 ug
chloroguinones diphosphate (CDP) to prevent degradation of the
transfected DNA. After 12 h of exposure to the DNA, the cells
were trypsinized and replated at 1:5 dilution. Twenty-four
hours later, the antibictic G418 (GIRCO), an analog of
neomycin, was added to the cultures at a concentration of 400

After two weeks under‘selection, iﬁdepgndent colonies
were picked and transferred to 24-well plates. Confluent
cultures were assayed for the presence of PDGF raceptor by
immunoblot using anti-receptor antibodies. Colonies that were
positive by this assay were single-cell cloned by end-limiting
dilution. '

Stable transfected clones were tested for the
exn;evsnoﬁ 0f the type B PDGr receptor message measured by RNA
protection assays and for the presence of PDGF-gtimulated
receptor protein detected by anti-phosphotyrosine antibodies.

Iv. Expression of B~hPDGF-R cDNA in CHO Cells

CHO cells transfected with plasmid DNA containing the
human receptor cDNA under the transcriptional control of the
SV40 early promoter (CHO-HRS) and CHO cells transfected with a
similar plasnid containing . the rousé receptor cDNA (CHO-R18)

were solubilized as previously described by Escobedo et al.

(29887 J. Biol. Chem. 263:1482-1487} Extracts were analyzed by

SR e

Western blot analysis using an antibody that specifically
recegnizes sequences in the receptor carboxyl-terminal region
as previously described by Escobedo-et al. (1988) J. BRiol.

Cher.: and Keating et al., (1987) J. Biol. Chem. 262:7932-7937.
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The 195 kDa protein is the mature receptor and the 160 kba
_protein is the receptor precursor.

The expression of the receptor protein in the
transfectants was demonstrated by using antibodies that

71

recognize an 1ntracellu1ar sequence in the receptor. The c1ona

that had the highest levél of human receptor expression wa

chosen for further study. - This transfectant had receptors that
‘were labeled with 1""I-PDG_I-‘ as shown by the competitive binding

studies described below.

V. ompetitive Binding of the Different Forms of PDGF_to

tne Type B Receptor
The ability of the human recembinant AA and BB

homodimers to compete for the type B receptor sites and

displace 1%°T-labeled PDGF (prepared as described below) wa
‘studied. Each homodimer was produced selectively by a yea
_expression system and.?as.purified from yeast media that i

devoid of other mesenchymal cell growth factors, thus avoiding
the artifact of contamination by factors that might be present

in mammalian expression systems.

BALB/c 373 cells and CHO transfectants (CHO-HR5) were

incubated with '*I-PDGF in the presence of increasing

concentrations of AA or BB, Binding was carried out at 37
- for 45 min in whole celi suspension. Unbound, radiclabele

PDGF was removed by centrifugation on a Ficoll gradient No

specific binding, determined by incubating CHO cells with '*°1-

PDGF, accounted for 25 percent of the bound radicactivity.
The binding study demonstrated that the transfec

cells can be usecd as a model to study the interaction of hPDGH
with its receptor. In particular, this study demonstrated that

"the transfected type B human reueptor was functionally
equlvalent to the native mouse receptor as indicated by th

following results. Both AA and BB forms of PDGF competed for
the 'I-PDGF labeled sites in the human receptor transfectants.
For the transfected type B human receptor as well as the native
mouse receptor, the RB form was of highér affinity than the AA

form. When expressed in yeast, the AA form of PDGF may be
processed aberrantly, giving it a lower affinity than the
form for both the transfected cells and mouse 3T3 cells.
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consistency of the pattern of competition shows that the aa
form interacts with the transfected type B human receptor in
the same way as it does with the native mouse receptor and

demonstrates that these receptors are;functionally_équivalent.

vI. | Activation of the PDGF Receptor Tyrosineg Kinase

The. ability of recombinant AA-and BB homodimers and
of human partially purified AB PDGF to activate the type B
receptor tyrosine Kinase was studied. The yeast-derived AA and

. BB homodimeric forms and the platelet-derived AB form

stimulated autophosphorylation of the transfected human
redeptor.

| BALB/c 373 cells and CHO cells'tvansfectea with the
human PDGF receptor cDNA (CHO-HR5) were lncubated w;th ,
1ncrea51ng amounts of the different forms of PDGF (AA, BB and
AB). Following polyacrylamide-SDS electrophore51s, the
phosphorylated receptor was ldentified by Western blot using an
anti-phosphotyrosine antibody. -

The receptor prﬁtein co-migrated with the 200 kDa

molecular weight marker. The concentration of each form that
was effective in stimulating autophosphorylation of the

"transfected human receptor was equivalent to the concentration

that gave a similar autophosphorylation to the native mouse 3IT3
receptor or the transiected mouse receptor.

These results showed for the first time that the AA
form of PDGF activates the receptor tyrosine kinase of the type
B receptor. Prior to use of the transfected cells, there was
ne demonstratien that the AA form had hPDGF activity or that a
single roceptor, the type B receptor, was capable of
retognizing all three forms of PDGF.. Further, the results

_ demonstrate that the human cDNA encodes a type B receptor'that-

is functionally equivalent to the wild-type receptor that is
responsible for PDPGF-stimulated tyrosine kinase activity in
mouse 3T3 cells,

Thus, the transfected cells are useful models for
studying PDGF-induced mitogenic responses.

Vi1, Rate of DNA Synthesis in CHO Transfected Cells
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BALB/c 373 cells and CHO cells transfected with the
type B human PDGF receptor cDNA (CHO-HR5) were incubated with
saturating concentrations of the three forms of PDGF.
Untreated cells and vells treated with fetal calf serun (TCo)

. were used as negative and pOSltlve controls, respectlvely. The

level of ’H~thymidine incorporation into DNA was determined by
measuring the radioactivity of the acid-precipitable material
as previously described.

Transfection of CHO cells with either type B human or
mouse FDGF receptor conferred a PDGF-sensitive mitogenic
response, All forms of PDGF stimulated DNA synthesis in both
the type B human receptor transfectsbt and the mouse cells
bearing the native receptor,

These data showed that the A chain homodimer and the

B chain homodimer, like the AB -platelet-derived form, were

mitogens that can act through the receptor encoded by the type
B human cDNA sequence. The mitogenic action of these forms of
PDGF on mouse 3T3 cells and CHO cells containing the
transfected type B huran receptor demonstrate that the
responses were mediated by functionally equivalent receptors.

vIII. lsolaticn eand Expreession of the Tvpe A PDGF Regeptor

The type A receptor was isolated as described for the
type B receptor, above, except that different probes were used
and hybridization angd screening'were performed under low
stringency conditions, as described below. In particular, a
region in the type B receptor tyrosine kinase sequence having a .
high degree of homology to published tyrosine kinase anino acid

sequences was identified and had the amino acid segquence,

HRDLAARN. Oligonuclaatidé probes encoding the tyrosine kinase
consensus seguence were prepared having the following
sequences:

GTT(G/C) CEXGCXGCCAGKTC (G/C) CGXTG _
where ¢/C indicates either G or ¢ was used and ¥ indicates any
of A, T, C or G was used. The human placenta. AGT10 cDNA
library was screened as described above but with low stringency
conditions using a bufier with 6X 53¢ 6.,1% SDS and 5X
Denhardt's soiuticn at 42°C as follows. Filters were screened
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by washing at 52°C in 2% $SC. A clone encoding the type A
receptor was isolated and sequenced by the procedure described

74

for the type B receptor gene.

~ The DNA vequence of the gene encedlng the type A
receptor {A-hPDGF-R) together: with the deduced amlno ac1d
sequence are shown in Table 3, above.

_ The clone encoding A-hPDGF-R was digested, gel
purified and inserted into the SV40 expression vector, psSv7¢,
as described for the type B receptor clone.

That vector is used to transfect CHO cells as
described above for'the type B receptor. With expression of
the vector coding sequence, transfected CHO cells produce a
functional receptor that binds all three hPDGF forms,
preferentially binding the AA homodimer.

IX. - grtracel;g;g; Murine PDGF-R Erggmente Construction of

pSV=5RX1d_Expression Vector and Transfection of DUKX-

Bll Celils With a Murine Extracellular Region

To express the secreted extracellular region (XR) of
PDGF type B receptor (type B PDGF-R), a GDNA clone of the '
murine PDGF-R was mutagenized to introduce a Stu I restriction
site between ccdons 500 and 501, changing codon 500 from valine
to arginine. The 1.7 kb EcoRI-Stu I fragment was inserted into
pIBI-25 (IBI) which added an in-frameé proline codon followed by
a stop codon at the C-terminus. The 1.7 kb Eco RI-Xba I
fragment was transferred to pSV-7DHFR in which the XR
expression was driven by the 5V-40 early promoter and the
amplifiable marker, a dihydrofolate reductase (dhfr)
transcriptional unit, was driven by an Adenovirus major late
promoter. The complete plasmid encodes the signal sequence and
the first 499 amino acids (the extracellular region) of the
PDGF~R, followed by arginine, proline and stop codons.

The cDNA was expressed in dhfr-deficient CHO mutant
cells, DUKX-Bll. DUKX-Bll c¢ells were trapsfected"to 10-cm
tissue culture plates with 5 gg of pSV-SRX1ld plasmid and

selected for expression with nuclecside-free MEM-o¢ (Gibco)
supplcemented with 10% dialyzed calf serun, 200 pyg/ml proline,
2100 Y/ml penicillin, and 100 pg/ml streptomycin. Colonies were
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picked and screened by analyzing the conditioned media by SDS-

PAGE and Western blotting with a polyclonal PDGF-R antibody

directed against the extracellular region of the receptor

'(Ab77).

Amplifiéation of murine extracellular region expression by

methotrexate

Positive transfectants were treated sequentially with
increasing concentrations of methotrexate starting at 1, 2, 5,
and 10 rM. Colonies from the highest concentrations were then
treated with 10 fold higher concentrations of methotrexate (20,
50, and 100 nM). Colonies from the highest concentrations were
again picked and treated with'increésing concentrations of
methotrexate, The conditioned media from colonies at each

-stage were analyzed by SDS~PAGE and Western blottlng with an'

anti-PDGF-R Ab’ (Ab77) for expression of the extracellular
region protein. Methotrexate-resistant (5 uM) cells that
secreted highest amount of the extracellular region protein
were named DPXR (DUK~PDGF~R extracellular region) cells,
Enzymatic treatments of the extracellular region
protein with O-glycanase (Genzyme Co.) and N-glycanase (Genzyme
Co.) were performed. Briefly, extracellular region protein

partially purified with wheat germ agglutinin (WGA) affinity

chromategraphy (50 nM, in 20 mM sodium phosphate, pH 7.4) was
incubated with N-glycanase (10 U/ml) overhight at 37°C and then
with O-glycanase (2 mU/ml) for an additional 2 h. The sample
was then bolled for 5 min and énalyZed with SDS-PAGE and
Western blotting with Ab77.

_ gogdltloned nedna

o DPXR cells at 959 confluence were waghed twice with
serum~free DME H21 medium. Four ml of DME H21 medium

- .supplemented with 10% protein-free Serum Substitute (UCSF Cell

Culture Facility) was added to cach 10-cm cultuxe plate.
conditioned media containing murine extracellular region
polypeptide which were used for various assays were collected
from DPXR cells over 48 h unless otherwise mentioned.

This Sheet Has Been Relp aced
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re tion of '?*I1-BB-PDGF
BB~PDGF (gift from Chiron Corporation) was iodinateqd.
Briefly, 2.5 ug of BB-PDGF were rotary-evaporated in a

76

silanized polypropylene tube. BB~PDGF was resuspended in i0 sl

of 0.1 M sodium borate (pH 8.5). ®I-mono-iodo Bolton Hunter.
reagent (500 uCi; Amersham) was dried under nitrogen. - The BB-

'PDGF was added to the dry Bolton Hunter reagent and incubated

for 15 min at 4°¢C. Fifty pl of qguench solution (0.1 M sodium
borate, 0.2 M glycine, pH 8.5) was added to the reaction
mixture, which was incubated for an additional 10 min at 4°C.
The entire reaction mixture was loaded on a PD-10 column
(Pharmacia) eguilibrated with 0.1 M acetic acid containing

1 mg/ml BSA (ICN Biochemicals), and eluted with the same
buffer, '

X. Binding assavs |

Of relevance to fhe production of soluble fragments
of PDGF receptor polypeptides, and assays for their use, are
technigques and results reported in Kimball and Warren (1984)
Biochim. Biophvs, 2Acta 771:82-88; van der Schaal et al. (1384)
Anal. Biochem. 140:48-55; van Driel et al., (1989) J. Biol,
Chem. 264:9533~9538; Heldin et al. (1988) EMBO J. 7:1387-1393;
Williams et al. (1982) Proc. Nat'l Acad. Sci. USA 79:5867~5870;
Williams et al. (1984) J. Biol. Chem. 259:5287-5294;: and
particularly, Orchansky et al. (1988) "Phosphatidylinositol
Linkage of a Truncated Form of the Platelet-derived Growth
Factor Receptor" J, Biol. Chem. 263:115155-15165; each of which
is hereby incorporated herein by reference. In particular, the
Orchanegky publication provides evidence that a whole
extracellular region of & PDGF receptor, when separated from
the TM and intracellular regicns,'sﬁill'is“capable of binding
to PDGF ligands.

In whole cell binding assays, 2.x 10% R18 .cells (PDGF
type B receptor tfansfectant CHO cells) detached with PBS/EDTA
(2 mM) were incubated with 10 gl of platelet-poor plasma, and
PBS/Hepes (25 mM final, pH 7.4). Conditioned media, 12.5 ul to
200 ;1, from DPXR cells (collected as described above), which

contain the extracellular rogicn proteirn, were added to the
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binding mixtures in & final volume of 250 ul to form 20 to 1.25
The mixtures were shaken overnight at 4°C and

fold dilutions,
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spun through 75C ul of Ficoll gradient (28.5% Ficoll-Paque
The supernatants were aspirated

(Pharmacia) in PBS) at 4°C.

and the radloactlvltj in the: cell pellets was determined with a

ganma-counter.

_ To measure 1ts aff*nlty for BB~PDGF, extracellular
regibn protein was immobilized by adsorptlon onto a plastic™
surface. 50 pul of WGA affinity chromatography purified

extracellular region (approdimately 80 nM, estimated by silver

straining) wae diluted in 10 ml of 25 mM Tris Cl, 75 mM RacCl,
20 mM NHqHCO%, pH 7.5, and 100 pl aliguots were plated in cach
well ¢f 96-well EL1SA microtiter plates (Dynatech Products

Co.). After overnight incubation at 4°C, the plate was washed
- once and blocked with 0. 5% gelatin in 100 mM NaCl, 25 mM Hepe-,

51 1.35 for 3 h at 4'", "The plate was then washed twice with
25 mM Hepes,

binding buffer {0.3% gelatin,
1257 -BE~PDGF and/or unlabeled BB-PDGF were added to

pH 7.35).

100 mM Nacl,

the wells in a final volume of 100 pl and the plate was

incubated at 4°C for 16 h for steady state binding.

The plate

was washed three times again with binding buffer and stripped
with 200 pl of 1% SDb, 0 5%- BSA for countlng in a gamma-

counter.

el WA ALLLA S L

thracellular region pelypeptide partially purified
by WGA chromatography (25 ul, ~50 nM) was incubated with

0.2 pcl of 125I-BB-PDGF

concentrations of unlabeled BB-PDGF in a final volume of 100 ul
The extracellular region protein was then

dt 4°C fer 3 h.

(2 nM final concentration) and various

crOSslznked to the liuard by 1 mM bls(sulfosucc1n1mldyl)
suberate (BS?) (cat. ﬂ21a79,.P1erce Chemicals, Rockford,
30 min.

I1lincis) at room temperature for

stopped by 25 mM Tris buffer, pH 7.4, for 5 min.
extracellular region protein was then immunoprecipitated with a
receptor antibody (AL77) and analyzed by SDS-PAGE.

Autophosphorvlation assay

The reaction vas

This Sheet Has Been Replaced
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Conditioned media containing the extracellular region
protein (1 ﬁ]) were incubated with BB~PDGF for 2 h at 4°C. The
mixtures were then added to the 6-well Falcon tissue culture
plates (1 ml/well) which contained monolayer° of qulescent
human PDGF A»reccptor transfectant CHO cells or BALB/c 3T3
cells. The cells were incubated with the mixtures for 10 min
at 37°C and then washed with serum-free DME medium and lysed
with Ripand lygis buffer. Cell lysaées were analyzed by EDG-
PAGE and Western blotting with an anti-phosphotyrosine mab.

Mitogenesis assay
BALB/c 373 cells were plated in 86-well tissue

culture plates for 3 days and made (uiescent with Q-media (DMEM
with 1 mg/ml insulin, 2 ug/ml transferrin and 0.5 mg/ml BSA)
for 24 h. Conditjoned media containing the extracellular
region protein was diluted in 2-fold serial dilutions with
fresh DME H21 medium, preincubated with 2 nM BB-PDGF for 3 h at
4°C and then added to BALB/c 3T3 cells (200 ul/well). The
cells were incubated for 18 h at 37°C. One xCi [*H]-thymidine
(in 50 ul) was then added to each well for 4 h. The cells were
washed twice with cold PBS and fixed with cold trichloracetic
acid (TCA, 5%}, Precipitated cell debris were then washed
extensively with cold TCA (5%) and dissolved in 0,25 N NaOH for
scintillation counting.

XI. Human Extrace laxr Region

Equivalent technigues for construction, expression,
and deterwmination of the physiological effect of truncation or
deletion analogues of the soluble extracellular receptor

fragments from the human receptor may be performed using the

‘macleic acid, bolypeptida; and other reagents provided herein.

Human_ Deletion and Truncation Construectsa .

PDGF~R. CONSTRUCTS
The 3.9 kb EcoRI~-Hind III cDNA fragment of the human
type B hPDGF-R was subcloned into the EcoRI-Hind IJI site of
M13 Mplf to produce a vector MplBPR. TFor techniguesn, see
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Maniatis et al., Molecular Clonindg: A Laboratory Manual (1982},
Cold Spring Harbor, N.Y., which is incorporated herein by

reference, Verification of subcloning was performed by
restriction enzyme dlgestlon analysis and dideoxy chain
termination sequencing, as described by Sanger et al. (1077)
Proc. Nat'l Agad. Sci. USA 74:5463. Oligonucleotide directed
in vitro mutagenesis was berformed according to the method
described by Kunkel et al. (1987) Methods in Enzymol., 154556?.-
The strategy for oligonucleotide directed in vitro deletion
mutagenesis of Mpl8PR is outlined in Fig. 8. In brief, an
oligonucleotide was designed to create a soluble type B hPDGF
receptor extracellular region by deletion mutagenesis., A
mutagenic oligonucleotide aligned with the appropriate region
of the human PDGF receptor can be used to generate deletions.
The antisense strand was used for mutagenesis throughout.
Mutagenesis of PAl utilizcd Mpl8PR as the template. PAl, a 41
] 499 ( 499
¢f D5 and removed the transnembrane (TM) as well as the entire
intracellular kinase domain (K), producing an Mpls PAl, PAl
codes for 530 148  precursor proteins.

The human PDGF receptor constructs were subsequently
subcloned into the EcoRI-Hind IXX 51te of pBJl a derivation of
pCDL-SRa296, as described in Takabe et al. (1988) Molec. Cell

Bigl. 8:466&, and co-transfectaed with pSV2NEO, as described by

Southern and Berg (1982) 3. Mol. Appl. Gen., 1: 327, into
Chinese hamster ovary cells (CHO).

Function of the construct was demonstrated as
followa:

A sample of 0.33 nM PDGF BB ligand is prelncubated

'ior 1 hr at 4°C under the follow;ng candltlons

1. - a polyclonal antjikody to human PDGF (this ant;body'
recognizez human PDGF AA, PDGF BB and PDGF AB);

2. 18 nM (60 fold molar excess to. PDGF BB) human type B
PDGF recaptor;

3. phosphate buffered saline solutlcn that the receptor

and antlbody are in; oxr -

4. no additions but the ligand itself. his Sheet Has Been Relplaced




-
heet Has Been Replaced

i

1o

20

30

35

' PCT/US92/60862
Il o

In a duplicate set of experiments, 0.33 nM PDGF AA is
incubated with three of the above preincubation conditions,
e.9., 2, 3, and 4 above, The human type B PDGF receptor docs

.not appreciably recognlze PDGF AA but this: llgand will still

activate cell-ass ocidted human type A PDGF receptor from NIN3T3
cells and so is a control for human type B PDGF receptor -
specificity and PDGF BB-dependent activation versus non-
specific general cellular effect, e.é., cytotoxicity.
The preincubated materials were in a final volume of

0.5 ml. They were placed in one well each of a six well tissue
culture dish containing a confluent layer of serum starved
(quiescent) NIH3IT3 cells which were chilled to 4°C. The cells
and incubation mixtures were agitated, e.g., rocked, at 4°*C for
2 h. They were then washed twice with 4°C phosphate buffered
saline. Forty ul of 125 mM TriS(hydroxymethyl)amino methane
(Tris), pH 6.8, 20% (v/v) glycerol, 2% (w/v) sodium dodecyl
sulfate (SDS), 2% (v/v) Z-mercaptoethanol, and 0.001%
bromphenol bhlue, (known as SDS sample buffer), was added per
microtiter well followed by 40 gl of 100 mM Tris, pH 8.0, 30 mm
sodium pyrosphoshate, 50 mM sodium fluoride, 5 mM
ethylenediaminetetfaacetic acid (EDTA), 5 mM
ethylenebis (oxyethylenenitrilio)tetraacetic acid, 1% (w/v) S$DS, -
100 mM dithiothreitol, 2 mM phenylmethylsulfonylfluoride
(PMSF), and 200 gM sodium vanadate was added to the cells. The
cells were solubilized and 40 pl additional SDS sample buffer
was added to the scolubilizate. This material was boiled 5
minutes and loaded cnto a single gel sample well of a 7.5%
sodium dodecyl sulfate polyacrylamide gel. <Cellular proteins
were separated by electrophoresis.

| The separated proteins were transferred to
nltrocellulose by electrotransfer and the resulting "Western
blot" was incubated with 3 changes of 0.85% (w/v) sodium
chloride, 5 mg/ml bovine serum albumin, 50 mM Tris, pH 7.5,
(designated blocking buffer) for 20 minutes each at room
temperature, A 1/1000 dilution of PY20 (a commercially
available monoclonal antibody to phosphotyrosine [ICN]) in
blocking buffer was incubated with the blot overnight at 4°C,
The bloet was washed 3 times for 20 minutes each at room
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temperature in blocking hbuffer.. The blot was incubated'with 4
uCi/40 ml of PI-protein A [Amersham) in blocking buffer for 1
hour at room temperature and washed 3 times for 20 minutes each

~at room temperature in blocking buffer. The blot was exposed
to X—*ay film for 48 h with one 1nten51fy1ng screen at =~70°C

and developed with standard reagents.

XII, PDGF Plate Assay |
Polyétyrene microtiter plateé (Immulon, Dynatech
Laboratories) were coated with the extracellular region
fragment of the type B human PDGF receptor (described above) by
incubating approximately 10-100 ng of this protein per well in
100 gl of 25 mM Tris, 75 mM NacCl, pPH 7.35 for 12 to 18 h at
4°C. The protein was expressed in transfected CHO cells and

-collected in serum-free nmedie. (Gibeo MEMa) at a concentration
Oof 0.2 ~ 1 pg/ml, with a total protein concentration of

150 - 300 Lg/ml.

The human type B PDGF receptor extracellular region
fragment was concentrated and partially purified by passing the
media over wheat germ-agglutinin-sepharose at 4°C (at 48 mil/h)
in the presence of 1 mM PMSF. After extensive washing, the
proetein was eluted in 0.3 M N-acetyl-glucosamine, 25 mM Hepes,
100 mM NaCl, 1 mM PMSF, pH 7.4. -This fraction was then applied
to Sephacryl $-200 HR (Pharmacia) eguilibrated in o. 15 M
ammonium bicarbonate pH 7.2. The fractions centaining receptor"
{3 - 10 ng/pl) were detected by SDS~PAGE and Western blotting
with a polyclonal rabbit antibody against a péptide from the
receptor external region. These fractions {3 - 10 ng/pl) were
used to coat the microtiter wells as described above. The
wells were then drained,. rinsed once wWith 200 ul each of 0.
gelatin (Bio-Rad, EI2 grade), 25 mM Hepes, 100 mM NaCl, pH 7. 4,“
&and incubated for 3 h at 4°C with 150 #) of this same solution.
Tha wells were drained and rinsed twice wlth 0.3% gelatin, 25
mM Hepes, 100 mM NaCl, pH 7.4 (150 pl eacr) The plate was put
on ice and 90 u) of the 0.3% gelatin solution was put in each
well (wells used to test nonspecific binding received just 80
ul and then 10 pl of 0.91 ng/ml non-labeled PDGF in the 0.3%
gelatin solution). PDGF BB {Amgen) was icdinated at 4°C to
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52,000 CFM/ng with di-iodo Bolton-Hunter reagent (Amersham) and
approximately 40,000 CPM was added per wall in 10 pl,
containing 0.024% BSA, ©.4% gelatin, 20 mM Hepes, 80 mM NacCl,
70 mM acetic acid, pH 7.4. The plate was incubated for 4 h at
5 4°c, after which wells were washed three times with 150 pl each
with o. 3% gelatin, 25 mM Hepes, 100 mM NaCl, pH 7.4 at 4°c,
The bound *ad10act1v;ty remaining was solubilized from the
wells in 200 pl 1% SDS, 0.05% BSA, and counted in a gamma-
counter. The nonspecific binding was determined in the
10 presence of a 150-fold excess of unlabeled PDGF BB (Amgen) and
was about 7% of the total bound #°I-PDGF.

These studies were made possible by the availability
0f growth factor preparations devoid.of contanination with
other grow h factors and by the use of a receptor expre551on

15 system in which all of .the measured PDGF responses could bé
attributed to this single tfansfected'receptor cDNA,

PCT/US92/00862
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XIII. . Intracellular Region
Cell culture and rscombinant baculovirus.

20 ' BALB ¢/3T3 cells clone A3l from C.D. Scher,
Children's Hospital of Philadelphia, PA., were cultured in
bulbecco Modified Eagle's medium (DMEM) supplemented with 10%

" bovine serun and penicillin and streptomycin (50 pg/mi each).
- Spodopters frugiperda (Sfé) cells (from M. Summers, Texas A&M,

25 TX} were grown in Grace's medium supplemented with 10% fetal
bovine serum, 3.3 g/l veastolate, 3.3 ¢g/1 lactalbumin
hydrolysate, and penicillin and streptomycin 50 ug/ml each.
Recombinant type B PDGF receptor and PDG? type B receptor AKI
mutant baculovirus vectors were prepared by standard

- 30  procedures. ﬁecomblnant baculov1rus vas collocted from
supernatant of SFf9 celis 48-60 hours after 1nfectlon at a’
multiplicity of infection (MOI) of 1.

Antibodies. mitogens, and peptides

35 A type B PDGF receptor antibedy (Ab77) directed
against & synthetic peptide (amino acids 425-446) located at
the extracellular region was used. PLC-q monoclonal antibody
was kindly rprovided by S$.G, Phee, NIH, Bethesda, M¥MD, and GAP




io

20

25

30

This Sheet Has Been Re lace

antibodies were provided by F. McCormick, Cetus Corp.,
Emeryville, California. Recombinant BB-PDGF was provided by
C.G. Nascimento from Chiron Corp. Emeryville, California.
Paptldes used in the association experiments were prepared by .
conventlonal peptlde syntheazs using. phosphOrylated tyrosine
(N~Boc~Tyr—O—[P03Bz12], Peninsula Laboratory, Belmont,
Ccalifornia) for the synthesis of tyrosine phosphorylated
peptides. )

 PCT/US92/00862

Association Assavs

In vivo associations were performed accerding to
Morrison et al. (1989) Cell 58:649-657, Serum starved cultures
of BALB ¢/3T3 cells (10’ cells) were incubated in the'presenco'
or absence of 2 nM PDGF. Cell lysates were 1mmunoprec1p1tatcd
by using receptor antibody or pnosphotvr051ne antibodiss,

Imnune complexes were used assayed for the presence of PI3
kinase activity and to determine the protein that associated
with the receptor. Ip vitre association experiments were
performed according to Morrison et al (1989) or Morrison et al.
(1990) Mol. Cell. Biol. 10:23598-2366. Typically, baculovirus-
expressed type B PDGF receptor was collected from S£9 cells 48-
60 hours after infection (MOI:10) by immunoprecipitation using
feéeptér antibodies, 1Infected cells were washed twice with
cold PBS and lysed in 1 ml of lysis buffer (1% NP-40, 20 m
Tris (pH 8.0), 173 mM NaCl, 10% glycerol, 2 mM EDTA, 1 mM
phenylmethylsulfonylfluoride (PMSF), aprotinin (0.15 U/ml), 20
ﬂM'leupeptin, 1 mM sodiunm orthovanadate) at 4°C for 20 min with
rocking. In most experiments (except where indicated in thé
legend of Fig. 3) the immunoprecipitated receptor was
autophosphorylated in vitro by incubating the immune complexes
in a_buffer;_conta'ining- 20 wM Tris (pH 7.5), 20 mM MnCl, 100 kM
ATP for 15 min at 25°C. Lysates were cleared of insoluble
naterial by centrifugation at 13,000 x g for 10 min. Lysates
were incubated with receptor antibodies (1:800 dilution) for

4 h at 4*C. Receptor-antibody complexes were precipitated
using Protein=-A scpharose (Sigma) and washed consecutively with
RIPA buffer (lysis buffer with 0.1% 8BS}, wash buffer 1 (0.5%
NP-40, 0.5 M LiCl, 50 mM Tris (pH 7.4)} and with 10 mM Tris (pH
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7.4). The PI3 kinase association assay was perfdrmed by
incubating the immobilized receptor with BALB ¢/373 cell
lysates for 3 hours.at 4°C, The immune complexes weare
consecutively washed with cold PBS: 0. 5% NP-40 0.5 M LxCl and ,
50 mM Tris (pH 7.4). In the experiment using peptides the BALB
c/3T3 lysates were prelncupatcd with the peptides (50 pM) for
30 min.at 4°C pricr to the incubation with the PDGF receptor .
protein expressed in the insect cell systen.

In vitro kinase and PI3 kinase assays
In vitro protein kinase assays were performed by

1ncubatlon of the immunoprecipitates in protein kinase buffer
(30 mM Tris (pH 7.4), 10 mM MnCl) and 10 wuCi {y-**P]-aTP 3,000
¢i/mmol, at 25°C for 15 min. The reaction was terminated by

- 'adding 4x Laemml* lcadlng gel buffer. Sanples were analyzed by
- §DS-polyacrylamide gel electrophoresis ‘and autoradiography.

PI3 kinase activity was assayed as described by Kaplan et al.
{(1986) Proc, Nat'l Acad, Sci. USA B3:362=364. Immune complexes
were incubated in P13 kinase buffer (30 mM Hepes (pH 7.4), 30
M MgCl., 200 pM adenosine, 40 #M ATP), 0.2 mg/ml of sonicated
phosphoinositol (PI), and 10 uci [y-*?P}~ATP (3,000 Ci/mmol) at
25°C for 10 minutes. Adenosine was added in the PI3 kinase
éssays'tc inhibit any contaminating qu'kinase activity.
Reactions were terminated by the addition ©of 100 gl of HC1
acid, The products of the reaction were extracted with
chloroforn and separated by thin layer chromatography. The
conversion of PI into PIP was determined by exposing the TLC
plate to an X~-ray film for 2-3 h.

Regegt r dephosph ozvlation

Receptor 1mmunopreczp1tater were incubated for 30
nminutes at 30°C with 4 ug of potato acid phosphatase in the
presence or absence of 1 mM sodium orthovanadate, see Morrison
et al. (1989). After RAP treatment the immunoprecipitates were
washed three times with RIPA buffer containing 1 mM sodium
orthovanadate prior to the incubation with the 3T3 cell lysate.

s Sheet Has Been Replaced
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"Blotting" of 85 kD protein with PDGF receptor probe
Cell lysate protéins transferred to nitrocellulose
membranes were analyzed for their ability to bind directly to
the PDGF receptor by probing the nitrocellulose membrane with

3%p-labeled PDGF. receptor. To prepare the radiolabeled receptor

probé, baculovirus-expressed receptor was Immunoprecipitated
from 10° 89 cells. The immune complexes Were washed and _
labeled by autophospherylation as described above. Labeled'
receptor was sclubilized from the immunoprecipitates by
repeated incubation of the immunoprecipitate in solubilization
puffer (0.4% SDS, 100 mM NaCl, 2 wM EDTA, 2 mM
p-mercaptoethanol, and 50 mM triethanolamine, pH 7.4) at 100°*C
for 2 min., The extracts were pocled, diluted in solubilization
buffer without B-mercaptoethancl and brought to 10 mM
iodoacetamide ahd 1% Triton X- ~100. Analysis of this materlal
by %Ds—polyacrylamlde electrophoresis followed by
radioautography revealed the presence of only the receptor
band. BALB ¢/37T3 cells lysates vere prepared and run on
SD5-PAGE. Proteins were transferred onto nitrocellulose filter
by electroblotting in the absence of SDS. Filters were
incubated with radiolabeled PDGF receptor for 12 h at 4°C, and
washed in the solubilization buffer containing 2% Triton X-100
without ﬁ-mercaptoeﬁhanél. For the éeptide competition
experiments the filters were incubated as described above with
the *?p-Labeled receptor probe and 2.5 uM of the indicated
peptide, .

All publications and patent applications herein are
incorporated by reference to the same extent as if each
individual publication or patent application was specifically
and individually indicated to be incorporated by refereénce, '
The invention now being fully gescribed, it will be apparent to
one of ordinary skill in the art that many changes and

modifications can he made thereto without.departing from the

spirit or scope of the appended claims.
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, TGC

cys

CTG
Leu

CAC
His

CATC T

lle

GAA
Glu

CGA
Arg

150

GGG
Gly

165
GGT
Gly
AGG
hry

GAC
ASD

are «

Ile

GAG
Glu

TTA
Leu

GGG
Gly

TCS
Ser
55

CAG

Gln

CIC

r Leu

CTA
135

GTA
Val

OTG

vail

ealoy]
4 2

CCA
Pro

40
GGT
Gly

GAL-

Glu

ACC
Thr

GAC
Asp

T GTS

120

TT¢
Phe

ACA
Thr

GCA
Ala

GAG
Glu

GAT
Asp
200

GCG ATS CCA 62T TG
Ale Met Pro Ala Leu

TG
Leu
25

GAG
Glu

ATG
HMet

AAC
ASn

TCC .

Ser
105

cca

Pro

ATC
Ile

GAC
Asp

CTG
Leu

GAC
Asp
185

TCT
Ser

PCT/US92/00862

GTCCTTCTAC TCAG

TCTTA

GECAGTAAGG AGGACTTCCT
CAGAAGCCAT CAGCAGCAAG

10

GaAa CCA
Clu Pro

CTT GTEC
Leu Val

ceT CCo
Ala Pro

GCC AAG
Ala Lys
75

CTC ACT
Leu Thr

COT GGA
Arg Gly

GAT CCC
Asy Pro

TTT CTC
Phe Leu

CCA CAG
Pro &ln
155

CT GT¢

ro Val

170
AGA AGC
Arg Ser

GAT. GCL
Asp Ala

This Sheet Has Been Re Iaced

CAG

Gln

oTC
Leu

GTG
val
&0

Gee
Ala

GGG
Gly

ACG
Thr

GG
Val

CAG
Gln

CTA
Leu

»

Glu

140 .

CT6
Leu

aduled
Pro

TaC
Tyr

TAC
'yr

GCL CTC AXRM GGC
Ala Leu Lys Gly

TCT
Ser
J0

GTC
Val

TGG
Trp

GAT
Asp

TGL
Cys
190

GTC
Val

(%
~N
oda

v

b2

520

468

516



TAC
Tyr

ACT
Thr

GGG
Gly

GGG
Gly
255

cac
His

Gae
Gly

~

A4

Giu

0T
Leu

ACA
ThY
335

TIC
Phe

Loy ke
Leu

CTé
leu

Phie

AGA
Ary

GTG
Val

AAT
Asn
240

acele]
Ara

ATC
Ile

ACC
Thr

ARG
Lys

GGA.

Gly
320

CTG
ieu

- F a
Lys

Tce
Ser

GTT
Val

CAT
His
400

C CCT

Pro

CAG
Gln

TGG

Trp

ACG

cTC
Leu

GTC
Val

225

GaT
ASDP
cTG
let

CGC
Ary

TAC
TYY

GCo
Ala

CAG
Gln
210

CGC
Arg

GTG
Val

GTG
val

TCC
Ser

ACC
Thy
290

ATC
Ile

305

GAG

Glu

CAG
Gln

GhC
AsSp

ALG
Thr

&CA
Thr

ocr
Ser

CTG

g

<0

GTh
val

AAC
Asn

cGC
Arg
370

GTG
Val

GAT
Asp

CGA
Arg

6TC
val
GCC
Ala
450
CTG

GG
Val

CAG
Gln

GAG

ATC
Ile
275

TGC

cys

~
23

Asn

GGC
Gly

GTG
val

cGe
Arg
355

-~

&

Asn

TCA

Sar

GoT

Gly”

Asn

cct
Yro
2060

CTG
leu

GTG
val

GTG
Val

" GAG

Glu

CTG
Leu
420

TGT

s C)’IE’

TCC
sSer

GAG
Glu

f ad
TT»

Phe
245

GTE
val
CAC
His

GTG
Val

C xee
e Thr

CTA

r Leu

326

GAG
Glu

CTG
Ley

TCG
Ser

GCA
ala

GTC
Val
405

GAG

Glu

ceT

Arg

GAC
Asp

AGT

ATC
Ile

AAC
AsSn

230
GAG ™

Glu

ACT

T™Thr
ATC
Ile

ACG
Thr

leyyed
val

CAA
Gin

GCC
Ala

GGL 3

Gly

GAG ACC

Glu

GAG
Gln
3%0

CAG
Gln

CTA
Leu

GGC

Gly

cre
Leu

TeC

AAC
Asn
215

ATC
Ile

piele
Trp

GAC
Asp

310

cTC
Leu

AGT
ser

olel]
Arg

Lys

55

GAA
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88

GTC
Val

-ACC
Thr

‘ACA

Thr

TTC €7
Fhe

AGT
Ser
280

AGT

Ser

. DD
o :t.c
(o33 ]

I' GCT
aAla’

CCA

r Pro

TCC
Ser
360

ol olelc
Arg .

cee
Cly

TCcC
Ser

GAG
Glu

Gee
Gly
440

LGG
Arg

GAG

TCT
Sar

CcTC
Leu

TAC

T™yr

[ag
Teu
268

GCC
Ala

GTG
Val

GTG
val

ATG
Met

ece

Pro
250

TTG
leu

GAG
Glu

aAMm
LY

Asn

GGC

Ser Gly

CAT
His

™rc
Phe

AGC
Ser
425

ATG

‘Met

cTC
Leu
330

alain
Pro

GCT
Ala

T GIG
r Val

TAC
Tyr

CAG
Gln
410

Cac
His

CCG
Pro

T CCA
e Pro

AGC

AAC
Ash

TGC
Cys

GCA
Ala
220

ATT
Ile

235

CGe

Arg

GAT
Asp

TTA
Leun

GAC
ASD

TAC
Tyr
315

CAT
His

ACT
Thi

GGC
Gly

TCH
Ser

ACC
™hr
g8

CTA
Leu

cer
Pro

CAG
Gln

CGT
Ary

CAG

Lys

ATG
Met

GAA
Glu

CAT
His
300

GTe
val

cGa
ATy

GTC
val

GAA
Glu

GAG
Glu
180

ATG
Met

CAG
Gln

GAC
Asp

PCT/1:592/00862

GTG
vVal

GTG
Val

GAA

Glu

CCT
Pro

GAC
Asp
285

CAG

Gln A

cae
Arg

AGC

‘Ser

TG
Leu

ATC
Ile
365

CTG
Leu

CGG
Arg

ATC
Ile

AGT
Ser

"AAC
) ASn

445

CTG
Leu

Ca&

Gln

ATC
I;e

¢TI

Lev

CGa

Arc

TGG
Trp
35¢

GCe
Ala

ACA
Y

~es
e

hla

AAT
AsSnh

GGG
Gly
439

me
FE

Ile -

~n
whe

Prc

o~
-

852
300
948
596
1044

1082

1188
1236
1284

1322

1380

1428

1476

1572

l62c
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89 :
'Pro Thr Leu Leu Gly Asn Ser Ser Glu Glu Glu Ser Gln Leu Glu Thr
465 _ 470 475
AAC GTG ACG TAC TGG GAG GAG GAG CAG GAG TTT GAG GTG GTG -AGC ACA’ 1663
Asn Val Thr Tyr Trp Glu Glu Glu Gln Glu Phe Glu Val Val Ser Thr
480 485 . _ 490
. CTG CCT CTG CAG CAC GTG GAT CGG CCA CTG TCG GTG CGC TGC ACG CTG 1716
Leu Arg Leu Gln His Val Asp Arg Pro Leu Ser Val Arg Cys Thr Leu :
495 - 500 . ‘505 : ' 51¢
CGC AAC GUT GTG GGL CAG GAC ACG. CAG GAGC GTC ATC GTG GTG CCA CAC 1764
Arg Asn Ala Val Gly Gln Asp Thr Gln Glu Val Ile Val Val Pro His
i . 515 - 520 525
TCC TTIG CCC TTT AAG GTG GTG GIG ATC TCA GOC ATC C€T¢ GOC OTS GTC . 1812
Ser Leu Pro Phe Lys Val Val Val lle Ser Ala Ile Leu Alz Leu Val
530 535 540
GTG CTC ACC TC ATT TCC CTT ATC ATC CTC ATC ETG.CTT TGG CAG AAG 1860
Val Leu Thr Ile-Ile Ser Lsu Ile Ile Lau Ile Met leu Trp Gln Lys
545 550 585
AAG CCA CGT TAC GAG ATC CGA TGG AAC GTC ATT GAG TCOT GTG AGC TCOT 1308
Lys Pro Arg Tyr Glu Ile Arg Trp Lys Val Ile Giu Ser Val Ser Ser
* 580 565 570
GAC GGT CAT GAG TAT ATC TAC.CTG GAZ CCT ATG CAG CTG CCZC TAT GAC isse
ASp Gly His Glu Tyr 1lé Tyr Val Asp Pro Met Gln Lsu Pro Tyr Asp
575 : sgo0 . ' 585 : 590
TCC ACG TGG GAG OTG CCG 0Ga GAC CAG CTT GTG CTG GGA CGC ACC CTC 2004
Ser Thr Trp Glu Leu Pro Arg Asp Gln Leu Val Leu Gly Arg Thr Leu
585 600 605
GGC TCT GGG GCC TTT GGG CAG GTG GTG GAG GCC ACA GCT CAT GGT CTS 2052
Gly Ser Gly Ala Phe Gly Gln Val Val Glu Ala Thr Ala His iy Leu
610 615 620
AGC CAT TCT CAG GCC ACG ATG ARA GTG GCC GTC AAG ATG CTT AAA TCC 2100
Ser His Ser Gin 2)a Thr Met Lys Val Ala Val Lys Met leu Lys Ser
625 - _ 630 - 635
ACA GCC CGC AGC &GT GAG AAG Chh GCC CTT ATG TCG GAG CTG AAG ATS £148
Thr Ala Arg Ser Ser Glu Llys Gln Ala Leu Met Ser Glu Leu Lys Ile
30 , 645 - 650
ATG AGT CAC CTT GGG C&C CAC CTG AAC GTG GTC AAC CTG TG GGG GCC 2146
hst Ser His Leu Gly Pro His Leu Asn Val Val Asn Leu Leu Gly Ala
655 660 665 670
TGC ACC AAA GGA GGA CCC ATC TAT ATC ATC ACT GAG TAC 2GC CGGC TAC 2244
Cys Thr Lys Gly Gly Pro Ile Tyr lle Ile Thr Siu Tyr Cys Arg Tyr
675 580 . 685 .
GGA GAC CIG GTG GAC TAC CTG CAC CGC AAC AAX CAC ACC TTC COTC CAC 2252
** Gly Asp Leu Val Asp Tyr Leu His Arg Asn Lys Hig Thr Phe Leu Gin : -
: o 650 S 895 - 700 o
CAC CAC TCC GAC ARG CGC CGC CCG CCC AGE BCG GAG CTC TAC AGC AAT 2340
His His SeXr Asp Lys Arg Arg Pro Pro Ser Ala Glu Leu Tyr Ser Asn
, 705 710 715
GCT 0I5 CCC 3TT 866G CTC CCC CTG CCC AGC CAT GTG TCC TIG ACC G435 2388
Ala Leu Pro Val Gly Leu Pro Leu Pro Ser His Val Ser Leu Thy Giy

720 7235 7230

his Sheet Has Been Replaced
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i : 90 _
GAG AGC GAC GGT GSC TAC ATG GAC ATG AGC AAG GAC GA8 TCG GTG GAC 2436
Glu Ser Asp Gly Gly Tyr Met Asp Met Ser Lys Asp Glu Ser Val Asp '
735 740 745 _ 750
TAT GTC CCC ATG COTG GAC ATG LAA GGA GAC GTC AAA TAT GCA GAC ATC' 2484
Tyr Val Pro Met Leu Asp Met Lys Gly Asp Val Lys Tyr Ala Asp Ile
o _ 75% 760 ) o 765
GhG TCC TCC AAC TAC ATG GCC ‘CCT TAC GAT AAC TAC GTT CCC TCT GCC 2532
Glu Ser Ser Asn Tyr Met Ala Pro Tyr Asp Asn Tyr Val Pro Ser Ala
_ ' 70 775 780
COT GAG AGG ACT TGEC CGA GCA ACT TTG ATC AAC GAG TCT CCA GTG CTA 2580
Pro Glu Arg Thr Cys Arg Ala Thr Leu Ile Asn Glu Ser Pro val Leu
B £:1 780 . 795 .
AGC TAC ATG GAZ T GTG GSC TTC AGC TAC CAG 676 GCC T GGC ATEC 2628
S5er Tyr Met Asp Leu V&l Gly Phe Ser Tyr Gln Val Ala Asn Gly Met
800 - _ 80 810
GAS TTT CTG GCC TCC AAG AAC TGC GTC CAC AGA GAC CTG GCO GOT AGG 2676
Glu Phe leu Ala Ser Lys Asn Cys Val His Arg Asp Leu Ala ala Arg
815 £20 825 830
AAC GTG CTZ MTC TCT GAA GGT AAG CTG GTC RAG ATC TGT GAC TTT GGU 2724
Asn Val Leu ile Cve Glu Gly iys Leu Vel Lys Ile Cys Asp Phe Gly
: _ 835 840 84%
CTG G&T-CGA GAL ATC ATG CG'GAC TS AT Tﬂé ATC -TCC AAA GGC AGC ' 2772
Leu Ala Arg Asp Ile Met Arg Asp Ser Asn Tyr lle Ser Lys Gly Ser
850 8550 660
ACC TTT TIC COT TTA AAC TGS ATG GCT CCG GAG AGC ATC TTC AAC AGC 2820
Thr Phe Lsu Pro Leu Lys Trp Met Ala Pro Glu Ser Ile Phe Asn 5ar
865 870 875
'C TAC ACC XALC CTG AGC GAC GTG TGG TCC MC GGG ATC CTG CTC TGG 2868
Lev Tyr Thr Thr Leu Ser Asp Val Trp Ser Phe Gly Ile Leu Leu T
880 885 890
GAG ATC 2TC ACC TTG GGT GGC ACC CCT TAC CCA GAG CTG CCC ATG AAC 2916
Gly Ile Phe Thr Leu &ly Gly Thr Fro Tyr Pre CGlu Leu Pro Met Asn
-895 - _ 900 . 905 . : 910
GAG CAG TTC TAC AAT GCC ATC ARA CGG GGT TAC CGC ATG GTC CAG CCT 2964
Glu 6ln Phe Tyr Asn kla Ile Lys Arg Gly Tyr Arg Met Ala Glh Pro
: 915 920 9235
GCo CAT GLT TCC GAT GAG ATC TAT GAG ATC ATG CAG AAG TGC TGG GAA 301¢
4la His Ala Ser Asp Glu lle Tyr Glu Ile Met Gln Lys Cys Trp Glu
530 gis 940
GAG AASG TTT GAG ATT CGS C2C £CC TTC TCC CAG CTG GTG TG CTT €IC 30690
Giu Lys Phe Glu Ile Arg Pro Pro Phe Ser Gln leu Val Leu Leu leu
8945 _ 950 955
"GAG AGA CTG TTG GGC GAA GST. TAC AAAR AAG AAG TAC CAG CAG GTG GAT 3108
Glu Arg Leu lLeu Gly Glu Gly Tyr Lys Lys Lys Tyr Gln Gln Val Asp
- 860 ' 465 : . 970 - S _
GAG GAG TTT CTG AGG AGT GAC CAC CCTA GCC ATC ¢IT CGG TCC CAG GCC 1156
Glu Glu Phe Leu Arg Ser Asp His Pro Ala Ile Leu Arg Ser Gln Ala
75 880 985 _ e9c¢C
C5C TTG C&T GGG TTC CAT GGG ¢¥L CGA TEYT CCC CTE GAC ACC AGC TCC 3204
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Leu Pro

Lalad

b TAT
ieu Tyr
CTG
Leu

cco
Fro

1025

5 GGT TCC
Gly Ser
1040

TCA
Ser

TCC

Ser
10352

GAG
Glu

ACC
Thr

cCcA
Pre

GAG
Glu

GAd CAG
Glu Gln

TG
lLeu

b sl

LR AGC

Aép Ser'iﬁ;

110
CGLTRCCAGT
CCCTTATCAG
TEEECLTEGE
GAGGCOAALT
TEGGARACTT

AGACCGAATC

CCCTGGCTCE
AGTACAGOAL
AGCAAGTGCC
CoTCAGTCTT
 AGAATGTAAA
TGCATTGGAC
CCCTTCAAAA
TCTAGAGTAT
TTCCATCCTS

Gly Phe His

99s

ACT GCC
Thr A.].a
1010 -

CET GAC
Pro Asp
o

CCC AGC
Pro

ATC T
Jle ser

cee
bro

CAC
Gln
1078
cee

Pro
1080

5
ACCCAGCATC
CTGTCLCOTT
TTAGGAGG
GACTCTGAGE
AGGCTTGATG
CETCRCTGESG
AGCTACCCCT
AAGAGACCCT
CTCATCCAGA
AGCTGGTCTS
ACCCCOAGEC
TGTGTCCOTS

AATCCATCCA
TETGCCAGTS:

CTGCTATGAG
EATGAATAANG
CCAGSTGETT

GGGGTCAGLT GG

GTG
Val

eee
Pro

CTA
leu

76T
Cys’
1060

CTT QAL CTg
Leu Glu Leu

GAT TCG GGG TGE
Asp Ser Gly Cys

91

Gly Leu Arg Ser Pro
: 1000

CAG
Gln

CC AAT GAG GGT
Pro Asn Glu Gly
101;

CCT GAG GTT
Pro Glu Val
1030

AAR
Lys Ala

GCC AGC TCC
Ala Ser Ser
1045

GAC AGC
Asp Ser

ACC
Thr

CTG
Leu

cee
Pro

(ngye]
leu

GAG
Glu

CAG
“Gln

GTG
Val
1080

GAG
Glu

cer
Pro
1088

GCG CCT
Rla Pro

~em e
<GTACCC

TCCTGGCCTS
CTGGAAGCTT

GCOTGGLCGG

GCT

1085

T"CCC”GC
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Thy Ser Ser
1005
AAC

GAC TAT
Asn Asp Tyr
1020

Leu Asp

GAC
ASp

!l&-l
‘® )

-
T
s

CCA
Pro

‘GAG
Glu
10358

AAT GAA
Asn Glu
1050

GAC
Asp

GGC
Gly

GTC
Val

cee
Pro

CAG
Gln

GAC
Asp
cea
Pro

€CG
Pre

CAG
Glu

CGS
Arg

GCE
Ala

T GAAGCOTCCCE

GCTTCCTGTC AGCCAGGLTS

CA AGAAAACTGC

CAGGETTCCC
ACCCAGAATS
AAGATTOTTS
CAAGGAATCA
AGCCTCCLTG
AGAAAGCCAG
GGGCCATTAG
TCCAGCCCTT
TCOTTCAGGE
CCAGAGTCTA
TEEAGTGGCE
GCTTTGGAGG
TCGGACTTAT
GCACATTTGT
GCTECTGS
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[

il

TCTGCTCLTS
ACGGGLCOTE
CCAGGGAACT
TAGGATTCTC
GAGTTACTGA
TAGCTCT

GCAGCCTAAT
GCCCAGGGTA
CCATCAGTCC

"GAAGGCCAGA
‘ACGTGTGTGT

AATCCCTCAC
TAACTCTGAG
CCAGATGAAG
GAGATTCCAG

ACGTETTIGTG <C

ACCAGCCCTC
CAGTTTTCCC &
TCCCTGGLCTE

GGTGETHAAT
£ CTCGCACTTT

GAGCTAGGGT

ATCGATGCCAG T

TAATGCTGGA
CTTGGAGCAT
TGGGEECTTTT
CGGGLCCeae
GCCAGATATC
CCTOTCRGEE
TGCCTTGCEA
CAAGGCTATA
ATCACACATC

CCARACCT
TGCCTLCAGG

TATGTAAGS
ACAGSTGGES
TAA

-ad

TCTTTATCAC
ATCTGTIGATE
GCCCTGSCTC
CCTCAGTTTC
GCACTAACAT
TACCCTARAT

T L e,
-

330¢

334E

339¢

3444

348z

(=]
m
o

3604
3664
3724
3784
384¢
1504
396«
502«
4084

414/

420+

§26¢

4324

438:
444:
450;
456f
462-



GACTCAGGAA
GGCCTTGACT
ATGGGAAGA
AAGGGACAA
CGAGOTCTSE
AAGCTTCAGA
TCACCCACCA
CCCAGACCTA
GAGTCAGGST

TAGGTTITACA
TTTGTATECT

CCATGCCCCT

TAGAGTGACA

‘CACGGGACCT CTTTCACTAC

AGAGGGCAAA
GTCGAAGACK
TGGETACCCC
GCTGCCCCAT
GCAGTGACAT
T TCTAGCCAAG
TCTGGGCACC

GH‘TMC - g a

T GCTTCTCALT

TCCOCAGRCC
GCCGRTATCC

TGAGATCACC
GAATGGACAG
AAGAAGGATG

CCTGAGGCA
CTCATTGTCC
ACGCCCLCaT
AACCCTGCAT
GAGAGTGGGT

GACTCACGT

TCTATOTETG

CAC

92
CCCAGCAAGT
TGGAAAGLCC
CCACGATGAC
TEETGCAGEE
TGAGGACAGT
TGAGAGGTGG
GCGCTCCA&G
CCAGCCCAGT
ACGGGGAGGS
TGCAGGTIGG
TCTCARTACG
TAACTCACAT

TACTTTTOTY

CTCAAGAACA
CCAGCAGCTG
CTCCGGEGGT
CACCACTCCA
TATGTCTTGT

GCGCTTIGGA
GCCGTATCGT TT

GGGCATTGGA

‘TTGGRGAAGGG

CACCTTACTT

.GTACCARAGA

TTATACAGCA
TAAGGGAAAG

PCT/U892/00862

CAGCTGCACA
CCCCAGGGAC
ATCCTGGGCA

GCACCTGTEC

AAAAGACAAG
GGTTTECCCE
TGTCACTG
GSTELCAGGG
GGTGCAGGAA
CCCTGGEATC
TATAATCACC
GAAATGCTAT

ATTTTAATAY

L%}
o

4684
5744

4604

4864 .

4924

" 4984
‘5044

5104
5164

i (%) ]
L) ha>
Es o
FiY I

(K]
I
N O
In

-3

(2} INTORMATION FOR SEQ ID NO:2:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1106 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: lineaxr

(i4) MOLECULE TYPE: protein

(xi} SEQUENCE DESCRIPTION: SEQ ID

Met Arg ieu Pro Gly Ala Met Pro Ala Leu
1 5 1

Len Lev Leu Glu

NO:2:

Ala Leu Lys Gly Glu Leu

15

Leu ger Leu leu Pro Gl

20
Thr

Led Gln Ile

25

Ser
30

Gly

Val
38

Yal Slu Agn Val Ser

AS
val

Pro Leu

40

Pro Pro Gly Lau

Yhe
50

Val lLeu Thr Cys val

€0

Ser Ala Pro

55
Gln

Gly Ser Trp Glu Arg

Ser Gln Glu Pro Glu Ala Gin

70

Fro Met Thr

80
r Gly

Lys
75

Thr

Ala Asp Gly

Leu
90

 Ser Ser Val Lgu Leu Thr Asn Gly
5 ; _ k&

Thr .Glu
19

Gly

Tyr Phe Cys Thr Asn Asp Leu

100

Ser Gly

105

Arg

val
120

Arg Lys Arg Tye X Phe Pro Pro Thr

Pro Asi Asp Ala Giu Fhe Ile Ile
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[ ] !lll



PCI/U392/00862

93
130 | 135 | 140

Ile Thr Ile Pro Cys Afg Val Thr Asp Pro Gln Leu Val Val Thr Leu
145 156 , 155 : 160

His Glu Lvs Lys Gly Asp Val Ala Leu Pro Val Pro Tyr Asp His Glin
: 165 S 1% ST aTs

Arg Gly Phe Ser' Gly Ilé Phe Glu Asp Arg Ser Tyr Ile Cys Lys Thr
18 18 - 190 .

Tar Ile Gly Asp hfq Glu Val Asp Ser Asp Aia Tyr. Tyr val Tyr Arg
‘ 195 200 205

i
m
21
w
©
7
[ ™
[
[

et Gln val ; Azh Val Ser Yal Asn Ala Val ¢ln Thr val
210 . 21S 220 .

val Arg Gin Glv Glu Asn Ile Thr Leu Met Cys Ile Val Ile Gly Asn
225 ’ 230 235 240

Asp Vil va. ~sn Phe Glu Trp Thr Tyr Pro Arg Lys Glu Ser Gly Arg
245 250 _ 25

Leu Y&l GI.. Pro Val %hr Asp Phe Leu Leu Asp Met Pro Tyr Hig Ile
260 265 270

g'Ser *.e¢ leu His Ile Pro Ser aAla Glu Leu Glu Asp Ser Gly Thr
.. 278 . 280 - .. 285

‘Tyr Thr Cys Asn Val Thr Glu Ser Val Asn Asp His Glh Asp Glu lLys
250 295 300

Ala Ils Asn
305

[
[
n

Thr Yal Val &lu Ser Gly Tgr Val Arg Len Leu Gly
310 - 318
Glu V&l Gly Thr Leu Gln Phe Ala Glu Leu His Arg Ser Arg Thr Len
325 330 338

Gln Val va. Phe Glu Ala Tyr Pro Pro Pre Thr Val Leu Trp Phe lys
340 345 ABG

ASp Asn R:g Thr Leu Gly Asp Ser Ser Ala Gly Glu Ile Ala Leu Ser
ci5 _ 360 . 365"

»
e
A
> Q
e
4]
4]

val &ser 5iu Thr Arg Tyr Val Ser Glu Leu Thr Leu Val
3

hy
75 380
Arg Va: Lys Val ala Glu Ala Gly His Tyr Thr Met Arg Ala Phe His
ags 380 385 400

Glu Anp Aida Glu Val Gln Leu Ser Phe Glh Leu ¢ln Ile Asn Val Pro
405% 410 4158

Vail Arg Vel Leu Glu Leu Ser Glu Ser His Pro Asp Ser Gly Glu Gln
420 425 430

“Thi” Val Arg Cys Arg Gly Arg Gly Met Pro Gin Pro Aen Ile Ile Trp
: 435 . 440 _ : © 445 :

Sur'Ala-Cys.Arg Asp Leu Lys Arg Cys Pr6 Axg Glu Leu Pro ?ro Thr
450 : 455 460

Leu Leu Gly Asnh Ser Ser Glu Glu Glu Ser Gin Leu Glu Thr Asn Val
465 470 475 480

Thr Ty® Trp Glu Glu Giu Gln Glu Phe Glu val Val ser Thr Leu Arg

heet Has Been Replaced
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94

485 . 480 485

Leu Giln His val Asp Arg Pro Leu Sexr Val Arg Cys Thr Leu Arg Asn
500 . 505 ' 510

Ala Val Gly Gln Asp Thr Gln Glu Val Ile Val Val Pro His Ser leu
o 515 N o820 ... B2k "

pro Phe Lys Val Val val Ile Ser Ala Ile Leu 2la Leu Val Val Leu
530 : 535 540

Thr Ile Ile Ser Leu Yle ile Leu Ile Met leu Trp Gln Lys Lfs Pro
545 550 585- : 560

Arg Tyr Glu Ile Arg Trp Lys Val Ile Glu Ser vVal Ser Ser Asp Gly
' 565 570 575

His Glu Tyr Ile Tyr Val Asp Pro Met Gln Leu Pro Tyr Asp Ser Thr
580 583 520

Trp Glu Leu Fro Arg Asp Gln

val Leu Gly Arg Thr Leu Gly Ser
595

605

& Phe Gly Gln Val val Ala Thr Ala His Giy Len Ser His
4] €is 620

in
on
=+

|1
P
[

Ser Glin Ala ‘Thr Met Lys. Val Ala Vel Lysz Met a Ly Ala
62% '_ 630 . ) 633 E ' . . 640

[
t‘
<
"
7]
o
L2}
=3
R

Arg Ser Ser Glu Lys Glh Ala Leu Met Ser Glu Leu Lys Ile Met Ser
645 650 655

His Lek Gly Pro His Leu Asi Val val Asn let Leu Gly Ala Cys Thr
860 €65 670

Lys Gly Gly Pro Ile Tyr Ile Ile Thr Glu Tyr Cys Arg Tyr Gly Asp
675 680 685

‘Leu val Asp Tyr Let His Arg Ash Lys His Thr Phe Leu Gln His Hisg
690 _ . 695 , 700

- .Ser Asp Lys Arg .Arg Pro Pre Ser Ala Glu Leu Tyr Ser Asn Ala leu
705 710 715 720

Pro Val Gly Leu Pro Leu Pro Sar His Vzl Ser Leu Thr Gly Glu Sar
725, 730 735

Asp Gly Gly Tyr Met Asp Mot Ser Lys Asp Glu Ser Val asp Tyr Val
740 745 750

Pro Met Leuw Asp Met Lys Gly Asp Val Lys Tyr Ala Asp lle Glu Ser
755 : 760 785
b

=t

ser Asn Tyr Met Ala Pro Tyr Asp Asn Tyr Val Pro Ser Ala Pro Glu
770 775 780

Arg ThT Cys Arg Ala Thr Leu Ile Asn Gilu Ser Pro val Leu Sexr Tyr

785 790 : . 795 _ 800

Met AsSp Leuw Val Gly Phe Ser Tyr Gln Val Ala Asn'Gly Met Glu Phe
- 805 _ £10 T 81s

Leu ala Ser Llys Asnh Cvs Vai Hig Arg Asp Leu Ala Ala Arg Asn Val
83

+ 820 82%

leu Ile Cys Glu Gly lys Leu Val Lys lla Cys Asp Phe Gly Lsu 2ale

IThis Sheet Has Been Rer

AR
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835 840 ' 845

Arg Asp lle Met Arg Asp Ser Asn Tyr Ile Ser lys Gly-Ser'Thr Phe'
850 _ B85 _ B6O

 Leu Pre Leu Lys Trp Met Ala Pro Glu Ser Ile Phe Asn Ser Leu Tyr
865 : SRASE T 7 - 875 b ~ 880

~nr Thr Leu Ser Asp Val Trp Ser Phe'gég Ile Leu Leu Trp'gég Ile
885 B )

phe Thr Leu Gly -Gly Thr Pro Tyr Pro Glu Leu Pro Met Asn Glu Gin
900 205 - 910

Phe TYr Asn Ala Ile Lys Arg Gly Tyr Arg Mex Ala Gln Pro Ala His
815 924 . 925

Ala Ser Asp Glu Ile Tyr Glu Ile Met Gln Lys Cys Trp Glu Glu Lys
- 8930 o3 : 940 .

1]
@
Lo

Phe Glu Ile Arg Pro Fro Phe Gln Leu Val Leu Leu Leu Glu A
945 950 95k 9

Leu Leu Gly Glu Gly %yr Lys Lys Lys Tyr Gln Gln Val Asp G
565 970 g

- Phe Leu Arg Ser Asp His Pro Ala Ile Leu Arg Ser Gln Ala Arg Leu
v 989 - 98% R 990

Pro Gly Phe His Gly Leu Arg Ser Pro Leu Asp Thr Ser Ser Val Leu
995 1000 1005

Tyr Thr Ala Val Gln Pro Asn Glu Gly Asp Asn Asp Tyr lle Ile Pro
1010 1015 _ 1020

Leu Fro Asp Pro Lys Pro Glu Val Ala Asp Glu Gly Pro Leu Glu Gly
1025 1030 1035 1040

Ser Pre Ser Leu Ala Ser Ser Thr Leu Asn Glu Val Asn Thy Ser Ser
. 1045 1080 1065

The Ile Ser Cys Asp Ser Pro Leu Glu Pro Gln Asp Glu Pro Glu Pro
1060 106% 1079

div Pro Gln Leu Glu Leu Gln Val Glu ¥Pro Glu Pre Glu Leu Glu Gln
1075 1080 ioks

Le: Pro Asp Ser Gly Cys Pro Ala Pro Arg Ala Glu Ala Glu Asp Ser
1080 1095 1100

Phe lLeu
1105
{2} INFORMATION FOR SEQ ID HO:2:
{i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 4100 base pﬁ:ru_
(B} TYPE: nucleic aecid :
{C) STRANDEDKESS: double
{D) TOPOLOGY: linear
(ii) HMOLECULE TYPE: CDHA to m
{111} HYPOTHETICAL: N

{iv} ANTI-SENSE: U

IThis Sheet Has Been Rerlace




CACGCTCTTT ACTCCATGTG TGGGACATIC

CCAGAGCT ATG GGG ACT
Met Gly Thr

oo
b GY
<< ry

2 g
Wiy M

vy v

2]
»*
(9]

Giu

{vi) ORIGINAL SOURCE:

{A) ORGANISM: Homp Sapiens

(vll) IHHEDIATL SOURCE‘
" (M) LIBRARY

FEATURE.
{X) NAME/KEY:
_ (B} LOCATION:
(D) OTHER INFORMATION:

(ix)

(xi)

7T
Phe

T GAT 7T

Asp

s ACC T

Thr L

16¢

CAD
Gin

SEQUENCE DESCRIPTION:
TTGGAGCTAC AGGGAGAGAA ACAG

GAG
Glu
65

ﬁhe

Leaaal e
PR

Leu

GAA
Glu

GTa
val

e
Phe
50

AGC
Ser

< Q)
»]
e Q)

TALC
l!\).:.

GGC
Gly

ccT |
Pre 1

13¢

‘GeC
r Ala

CAC
Hisg

L2 aladd
Aaa

Phe

AGC
Sevr

AAT
Asn
a5

GGG
Gly

TCC
Ser

ATT
Ile

aac
Ash

AAT GGG &
Gly 7T
180

ASn

TCC CAT €CG
ser His Pro
| -

x5
Leu
20

Gar
Glu

GAG
Glu

GAT
AsSp

GGa

Gly

ATA
Ile

AGT

Ser &

cps

lambda g 10

129..3395

ATC
Iie
AXG
Lys

AGT
Ser

AGG

08

15

o
Lev

Ly
Va

21

ACG
Thr

<< €Y

ond

GGG

' Gly

~y
i10

Pne'

AGG

ATTGCGGAAT AACATCGGAG GAGAAGTITC

GCS TTC CT§ GTC TTA GGC TET CTY
Ala Phe Leu Vié Lew Gly Cy% Leu

LJetal
RS RO

cvys

GTG

<
[\
s

GG
val
5%

ATC

ile

GTG
Val

C AAC

Asn

bor O
| )
[

GAT
Asp
13s

CGe

Arg

CTG
val

v e
I N
" oed

CAG
Glin

CAG
Gln
40

AGT T

Ser

AGA
Arg

AGC
Ser

cac
Hig

TAT

- Tyr

120
TAT

Tyr

ACA
Thr

GTA
val

GTA
val

Lo
(1)

SEQ ID KO:3:
AGACTGCAAG AGATCATTICG AGGCCGTGGS

o
Lzu
25

CTG
Len

AGT
Ber

ACT
Th:
105

GTG
Val

TTA
Leu

ACT
Thr

cer
23

GGG
Gly
185

TCA

Ser

Asn

GCT
Ala
80

CAG
Gln

CA

FrO

GTC
val

GAT
Ksp

GC¢C

Ala

TTA

Leu

oCA
Ser

TAC
Tyr

GAA
Glu
75

TCSE
Ser

ACA
Thr

GAC
Asp

ATC
Ile

coe
Pro
155

TCC
Ser

170 .

nn
b
Fro

TAT
Tyr

This Sheet Has Been Repl

[

L

IIl

Falal
LS

Pro

lalal
Ter

Ser

cee
Pro
60

Asn

GAA
Glu

&CA
Pro

GTG
Val
140
GAG
Glu

TAC

Tyr

ATC
Ile

PCI/US92/00862

Lok adael
-« i

Ser

mrm
Y

Fhe
43

ATC
Met

Ash

ATC
Ile

30
Ter

Ser

TCT
Ser

AGCT
Ser

AAT
Ash

Yy~
&LV

CTA
vai

60
120
17¢

o
-
ery

26<

314

362

41¢

g
\»
n-

(4]
Lo
™

i
w
'S

-1

h
(3]
P

64
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GCC ACC GTC AAA GGA AAG AAG TTC CAG ACC ATC CCA TTT AAT GIT TAT 746
Ala Thy Val Lys Gly Lys Lys& Phe Gln Thr lle Prv Phe Asn ggé Tvr
185 . - 200 , :

- GCT TTA AAA GCA ACA TCA GAG CTG. GAT CTA .GAA ATG GAA GCT CIT AAA 794
Ala Leu Lys Ala Thr Ser 4lu Leu Asp Leu Glu Met Glu Ala Leu lys - :
210 Sl 215 ' © 220

ACC GTC TAT ABAG TCA GG3 GAA ACS ATT GTG GTC ACC TGT GCT GTT.TT? 842
Tnr Val Tyr Lys Ser Gly Glu Thr ' Ile Val val Thr Cyg Ala Val Phe
225 ' 230 S22

AAC AAT GAG GTG GTT GAC OTT CAAR TGG ACT TAC CCT GGA GAA GTG AR: éQO
ASn Asn Glu Val Val Asp Leg Gln Trp Thr Tyr Pgo Gly Glu Val Lys
240 24 250 )

GG AAA GGC ATC ACA ATG CTG GAA GRA ATC AAA GTC CCA TCC ATC AAA 8938
Giy iys Gly Ile Thr Met Leu Glu Glu Ile Lys Val Pro Ser lle Lys
2535 260 2653 270

TTG &TG TAL ACT TTG ACS GTC CCC GAG GCT ALG GTG ARA GAC AGT 4GA 98¢
ileu Val Tyr Thr Leu Thr Val Pre Glu Ala Thy Va)l Lys Asp Ser Gly
275 280 285

GAT TAC GAA TST GOT GUU CGC CAG GUT ACC AGS GAG &TC AAA GAX ATS 1034
Asp Tyr Giu Cys_Ala Ala Arg Gln Ala Thr Arg Glu Val Lys. Glu Mez' o
290 © 295 | 300 .

AAG AAA GTC ACT ATT TCT GTC CAT GAG AAA GGT TTC ATT GAA ATC AAax °~ 1082
Lys Lys gal Thr Zle Ser val His Glu Lys Gly Phe Ile Glu Ile Lys
05 310 315

CCC ACC TTC AGC CAG TTG GAA GCT GTC AAC CTG CAT GAA GTC AAA CAT 1130
Pro Tg; Phe Ser Gln Leu Slu Ala Val asn Leu His Glu Val Lys His
3 325 330

TTT GTT GTA GAG GTG CGG GCC TAC CCA CCT CCC AGC ATA TCC T&C CTS 1178
Phe Val Val Glu Val Arg Ala Tyr Pro Pro Yro Arg Ile Ser Trp. leou
335 . . 340 345 350 -

[ 24

AAA AAC AAT CTG ACT COTC ATT GAA AAT CTC ACT GAG ATC ACC ACT GAT 1228
Lys Asn Asn Leu Thr Lev Ile ¢lu asn Leu Thr Glu Ile Thr Thr aAsp
155 160 165

ST¢ GAA AAG ATT CAS GAA ATA AGG TAT QGA AGT AME TTA AAG CTS AT
Val Glu Lys lle Gln Giu lle Arg Tyr Arg Ser Lys Leu Lys leu I
aze 37% 380

CGT GCT AAG GAA GAA GAC AGT GGC CAT TAT ACT ATT GTA GCT CAA 2AT 1322
Ar¢ Ala Lys Glu Glu Asp Ser Higs Tyr Thr Ile val Ala Gln asn
385 380 T ass

GAA GAT GCT GTG AAG AGC TAT ACT TTT GAA CTG TTA ACT CAA GIT C€ZT 137
- Glu Asp Ala Val Lys Ser Tyr Thr Phe Glu Leu Lew Thr Gln Val Pro
. 400 ' 405- - : 4148

[

TCA TCC ATT CTG GAC TIG GIC GAT GAT CAC CAT GGC TCA ACT GGS GGA 1418
S5er Ser Ile leu Asp Leu Val Asp Asp His His Gly Ser Thr Gly Gly
115 420 425 430

CAG ACS GTG AGG TGC ACA GCT GAA GGC ACG CCC CTT CCT GAT ATT GAG ' }466
Gln Thr Val Arg Cys Thr Ala Glu Gly Thr Prs Leu Pro Asp JTle Giu
435 440 445

TGS ATG ATA

-3
Q
o]
g
5
1]
k1)
-

n
[
KIS

ATT AAG ahA TGT AAT AAT GAAR ACT TQZ TSG ]

This Sheet Has Been Relilaced




CGA

GAG
Glu
495

. 57J

GAT
Asp

6TG
Val

ARM
Lys

CAX
Gln

..4\:
Leu
655

A

Het

LTT
Ile

GAC

% AED

480

Thr

IThis Sheet Has Been Replacec

{

Ile

TG
Leu

465

AGG
Aryg

ATC

Ile ;

SAG
Glu

e tas
e s

Ala

o o]
Leu
545

GTT
Val

¢ CCG

bre

AT
tsn

e

X X4

Leu
705

cys
459

-
—i

Ala

AGT
Ser

GCeC

7
st
1]

TG
leu

-~
.,

Ala
£30

GTT
Val

ATT
lle

ATS

MetT G

&G
Val

oGIGY
e Y
o 2

<4
s
o

Ly é

AARC

Asn -

ace

Thr

ATT

AA TCA

Ser

CTS

-Leu

580

GGT
Gly

radad
-

Ala

ATG
Mex

GAA
Glu

774G
Leu
660

my
< M

&TC
val

GAG
Glu
485

TGC

T Cys

Lys

TCA

Ser
470

GGC

GTG GCT

val

8TG

val

kfli.-l
ile
565

cCT T
Pro 4

CGG G

Arg

TGC T

vz

r TrC

Phe

-0

(224
oA

CTG
Lau

AAA
Lys
$50

?xGC

=

Lys
455

AARC
Asn

CGT
Arg

16
Leu
5315

CAG
Gln

CCA
Yro

N efole

Ala

A

Tyr

AGC
cer
695

AAC
ABD

98

ACC
Thr
520

-GTG
“val

Lys

L]
i

Ser

LGA
Glv

680

CAC
His

f ot i
i a

Pro

Asn 2

ATC

Ile

ACT
Thr

AAT

“ABn

505

cTG
lau

ATT
Ile

CCG
Pro

CGA
Gly
AGA

Aty
585

7T
Ser

8C CGS
r Arg

3 GCT
r Ala

G ACT

Thr

ST ACC

s Thr
665

GAT
ASp

cAC
His

GCT
Ala

AGG

CAT
His
870

TGG
TR

GGA
Gly

TCcT C

Ser

AGA
Arg

CAC
His

650

ARG
Lys

TG 'S
Leu ¥

CCA
Fro

GAT
hsp

Glu

GAG
Glu
475

Gee
Ala

CTT
Leu

h-pm

& wd

Ser

G ATC

ile

GAG
Glu

GAA
Glv
715

Ty e
$424

460
ATC
Ile

ARA
Lys

GGA
Gly

GAA
Glu

RTC.

Ile
540

T GAA

Slu

PCT/US92/00862

Ser

CAC
tlas

GTG
val

Ger
Ala

4 v
14 03

CCh

GGG

: Gly

605

L el

Val

GAR
Glu

CCh CA
Prc i

Talal
e

Fro

TAT
Tyr
685

& coh

Prc

+
It i)
4 34

AGR
hxy
390

b
&an

1562

1898
1946

1994

[N
&)
w

.
L]
L]
L8}
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' IThis Sheet
o l”“"Wﬂ"’”MW””"iFaﬂ
AGC TAT GIT ATT TTA TCT TTT GAA AAC AAT GGT GAC TAC ATG GAC ATG 2330
Ser Tyr val Ile Lau Ser Phe Glu Asn Asn Gly Asp Tyr Met Asp Mot
720 725 L . 730 _
'AAG CAG GCT GAT ACT ACA CAG TAT GTC CCC ATG CTA GAA AGG AAA GAG 2378
Lys Gln Ala Asp Thr Thr Gln Tyr Val Pro Met leu Glu Arg Lys Glu .
735 740 745 750
GTT TCT AAA TAT TCC GAC ATC CAG AGA TCA CTC TAT GAT CGT CCA GCC 2426
val Ser Lys Tyr Ser Aisp lle Gln Arg Ser leu Tyr Asp Arg Pro Ala
755 760 . 765 -
TCA TAT AAG AAG AAA TCT ATG TTA GAC TCA GAA GTC AAA AAC CTC CTT ' 2474
Ser Tyr Lys Lye Lys Ser Met ).2u Asp Ser Glu Val Lys Asn Leu Leu
770 . 775 780 .
TCA GAT GAT AAC TCA GAA GGC CTT ACT TTA TT5 GAT TTG TTG AGC TTC 2522
Ser AsSp ABp AsSh Ser Giu Gly Leu Thr l2u leu Asp Lau Leu 5er Phe
. 785 . : 790 . 198
ACC TAT CAA GTT GCC C3A GGA ATG GAG TTT TTG GCT TCA AAA AAT.TGT 2570 7
Thr Tyr Gln Val Ala Arg €ly Met Glu Phe Law Ala Sar lys Asn Qys :
800 805 810 _
GTC CAC CGT GAT CTG GUT GCT CGC AAC GTT CTC CTG GCA CAA GGA AAA 2618
val Hie Arg Asp Leu Ala Ala Arg Asn Val Leu lLeu Ala Gln Gly Lys
815 R20 825 . 830
ATT GTG AAG ATC TGT GAC TTIT GGC CTG GCC AGA GAC ATC ATG CAT GAT 2666
Ile val Lys Ile Cys Asp Phe Gly Leu Ala Arg Asp Ile Met His Asp
8a5 B40 84S
TCG AAC TAT TG TCG AAA GGC AGT ACC TTT CTG CCC GTG AAG TGG ATG 2714
Ser Asn Tyx Val Ser Lys Gly Ser Thr Phe lLeu-Pro Val Lys Trp Met .
78BSO 855 - 880 .
GCT CCT GAG AGC ATC TTT GAC AAC CTS TAC AQC ACA €TG AGT GAT GTC 2762
Ala Pro Glu Ser Ile Phe Asp Asn Leuw Tyr Thr Thr Leu Ser Asp Val
865 870 B7S
TGG TCT TAT GGC AYTT CTG CT¢ TGG GAG ATC TTT TCC CTT GGT GAC ALC 2610
Trp Ser Tyr Gly Ile Leu Leu Trp Glu Ile Phe Ser Leu Gly Gly Thr
889 8BS 880
CCT TAC CCC GGC ATG ATG GTG GAT TCT ACT TTC TAC AAT AAG ATC AAG 2858
Pra Tyr Pro Gly Met Met val Asp Ser Thr Phe Tyr Asn Lys Ile Lys »
895 200 . 905 9ipo
AGT GGG TAC CGG ATG GCC AAG CCT GAC CAC GCT ACC AGT GAA GTC TAC 280¢
ser Gly Tyr Arg Met Ala lys Pro Asp His Ala Thr Ber Glu Val Tyr -
. : 918 920 i - 925 - .
GAG ATC ATG GTG AAR TGC TGG AAC AGT GAG CCG GAG AAG AGA CCC TCC 2954
Glu Ils Met Val lLys Cys Trp Asn Ser Glu Pro Glu Lys Arg Pro Ser
930 - 235 ) 940 ,
TTT TAC CAC CTG AGT GAG ATT GTG GAG AAT CTG CTG CCT GGA CAAR TAT 3002
Phe Tyr His Leu Ser Glu Ile Val Glu Asn lau lau Pro Gly Gin Tyr
545 950 955
AAA AAG AGT TAT GAR AAA ATT CAC CTZ GAC TTC £TG AAG AGT GAC CAT : 3050
lys gzg Ser Tyr Glu Lys Iég His Lau Asp Phe Leu Lys Ser Asp Hic
9 970 '

GAZ AAT GCA TA

©

ATT GGT 308k

=]
o

CCT GCT GTG GCA CGC ATG CST GIG GAC



- Y et ad

_________________§__&

IThis Sheet Has Been

AN

Pro Ala

Val
8478 '
TC ACC

R FY
vai Thr

.TAC

GAT
Asp

CTS
Leu

CCT GAC

Pro

Tyr

GAG
Glu

ATT
ASp Ils

|

‘Arg

Ala

ARA
Lys

AAC
Aen
985

AGA
Arg

CAG
Gln
o010

GAC CCT
Asp Pro

1025

AGA
Arg

CAC
His
10490

Fat At
Ser
10585

ATG
Met

GAL
asp

ATC
Met

AGC
Ser

e
Phe

TG
Leu

ACCTCTGGAT

CCTGATGTCA
AAAAGGTACT
' ATANTTAACC
- ATATTGTAAT
TGTAA

{2} INFORMATION FOR &Lg

AGC
Ser

AGT TE&C
Ser Ser

TCG
Ser

CAG
Gln

ACC

Thy Phe

¥
Hna

Glu

CTG
l.cu

GTIC
Yal

ne
-
Thr

TTC ATC
1le 'Lys

1] llll

Met
980 .

iArq val

GAA GAC
Giu Asp

GCT
Ala

AGT
Ser

lalid
-
Pro

GAG
1030

A
‘Ul

Sey
1045

Glu

AAG AGA
Arg

1060

GAC
Asp
1075

GAC
Asp

TAACTGGCGS ATTCOAGGSS T

CCCGTTCAGA

TAAAGAGRAG TT
T ATTTTGAAAT

GTGTGAAGTT

_ CTTCARGGAC
A TTQTAATYAT

TGGACTTCTE
GCTGCTGTTG
GGTACTATACG
AACCTTGTTT
CTATGTTTAT

ATC
Ile Giy

-~
o

ATA
lle

AAACCAZTTT
CCSAGCCA
CAACTTTGTE
TGGAGATACH

ARCTTTITAA

7D NOta:

Asp Ser.xsp

CAC AGT
Asp Ser
1015

GAG
Glu Glu

GAA GAS
£lu

GAC TECT
ASD

100

985

ARG CTG AAG
Lys Leu Lys

1000

GGC
Gly

GAG
Glu

GAC
Asp

AGT
Ser

Gec
Ala

G GAC
u Asp.

nu

Ser
1080

ATTIGCAATGC
AGGGCCTCGS

AGTETTGCCT o7

TGGATAAGGEG
GTCCAACAGA
CTAATCACGS
TCAATCCATC
AGANGTGCAT

& TCTTTTTTAG

GGTCATTTAG
CTGTTATCAG

(L} SEQUENCT CHARACTERISTICS:

{ii

{xi)

(A) LENGT

{B) TYFR:
(D) TOFULOGY

KOLECUL:L TYPI:

2 1069

SEQUENCY pRefRIPTION:

amino acids
am ‘no acid
linear

Ash Ala Ty

GAC
Asp

TGG
Trp
ATC
Ile

TAC
Tyr

GAG
G;u

ATT
lle

PCT/US92/00862

r Ile Gly

990

GGT GGT
Gly CGly
1005

CTG
Leu

ceT
Pro

1020

CIG
Leu

eldy
Gly
1035
ATT

1050

ACC ATT GAA
Glu Thr Ile Glu
1065

TCA GAC CTG GTG
Ser Asp Leu Val

GGAGGTTGAG
GGAGCCTTTC
TGCAATGC
AATAATAGGC
CACAATTIAT
CTGTGTTTAG
CATCTACTTC
CAAAAACTAT
TCTTARAGAG
AAGCCTGACA
TAATGCTAAA

EEQ 1D KHO:4:

ARG
Lys

GAG ACG
Ile Glu Thr

AGG
Arg

AAC
hsn

GGT TCC

Gly Ser

GAC
Asp

ATC
TIie

1076
GAA

Glu
1085%

GAC
ASp

TCCTTCCAL TTCTGEGGEC

AGGAGGALTT
TARATATGAN
CTCAGTAGCA
CACAGAAGET
ACTQCGACAS
ATTGTATTAA
QUTCTTGARA
TTTTGARCCTT

ATRAAGAATA

TETGTAATAA

3146
3194
3242

3280

3386
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This Sheet Has Been Re

A |||

Met Gly Thr Ser His Pro Ala Phe Leu Val Leu Gly Cys Leu Leu Thr
Gly Leu Ser Leu 1lm: Leu Cys Gl ng Ser Leu Pro Ser Iég Leu Pro
20 .

Asn Glu Ash ¢lu Lyvs Val val Gln Lew asn Ser Ser P?e Ser Leu Arg
a5 40 g

Cys Phe Gly Glu Ser Glu Val Ser Trp Gln Tyr ng'net Ser Glu Glu
50 55 :

Glu Ser Ser Asp Val Glu Ile Arg Asp Glu Glu Asn Asn Ser Gly Leu
€S 70 75 80

Phe Vval Th

2}
AL
[
[

Leu Glu Val Ser Ser Ala Ser Ala Ala His Thr Gly
B5 80 - 95

len Tyr Thy Sys Tyr Tyr Asn His Thr Gln Thr Glu Glu Asn Glu Leu
100 A . 165, . - 110 :

Glu Gly Arg His Iic Tyr Ile Tyr Vai Pro Asp ‘Pro Asp Val Ala Phe
115 . 120 ' 125

val Pro Leu Gly Met Thr Asp Tyr lLeu Val Ile Val Glu Asp Asp Asp
130 _ 138 : 140 -

Ser Ala Ile ile Pro Cys Arg Thr Thr Asp Pro Glu Thr Pro Val Thr
245 150 155 160

Leu His Ar‘- Ser Glu Gly Val Val Pro Ala Ser Tyr Asp Ser Arg Gln
165 - 170 175

Gly Phe Asn Gly Thr Phe Thr Val Gly Pro Tyr Ile Cys Glu Ala Thr-
: 180 ©-185 - 150

val Lys Gly lLys Lys Phe GIln Thr Ile Pro Phe Asn Val Tyr Ala Leu
195 200 205

Lvs Ala Thr Ser Clu Leu Asp Leu Glu Met Glu Ala Leu Lys Thr Val
210 215 220

~ r Lys Ser Gly Glu Thr Ile Val Val Thr Cys Ala Val Phe Asn Asn
225 210 235 . 240

Glu val Val Asp Leu Gln Trp Thr %yr Pro Gly Glu Val Lys Gly Lys
245 250 255

"Gly Ile Thr Met Leu Glu Glu Ile Lys val Pro Ser Ile Lys Leu Val
_ 260 _ o 265 : : 270 '
Tyr Thr Leu Thr val Pro &lu Ala Thr Val Lys Asp Ser Gly asp Tyr
275 280 285

Glu Cyvs Ala Ala Arg Gln Ala Thr Arg Glu Val Lys Glu Met Llys Lys
290 295 ' 300

val Thr Ile Ser Val His Glu Lys Gly Phe Ile GIu Ile Lys Pro Thr
305 a . 310 315 320

o]

Phe Ser Gin Leu Glu Ala val Aen lLeu His Glu Val Lys His Phe val
325 330 33s

val Glu val Arg Ala Tyr Preo Pro Pr

Arg Xle Ser Trp Leu Lys Asn
340 34

350

wn o
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102
s.Sheet Has Been Rep laced

BT

_Asn Leu Thr Leu Ile Glu Asn Leu Thr Glu Ilé Thr Thr Asp Val Glu
355 - 360 365

Lys Ile Gln Glu Ile Arg Tyr Arg Ser Lys Leuv Lys Leu Ile Arg Als
.. 370 : 375 - 380

Lys Glu Glu Asp Ser Gly His Tyr Thr lle Val Ala Gln Asn Glu Asp
385 - 330 395 400

‘Ala val Lys Ser Tyr Thr Phe Glu Lsu Leu Thr Gln Val Pro ser Ser
' 405 410 ' 415

Tle leu Asp Leu Val Asp Asp His His Gly Ser Thr Gly Gly Gln Thr
420 425 430

Val Arg Cye Thr Ala Glu Gly Thr Fro Leu Pro Asp Ile Glu Trp Het
435 " 44¢C 445

Ile Cys Lys Asp Ile Lye Lys Cys Asn- Asn Glu Thr Ser Trp Thr Ile
. 450 485 o 460 - : -

Leu Ala Asn Asn Val Ser Asn Ile Ile Thr Glu Ile His Ser Arg Asp
465 470 475 480

Aryg Ser Thr Val Glu Gly Arg Val Thr Phe Ala Lys Val Glu Glu Thr
485 480 485

Ile Ala Val Arg Cys Leu Ala Lys Asn Leu Leu Gly Ala Glu isn Arg
500 505 510

Glu leu Lys Ieu Val Alez Pro Thr Leu Arg Ser Glu Leu Thy val Ala
515 520 525

Ala Ala Val Leu Val Leu Leu Val ile Val .-Ile Ile &e¢r Leu Ile Val
530 - 535 540

Leu Val Val Iie Trp Lys Gln Lys Pro Arg Tyr Glu Ile aArg Trp Arg
545 550 555 560

val Ile GlU Ser Ile Sar Pro Asp Gly Hie Glu Tyr Ile Tyr Val Asp
565 ’ s70 575

Pro Met Gin Leu Pro Tyr Asp Ser Arg Trp Glu Phe Pro Arg Asp Gly
580 sS85 590

Leu Val Leu Gly Axy Val Leu Gly Ser Gly Ala Phe Gly Lys val val
585 . 600 605

‘Glu Gly Thr Ala Tyr Gly Leu Ser Arg Ser Gln Pro Val Met Lys val =
Cooel T T es T 620 |

Alz Val Lys Met Leu Lyz Pro Thr Ala Arg Ser Ser Glu Lys Gln Ala
628 ] G630 635 _ 640

. Leu Met Ser Glu Leo lys Ile Met Thr His Leu Gly. Pro His Leu Asn
645 650 ' 6§55

Ile Val Asn Leu Leu Gly Ala Cys Thr Lys Ser Gly Pro Ile Tyr iIie
660 665 670

"Ile Thr Glu Tyr C?s Phe Tyr Gly Asp Leu Val Asn Tyr Leu
675 680 685

Asn Arg Asp Efer Phe Leu Ser His His Pro Glu Lys Pro Lys Lys Glu
690 695 700

<o
[
[
&
(4}
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‘Asp
785
Gln

Arg

I.ly s

Glu
BE&S
Pro
TyT
Het
His
- -945
" ser
Val
TYr
Glu

Ile
102%

~Asp

Tyr
Lys
170
Asn
val
Asp
Ile
Val
850
Ser
Gly
Gly
&Tg

val
930

leu
Ty;
Ala
Lys
Gln

1010
Asp

Ile

Teu

Thr

Ser
755

Lys

Ser

‘hla

cys
835

Ser

AYY
Asn
995
Arg

Pro

Ser Sér Gln

Phe
Ser
Thr
740
Asp

Ser

Glu

Arg

Ala

820
Asp

Lys

Phe

Het
900
Ala
Cys

Glu

Lys

Het
980
Glu
leu

Val

‘Thy

Gly Leu Asn Pro Ala
710 .

The Glu Asn Asn Gly
725

Gln Tyr val Pro Met
’ 745

Ile Gln Arg Ser Leu
760

HMet Leu Asp Ser Glu

Gly leu Thr leu Leu
790

805

Ala Arg Asn Val Leu
825

Phe Gly Leu Ala Ary
840

Gly Ser Thr Phe lLeu

Asp Asn Leu Tyr Thr

 Lev Trp Glu Ile Phé

885

Val Asp Ser Thr Phe
905

Lya bro Asp His Ala
520

Trp Asn Ser Glu Pro
835 '

Ils Val Glu Asn Leu
950

Ile His Leu Agp Phe
365

Arg-Val Asp Ser Asp
985

Glu Asp lLys Leu Lys
1000

Ser Ala Asp Ser Gly
101%

Pro Glu Giu Glu Asp
1030

Ser Glu Glu Ser Ala
1045

Gly Met Glu .Phe Leu

103

Asp Glu Ser Thr Arg

715
ABD TyriHet ASp Net
Leu Glu Arg Lys Glu
750
TYyr Asp Arg Pro ala

Val Lys Ash leu [eau
780

Asp leu Leu Ser Phe
795

Ala Ser Lys Asn Cys
ieu Ala Gln Gly Lys
Asp Ile Het Hisz Asp

845

Pro Val Lys Trp Het
860 ‘

Thr Leu Ser Asp Val
875

Ser Leu Gly Thf

2]
fr
~

“Tyr Asn Lys Ile Lys

910

Thr Ser Glu Val Tyr
925

Glu Lys Arg Pro Ser
940

Lew Pro Gly Gln Tyr
955

970

Asn Ala Tyr Ile Gly
990

Asp Trp Glu Gly Gly
. loos
Tyr Ile Ile Pro ieu
1020

Leu Gly Lys Arg Asn
1038

Ile Glu Thr Gly Ser
1050

Leu Lys Sar Asp His.
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Ser
Lys
735
val

Ser

Ser

val
815
Ile
ser
Ala

Trp

Tyr
220
Gln

Se:

AsD

TYr
800
His

Val

Asn

Ser
‘880

Pro Tyr

:3-33

Ser

Glu

Phe

Pro

Arg

Ser
105%

H‘yv- N

Gly

Lys
460

‘Ala

Thry
Asp
ASp
His

1040

Ser
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Ser Thr Phe Ile Lys Arg Glu Asp Glu
: 1080 1065

Met Asp nsp Ile Gly Ile Asp Segcser Asp Leu
10

leu

(z) INFORMATION FOR SEQ ID NOi15:
i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6375 bage pairs
(E) TYPE: nucleic acid
{C) STRANDEDNESS: doulkle
(D) TOPOLOGY: linear

}; MOLECULE TYPX: cDNA to mRNA
HYPOTHETICAL: X .. '
ANTI-SENSE: N

ORIGINAL SCURCE:
{A) ORGANISK: Homo Sapiens

IMMEDIATE SOURCE!
(A) LIBRARY: lambda gtlo

) FEATURE:
(A) NAME/XEY:
{B) LOCATION:

CDs
i29,.3395

(D) OTHER INFORMATION: /pote= “nucleotide number 1 of this
sequance is identical to the nucleotide

numbar 1 ¢f the previous 4100 long

sequence. "

(xi)} SEQUENCE DESCRIPTION: 5EQ ID NOLE:
TIGGAGCTAC AGGGAGAGAA ACAGAGGAGS AGACTGCALG
CACGCTCTTT TGGGACATTC ATTGCGGAAT

CATCCGGCGT TCCTGGTCTT

ACTCCATGTIG

CCAGAGCTAT GGGGACTTCC

. TGAGCCTAAT
TTGTGCAGCT
AGTACCCCAT
GCEGCCTTTT
ACACTTGCTA
ACATCTATGT
TCATCGTGGA
CTGTAACCTT
TIAATGGGAC
TCCAGHCCAT

CCTCTGCCAG

GAATTCATCC
GTCTGAAGAA

TGCTGACGGTC

TTACAACCAC
GCCAGACCCA
GSATGATGAT T
ACACAACAGT
CTTCA

PR Y

CCCATTTAAT

" Falnd o
TG J:\ efed

CITTCATTAC

TTTICTCTGA

GAGAGCTCCE
TTGGAAGTCGA
ACTCAGACAG
GATSTAGCST
CTGCCATTA
GAGGGAGTG
GCCCTATH
CTTTATGCTT

CCTCTATCCT

GATGCTTTGG

ATGTGGAAAT
GCAGTGE
AAGAGAATGA
TPIGTACCTCT
TACCTTOGTCG
TACCTGCCTC
TSTGTGAGGT
TAARLGEAAS

val
1085

AGATCATTGG
AACATCGGAG
AGGCTGTCTT
TCCAAATGAA
GGAGAGTGAA
CAGAAATGAA

TS GGCGGLCCAC

GCTTGAAGGS
AGGAATGALCG
CACAACTGAT
CTACGACAGC
CACCSTCAAA

ATCAGRGCTC

PCT/US92/00862

Thr Ile Glu Asp Ile Asp Met
1070 -

Glu Asp Ser- Phe

AGGTCRTIGRG
GAGAAGTTT

CTCACAGLGL
AATGAAAAGG

GTGAGCTGGC

GAKAXACAACA
ACAGGGTIIGY
AGGCACETIT
GATTATTIAG

CCGAGACTC



AGGTCAAAGA
AARCCCALCLITT
AGGTGLGEGT
AMAATCTCAC

BATTARASCT

AAGGCACGEC
ATGARACTTC
COCGAGACAG
SCGTGCEATG

GCTGGAGGGT

AACERAGCTCT
TAAAITTGCT
. TCTATGGAGA

TCAARAACCT
TCACCTATCA

TAAMACCGTS

GETGGTTGAC
GGAAGAAATC
GGTGAANGAL

AATGAAGAAA GTCA

CAGCCAGTTG
CTACCCACCT
TGAGATCACC
GATCCETCLT

"“TGAnGAG".f'
: CGATGA'I CAC

GETTCCTCAT
CTGGACTATT
GAGTACCGTG
COTGLOTAAG
GCGTTCTGAA
ACTTATTGTC
CATTGAATCA
TTATGATTCA

_TGGAGCGTTT

CATGAAAGTT
CATGTCTGAA
GEGAGCTTGT
TYTGGTCARAC

ARAGARAGAS CT
TATTTTATCT

GTATGTCCCC

CTATGATC”“

CCTTTCAGLT

TCGCAACCTT
I\GAC*: 4 C::':\.

GATGECTEOT

TATAAGTZAC

CTTCAATGGA
ARAGTCCCAT
AGTGSAGATT
TCACTATTY
GAAGCTGTCA
COCAGSATAT

105

GGGAAACGAT

CTTACCCTGS
CCATCAAATE
ACGAATGTGC
CTGTCCATGA
ACCTGCOATGA
CCTGGCTGAA

‘GG AAAAGATTCA

CATCGLTRAM
I\ - TGAUTGG‘
TTGGCCAACA

CTCACGGTES
CTGATTGTCA

ATCAGCCCARSE AT

AGATGLGAGT

CTGAAGATARA
ACCAASTCAG
TATTTGCATA

ATGCTAGAAA
COAGCCTCAT
GATAACTCAG

GGATATCT
TTTGAAAACA

ACAGTGGCCA
G KACTGTTAAC
CTGGGGGACA

TGATATGCAM
ATGTCTCAAA
TGACTTTCRS
GAGCTGAGAA
CTGCTGCAGT
TTTGGABRACA
GEACATGA
TTCCAAGAGA
TTGAAGSAAC
TGCTAAAARCE
TGACTCACCT
GCCCCATTTA
AGAATAGGGA
TTGGATTGAA
ATGGTGACTA

GGAAAGAGGT TT

ATAAGAAGAA
AAGGCCTTAC
TTTICECTTC

PCT/US92/00862
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TGTGGTCACT
AGAAGTGAAA
GGTGTACACT

TECCCGLOAG
GAAAGGTTTC
AGTCAAACAT
AAACAATCTG
GGAAZTAAGE
TTATACTATT
TCAAGTTCLT
GACGGTSAGE
AGATATTAAG
CATCATCACS
CAARGTGGAG
CCGAGAGCTG
CCTGGTGCTG
GARACCGAGG
ATATATTTAT
TGGACTAGTG
AEGCCTATGGA
CACGGCCAGA
CGEGGCCACAT
CATCATCACA
TAGCTTC2TS
COCTRCTGAT
CATGGACATG
CTAAATAT
ATCTATGTTA

:TATTGCAT
AAARMATTGT
TETOAAGATS

TGTGCTGTTT

GGCAAAGGCA
TTGACGGTCS
GCTACCAGGS
ATTGAAATCA
TTTGTTGTAC
ACTCTGATTS
TATCGAAGCR
GTAGCTCARA
TCATCCATTC

TGCACAGCTG
AAATGTAATA
GAGATCCACT
GAGACCATCS
AAGCTGOTGS
TTGGTGATTS
TATGAMATTC
CTGGACLCGA
CTTGGTCG6S
TTAAGLEGGT
TCCAGTGAAM

AGCCACCACT

GAMAGCACAC
AAGCAGECTS

TCIGACATCC
GACTC
TTETTGAGST

AGAAG
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TCTGGTCTTA
GCATGATGSET
CTGACCACGC
AGRAGAGACC
ATAARAAGAG
CACGOATGRS
ACAAGCTGAA
ACATCATTCC
ACAGACACAG
CCTTCATCAA
TAGACTCTTC
TCCACTTETG
TTGAGAGGAG
CTTTCTAAAT
AATGCCTCAG
TAGGCCACAG
TITATACTGE
TTTAGATIGT

AZTTCCTTCT

ACCATTTITG,

RAGAGATAAA
TGACARCTCA
CTAMATGTGT
. CTTACTAAGT
CTATAAAGTA
ARAGTAGTGT
TCGTATTAMA
TTAAGTCCTA

TGGCATTCTG
GGATTCTACT
TACCAGTGAA
CTCCTTTTAL
TTATGAAAAA

TGTGGACTCA |

GGACTGGGAG
TCTCCCTGAL
CTCGCAGACS

GAGAGAGGAT

AGACCTGCTS
GGGCTACCTE
GACTTSSTTS
ATGAATGAAT
TAGCATCTCA
AAGGTGAACY
GACAGAACTT
ATTAACTATC
TGARACCTEA
ACCTTAANAG
GAATARTAAT
TTTTCATATT
AATAATGTAA
AGGTGATGAG

TGGTAATAGC
TGTCCAGGAA 6T

AMACAATTAA
AMAGTTCTCR
AATGGARART

T TCTTCTTGLS

CTGARAAGES
AGAGARAGAS
TTAGCCTGY

il

CTCTGGGAGA

d :

TTOTACAATA
GTCTACGAGA
CACCTGAGTS
ATTCACCTGS

GAAGACAGCT

TGGATCCOGT

GTGGTETETE

TTCTGCTTCA

CAGCATTOTA.

TTCTTWGEGAL
TETCAGCTGE
STACTGGTAC
TAACCAACCT
STAATCTATE
CATGATTTCE
T2TGACAGTT
TTTAGTGAAT
CAGMATTT
CIGCCCTCTG
ATGTAGAGSES

ATARRTGATCA

TCACAARGGA
TTTGAAACTC

;AT AN ey
A L

STTITECCT
AGATCAAGAG
TCATGGTCAA
AGATTGTGGA

ACTTCCTGAA

CATTGGTCT
ATGAGCAGAG

? TCCCIGAGGA

GTGCCATTCA

- AAGACATCGA

COTETAACT
TCAGAAAACC
AGAAGTTCCD
GAAATGAACT
AAGTTTGGAS
AGGACATTGS
ATTATGTAAA
TTCTGAAGAG
TCTTGARCTT
TATAGCATT?
TGTTTAATAG
TTTATAATAC
CTCCACACAA
TTTGACATTT
TAAAT?TAGT
TTAACTGTAC
AAATAATGGG
ATAAACCTGT
GOECANAARG
TTTEGCEACC
TGCCCAGACA
GAGATCATAA
CARATGTETS

TGETCECACE
TGGGTACCGS
ATGOTGSAMG
GAATCTGCTG
GAGTGACCAT
CACCTACARA
ACTEAGCGCT
GGAGGACCTG
GACGGGTTCC

CATEATGGAC |

GGCSGATTCG

TTGTCAGTGT
ATAGATGGAT
TGAGAGTCCA
TAACTCTAAG
ACCACTCAAT
TTTAAAGAAG

TGCTATCTTT

o a s

ATTTGGGTCA
TACTACTGTT
AGCACAATTT
ATATTAAATA
TGAGCATAGA
TGAATAGGTT
ATTAGAARCA
GCTGAACATA
ACTGGATTTG
CCAATATATG
TCAGCCTCRT
AGATATTCTT

TGGCAGCIAL
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COTTACCCCE
- ATGGCCAMAGS
AGTGAGCCGS .

COTGGACAAT
CCTGCTGTGS
AACGAGGAAG
GACAGTGGCT
GGCAAGAGEA

TGCCTCTTGE
ARGGGAATAA
ACAGACACAA

CACEECTGTS

CCATCCATGT

TTTAGTGTTA
TTTROARGEL
ATCAGTARTG
AAABACAATC
ACATGTTTCT
GAACAAAGTA
céCCAATCCA
AACABAACTD
ACTTCTCATS
CAGAAGTTRT
CRTTTTTTGA
TCTTTCACCS



ACCTGGOTTT

TTTTTCTAAA

CAGGAAGTTG
CGTCCTTCGG
ATCGTTAACG
ACCAAAACTS
TGAAAGGG
TGTTTTTAAT
TTTTTTGTAA
GATAGGTCTG
TAACGACTAT
GTCTACTACG
TAGAGTTACG
GGTCTAACCG

TATGSAAACA
ATGTCGGAAT
TACTCCEGEC
CTTAAACATA
AAGGRAAACC
MARAATA
TCACTACAGS
CCCTGTATT
ACCTCTTATG
ATTGACACTA
TAAARTCTIT
' CAGACTCTTT
AAGTACARAA
TTARATTTCS

oA,

CCATCCTTGA
CTCCCTRGET
CCATGGGAAA
ATGATAAATT
CTGGAATTAX
TCCAAAAGGT

8C AGAGGGCAGA

ACGTTARAGTC
AATTCAAAAT
ACAGTTTGTC
GGTATACTTA
AAACCTTCTA
TTCGGGGTTC
GTTAATTTTT
CAAAGATCTT
AAAACAACCA

TACTTTGAAG

TACTGACGTA
GGAGGACGTT
CTGTTAGTTY
LATTTTACAC

* TATTTTACTIA

ACGEGTTTTGT
TTAGGGGTST
ATTATTTTIC
TTGATTGAAC
ACAAAATTTT
TTAAG
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GATTCTGAAG

GTTCTGATCS

CAAATAATTT
TAGGAACCGA
ATTGAAAGGT
TTTCATTTCT
AGAGCGGAGG
ACAAGGTTCA

GACTATTARA

CAACCACACC

CTTTCTACCC

CGTCTTCCTT
AAAGAATAGG
CTTTTGGACT
AGTGTCGAGT
CGAAACGTAA
AGTCAGGTCE
aACACCCAdA
TCAGAGGTCT
CGGECGGACT
CAGACGGTTA
CAATRATGTAG
AAATACTGTT
CCGTGTAATT

TCTATGAA

TATCCCAGAT

GCACATTTAC

107

TATGAAGTCT GA
GCCAGGTTTC
GAACTTTGGA-

AGTCCAATCA
CAGAATCGAC
ACGATGAAGG
GTGAGGTATC
GAGACACATT

CTCCAATCTA CC

CAAGTAACCG

GACACTAATG
ATTATTTCAT
TTGAAAAAGT
GATCCAAGAC
TCOTAAGACA
AACTATAACG
TCAAAGGTCA
CACACACAAA
TCTTTTAAAC
CTTTGTGATA
GACATGTTTT
TTATACATAT
CGACATAGTG
GACAACGTGA
TGTACAAGGE
GOTTATGTTT
TTCTAGAAAT

GGGAAACC
GGAAACACTG
ACAGGGTTCT
CTGTAMATTA
TCCGACTOTT
GTGACATACC
GGGCEETTCE
GGTCGAGTCA
CTCCTACT
TAAGAAACGT
ACGTTAGTCA
GAACTGATGG
ATCATTCACG
ATCTCGGTTA
AATAGCGAGT
ACACTCGGAA
GGATTGTTTA
AGTCGTTTAA
GGTTAGAAARG
AACACTGAAA
ACCAGGATAA
ATACATAAAG
ACGGAAGCAA
AAACTTACAG

TTTTGTTACC

TACATALTGC
ATAAAGTTAT

PCT/US92/00862

AGAGTCTGTA
ACTTAGSTTT
TAAGTTGGTG
CGGTAGATCG
TCCATTTCAA
CCCTCTAACT
TTTCCGTACA
CAARACCACC
TAACAGTCTA

TATGACGAAT

CACGATAGCC
ATGACCACAT
CTTCTGACTC
ATCTGAACTT
GAGAGGGAAC
COTACTGTAG
CGAGGGTGGA

CGTCTAAACA

ARACACTTCT
ATATATCTGA
ATATAMAARA
GITTTAAATA
ACACCACTTA
fTACGGGGAC
TTACTATATA

4800
4860
4920
4380
5040
5100
5160
5220
5280
5340 .

5400

5460
5520
8580
5640

* 5700

5760
582¢C
5880
5940

6000

6060
612ﬁ.
6180
6240

6300

6360

6375
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1. A purified and isolated recombinant nucleic

acid of less than about 50 Kbp comprising at least about 24
contiguous nuclectides which encode a human platelet-derived.
growth factor receptor (hPDGF-R) polypeptide segment.

2. A nucleic acid of Claim 1, wherein said
segment is a soluble polypeptide.

. 3. A nucleic acid of Claim 1, whercin said
segment consists essentially of a full length extraceliular
region of a B type or an A type hPDGF receptor, and further has
a gequence of a polypeptide in Table 2 or Table 3.

4, . a nucleic acid of.Claim 1, wherein said
segment comprisces a phosphorylation site.

_ 5. 2 nucleic acid of Claim 1, wherein the
segment is less than about 300 amino acids.

6. A nucleic acid of Claim 1, wherein said
segmént is capable of binding to PDGF. '

7. A nucleic acid of Claim 1, wherein said
segment is a substrate for phosphorylation.

8, A nucleic acid of Claim 1, wherein said
segment is capable of binding to a PI3 kinase.

_ 9. - A.cell transformed with a nucleic acid of
Cclaim X1, and whereir said cell is a mammalian cell.

10, A cell of Claim 9, further comprising a
glycosylation enzyme originating from a non-fungal species.
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11. A nucleic acid of Claim 1, wherein -said
nucleotides encoding said segment are operably linked to a
promoter.

. 12, A nucleic acid of Claim’ 1, further encoding
a heterologous polypeptlde which is fused to Sdld hPDGF-R
sagnent.

13, A method for evaluating the ability of a
compound to function as a hPDGF-R agonist or antagonist
comprising the step of comparing the amount of a PDGF~induced
rasponse in a cell of Claim ¢ with the response {rom a control
cell, and wherein'said PDGF~induced response is compared by
measuring synthesis of DNA in a cell after contacting said cell
with PDGF. ' ' ' '

14. A substantially pure hPDGF~-R polypeptide
fragment of at least about twenty amino acide having platelet-
derived grewth factor (PDGF) binding activity or tyrosine
kinase activity.

15, A substantially pure polypeptide fragment
of Clair 14, wherein said polypeptide fragment -is soluble.

16. A hPDGF-R fragment having hPDGF-R binding
activity ceonsisting essentially of amineo acids keginning at
about 1 and ending at about 499 of a type B hPDGF-R, and is
further derived from Table 2., '

_ 17.. .~ A hPDGF-R fragment having hPDGF=R binding
activity consisting essentially of amino acids beginning about
1 and ending at about 501 of a type A hPDGF-R, and is further
derived from Table 3. ' ' '

18, A composition comprising an unglycosylated
hPDGF-R fragment.
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19. . A composition of Claim 18, wherein said
fragment is substantially pure.

20. - A composxtxon compr1s1ng a hPDGF-R
fragment, which EthbltS a. glycosylation pattern which is non-
fungal and non-human.

21. A composition of claim 20, wherein said
fragment is essentially the extracellular region of a type B or
a type A hPDGF-R.

- 22. A ccmpositioﬁ of Claim 20 having a sequence
from Takble 2, or from Table 3.

23. 7 . A comp031tlon COmprlSIHg a combinatioh of:
a) a recombinant nucleic acid encoding a human platelet- '
derived grewth factor receptor polypeptide (hPDGF-R} fragment:
and
b) a non-fungal glycosylation enzyme capable of
glycosylating said fragment when expressed.

. 24 . A method for introducing a hPDGF-R activity
to a cell, s=aid method comprising the step of intreducing a
hPDGF-R protein fragment of at least about five hundred daltons
Lo said cell.

25, A method for assaying the presence of a
ligand for a PDGF receptor in a sample, comprising the steps
Lol - .
combining said saméle with a pPDGF,receptot ligand binding
site; and - ' |
detecting binding between said ligand and said hPDGF
receptor ligand binding site.

26. An isolated polypeptide of less than about
200 amino ecids comprising a rcceptor Kinase insert region.
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27. An isolated pblypeptide of claim 26,
wherein said polypeptide has a phosphorylated aminoc acid
residue.

28. o An 1solated polypeptlde of clalm 26,

wherein said po]ypeptlde comprises a sequence substantially
homologous to a kinasé¢ insert segment of a PDGF receptor, and

‘further has a seguence from Table 2 or Table 3.

29. An isolated polypeptlde of Claim 26, with a

pharmaceutically acceptable carrier.

30. A method for modulating the biological
activity of a first protein which binds to a phosphorylated
region of a second protein, said method comprising a step of:

'~ adding to said first pfoteiﬁ a peptide analogue of said
phosphorylated region, wherein said analogue is capable of
inhikiting the binding of said first protein to said second
protein.

31, A method of selecting a molecule capable of
inhibiting binding of a protein which binds to'a target
phoéphorylated polypeptide; comprising the steps of:

contacting said protein with said target phosphorylated
polypeptide in the presence of said molecule in a first
analysis;

contacting said protein with said target phosphorylated
polypeptide in the absence of said molecule in a second

ana1y51s' and

comparing said analyqes to determine the effect of sa:d

‘molecule on said binding.

32, A method of Claim 31 L wherein said
contacting steps are performed in succes51on.

33. A method for modulating a PI3 kinase
activity comprising the step of:
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adding a phosphorylated PDGF receptor Kinase insert region
polypeptide to said PI3 kinase, thereby allowing binding
between said polypeptide and said PI3 kinase.

34, A nethod of purifylng, from a sample, a-
proteln capable of blﬂding to a PDG: raceptor kinase insert
segment, comprising the step of: )

contacting said sample with an analogue of a
phosphorylated polypeptide substantially homologous to a PDGF

‘receptor kinase insert region polypeptide, thereby allowing

gald protein to bind specifically to said phosphorylated
polypeptide.

35. A method of 1solat1ng a nucleic acid

'ehcoding protein cdpable of blndlng to a PDGF receptor,

comprising the steps of:

combining a labelea and phosphorylated PDGF receptor
kinase insert reqion polypeptide with cells expressing various
proteins, thereby labeling those cells which express saig
nucleic acid to produce a protein which binds said
phosphorylated polypeptide, and

isolating thosec cells'which have been labeled.

36. A method of Claim 35, wherein said protein
capable of binding & PDGF receptor is PI3 kinase or c-ims.
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