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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 =
interaction triggers a diversity of ecarly cellular responses
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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 5 LAéEE,'Eggeg—inﬂ§grum”for cells of
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" PDGF, denot ed Aﬂhmﬁwe ?ﬁ%dentlfled The first event®in
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n vitro, platel el dardvas 9 oMt N IS o bRl YRS d5 4 tagen 1
medial to the intima) layer of the artery where the muscle
cells may proliferaté. This is likely to be an early response
16 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

15 with cancerous transfo_mat.ion of c¢ells, particularly c-myg and
.c-fos. ‘Therefore, PDGF agonists may be uséful in promoting
wound healing. PDGF antagoniéts may also be useful in
preventing atherosclerosis, in retarding blood vessecl narrowing
that occurs after cardiovascular intervention and in

20 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 stimulation
by the growth factor. However, the inability to characterize

25 the direct interaction bestween 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 abnorral or undesired PDGF responses. For

30  these reamsons, a dramatic need exists to characterize the
structural and physiological properties of PDGF receptors.

SUMMARY OF THFE INVENTION
In accordance with the present invention, DNa
. 35 seguences 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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ant agoni st's nay .S0 be usefu
of the PDGP—receptor or fragments, for enhancing PDGF response

of cells, for derermining the regions of the receptor _
polypeptides involved in transducing the mitogenic signal?in.
10 response to PDGF binding, for providing mutated analogs 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

15  various properties of cell aésociated hPDGF-R protelns; ‘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

20 encode a human platelet-derived growth factor receptor (hPDGF-
R} polypeptide segment. Preferably the segment is a soluble
pclypeptidc 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

25 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

30 & PI3 kinase. In other embcdiments, the encoded segmcnt lacks.
a substantially comp lete 1ntracellular region. . '

The invention also embraces a cell transformed with
+the described nucleic acids, typically where the cell js a -
rammalian cell. 1In particular embodiments, the cell further

35 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



af ter cardi ovascul in controlling cancergus
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of physi glpgiicals cmxlm%@é xdm@rdxewe@:{mnacteru zed by abnormal or
undesi red PDGF response For these re dramatic ed exists to
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expr essi afomgasiig Cilse affount of a PDGF-induced response from a control
cell with that in a cell transformed w1th a hPDGF~R peptide
fragmen: encuding nucleic acid. In various embodiments, the
1¢ PDGF~induced response is compared by measuring synthesis of DN3
in the cells, After contacting the cells with cell with PDGF.
Folypeptide embodiments include a substantially pure
hPDGF-R ypolypepi.ide fragment of at least about twenﬁy anino
acids navlrg pratelet-derived growth factor (PDGF) binding
15  activizy nr T r051no kinase activity. 'Typically, A&
polypept:de fragment will be soluble,
In other cmbodiments, hPDGF-R fragments are provided

preventing athero EP ro ?i mi1kgag&;|ng bl ood- vessel narrowi ng that- occurs -

having h#DGF-R binding activity consisting essentially of amino
acids ~eginning at about 1 and ending at about 499 of a type B

20 hPDGF-2, 2.g., derived from Table 2, or consisting essentially
of am:..0 acids beg:nning about 1 and ending at about 501 of a
-type A hPDGF#R, e€.g.; derived from Table 3. The invention -
enbsaces compcsitions having an unglycosylated hPDGF=R
fragrnant, preferably where the fragment is substantially pure.

25 \in otner embodiments, the hPDGF-R fragment exhibits a
giycosylation pattern which is non-fungal and non-human.
Particularly useful compositions have a hPDGF-R polypeptide
fragment which is es=sentially the extracellular region of a N
type B or a type A hPDGF-R, ¢:g., derived from sequences of

30 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

.35 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




provi ded conprising one or nore sequences that encode '3 PDGF-receptor
proteins that can be secreted or associated with the nmenbrane obcg/1:502/00862
manmal i an cel |l . The nenbrane associ ated receptor should be functionally
simlar to or equivalent to a wild-type receptor thereby conferring a PDG-
sensitive nitogenic response on cells |acking the receptor. The construct
can be used, fiterhundecdfdalpepdutbng catye abolatbodf fonearDEFingcEpeor

or fragments,,fOie &uhagei foj b drféPQQS?PQF Eéhb?to£°§ndﬁtﬁéﬁhﬂknﬁstEﬁso
regions of tHhe receptor polypéptides involved In transducing e mtogenic
signal in redpanidad, PEERpBLadnggtheostepsvrdi ng (At apebinangogbeosanbde

b, ne Y AP UL ASEMRAPBIBRSTkE BT B Y R ng
receptor Bendsinding ketveenhatheviigand snfubhe hPBgHRenegeptorhdigevdpt or

are provi ded,; IRMhPassESsSi Ng _

" 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

10 = 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

15 invention also provides a composition with the polypeptide.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

20 second protein, the method including a step of adding to the
first protein a peptide analogue of the phosphorylated region,
where the analogue is capable of inhibiting the binding of the
first protein to the second protein. Other methods are
provided for selecting a molecule capable of inhibiting binding

25 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

3_0'. ‘molecule in a second analysis; and comparing these analyses to-
determine the effect of the molécule on- the binding. In
particular embodiments, these contacting steps arc performed in.

' succession. | T
Other metheds for modulating a PI3 kinase activity as

35 provided, comprising the step of adding a phosphorylated PDGTF
receptoy kinasc insert region polypeptide to the PI3 Rinase,
thereby allowing binding between the polypeptide and the PI3
kinase. .
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various properties of cell associated hPDG-R proteins. “Novel nethods
utilizing these constructs are al so provided. The present i npETAL!S92/00862
provides a purified and isol ated reconbi nant nucleic acid of |ess than
about 50 kbp conprising at |east about 24 contiguous nucl eotides which
encode a human pl atel et-derived growth factor receptor (hPDGF- R)

pol ypepti de segnment Ther eiressalnty nﬂ\ersa@mmro\&d@%mam@%ofqmmﬂﬁylnGn

t | nbodi th t | f h
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encoded ség am no acids, flrgefe abI y-be

- capablte oSumsmnﬁgatld)Pmoltﬁg%%t%taréf@Ro‘?e‘iﬁ%h 1Mage ohnSeT

capabl & 0 oiiRl PRIyDehtildh Kdiotny rh'lcltdleing?mlrb’ﬁﬁélntﬂ@ Bﬁﬁ@dEd
segnent bstantial I'y conpl €te intracel I ul ar ggl on. The invention

al so enbr Wﬁl@@ml}‘t tan s AP SRhaT H ik i RO YRRP! ei ¢ acids,
typically where thejgelsds §¢ isclating a nucleic acid enceding a

protein capable of binding to a PDGF receptor are provided,

15 comprising the steps of combining a labelad and rhosphorylated
PDGY receptor kinase insert region polypeptide 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

15 have been labeled. Thié method 1is particulafly useful to
isolate nucleic acids encoding PI3 kinase or c-frme,
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mammal i an cell. In particular enbodi nents, the cell further contains a

gl ycosyl ation enzyme originating froma non-fungal species. EXppeysiSge/60862
vectors are also provided, and in certain enpodi nents, the nucleic acid
nucl eoti des encodi ng the segnent 4 are opérably Ilnked to a pronoter.
Reconbi nant nucl ei ¢ aci ds ar e, | [ C het er ol ogous
pol ypeptide which is fused ta ' ; r aspect of
the invention, nethods EIQUpeoW|déﬁuébraé&alnhelagSDheaabohlby 55 aD/PIB

compound o THNLEN B8 ALREDERHE BUBBLE! roEeBlbagonifb: aukbLizkign o ot o

of conparing anoun I nduced response from a con W th

‘that in a(xﬂth$mapbmheunmﬂthhathEDEPGR péQBPEQeragﬁﬁﬁtbénéOdlng nucl ei ¢
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were studied in intact cells {a and c) and ip vitro (b and d).

In the intact cell experiments PDGF-stimulated- (+) or control
cells (-) were solubilized and the receptor was
immuncprecipitated using anti-receptor antibodies. The

10 receptor-associatad phosphoproteins were detected by incubating
the receptor-associated protein complex with Mncl, and ~4*p-ATP
followed by auvtoradiography of an SDE polyacrylamide gel. The
PDGF-stimulatod receptor associated with 85 kD and 110 kD
phosphoproteins and PI3 kinase activity, but the unstinulated

L2
o

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-

20 associated phosphoproteins (b} and PI3 kinase activity (d4) were
detected. The position of the 85 KD protein is indicated by
the arrows, . :

: Pigure 2 illustrates the association of 85 kD protein
and PI3 kinase activity with the wild type and kinase ingert

25 delction mutant receptor in vitrp. 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 system. The
immunoprecipitates contzining receptor-associated proteins were

30° 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 the in vitre o
protein kinase assay of the baculovirous-expressed receptor
that was not mixed with cell lysate. The top two bands of the

35 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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[ R{ﬁié@he‘é?hés%een'ﬁ Reecontacting the cells with cell with PDG-. Pol ypepti de
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| east Mﬂ& tilll am no aci ds havi ng pl atel et-derived grovvt’Fl actor )
bi ndi tyrosi ne kinase activdty. Typically, the polypeptlde

fragment will be soluble. In other enbodiments, hPDG--R fragnents are
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derived friomsqauenCeh«d 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 unstimulated 3Tj-cell-lysates'pri¢r to

~

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, Y7‘9P.
' -Unstlmula ted 373 lysates were preincubated in the prcsenue ‘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



Table 2 or Table 3. An additional enbodinent is a conposition conprising a -
conbi nation of: (a) a reconbi nant nucleic acid encodi ng a human PCT/US92/00862
pl at el et -derived grow h factor receptor polygeptide (hPDGF-R) fragnent; and

. (b) a non-fungal glycosylation enzyme capabl & of glycosylating said

fragment when expressed. The present invention EFOVIdes various net hods for

_introducing a"hPPREFeR' aceFufeylysaieeePf, STInpif $FnYerRe lbmypoglotted as

i ntroduci ng acbﬁ%xB @60§ﬁbﬂ thaoeeebtobpRbrbesst paittion of ke pucrdr athd
daltons to a cell. A nmethod for assaying the presence of a ligand for a

PDGF recept or GAR- a sanpl e is also provided, conprising the steps of: (a)
conbi ning the sanple w thaer@GElnaeeﬁaeasl thandsboadatndon of, salabile)

detecting b ndlagoPUPea LOSchbdR"d:BRY: kAL ITPRE" BE°REOL 0k 4TN! (Mdledor
bloth). Baqulov1rus-expressed PDGF reqeptors vere

immunoprecipitated using receptor antibodies and the receptor
was *?p-labeled in vitro by autophdsphorylation. 'The
solubilized radiclabeled réceptor was used to probe

10 nitrocellulose 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

15 probe. The arrow indicates the position of the 85 XD 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
20 P = PDGFR; extracellular region
TM = transmembrane region
K = kinase '
5§ = signal sequence
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Wth respect to the intracellular region of the PDG- receptors, the -present
i nvention provides an isol ated pol ypeptide of |ess than aboupcBAfhoaricee:
acids conprising a receptor kinase insert region. In various enbodi nents,

t he.pol ypepti de has a phosphoryl ated am d® acid residue, e.g.,
phosphotyrosi ne. Usual Iy, the pol ypeptide has a sequence substantially
honol ogous to a KRERAELERSBESCRELE F THRORREFRREBP EMBQDIMENTES sequence
from Table 2 or Tablpgyhn THEE SN A OF P QPSP Ofific 1€ OFRASh b 0N WbidIFL he
pol ypeptide and a pharnaceutically, acceptable carrier.. Various nmethods are
provi ded B} tHEBARIHEGT, aXQRIRN HEGEthJdke ¥ e SRRful HRTSRE 1P bi OV cal
activity Qlohdd ftsflodl QLID B &l Di 1ESEY HaiOSDhSMS] etk d ARkt s a
second protein, the .method including a Step of adding to the first protein
a pept?de e msuEad FHEHhoBPRRY [REEER ey WhEh %2 (heegmaltbyue is
capabl e ofpddifdd iMa-rhendigring Hiad therdi-hskops Di ebdmp Detde SEEOATEin

rot ei n. her net hods are provided for selecting a | ecul g € e 0
!Dnhi bi ti ndF i N FREE YT n %ﬁ@%%i%%’e’%“?%ﬁ ﬁ”ﬁ%’%ﬂ%%éﬁa
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functions are made available, both extracellular and
intracellular region fragments. '

16 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

15 - produce éommercially'usefgl_quantities of the protein '

| campositions. 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

20 ligand binding, and in treatment of diseases associated with .
hPDGF receptors. The constructs can be used to transfect

'cdl;s, providihg membranc-pound receptors that are functionally
eguivalent to wila—tybe recebtors,'and conferring a PDGF- '
sensitive mitogenic response on cells lacking recgptors. The

25 transfected cells can be used as a model for atudying 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

30 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

. 35. combinations of structural features, e,g., ligand binding
determinants, will sllow disscction of'receptor features to
determine the importance to ligand binding affinity, ligand

specificity, and physiological responses.
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HasBeen Réplaeetret hod has st eps of confacting the protein w,
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tar ated pol ypeptide in the presence of the nolec
firB ontacting the protein withiyhe target phosphoryl ated
pol e absence of the nolecule in a second anal ysis; and

conparing these ?“a':ys%r%% Rineddineif el Pisd heimhacal i oprédecing
- binding. In particular enbodiments,” these contacting steps are perforned in
successi on. @meibafist rrgentis nodilass PPt 1§ i RAR o ovi ded,

compri sing ! NgyShafeAind iy, Sl onRhaisdy cpditieuRoenioledar@pe | nse !
regi on pol ypeptide to the Pl 3 Kkinase, there aIIo,'Qg bi ndi ng bet ween t he
pol ypepti de atamcipiangiphasehe recspbgy P?l'?ﬁ/’\r,egrﬁ "on_provi des net hods

for purifying, froma sypimic HpRsiRid panahieinf MHoEiMDnding EiXEcity
receptor ki nawsielll r}:‘see'rl;tsesfe_‘%rregg ;bfgcr?:{tlc_;si%'f-t haec*«'.s{c:eip, OE];S Ci%gggrtiéggfépethd
quantitation of PDGF in -diagnostic éamples,'for soluble testing
of binding interactions between modified determinants for..
ligand binding and natural, modified, or derivatized ligands,
* 10 and for screening 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

15 related genes are clustered, in the region of chromosome 4 near.
the c-kit cncogenes, or to destect other genes encoding tyrosine
kinases or homologous genes. -

| Certain regions ¢f the cytoplasmic region of the PDGF
recéptor, among them the kinase insert (KI) region, allow the

20 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

25 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. -

30 - ) Morcover, the understanding of the role of .
phosphorylated residues to prbtéin—protein interactions is
'applicabie to other receptors and phosphorylated proteins. The

_ phosphorylation of specific amino acids in particular '
polypeptide segments or substantially'hcmologous segmente,

[ 9]
U

e.qg., 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



sanpl e wi th an anal ogue of a phosphoryl ated pol ypeptide substantially

honol ogous to a PDG- receptor kinase insert region polypeptid t hereb
allowing the protein to bind specifically to the phosphoryla.'?%’t}"-sgzm08 2

pol ypeptide. Methods of isolating a nucl ghc acid encoding a protein capable
of binding to a PDGF receptor are provided, conprising the steps of

colnbl ni ngm@dh;alae,l;_eﬁl o¥d tMmsmmam@{ Qﬂg RRGh PReRRLMs , EI TaRE o I&e regihon
pol ypepti e ex res |ous prot i,ns,, the ing those
cel I's whi g‘ﬁ‘ﬂ?ﬁﬁ&% wt"ﬁréf r?lr}'(ﬁ %i g’ﬁeca){ eril "ﬁf) H’?Ebls t he
Iohgslohgr yparbee ipsl %mgphl ciea,te&m@tﬂl &Qlliai |pm@fstplm@&ql latb:ds Ml@ihldlﬂvaﬁa&e%ﬂ

~abel ed.- IS t ho partlcu ar usef u i sol ate nucl eic acids -
encodi ng I;-Ij';'glﬁ geaBP glﬂ%‘ %@"ﬁé’géﬁigP%P@ﬁ ﬂ%lif}"GJRES Figure 1

i |1 usterates the associ ati on- of 85 kDf PI 3 ki nase mnth t he type B PDG-

receptor. The associ ation of OUTLINE
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ii. I¢g domains -
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2. various ligands, same receptor
40 . B. Expression of Nuclelc Acids
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I. General Description
The isolated full-length human platelet —-derived
growth factor (hPDGF) receptor mRNA encodes a single
50 hydrophobic polypeptide segment similar to a membrane-spanning
segrent {designated the transrembrane segment). The segments




phosphopr otrais SheettHas Baen efdeceptor (a and b) and phosphatldylln05|tol 3

ki nase (Pl 3 k y (c and d) were studied in intact ceq
c) and in vit a’“wml In the intact cell experinments PDG-- gtmﬁ fbgﬁ'ﬁ"
(+) or contro ) were |sol ubilized ant3the receptor was
innunoprecipltated using anti-receptor antibodies. The receptor-associated
phosphopr ot ei o8 aePbGHeReamédobprorinbat togthbhetranspénbrassosicgedtpmake mp
conplex with R N f y [ S
ol yacr yl am debger Eipalbpiaay Fegfth, (b1 0oenn sauhahed GHEBBRY, roRingy
110 kD phosphb@romeuhsaaamembxanpnasenantuareydesmqnaheduﬁbﬁudntgﬁ@sllular
recept or was quUi. n to e I foat
from the |ysar et PFom S PR Fhfed ang SRshErOR) SHeCor FLAEYRYNaRE Teibn fs
associ ati ns arriH peygmr il byydrepiok e PUtrt bie 5 Hnalissegperssedan - |
receptor wthy $M§ﬁ&§fo%ggqh99§ﬁe56bﬂakgt?aeéibpgfeanigtvulahadee g?e'hﬁlrd

Recept or- assocl ate Opl’ ot el ns ki naSe act I VIt
det ect ed. Th@o%%%htléhdofifﬁé sannnns#@béihrré1kﬁd¢ea§é55b¢dﬁﬁéqaﬁﬁsﬂsIgII

IgIII, ‘IgIV, and IgV, respectively). Although various
structural features are identified in the external region of
10 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.
1%  In the human tybe 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.

20 Functicnally, thiz 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 dlﬂer state.
“The aunﬁtrato for phosphorylation includes various tyrosine
residues on the accompanying receptor polypeptide chain, and

25  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. Scc} e.g.,, Yarden et al. (1886) Nature 323: 226-.

23z, As such, the actual boundaries, determined by homology to
: 36 - 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 c:omplete lntracellulal region
when it lacks a prototypical 1ntrace*;u1a; region, particularly

35 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 NHZ—terminal hydrephobic sequence, which is usually



Figure 2 illustrates the association of 85 kD protein and PI3 ki nase
activity with the wild type and ki nase insert deletion mutant receptor in
vitro. Lysates fromunstinulated 3T3 cells were m xed w tPCT/US92/00862

I mmunoprecipitated wild type PDG- type receptor or kinase insert deletion
nutant receptor that were prepared usiﬁg a bacul ovi rus expression system

ext engi Sary ved B EnEs R B SRR R B o Pl nase
acti vi tynlassaycsl( faneit ilgn wit @ pdgnalnedguandee ipr tkeidisectThad i rst | ane
bacul ovlP oA S BEAYESRtGet ST 13t REAETABE RODEA (BRS50ae | JIATEPY The
. top twolbaﬁdggototmsmbmamujtnahaﬂmqat1banaadohuhsmqhe®a)p&m&dbynanxhd
(init g Fangpeanl BEEPA.  CRanical cha eddlal BBkt T BIRANT oL e o5
kD protgpﬁoved 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 1denb1f1ed and designated a

transmembrana segment, due to its structural homology and

v

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 homolegy to various other receptors beliaved to exhibit

J 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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Figure 3 illustrates the need for requirenment of receptor

aut ophosphoryl ation for association with PI3 kinase activity and 85 kD
protein. PDGF receptors were inmunoprecipitated from Sf9 cel | s FGF/&S9240862
with the wild type PDGF receptor reconbinangsbaculovirus.

| mmunopr eci pi tates cont ai ni ng phosphoryl at ed”receptor were incubated with
solubilized 3T3 cell lysates. PI3 kinase g,?‘g s.(a and b) and in vitro
ki nase assays (c) were perforned. (a) Asso of PI3 kinase activity
wi t h phosphoryl ated PDGF receppprsxﬁmaéeiaegmahedbmuhﬂaWQEsto acid
phosphat ase (PAP) or PAP plus .orthovanadate. Figure 4 illustrates the use
- of peptides to block the association of the 85 kD phosphoprotein and PI.3
" kinase activity with the recefi¥pe BThe peptides listed in TAdpe Al were
~preincubated wth unstinulated 3T3 cell |ysates prior to incubation wth
i mmunopr eci pitated receptor. The detection of the receptor-associated
phosphopr ot ekRs (panel&d aid t He e ) associ at @dmP| 3 X nas@ et (2aky
(panel b) were perforned as in Figs. 1 and 2. The 85 kD protein is.

i ndi cat ed

" TH val (300) - trp (524) leu (502)

~ trp (526)
10
TK1 arg (572) - his (662) leu (572) - his (664)
KI = arg (663} - leu (766) lys (665) - leu (767)
T2 ser (767} - phe (219) thr (768) =~ phe (920)
/
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by 1h arf|9 Be%h@!éblﬁcé’d illustrates the concentration- dependance of the

bi ok HEEEHLB{) peptide Y719P. A series of concentrations of peptide"
Y719P r the ability to block the binding of pr I
a) or ivity (panel b) to baculovirus-expressedqﬁ%b%ggb%&aﬁ

innunopreC|p|tated receptor. The arrow poiats to the 85 kb phosphoprotein.
The assays were performed as described in Figs. 1, 2 and 3. Figure 6
illustrates that theThesintahben1unaEDEEgieoepfothuﬁrchpGOEembhtaﬂdsGAP is.

phosphopeptr it 16 TkERAER BT Pirdy s ¥0%, BHpRLEHEbLARVES aC chAebEe Rk Bhic
presence aapzabsbpresmheakuaasptdbmphnsphmphp&nden@&ft9§pgmam&roEOabb&t
mxtur o ved o nBhoP B A AR KRad b P o EPsPEE: Bathanty Boe Gevilfeeticata
recept & aetbescprbpertieli ghich, a2eadds8ribhd pregeaatenf dRtGiflebellcand
Sﬁg_ '[ n ﬁ ]hea[]gcggg’gnfﬂgpé%gwg@ ‘1% §h€‘.1BﬁdﬁQ%évhHFE”QQb?Eatéga%%h%:‘és addas
and pelypeptides xe‘ahlng to PDGT receptors. An isolated
molecule is one which is substantially separated from
substances which naturally accompany the molecule when found in
lo 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,
Jipids, and other proteins. Of particular interest are
- contiquous segments of polypeptide which might.belz_sepa_rated by
15 genetié reéombination or deletion techniques. fThus, 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
20 isolated 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

25 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

30 . for tnc various forme of PDGF'S, e:g., for the A2, AB and BB
forms. For example, a type B isoform recentor binds the BB
isoform PDGF at high aff¢11ty the AB heteroform PDGF with
lower affinity, and the Aa isoform PDGF at low or no affinity.
The type A iscform receptor binds to the ‘AA isoform PDGF with

' 35  hignh 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



"IygdsTb&ﬁFbsBdu1RiTmtds of 3T3 cells were i munobl otted as controls to
i

show th I c position of the PLC-[err] and GAP. Fi
il lustr ation of soluble radiol abel ed receptor w 9?#??[%92ﬂm862

i rmobi lized 85 [D protein ("receptor blot")l7Bacul ovirus-expressed PDGF
receptors were inmunoprecipitated using receptor antibodies and the

receptor was Yher spgmeatsl dmviaived ria Bheagrophids flaotpiratiiointhe Also, a

| ubi | d | ed: | ul filte
cont ai ni g S a;'ﬁdi‘*&%ry MUY R AR RIRIR o A Bty s do
1, 3, 4 and %pigh rgqamca;t,edar( lagin @ N2\ ogalel $>f fthet receqicirde bmds, or a
conpetltlon Q&B%Eh%%%usawaQQ%P%,the rg%tgkaﬁhql Bﬁ'de%hWeE%n%ﬂﬂﬁg$ﬂp t he

‘nitrocel | ul ose 3a er al ong . w |0Iabele receptor e arrow
i ndi cat e t h@NBdORBRoRaYr Pena dd dapdpMatd; structural modlflcatl°hsp 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 &

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

Pergamon Press.

II1, Polypeptides
The PDGF receptor is believed to be a dwﬁer of

similar polypeptides and the conpcnent polypeptlue determinc_

joR ]
Lo

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

20 - A receptor, the o receptor, and, as used herein, the type A
receptor polypcptide (A-hPDGF-R). The receptor dimer is
apparently a homodimer of the’ type A receptor ponpeptlaes.

‘The BB homodimer PDGF 1lgana is praferentlalz) bound
with high affinity by two forms of the hPDGF-receptor. These

25 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.

30 - The designations type A and type B polypeptides are

" each intended to also cover all alleles of each respective

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

2
[8.4]

receptor precursor. Tne following descriptions indicate



Figure 8 illustrates a strategy for oligonucleotide directed in vitro.
production of a soluble hPDG-- R extracel |l ul ar region. - The abbre S
used are: PR = PDGFR;, intact P = PDGFR extracel | ul ar regqi Smﬂlgb’%bg%
transnmenbrane region K = kinase S = ggp sequence 10 DETAILED

- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Hurman pl atel et derived growth

factor regepiohed NGREEs Bhraeenpant bﬂasfﬁﬁét%ﬁ%ﬂdéﬂa?&ci—.@hﬁé@iéﬂ'&
i nvention. These COHEOSItIOﬂS wll be fu naturﬁ% orms, fragnents

of the nab®Fed YRPREaNRLLEYNtHr 5hEI B Quﬁﬁtﬁ“?hBEEEFr§§ﬂ¥ sfachem In
particuIafecéptuﬁgeaﬁalppepéndgs exhi bi ti ng hPDG-- R functlons are nade

available, both ethaceégah%nce Beginning at the amino acid numbered 1
5 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
10 positions corresponding tc amine acids asn(13) - ser(1is):
asn{s7) ~ thr(60); asn{71l) - ser(73): asn(183) - ser(185):
asn(l98) - 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
15 is lnterrupted by an anino acid insertion between 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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intracellular region fragnents. Methods for producing protein corrposi tions
based upon hPDGF receptors are provided. Nucleic acid constru #@#@862
encode the various hPDGF-R protein conpositions are al so disc ose

nucl eic acid constructs will be useful toX*ansfect cells, providing an
efficient and econom cal neans to pr oduce commer ci al I y useful gquantities of
the protein conpositions. These TASHLES 2 'arﬁimtﬁlr%r’? cont ai ni ng hPDGF

receptors, ssigdergiess @fbahisefpge im HBRENGS | Sr &) iﬁl@iﬂﬂyd%k”e’f!ﬂmﬁ' Egﬁaﬂie

VDGF mitogeni, ¢ acti.on. The be used, to eval uate new drugs
af f ect mgg’ﬁt%t PRSI i %fa"?s*xﬁf’ll}fw 9% REEREPGAd in treat ment of

di seases dssociated with hPDG- receptors. The constructs can be used to
transfact cells, providing nmenbrane-bound receptors that are functionally
“equivalent to wild-type receptors, and conferring a PDGF- sensitive

m togeni ¢ response on cells |acking receptors. The transfected cells can
be used as a nodel for studying the PDGF- induced response of cells,

determ ning the regions involved in transducing the signal in response-to

. PDGF |i gand blndlng, and _ .-

This Sheet Has Been. Repla
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eval uating drugs for their physiologic activities. Encoded receptors or
their binding regions also find use in evaluating PDG anal ogues. The -
receptor fragnents and their anal ogues will find use in deternPGIMESI2HHIENS
of the receptor polypeptides which are |nvq£ved in signal transduction in-
response to PDGF binding. In particular H ability to test various

conbi nati ons of f; e.g Ln deter .nants,
will allom/disse§§§ 5%? g&é grsﬁgaFﬁrgg % gggge?ﬁgﬁsngﬁeepﬁﬁ HignO8e o
| i-gand bindhh@eaéfoﬁraytypchnupﬁﬁseRfusrsgt fiodtbhyni Phbdecal (ceepeEeID
The hPDGF- rotein I | u r n t agen
These reagellbs Shouraibehel Rirh' Sle'3BabPal ARLEbIAoRg ARRNNLRTHE kR
_particular nﬁbépnpar(&ﬁeeSEQtEEn§0@f30he Tbeeptuucpurybeﬁea&BSBSSObsbIe
protei ng pogsgssiBea POGFPLALI RILERRACHPYN 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
« & human PDGF-R. The first 23 amino acids (designated ~23 to
10 -1) encecde the putative SLgnal peptide sequence. 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(156) - thr(158);
16" asn{130) - Ehr(332): asn(336) - thr{338); asn(435) - thr(437);
and asn{445) -~ ser{447). The putative'tyrosine Xinase doméin
is interrupted by an amino acid insertion between about
lys(66E) and lcu{767), =see Table 1.
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wi |l be useful in blocking PDGF action, as reagents for the quantitation of
PDGF i n di aghostic sanples, for soluble testing of binding |@ngg§%b?

bet ween nodified determ nants for. Ilgand bi ndi ng and nat ur al

or derivatized |ligands, and for screenlnﬁ for nonocl onal. anti bodi-es agalnst
hPDGF- R pol ypeptides. They wi || f%%ﬁ find therapeutic uses. The DNA
sequences will also find use as p % 3o BRRREtAgenetic abnormalities,
e.g., deI%@G%ﬁscerOfehhnahngentbPDGFPRefEQgIQB4QB~QhrQHQkaQJiéMﬁ%@%Hie
nunber of growth-control related genes are clustered, in the region of
chronosone 4 near the c-kit encogenes, or to detect other genes encodi ng
~tyrosine kinases or.honol ogous genes. Certain regions of the cytopl asmc
regi on of the PDGF receptor, -anong themthe klnase insert (KI) region,

al low the PDGF receptor to interact with, e.g.; bind with, other cellular
proteins. Peptides substantially honDIogous to these regions, as well as
organi ¢ anal ogue nolecules, will find use in inhibiting the interaction

bet ween the PDGF receptor and other proteins, in identifying, screening
for, and purifying proteins .

»

-
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and in drug th affectl ng PDGF receptor activiti 8ETAHS02/00862
recept or inter her proteinsz; Mreover, the understanding of
the rol e of phosphorylated residues to protein-protein interactions is

applicable to other AQCQBbﬂranaQGbQBQS@hﬁhﬁlQtGQhBrg}EEHﬁed FeggceééHeﬁfs

phosphoryl ati on, of gge0| c amno aclids-In particul ol'ypep
or substanFY59?§nﬁo na§sudonadnepds the. yrephospfotypat Bonesrptorshhave

~speci al’ bl@b@GLC@b9Shaahﬁhéamcée51hﬁ§§t'fTﬁétbQEaEivetQQtPQBERTBEXEat'O”
) SlteS .and regtons O% ﬁflo eln Interactions are | prepari ng
n

reagents uEBFLPPEN° Bi t¥YRE §uéﬁdlﬁtEFSEPF8ﬁ§nBP¥8th©uFo36'35%12
nndulaﬁlonloéntheaiuncsidﬂeaf auchapieioehad. 14¥hefPERE 88maining residues

being conservative subsgztu ions, i.e., substitutions with
aminoc aclds having similar chemical properties,” The desxgnated
transmembrane regions of the hPDGF receptors have about 48%

. identical residues. Of the 52% of residues that differ, 70%

10 are conservative substitutions. As 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%

wi th which t?ﬁs ee receptor |nteracts and in cloning genes encoding these
proteins. Thes Emii 89 des mAII al so find use in nedical diagnosis

 15 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,

20 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.

25 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

30 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.

. 35 ' The description "human" refers to the origin of the
composition. 1In one use, it implies that the composition was
found, at one peint, within a human or human-derived cecll or a
miror variant from a naturally occurring human cell. With



anal ogues will also be useful in i dentifying and purifying proteins which

interact with phosphorylated residues and in isolating and cggghgg?gﬁmg§z
encodi ng these proteins. QUTLINE |. General Description A PDG- .

structural features a. extracellular redidn i. signal sequence ii. Ig
domai ns b. transmenbrane segnent c. intracellular region i. tyrosine
ki nase ii.T¢FREFE B0 3 UMEPFOHN T DRl FCR B N ELINDSE, Ripepeferscto

tyrosine ka neofp@eitMbn Yedcoded e #1080 1 FIMEAN Qéne, or a closely
. related gene. Thus, the present invention includes proteins
and nuclelc acids encodlng such protelna. The nucleic acids
-5 1nclude RMA, CcDNA, genomic DNA, synthetic forms, and mixed
polymers, both sense and antisense strands. Thus, a protein
'derlved from the =seguence. 1nformatlon d;scloscd, even if made
synthetlcally, would be considered a human sequenca. e
Furthermore, different alleles of each isoform are each also
10 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
15 ther, or a'fraqmewt thereof, OrCLnarlly hPDGF~ ~Rts will be at’
 least about 80 percent homologous to the déscribeéd PRDGF-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
20 activity in common with a hPRGF~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
25 is intended to encompass chemjcal and biochemical
modifications, e.y., glvcosylation, phdsphorylation,
ubiguinization, disulfide honds, and other minor alterations in
the basic primary sequence. .
, In particular, glycosylation alterations arc '
30 included, made by modifying the glycosylation patterns of a
- polypeptide during its synthezis and processing, or in further
processing steps. Particularly preferred means for
accorplishing this are by exposing the polypeptide to
glycosylating enzymes derived from cells yhich hormally provide
35 such processing, e 4., mammalian glycesylation enzymes. also
embreced are verzions cf the same primary amino acid sequence

which have phesphorylated amino acid residues, e.q.,
g

phosphotyrofine, phosphoserine, or phosphothreonine. This Sheet Has Been Repiz

A
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same receptor
polypeptlde whose propertiss have been described above, and

includes all alleles -of that seguence and minor modified
;sequences derlved therefrom. GLnerall the tévm"also is .

5 - intended to include fragments of the protein, particularly
- those which are characteristic of the human type B isoform.
Corresponding meaning is intended in reference to the type & _.
hPDGF-R. '

In certain uses, the term applies to the functional
10 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.

v
[h i}

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
20 applies to heterclogous nucleic acid ssasguences.
A polypeptide fragment, or segmenc, is a stretch ol .
amino acld 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
25  least about 13 amino acids, nore typically at least about 15
amino acids, and, in various embediments, 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 nucleotldes, more
30  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
nucleotides. | ' ' '

A4 polypeptide fragment is "physioclegically 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

Yar
(943



V Anti bodies VI. Methods for use A D agnostlc D. Therapeutic * *ox
l . General Description The isolated full-1ength humd@T/US92/00862

'platelet derived grow h factor (hPDGF) regept or mMRNA encodes a single
hydr ophobi ¢ pol ypepti de segnent simlar to a nenbrane-spanni ng segnent

d t é§§§@g@ 13 of a PDGE-R
;mezgggﬁg?m% ot tran@?rganbrane %%arrle "IE%Q{)%TE& tsgne’ et HESARST

regi on, we @n o seifinotisi ckopiral prantett) + o Thethe me;arttﬂ ares Qﬁtwha&m
d t e
b ool Vi, 8 SR IURE Bt MUObnodt YINGANGL S U1 dd or

sequence, funpctional activities characterlstxc 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

10  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

15.  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

20 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 compbnenis in the assay. For
therapeutic purposes, the temperature will usually be body

25 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

30 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

35 usually not in a denatured state. The polypeptide may be

' associated with other polypeptides in a quaternary structure,

e.g., to confer solubility. —

eet Has Been Replaced

Hll\l\\ T




*@QM%QB&%MM domai n (designated Igl), and second, third, fourth, and

ulin-1ike domains (designated Igll, Iglll, | e V,
%m‘mmgm | t hough various structural features are i deW%gﬂﬂﬂg@he
on of the hPDGF-R, the nobstag nportant functional property
whi ch defines the region is the binding to the receptor |igands, e.g.,

menbers of the PDGFrmanébyvand wbpl ogsesllpebeoch. bIbkoghtaddel bohpativpeon

Structur P ChbRE 1of 1A ERRe niNen FopBEETetuatfnsBr, b PAToAE L Gomai n i s
about 244a¢€s¢ﬂb3351omgdanﬂlhassam 1msappro£1mbbatalphyamvhoggcaﬂs: See :
Table 2. . Ln,dhe h Zﬂéxre5| £S£8 Orap&%%@?@&hgewiiTebﬁyﬁaakﬁe ki nase.

donai n i sSal S0 abou ues, I.lnase i nsert ~of about 103
_ani no%aci dgpicsbly Tabhilg. nﬁnnden@huriyg ohés domain i's defined, in part,.

by 11s tyrosine Kingsepeiiyblys hupheny! Heamdibat of Byhbepad fieding 1o

the extracel | ul ar region, unctron in a state. The
substraté“h%@hphb%phdM?ﬁahrenOfnbhed%gdimehbatlpyrEsiﬁéltﬁspduésngheﬁhée

acconpanygfidlet S5&PE P8uPRYYBEREL €802 NTh8Ndetermination of the
- sedinentation velocity was c1a551;a11y performed in an
10 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
- 15 reference. As a crude determination, a sample containing a
~ putatively soluble-pdlypeptide 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,
20, more typically less than about 158, usually less than about
105, more usually less than about 65, and, in particular
embodiment S, preferably 1ess than about 48§, and more prererably
less than about 38. ‘

The PDGF receptors or the specific extracellular
25 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
30 __raglon comprising the llgand binding determinants of the type A
 hPDGF-R shown in Table 3 extends from about gin(l) 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
35 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



ot her prote égﬁgét%s@'ééﬁ)Réﬁé&thh t he receptor The tyrosine kinase
domain is also art by its honology to simlar domains in

ot her tyrosine NHHE HIIMB y cont ai ni ng proteins. See, e.&CT/URPHEARGI:
al . (1986) hbt 232. As suc?,7 t he actual boundari es,
det er mi ned by honol ogy to other similar donmains, may vary by a f ew ani no
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~about 4 r ues hor e” pr oba t one or Two re5| Uues.
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domain; a simlar concept s rOV|de respec a conplete
t ransnenbrté??es rayiention ypﬁt%a\llsﬂb@l F%‘-lhlﬁzlﬁé?w-mﬂ %q@f@% eecepter aor
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cl eaved durln t he nmenbrane transl ocation rocess aSS|ga. function
of a si gmﬁ verfe FRGE 1apemiek 10X fantagenist, or other specific lzqa'}d

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
10 iz a PDGF agonist or antagonist. |
It is also likely that the PDSF-R, like many other
growth factor receptors, is found naturally in a multimeric
rotein complex, most likely in dimer form. Thus, other
important regions of a receptor w111 be those segments, elthev
15 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

26 molecules which simulate the interactions of the peptides.
Significant biological activities include ligand-binding.
immuneological 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

25  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

30 - immunological'aptivities-are known in the art, see, e;q.,'bélcw
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,

- 35 ligand-binding or other segments may 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



- nasﬁmmsh Eﬁﬁﬁln to nenbrane bound tibosones, thereby Ieading to

nenbr on and subsequent processing and target'@ﬁﬂ?b§ﬁﬁ0mﬁ2
Slnce uence is typically removed in the translocation
process e S|gnal sequence i s absent iresm mature pol ypeptide. However,

ot her features of the am no proxi mal sequence of the mature protein may
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honnlogy an sical propertres characteristic of a nembrane spanning
segnen fﬁ%cgé@ﬁeﬁﬁddpﬁpgé§t@ﬁ§ protein into an extracellular region and

an intracel lular regpgp. 1Eménbgbg§&§h'yh?§oé§9'thﬁﬁﬁquHE”ﬁﬁv é various

other receptors believed to ex ne ki nase ac ough this
recept or hasoduncedsekichegnodendy rﬁnﬁebtﬁﬁlymﬁpﬁﬁﬁﬁsﬁ%ﬁﬂﬁ&ﬂé@d MP?%?hbthe

reglon of producing highly antigenic proteins. Alternatively, such
polypeptides will serve as highly efficient competitors for
10 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

15 peptides of the. present invention will generaily exhibit at
" least about 80% homology with naturally occurring sequences of
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

20 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.

25 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

30 similar sesquences. using measurs of Lomology assigned to various

- substitutions, deletions, substiiutions, and other '
modifications. Conservative substitutions typically ingludc
substituticns within the following groupg: dlycine, alanine;
valine, isoléucine,-ieucine: aspartic acid, glutamic acid;

'35 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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a tyrosine kinase actjvit PDGF, receptors have a characterjistic sp

tyrosi ne SN iishel Yoand t FPeELf Hekhy %%Mtr%?eﬁmtml@Sﬂéﬁ 104 am no
aci ds. 1Tﬂﬁl+JEE¥ﬁuE£@ﬁEQél@ﬁSofQﬂﬂ%@ﬁéfy &% receptor which may have

5 broadened or. weakened Spec1f1c1gy of blndlng.' Likewise,

" heterclogous fusions may be constructed which would exhibit a
.combination of properties or activities of the derivative
proteins. Typical examples are fusions of a reporter
polypeptide, e.g., luciferase, with a segment or domain of a

10 receptor, e.g., 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 hereain by reference. - Other gene fusion partneré
include bacterizl ﬂ—galactosidasé, trpE, Protein a, g-

15 lactamas=z, alpba amylase, alcohol dehydrogenase,jand.yéast

~ alpha mating factor. See, e}q,., Godowski'at al. (1988)
Science 241:8.2-816. '

Such polypeptides may also have amino acid residues
which nave heen chemically modified by phosphorylation,

20 sulfonation, bictinylation, or the addition of other moieties,
particulasly those which have molecular shapes similar to
phosphate groups., 1n sofe embodiments, the modifications will
be uscfu. lébéling reagents, or serve as purification targets,

e. g., affinity ligands.

25 Fusion proteins will typically be made by cither
recombinant nucleic acid methods or by synthetic polypeptide
methods. Techniques for nucleic acid manipulation are
described generally, for example, in Sambrook et al. (1989),

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

reference., Technigues for syhthesis’ of polypeptides are
described, for example, in Merrifield (1963) J. Amex. Chem.
Soc, 85:2149-2156; Merrifield (1986) Science 232: 34i-347; and
Atherton et al. (1989) Solld Phage Peptide Synthesis: 3

35 Practical approach, IRL Press, 0xford} each of which is

' incorporated herein by reference.

Fragments of an intact receptor are also epbraced

herein. Various fragments include the transmembrane segment,




otherTB? c%?e described in greater detail below The present
I nventi | ated nucleic acids and pol ypeptides rﬂpﬁuq@g,dogﬁPDGZ
recepto d nol ecule is one which is substantially separated
from subst ances mhlch natural |y acconpany®the nol ecul e when found in its

natural form For exanple, an isolated polépeptlde I's one which is
subst ant i ¥PEGhpaPNERES éw&FJﬂréMKﬁéFGréﬁtyc mc@ﬁpénpchQOHunaNaaabmg

'Conponent§ra8m8ntshH5§EtQH%|%h%h%?‘Q%trEbBHQ§ga§nﬁ OEQQESG %E%é%%h] ght be
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expreSS|oﬂraneﬂaﬁbraﬁeaﬁeg&@hQIe@laﬁdrﬁﬁwlBubgb?erQEEEbQ %QQH%% ﬁe&s an
ogous

I-sol at.ed eptide, as,used. herein ress :
cell tsypeg%ég AP et cSPRb 1 Ra%d o0 Mk ho 1&6P€c9§8 189p8€§§€515§“ﬁ§beﬁéﬂégous
cells areprQHedenméybranbaasdomnheedlQSgthyﬁuﬁuﬁggcabbﬁonhhe BQ&QEEQ* i's
responsi b t n tabolic c g.
phosphatlég{)%g%g??é bﬁébe g%r ngggﬁéfuggﬁéﬁnﬁevéws prepareg
producing, e.q., nembrane associated tyrosine kinase segments,
In particular, soluble fragments comprising ligand
10 binding determinants 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

15 analogues will be prepared. The kinase'insert region (KI)
within the tyrosine kinase domains iz a particularly useful
fragment, as described below. |

A peptide analogue of & phosphorylated region of a

protein is a peptide with substantial primary sequence homology

20 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

25 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

30  of more unnatural amino acids, including, e.g., residues

' chemically modified by biotinylation, pﬁosphorylatiOn,

sulfonation, or glycosylation. It will generally be in monomer
form or a multimer of repeated peptide units, and often will be
joined to heterologous proteins or peptide.fragmentS; Such

35 heterologous proteins or peptides will often include segmnents
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



cyt oskel et al st ruct TnigSh " CAWP | evel's; “and | i 'gand receptor
| evel s. Many of thes nges are characterlstlc 0 ogeni c,
e.g. , ligand |nduced I type A and type B PDGF P@iﬁ’( 32 “ﬁ

when conbined in the varlous |ner combi pations into functional recept or
conpl exes, also have characteristic blndlng affinities for the various

form of POGEide fnfloghlh a1 G8nefR130dnBBsbOIARe BE cBYBTRIC colal yPE B

|soforn1receptor bi nds BB i sof orm P affinity, the A
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affinity. pib&ihypﬁaeersau@rqbrgceps@pnarads beatiag, AaaeteenbERgs Wi t h
hi gh affln# é and wth hhe AB h&g od| a%d BB |soforn1PDGF s with: | owe
af fini ty. SFTRESt BPREY | FGAAS P&F & F&EGI§§ usual |y nenbers of the

pl at elget - deri ved grnmphoganbaylbaﬁulrebhah bifnd prot#in important 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
10 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; Williams
(1829) Science 243: 1564-1570; and Wahl et al. (1590) J. Biol
15 Chem. 265: 3944, Direct structural determination, e.g., x-ray
| cfystallographic 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.

20 Fragrments, 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

25 about 4200 daltons or more.

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

'ggnarally be in RNA or DNA forms, or even a mixed polymer. The
30 . described DNA embodiment is usually;dérived.frcm_genomic'DNA_or

CDNA, prepared by synthesie, or derived from combinations ”

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

[ P8 ]
o

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.

r

*
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The  AAShon®RF FesPEBEng | gangags 9fe$e$éﬁ‘b¢%¢¢y %uh*ﬂsv&'?‘hph?@ﬁnéff%%l ty by
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pol ypeptide chain referred_to as,the. A receptor, the [err] receptor, and, -
as used hebBimletshclntpepaiypeptide primary stricture.

An %isolated" nucleic acid is a nucleic acid, e.g.,
an RNA, DNA, or a mixed polymer, which is substantially

10 separated from other DNA sequences which naturally accompany a
native human seoquernce, 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
environment, and includes recombinant or cloned DNA isolates

15 ~&nd chemically synthesiiad-analoqués'pr analogues biologically .
synthésized by heterologous sYstems: A substantially pure
molecule includes jisolated focrms of the molecule.

An isolated nucleic acid will generally he a
homogeneus composition of molecules, but will, in some

20 embodiments, contain minor heterogeneity. This heterogenecity
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

25 operably linked to a promoter. A sequence is operably 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 '

30 form, espec1ally when 1inked to a seguence which promonaq
‘expression of the sense strand. The information is convertible
using the standard or a modified, genetic code. See, ¢.q.,
Watson et al. {1987) The Molecular Biology of the Gene (4th
cd. ) vols. 1&2, Benjamin, Menlo Park, CalAfornla.”

35 _ 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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' functions to generate a single genetlc entity comprising a -
desired combination of functions not found in the common
10 natural forms. Restriction enzyme recoghition sites are often
~the target of such artificial manipulations, but other site

recept or pol ypept i Jéisﬁﬁe

qpe01L1c targets, ©.g., promoters, DNA replication sites,

regulation seguences, control sequances, or other useful

features may be incorporated by design. A similar concept is
15 _intended for a recombinant, e.q.,, 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

20 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
25 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
30 dppropriate nucleotide insertions or deletions, in 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
35 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



18 pres LOS gibh Replaceal  and functlonal characterlzatlons based upon

analogy other growth factor receptors and proteins. The
sequence b Hmm am no acid nunbered 1 corresponds ?grwzméﬁlve
~am no term e formof a hung@ PDGF-R The first 32 am no acids
(designated - 32 to -1) encode the putative signal peptide sequence. The

putative gﬁi %@&%’&Qﬁorsreqm&% h9raTdiatGich Wagildereual (500)
to trp(52 tentlal g§¥cosylat|on re at

. t .
correspon¥hgy thexs A6 &b Jeashebopt §%I %‘?B‘f’ °§é’n OSI IF%T‘%@P °§sr?(t71)
- ser(73) ) 2wk b33t 13erukdiDot idwR s%%r)eferf.-ahznrler@x(i%.) ,laa@t( Aut 65y, ( Hode

asn(275) - thr(277); asn(322) - thr ggég se%ésﬂ}) 3i§%%g?%'ls

ser (438) ; PARFEXSRANA P Loasl akput
[sgteerTr%pt %%o@tT@@%gm E%—{%‘Z Tk ] HIA '(@@ahf)t waen akdds Re@(.6G3): 203 J18u( 766).,
: which 1s 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
10 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
'l15 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
20 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
25 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 insert 1on= resulting in chang9° in the amino

30 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

© 35 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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pol yadk epReplacedd  he 3' end of the given cDNA sequence. TABLE
2, panel of the type B hPDGF-R from 12418- 14 HCskusdvdizs2
Olt abl e 0l ] i d and pol ypepti de_sequence 20 The nucl eoti de
sequence of a CDNA sequence encodi ng one*2llele of a type A hPDG--R i s set
forth in Table .3 éSee SE%%ID : %), to%ether mﬁtg t he deducegéﬁntgguacid
sequence BKCPRE RBEVE: 8r XPBee %E@ | BERYENSES FRE SPVERCLOYaPTf BatutdSToRs
descri bedrepb@cdgai N based upon anal ogy to the nouse PDGF receptors and

other growh factor receptors and proteins. The se nce begi nni at the
am no gcid nunberedthNApfragmpnt %ncoding hPDGF~- q%ﬁn%s Dse to Q%olate

- - DNA encoding PDGYF receptors of other species which .share
5 substantial homOJogieé with hEDGF-R. ;Fragmehts‘from'the
~ intracellular tyrosine kinase region can be used to isolate
other tyrosine kinases. Portions of the DNA fragment having at
least about 10 nucleotides, usually at least about 20
nuclecotides, more usually at least ahout 306 nucleotides, and
10 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
enCOdin§ a hPDGF~R or a fragment thersof is present in a cell.
Additionally, the type B human PDGF receptor gene is
'15 - locateéd at a site on 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
20 sequénces, often intact genes, will find use in diagnesing 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 genome and to
diagnose genstic diseases apssociated with those areas of the
25 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
30 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 seqﬁences of Tébie 2 or 3 in
.35 accordance with standard procedures, or from alleles of thom.
The phosphoramidite method described by Beaucage and Carruthers
(1981) Tetre, Letts. 22:1859-1862, will produce suitable

e

synthetic DN: fragments. A double stranded fragment will often



corresponds to the putative amno termnus of a mature formof a human
PDG--R. The first 23 am no acids (designated -23 to -1) encode {

putative signal peptide sequence. The putative t r ansnmenbr and’ & &é@ﬁ@@&n
corresponds to amno acid residues leu(5)¢) to trp(526). Potential

N-gl ycosyl ation sites are at positions corresponding to am no acids asn(19)

ésﬁ?gggi)beaﬁﬂ%ggé?a %2&% fyaﬁpﬁﬁgggéfiﬂﬁ(%ﬂ%4§§§5iéﬁéht?rghﬁéiéﬁb and

asn(445) aneen@ﬁnq)th¢hstpanétﬁ@eetyﬁasuﬁéekuﬁa§€°a5ﬁaFﬁ PgnﬁﬁFéPPEpPéd by

an am no gﬁ'édaﬂ $r£h8ncB§EW%ﬁﬁn%999tSE¥85§6ﬁk Dhﬁubzﬁiherﬁéé hakheah.
21 TABLE 3, pane sequenhce of the type R from 12418- 14 dISk
file 02t agpgroprlate prlmer seguence. _

5

aking PDGF Rec
The novel nucleic acids provided herein are useful
for making PDGF receptor. The DNA fragment or portions theréof
. Will be used to prepare an expression construct for a hPDGF-R.
10 fThe expression construct normally comprises ons or more DHA
sequences encoding & hPDGF-R under the transcriptional control
of & native or other promoter. When more than one sequence

TV,

encoding hPDGF-R is present in the construct, the sequences
will encode the same or different forms of the receptor,

15 usﬁéily 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

20 host. The selesction 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

25 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

30 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

.35  may be selected. And in some circumstances, an inducible
promoter may be preferred. In other circumstances, it will be
desired to coexnress a glycosylation enzyme which will provide

s Sheet Has Been Replaced
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domai n nd type B receptors have about 80%|dePr€f/&§l9’/09352
re5|due extracel lular regipns of the type A and B receptors
have about 34-35%identical residues, an additional 14% of the remaining
resi dues ermgc69P§§E!éh'b%t%@?%tbﬁHEiﬁmsto'tﬁat prBTibbdl bYNS \dilHF B0
acids having_Sim chem cal properties. The designated transnenbrane
regi ons of® hetHPBEF receptors have about 48%identical residues. O the
52%.0f residues thafndchkes whe¥eaoneCqishevatovexpuhdt ithet DWAS segierfren
in the tabl es oth receptor se uencg; have an an1n%§a%#d |nsert|on of

about 103°5rpt8§uﬁﬁiﬁ 83 CEFEPLERE e PEQSEARG T n& T BETAN WPEESTd N ithase

regi om. )Ebekaf9b@hb hae&l0ﬁyp@@&weeedtbeomweewohﬁpappmdaa sg@tdrces is
about. 44% The term pl atel et -derived rg g factor, rece tor &FDGF R) refers
to a coangpppgﬁrha@rﬁg ptdBer A€ @Hg amRAps pRdof 3 IROXTIRE Rt ve

human PDGF1pee¢pEeESother useful prokaryotic promoters. Usually a
strong promoter will be employed to provide for high level

lcmd |
22 AsTH W%Rep and 3, the presuned intracellular tyr05| ne ki nas

transcyr 1pblon and expression.

10 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

15 = 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.

20 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

25 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

30 the like. In addition, the construct may be joined to an
amplifiable gene, ¢.g., DHFR gene, so that multipleHGOpies of
the desired hPDGF-R ﬁene 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

35 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




ar &N laggdyss of PDGF-Rs, as are each of the pol ypepti des whose
seque sed in Tables 2 and 3, and allelic variants. The '
nat ur typl cally a nmenbrane gl ycoprotein havi ng BCROVSR2440862

wei ght of about 180 kd. The receptor is ggrmally found in vascular snooth
muscle cell; fibroblasts, and glial cells, but not comonly observed in
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i nsert -(K1Y°8&3 ﬁt°8+ﬂg E@?@F ?POR"" n"gigFaﬁgl?E?PﬁeeBFYﬁﬁﬁ'of 't he
conposi ti oprefénabhy osdginttingl Keont BahohREuRGEDOShEENBsYAENd in some

embodiments, non-human species. Using this approach, certaln
mammalian glycesylation 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
constructiqn and the target host. Introduction can be achieved
by any convenien; means 1nc1hd1ng fugieon, conjugatlon,

15 transfection, tran duCthh, elecnroporatlon, 1n3ectlon, or the

' like. See, e,qg., Sambroo k et al. (1989) Molecular Cloning: A
Lgboratory Guide, Vols 1-3, Cocld Spring Harbor 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, yecast,
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,



found, g 'SSheetHaSBeenR ?‘f?dn a human or human-derived cell or a m nor

vari ant frH occurrl ng hurran cell. Wth r espeRCTAEHIR/00862
protein or sequence, ggers to a conposition encoded by
a natural hunan gene, or a cl osely relate gene. Thus, the present

nvention i,ncl.udes. prot and n ci ds ng_such rote| The
huglelg acP8§ %ﬁgﬂﬂgé ﬁ%A, uéﬁ@nﬁ& I Igyﬁgﬂl gésggﬂ ﬁ&ﬂ§1xe
pol yners, kdlh benaeranédaﬁtmmemsmem@damdac ﬁbus calprowewnhmatypedcbaam
t he sequencg | S f _m n I
cons?dgred glgukg ggéb ﬁgg¥ﬁtﬁﬁﬁﬁ gehgl f%?@%% Eﬁﬁkﬁﬁglbﬁruggﬁ §bform
~are each atbe &ohshdered a hunan PDGF- R Thus for the purposes used
her ei N.g the term Numpi Rk dRe Widhiithnedd 013 RANNPER! le: MIRARS ¢&

protei i or polypeptide, stantra iehonn ogous to the am no abld
sequences uépnéﬁestum«mmuhaam<ﬂex35améxgny Be&DEF receptor, e.g.,

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
Jo 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
15 and fragments. can be used for diagnostic purposes and to study -
.and treat diseases or hcdical conditions 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
20 phospherylated amino acid residues. The sites of
phosphorylation are important in interaction of segments with
other polypeptides. The nature and specificity of the
-interactions arefhighly depcendent upon the prcsénde or absence
of the phosphorylation, and fragments ¢f the intact receptor,
25 or related seguences, 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
30 Yeceptor necessary for effecting & particular activity.
Alternatively, these cells will be'useful to assess the ability
ofl a selected rcceptor to bind different ligands (PDGFs and
analogues) thereby prov1d1nq a powerful tool for evaluating the
potential .of drugs for promoting or 1nh1bit1ng specific PDGF~
35 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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antibodies against epitopes of the extracellular region can
. block ligand-receptor binding. Other antibodies will block
10 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

15 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

20 fragments will also have important uses, especially, e.qg., 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

2b  responds to attenuation by therapeutic administration 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

30 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

+35 extracellular 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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mammal i an gl ycosyl ation enzymes. Al so enbraced are

me primary ami no aci d sequence whi ch have pKEEIHUBI/NeH6Ed
reS| ues, :e.g., phosphotyroring, phosphoserine, or
phosphothreonlne The type B hPDG--R i s an isotype of a hPDG-- R
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Ceneral |y, Tdd &.m al so |s |ntended to include fragnents of the protein,
particularly those mgfch are char rlstlc f the hu 1.SO
Correspondi ng meani n T &9 tﬁberﬁ '%Efrétr’en xéaq'%eq%er?!g éeﬁ/% B@&‘;Fegﬂ?ff
certain use:sagnche mérlmfap'pd iveeer tapag hasésunct]‘rmrtaﬂrtrmﬂmm.r thasKHesey ided, -
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or modulat*ng interaction of - phosphorylated residue w1th a
recognition interaction, usually binding by another protein.’

Bﬂ\&ﬁef@s derived from cell's which normally provide such

These interactions are often important in further signal

R transduction and cellular responses. _

10 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 evpression host, e. 9., from a

15 lysate. The DeptldL will generally be isolated by convenient
technigues employing HPLC, elegtrophorecls, 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

20 product, e.g., particularly f{ree of cell component

| contaminants, See, e.g,, Jacoby (1584) Methods in Enzymoloaqy,

"Vol. 104, Academic Press, New York; Scopes (1987) Protein
Purificatjon: Principlegmggg_ggggpice; (2nd Ed.) Springer-
Veriag, New York; Deutscher {(ed.) (1990) Guide to Protein

25 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 1ys(499) of the amino terminal seguence of *
.the type B receptor, and about gln{l) through glu(501) of the
30 seguence 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
35 useful as PDGF agonists and antagonists.
The intracellular region of the protein, beginning at
about val(5060) tkrough the carboxyl terminal awmino acid of the
type B receptor, and about leu(502) through the carboxyl



type B receptor pol i

asm@eﬁhg,ggkerodlner form A heterologous fusion
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9 nucl-eot ifglesou L@ﬁéymamb+£ﬁétuﬁbQUtréﬂsﬂ@@te@ttdys. NPREsesgaghylat | east |
about 15 nucl eoti des, |callg | east, about
sequences w11 he uséd with a hPDGF=-R, but also would be
expected to find use with other proteins if fused to then,
10 Human PDGF receptor polypeptide fragments will
' typically be generated either by direct expression of truncated
nucleic acid sequences, or by standard proteasc treatment of a

hPDGF receptor, preferably purified. Reagents are provided

'CE

.harein for either appraacn S

15 - - A8 & 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 '

20 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

25 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,

30 V. Antibodies - S .

' Poiyélohal and/cr 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.,

35  keyhole limpet hemocyanin) and injected into 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-



18 nucl eotides, nore typitally at | east about 21 nucleotldes and in
vari ous preferred embodi nents, at |east about 24 or nore nucleot
pol ypepti de fragnent is "phy5|olog|cally active" when it subéﬁEHl%ﬁPW?mﬂ
contributes to an activity characteristigsof a natural pol ypeptide or
fragnent, e.g., a PDG--R pol ypeptide. Typically, a hPDG-- R pol ypepti de,
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per f or med %éa ﬁy t he receptor a b|oloqrcal conte 9 in an

organi sm et (PLikhe Blepeddi %%‘? SRAEBEIE 9 it ‘O‘F }3REHPDGF- R a
funct i onalydri@eremil rm&ixk@@fe@hmplwlgﬁeméa vmt | BRI BT andinedd 08! for
activities characteristic of a, hPDGF i.ch include PDGF bi nding,
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' responses gErlgdsed d;és tﬂ@ef@&fpt OSee) ef HAFFoWw' SMi@1 Dasé agI®sd ) may
exhi bit other, CE)decr fi . -
antibodies: A Lanorator apual, Cold Spring Harbor Press, New

York, which is hereby 1ncorporated herein by reference. These
antibodies will be useful in a=gays, or as pharmaceuticals.
once a sufficient guantity of the desired hPDGY
10 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,
15 e.g., directed towards the goal of defining or recognizing
| particular antigenic'determinants; or epitbpes. 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
20 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

%]
(&3]

phosphorylation sites in the intracellular region, e.g., the
kinage insert segment, phosphorylated or not.
Forx roductlon of polyclonal antlbodles, an
. 30 anploprlate target 1mmune 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
.35 footpads, intramuscularly, intraperitoneally, or intradermally.
Of crurse, another species wiil sometimes be substituted for a
mouse or rabbit, including goats, sheep, cows, guinea pigs, and

rats.,
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10 Monoclonal 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,
Antibodies:; A Laboratory Manual, CSH Laboratory (1988); or

Goding (1986) Monoclonal Antibodies: Principles and Practice
{24 ed) Academic Press, New York; eachfof'which isxhereby
incorporatced herein by referencé. Briefly, éppropriate aniﬁals
will be selected and the desired immunization protocol
followed. After the appropriate period of time, the spleens of
such animals are excised and individual spleen cells fused,
20 typically, to immortalized myeloma cells under appropriate
selection conditions. Thereafter the cells are clonally

separated and the supernatants of each clone are tested for

—
w

‘their production of an appropriate antibody specific.for the
desired regibn of the antigen, _
25 Other sujtable technigues involve jin vitro exposure

of lymphocytes to the antigenic polypeptideés or alternatively
to selection of libraries of antibodies in phage or similar
vectors. See, Huse et al. (1989) Generation of & Large *
Combinatorial Library of the Immuncglobulin Reperteoire in Phase

30 Lambda,” Science 246:1275-1281, which is hereby incorporatéd
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
35 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, enzymes, substrates, cofactors,



situ or in vitro. The electrolytes wll usually approximate in situ

physi ol ogi cal conditions, but may be nodified to higher or | r. Loni
strength where advant ageous. The actual ions may be nodifieg'\eﬁ-éuégﬂpﬁq%to

standard buffers used in physiological orgsanal ytical contexts. The size and
structure of the pol ypeptide should generally be in a substantially stable
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"5 Also, recombinant immunoglobulins may be produced, gee Cabilly, .
U.5. Patent No. 4,816,567.
Full lenath peptides'or portions thereof will, in
particular embodiments, be used for produeing antibodies, .
either polyclonal or monoglonal. Antibodies are produced by
10 immurizing 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. _ _ _
15 : For.polyclénairantiéera, the immunoglobulins may be
' précipitétéd,'isolatéd'and p&rified, including affinity |
purification. For monoclonal antibodies, the splenocytes
normally will be fused with an immortalized lymphocyte, ¢.g., a
nyeloid line, under selectiVe'conditions for hybridomas, The
20 hybridonas will gencrally then be c¢loned under limiting
diluticon conditions and their supernatants screened for
antibodies having the desired specificity. Technigues for
producing antibodies are well known in the literature, see,
e.g., Goding (1686} Monoclonal Antibodies: Princivles and
25 Practice (24 ed.,; Academic Press, N.Y., and Harlow 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 *
nerein by reference. The antibodies generated therefrom may |
30 . have many uses in diSSsciing the portions of the receptor

responsible for various cellular 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,
.35 and as reagents to determine the specificity of binding, are
provided herein.
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nol eculses methodepanncileithacddpesegabasts Aneoﬁﬁhgetbarrécbptorspokypeptide
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parti cul ar SeRBBAFRERt §C1peompBliy ings $hehRRGEbSaFeREOTandandr anpibbdigs| v
less than gBoghe3Seceptors. Of particular interest are fragments of the
_ receptors, which have functional binding sites which compete
106 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 receptor can bind to the PDGF
15 - ligands. Also provided are phosphdr?lated frégﬁehts or sites
for phosphorylation which interact with other prétains
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 expression construct comprising a DNA sequence encoding
a. hPDGF-R. Cells are proddced that encode a receptor that is
often functicnally egquivalent 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 adadition to studying PDGF-nediated 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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The e speC|f|c extracellular regi ons of the receptors
ro \ y be used to afflnlty purify respecti vepBpaso2/five2
full extracel lul ar region, conprises the |igand-binding

deternlnants of the type B receptor.in Thble 2, and extends from about
leu(l) to Iys(499 The full length, or entlre extracel lul ar region
conpri si namewst | ¢ am@smmhaengeuermunedanesqof ?ﬁ@eP?pe nyRPBEReRkaANOER i n
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determ nants var recep tor all el es and % wher e
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sequence Eﬁﬁ@ﬂﬁaeivépy, | { agdnBhrehagapButie davershmedthy aemeiniong iwari ous. -
SR e DR R L L BRSO, SR4PR RERRHRAS, AR By g L
~ located FPDGFheecep®dr 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 ,
10 affinity to variants of the PDGF will alsec be evaluated by such
cells. The inhibition of binding will usually occur by
competition or by interfering with binding, on cither the
reeeptor or the ligand, The assay will often make use of
comparisons with and without test ligand, or by a dlsplacemen+
©. 15 - assay, where the dlﬂplaclng llgana is addad after blndlng
" ocours. | | |
- 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,
20 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
25 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
30 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 proteins important in effecting cellular
résponse, e.d., phosphotyrosine binding interactions. As

35 discussed above, the PDGF family of protefns 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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The reagents provided herein will also find use in
the quantitative detection or diagnosis of PDGF analogues, or
13 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
15 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
20 between various patterns and receptor types will be found,
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
25 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
30 . soluble extracellu;ar fraémcnts block the ablllty of BB-PDGF to'
1n1tiate responses - character1 stic of a phy51ologlcal mitogen
response. The soluble fragments also retain high specificity
in binding to only the BB PDGF, not altering the mitodgenic
effect by the AA PDGF. Additional experiments using the human
35 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



nol ecu &s ngéaﬂh felihe interactions of the peptides. Significant
bIO|OgI ncl ude | i gand-bi ndi ng, inmmunol ogi cal gy .
di mer mg ﬁl ng as a kinase substrate, interacti ng"ﬁ?ﬁﬁ%ﬁﬁ%ﬁz

nedlators blnding to a PDGH4QR protein, and other biol ogica
activities characterlstlc of human PDGF receptor pol ypeptides.
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'Escobsdo résalts (4868) tHe BnhhblﬁhenloZGBlﬁé&ﬂglé&?th&hRdbaaﬂeteachehereby
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,fragnentsv1tﬂhus$saﬁa/oﬁlhEE|prpsbypepnwaablenhwblﬁlggnﬁgwldwnbsnatlons of
speci ficiLigene! krigntihte EORLERE 1 hYNERLODIGahE"K2A818Y segments of
these receptors, or fragments attached to solid phase
16 substrates. fThese asgays will also allow for the dlagnostlc
determination of the effects of either blndlng soqment
mutations and medifications, or ligand mutations and
modifications, e.g.,, ligand analogues.
The soluble Iragmént will also find use in testlng
15_='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
20 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 be]oﬁ. '
Receptor components may be substituted by eguivalent
25 or corresponding sciuble 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
30 th}ee “orms of PDGF, the type A binding Iragments 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
3% 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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: generaﬁ'y’d?“ﬂ&ﬂénégobaqe various considerations are described, e.q.,

in Gilman et al. (eds) (1990) Gcodman and Gilpan's: The
Pharmacological Bases of Therapeutics, 8th Ed., Pergamen Press;

P e e e LS

and Remington's Pharmaceutical SC1ggggg 17th ed. (1980), Mack
. Publishing Co., Easton, Penn.; each of which is hereby
10  incorporated hereir by reference. Methods for administration

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

28 | i gand- blndln?ﬂﬁ$eC|f|C| d |ntraceIIuIar reglons For exanpl e,
the I g domains f mﬂiﬁaﬁ?ﬂ ypepti des may be added or substituted

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

-’18 idescrlbea, 2.9., in the Merck Index, Merck & Co., Rahway, New
Jersey. Because of the high affinity binding between PDGF and
its recepter:s, low dosages of thése readgents would be initially
expected tc be effective, Thus, dosage ranges would ordinarily
be expectei to be in amounts lower than 1 mM concentrations,

20 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

25 for continuous 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

30 by aerosol or transdermally,_far-prophylacﬁic and[or' ._ |
therapeutic treatment. The pharmaceuticél compositions c¢an be
adninistered in a variety of unit dosage forms depending upon
the method of administraticen. For example, unit dosage forms
suitable for oral adrinistration include powder, tablets,

-35 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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aci d, gl ullgwphiddizen preparation belng conmbined with a sterzle agueous
solution prior to administration, The compositions may contain

1 pharmaceutically acceptable auxiliary substances as required 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

15 -nonolaurate, tricthanoclamnine 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

20 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 prcferab‘y about 20% (see, Remington's,

25 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.

30 Represcntative of such agents are the esters_cr-partial esters
- of fatty acids containing from 6 to 22 carbon atoms, such as
caproic, octanbic, lauric, palmitic, stearic, linoleic,

linolenic, olesteric and oleic acids with.an aliphatic
- polyhydric alceohol or its cyclic anhYdri&a such as, for
35 example, ethylene glycol, glycerol, erythritol, arabitol,
' mannitol, sorbitel, the hexitol anhydrides derived from
sorbitol, and the polyoxyethylere and polyoxypropylene
derivatives of these esters. Often mixed esters, such as
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See, ' upder pressure. among suitable liquefied propellants are the
lower alkanes containing up to 5 carhohs, such as butane and
propane; and preferably fluorinated or fluorochlorinated
alkanes. Mixtures of the above will sometimes also be

10 employed. In producing the aerosol, 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.

15 : - fhe compositions containing the conpoundq can be

| adnlnlste*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

20 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.

25 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

30 patlent's state of health and weight. | |
| 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

35 activity. Growth factor receptors with tyrosine kinase

' activity, or receptor tyrosine kinaseg, typically possess
similarities in molecular topology. For example, they possess
a large extracellular ligand binding region, a hydrephobic
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The present invention takes advantage ©of the
¥0 discovery that phosphorylation of particular amino acid
residues in a polypeptide segment is important in certain

Replaced
e.g., ﬂUPShﬁﬁ mfeen maNo 4 859, 609, which is hereby mcorgorat ed herein.

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
15 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
20 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
25 which serve as analogues to the peptides or phosphorylated
peptides, ' '
Tyrosine kinases can be broadly classified into two
groups, the transmembrahe receptor kinases and the cytoplasmic
nen-receptor Kinases, with most of the members of the second
30 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
38  separates the oxtracellular and 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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messages, ultlmately to the nucleus.

betailed comparison of established receptor tyrosine
kinase (RTK) primary sequences has led to the identification of

. both shared and unique structural suvbdomains, or segments,

10 which permit classification of the RTK family into distinct
groups, see, e.q., Yarden and Ullrich (1988) Ann. Rev. Biochem.
57:443-478: and Ullrich and Schlessinger (1990) Cell 61:203~
212; each of which is incorporated herein by reference.

| The PDGF receptor is a member of one such subclass,

15 These receptors, 1nclud¢ng macrephage 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-

20 like repeats, suggesting a common architecture 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-
2b 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

30 - subfamily, but are ctrcrgly conserved between evelutionarily
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

+ 3%  insert sequences of 10-19 residues located in the cbrresponding
position of the tyrcsine kinase segments.
RTK ligands induce pleiotropic cellular responses,
which in many cell types'culminate in cell cycle progression,
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phosphorylation. Alterations in the pattern of specific gene
transcription (e.g., c-myc and g~fog) are detectable within
fo  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
15 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,
20 subversion of molecular contreol 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,
25 including PDGF=~A chain, PDGF-B chain, and PDGF 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
30 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.
35 When activated by ligand, the PDGF f-rececptor becomes
' phosphorylated on tyrosine residues. 8See, 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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The najor sites of PDGF stimulated 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

'(e-g-,

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
autophosphorylation appears 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-prbteiﬁ'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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dal tons, of tefp bgn@tphERSteBRPYLr€400s8AL L ABA~receptor tyrosine Xinases,
share a consaerved noncatalytié'region of approximately 100
. amino acids callad the src homology region 2 (SHé) domain. The.
10 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,

$u?
T

20 unclear. In the PDGF raceptor embodiments, 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 phosphaﬁidyl-

28 inositol-3' kinase (PI3 kinase). fThis 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

.. Tound in phosphotyroelne or receptor 1mmuncprcc1p1tates of
30":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 leVe1s of
phosphoinositides and inositcl phosphates phosphorylated on the

35 2 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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hPDGF- R mﬁbﬁ ﬁéob@l9r§§§ﬂneéstélﬁhﬁﬁctbﬁcPlg klnaae or an 1mportant
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

10 - 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

15  shown.that the ligand~activated AKI mutant receptor fails to

| bind PI3 kiﬁase, but binds as much PLC-v 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

20 phosriorylation 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
binding P13 kinase. These experiments indicate that either the

25 P13 kinase binds directly to a portvion of the kinase insert
region containing tyr(719) or that the binding interaction
involves other portions of the receptor that are
conformationally dependent on seguences in the kinase insert .
region. |

30 . . To .u,..ectly study the 1nteractlon between the tyPa B

' " PDGF receptor and PI3 kinase, an- in vitro 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

. 3% 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



: ed’
aci dhisSheet as Been REEACET, - acid whi ch encodes a hPDGE- R pol ypept i de, |
fragnme [“ﬁgumM I ncluding protein fusions or deletion varimmt/s:so8Y00862
nucl ei a pol ypepti de when a correspondi-ng nessage of a

sequence, or its conplenent, is translated, %%;provided by a universal code

nucl of o aci d PLaPng o) Ehe PRoFCERLebEaR A ATy yien oFhe Beubinel pRer. wni ch
i s substanti aphyspkenybebddf onntprbsin®NA Senambred wbirgbonst bFathe peptide,
other human oaheio BeloEnEEBNER Tactarhn ErEpatas; Rl cer biaERunGoacERTALY
whi ch has beeThesgostddiesnshbe tRbtr phospletyrss ige efii 4 08pBAL £idNgdequence.
~incl.udes gecoghi nant 9r..cloned- DNA Lsolfﬁes;andtchgﬁ10€$|y Sénxgesizeg- _
anal ogues“or ANArogued=hy BF offcal FHCeYRt hilP RHE By REL ER8I BiBdingyefehs. A
subst anti al | yeyeeplashbcusibgnatingenoischbeed fornms of the nolecule. An
ol coul es. but wi L, i naokf SEERY; dudfelt VETTARED Ba COERRY thEciBheractipe
heter ogenei t yof PDGF receptors and PI3 kinase. The association of .
phosphoproteins with the PDGF receptor is demonstrated by -
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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
15 kDa protein and a 110 kDa protein that have recently been
' correlated with"P13 kinase activity. See Fig; 1¢, 1In 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
29, 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 density-arrested BALB/C 3T3 cells were mixed with
the immobilized receptor and the complexes were washed

25 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

30" 140 kD, 120/110 kD (sometimes -a doublet), 85 kD and 74 kD were
radiolabeled (the bands at 160 kD and 150 kD are the o
baculoviruSwexpressed receptor and its precursor,
respectively). The 140 kb band has been previously identified
as PLC-+4 and the band at 74 KD includes the raf-1 kinase and

35 probably another molecule as well, Thé 85 KD protein
co-migrated 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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often accodgLuggggtgpsult is con51stent ‘with previous indications that
this receptor mutant does not assoclate with PI3 kinase in
intact cells.

10 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

15 rgccptor_'Flg. b "+"_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,

20 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 ¢). fThis finding indicates that phosphorylation of the

25 PDGF receptor was reqguired 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

30 and the PI3 kinase act1v1ty to the receptor in vitro.- Previous .
data suggested that the klnase insert region was 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

3% 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



33 either chem cal synthesis neans, or by the artificial manipulation of

| sol ated segnents of nucleic acids, e.g., by genetic engineeri

techni ques. Such i's usually done to replace a codon with a r%&ﬂﬂé@ﬁﬂ“@@ﬁon
encodi ng the sane or a conservative am ngiacid, while typically introducing
or renoving.a sequence recognition site. Alternatively, it is perfornmed to

join toget&lertﬁwqicmste a@y;slc ssgﬂmrswéelsl@@rr@%\imi@@es sPneRBSi 2éE, a
Bn

| tid t f ti t .
ound 1 LA QTR 46 SHAFORG rgon HELHTS cE1 %%@#«@Qriﬁﬁb#QE%tﬁQi??Zenare

often the u?znreg.et Tife suyctosine fatipds Mabopul? 28 |@ﬁsthdaLmom$¢aeSQquE&cepat'sbi c

control " st 48 iyt ehf A ShE B e Y Bool uBERPEREBct g,

A sini$ar knaeputioplivepnoeyll dvioa sEoendf nene, receptofusi on, - pol ypepti de.

Homol ogous sequencegmawy {E§h§§@I€ﬁ5 5%{ﬂfu§ 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

10 nixing 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 cf peptides, The arrow indicates
the positicn of the 85 kD procezn that co-purlfled with bhe PI3

15  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

20 to the association with the receptor. By contrast when a
derivative of this peptide that was phosphorylated at position
715 (Y719P) was added to the incubation, it blocked the binding
' of the 85 kD phosphoprotein (Fig. 4a) and inhibited the
association of PI3 kinase activity (Fig. 4b) with the receptor.

25 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.

30
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simlarity. The standards for honol ogy in nucleic acids are either

nmeasures for honol ogy generally used in the art or hybridization

-condi tions. The hybridization conditions are described bel ow, gt/ r&508/00852
further limted by the honol ogy between the correspondi ng human and nouse
segnments. Honology will be limted, in adfition to any stated paraneters,
by any simlarity between the human and Hs,e sequences such that the
stated honol ogy specifically is |im tedng Ehé& conditions which are ,
sufficient for the corresp®ifii et s aymiietifc theysement bei ng
conpared to match the stated human segnent.. Substantial honol ogy in the
nucl ei c_acid context neans either that the segnents, or their conplenentary
strands, wigRidslasared, are identical wheSemwéheml |y aligned, with - '
appropriate nucl eotide insertions or deletions, in at |east about 60% of

t he residues, usually at |east about 70% nore usually at |east about 80% .
preferably at |east about 90% and nopre preferably at | east about 95 to 98%
of the nucl¥ddfi des. Alternativel y, subst FEYMDMIKDPESIDEVRMIEN S when the
segnents will hybridize under sel ective hybridization conditions, to a.-

*
}o ¥719p GGYMDMSKDESIDYVPMLDM
. *®
¥708pP GGYMDMSKDESIDYVPMLDM
15 : *
Y719P short MDMSKDESIDYVPMLDM
) : * .
2o ¥708P short e GGYMDMSKDESID
i _
Y708P/F719 GGYMDMSKDESIDFVPMLDM
Le ] - * y
25 708/Y719P GGFMDMSKDESIDYVPMLDM
% *®
Y708P/Y719P GGYMDMSKDES IDYVPMLDM
30 S % -
: Y719P scrambled - . MMDIKVPMDEYMSDYSDLGG

35 The asterisks (%) indicate the position of a phosphate group

LT
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strand, or its conplenent, typically using a sequence derived from Table 2
or 3. Selectivity of hybridization exists when hybridi zati onpogaigee/opRExh
is nmore selective than total |ack of 34 specificity. Typlcally,
sel ective hybridization will occur when tfére is at |east about 55%
honmol ogy over a stretch of at l'east about 14 nucleotides, preferably at
| east about 65% nord pher&eazbMeradone st p&mtde?g%l%(izhﬁstnmlew@ﬁamqwat

| east abOU*M9Qw(inosﬁéad§af(?"7'1§@ E%%w @ 1&@1@% I%%osli%é%sma&sdml ch i's

|ncorporated he ref'erence. gth .0f hagnol ogy gonpari son,

3
descri bed, ® kﬁg B%B%lPSn@ért§ﬁr§Fcﬁ@%pr K8 (FdGaidt e ﬁénEQQMII
of ten be ommaiﬁéaetﬁb aks @bma.s:h a&omsliumee@duieﬁ.twmam mﬂi | east

2t VeaR aBBEESSRTnucPREPTASL Nt o & pEPEILE ChAy drdlieR i hind e Y
nucleotldeposaﬁﬂonraierahﬂyphbsphotyr051ne 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 bstween the receptor and the PI3 Kinase.
Thus the coincident bloéking of 85 kD and Pis kinase aétivity
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
. ssecssed.  Lysates from 3T3 cells were incubated in the absence
30 or the presence of peptide Y719P prior to association with the
' receotor 1mmunoprec1p:taues - The dsgociation 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

s Sheet Has Been Replaced .
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| east abyysneét as Been®eplacddeot i des. Stringent conditions, i nreferring to

nt conbi ned conditions of salt, %ﬁﬁ%g&ﬁoosﬁz

honol ogy, I ti
or ganic sol er paraneters typically controlled
hybri di zat i’ t1rons.

Stringent tenpersature conditions. will generally
I nclude tenperatures in excess of 30[err]C, typically in excess of 37[err],
and preferabl85 iXDARXTESkivasdbierivity Stttingdm sateptandand odid bt

"esst han 2B En ol RS0 ARG eSO i R T BT e Y
inpoatant t han the mﬁasmeEcnmlmmytherqﬁtum&uafmﬁh& 1nEEEacEign oﬂbthué and
Davi 3 /

nor ei n_by BErrEn T ThS: 8a X iERGSHR « UIPRLEL R F o REREENCY,
gener abl y hﬂs)tetmlmymit;h@anokm wag nagadns RPGF orecaptomuf aom oRES orebisor
modi fi cat i anS, Yy g5 dth @?‘Ciegceéﬁ?!ﬂ Bro PPl Pl Sea s “m{x\kﬁb‘téf’@é%ﬁ{tated

|nsert|ons res |ng In C anges Im € am no acl sequence

silent nutwifbrzecrpieni 2yt hbodieso kakel edstikles Br_a.m\mﬁ_ﬁr; éﬁﬁbb‘ﬁ?lﬁ as
termnal of QWRShe DB EndM bloteins from 3T3 cell lysates that had been

separated electrophoretically and transferred to

10 nitrocellulose. The radioclabeled 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

16 -protein from PDGF-stinulated lysatés was not available for

 association with the immcbilized PDGF receptor (Fig. 1b). 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).

20 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
experinent showed that the 85 KD protein (Fig. 7, lanes 3 and
5). This experiment showed that the 85 KD protein binds

25 directly to the PDCGF receptor and doeg 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 718, and tyrosine phosphorylation of this .
segment appears Lo be necessary for the interaction.
30 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

35 receptor is phosphorylated on tyrosine. See Fig. la. A region
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



smamaaan&msz ® gene fusions between a hPDGF-R and another protein

can fu3|on bet ween the separate types A and BPEpAUBS2/00862
nucI usual 'y genomic, will often not exceed about 50 kb,
nor e exceed about 40 kb, t?ﬁlcally wil | not exceed about 30
kb, nDre ty |caIIy not exceed about 20 kb usua not exceed
about 10 k¥ Oé@axqrn'lmdoe@m-nem@ \ﬁh%a dﬁ@ttlon Forestdeed

about 6 kbppi3yely wwe%mé@% ¥ 'b’Hel a's@'fdc(l'&i’clm\éed:ha% [Ny
fragment encodi ng hPDGE-R fi'nds use to isol ate DNA encodin PDGF rece tors

of other sped&s JRCEREE ARk AinestdYo fice dPE &1 2n R+ Fridgnent s
fromthe i ghiscelavulivey Wsigie doniatd Hisg @mm@fmxﬁetused The- lme&t\em&er

e o de SHRe PR SR - Sy YR HegR2deh7 3 WA AR
activity suggests 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

1o 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

15 . 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

20 KI gomain around tyrosine 719 is directly involved in the
association of Pza 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

25 roceptor with the PI3 kinase in jin vitro assay. Similar
sequences and interactions are subject to bhlockage 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 mediating

30 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
35 . 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-fms protein. However peptide
¥718P blocked asscciation of P13 kinase with the c~fns protein
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P dl%egﬁi 1,{g_enetlc d|5§§§§$§93380|atﬁgsi§ h t go areaﬁ of ;Pg

g itthe GAR, e PTid-y _,ofaﬁche:-fim-rmm thegilaek of ablllty of the
peptides used in this report to block GAP and PLC-«y associat;ion
with the receptor shows that different regions of the receptor,
possibly containing different avtophosphorylation 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 pinding signalihg molecules
and the present invention provides the methods and materials
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}

30

(%]
[$4}

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

"uriic1ent 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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The reconbi nant nucleic acid sequences used to produce fusion proteins of
‘the present invention will often be derived fromnatural or syfI{bEP00862
sequences. Many natural gene sequences afg obtai nable from various

| i braries, cDNA or genom c, using appropriate probes. See, CGenBank[err],
Nat i onal | rrsatajth.u‘tees hefconealdva 1 1 by C al nginabiasy st DGR F ecept or s

w il be seI c%rﬁ&h?;r i}ﬁq‘gq%#s of Table 2 or 3 in accordance with
standard pr ures & SEROY The phosphoram dite net hod
deﬂ:ri be(cji by Beauca?Ehmdrﬁaarnﬁdrerva#](ngﬂr)té&etﬁeaamﬁzﬁﬁ;oﬂ %ﬂ&@@nge
Wi produ [ nt het. ragnents.. A dou tr.ande r agnment
Wil | often%% %§ %2’1@& é’qgedﬂell\‘lsf?gﬁ W@g qﬁ’e @M t%?F“}mP es
st r and fand axenedifiemgdt by stayarsk tﬂgﬁtétﬁ:rauﬁmrampm&pm}at@}eml tions or by

addi ng the,qaplegpptary strand 'using DNA polynerase with an appropriate = °
primer -sequence.

-
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Met hods for Maki ng PDGF Receptor and Fragments The novel nucleic
a¢h6$h&ﬁ®msdedxhqmamd are useful for maki ng PDGF receptor

frag ns thereof will be used to prepare an expreggr 92/00862
_cons”MI DGF- R The expression cqostruct nornally conprises one or
nor e encodi ng a hPDG-- R under the transcriptional control of
a native or other pronoter. Wen nnrgggﬁ§¥¥@ﬂgﬁ%%quence encodi ng hPDGF-R i's
present in the construct, the sequence de the same or different
forms of the receptorInugenersldi stendard tatAniyuescoPromeerbinant DA a

eukaryotic Qé@t'i‘%ﬁg oar@X@égéﬂgadlﬂnavﬂamélgunbffééumreet@e mammal i an
cell may or rece-tors The rgnscrlptlf al reguiator

- sequences v@éﬁg#ﬁﬁﬁc%ﬁl?lrnéiﬁﬁ%) i b3 oY dianya
i's recogni zesldySpiEndoSirboFhEaSELEESE Fl Eﬁsaﬁeﬁppébpalat (slmwrm remi |

depend upon_the host,,b ter as t

pronot er s, MOMM‘% {'0%%% %‘ge&kﬂgjv\ﬁ“en@%e

ah g. ] SanFrm ] éﬁaléﬁ&ﬁgﬁtan Coayeni endséy) aM@fl:ﬂ:@@sl; €118 X1k £ Dig ¥ €8¢ D). S53
'chine UHE tOMD{ néCSﬁA 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 Xidnev MGT13 ¢DNA Library and
" Human Placenta AGT10 cDNA Library

A full-length DNA seqguence encoding the mouse PDGF

s
o

receptor (mPDGF-R) protein was used as a probe to screen
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 hybrldlzahlon at 40°C, the filters were washed four
times at 55°C with 0.2X SS8C and 0.1% SDS and two addltlonal
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 -

) 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



system and transcriptional and transtational regul atory sequences together
with the insertion site for the fibroblast growh factor recepF 0862
sequence may be enployed. Exanples of workabl e conmbinations o cél I'nes
and expression vectors are described in S&%rook et al. (1989); see al so,
Met zger et ,als. $1988 Nat ure 334:31-36, each of which is hereby

i ncor por at 68 h&PBi RebyPlePdr BHOES TP Bardiecty At 4ﬁoﬁ5fuﬁ§§Iféﬁ@#ﬁﬁewgrmll

be preferre@haWne:raeh@ﬁpraQSSim aatw.a g Bswnand ungd@ o | oudlocardonal ly, it

m-ght be useful to eé. press the iggfences i n, ot her ty es of ceII , and
appropriate pronoter TheF e te FCTARDANY S 1"rE’c r&féﬂé) arbeven

i nduci bl e pllombelwemy d&&aﬁiﬁgcﬁr&rﬁﬂ aﬂa{lﬁf*wrbyilﬁé?éﬂﬁ't@dl%ﬁ dideildn RA+h

desired. to =08 preé ﬁgcosylat| nz&a; gh mnll rOV|de - 'P

O ycoon at FERRSbERaPRRalasR 3 (ke GFTd Wyt AMHRRAR el 45 defpe.
insert was selected and characterized. The sequence of that
clone is described in Table 2 and encodes the type B human PDGF
receptor (B-~hPDGF=R).

Construction of Expression V
The 4.5 kb DNA fragment containing the complete

10 II.

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

15 region of °V40 expresgsion vector PSV7IC, The pSV?d 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

20 Sall followed by three translation terminator codens (TAA) and
the SV40 polyadenylation signal (SV40 nucleotides 2556-2770)
(Truett et al. (1984) DNA 4:333-349). The EcaRI fragment
containing the ¢bNA sequence obtained from the HP-7 clone was
inserted at the EcoRI site of the p3v7d.. In the resulting

25 expression vector, the B~hPDGF-receptor 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 with Smal endonuclease which cuts at

30 posi ion 573 of the receptor sequence and in the pclyllnkee
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

.35  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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I n cases where one wi shes to expand the DNA sequence or produce the

receptor protein or fragnents thereof in a prokaryotic host, ®-H8hSHHGSH

pronoter is a prokaryotic pronoter, e.g., trp, lac, and Ianbda and see-

- Sanbrook et al. (1989) for other useful prbkaryotic promoters. Usually a
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conveni ent mar ker%o'ttl-i)i%r{seic, i pro rflz?){tﬁl ce1ts By the o %\i % _
precipitation technique of Van der Eb et al. (1980), Methods in
Enzymologz (1980) 65:826-839, with the addition of 10 ug

10 chloroquinone diphosphate (CDP) to prevent degradation of the
transfected DNA. After 12 h of expecsure 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

15 pg/ml.

After two weeks under‘selection, iﬁdependent 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

20 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

25  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
30 SV40 early promoter (CHO-HR5) and CHO cells transfected with a
similar plasnid containing . the rousé receptor cDNA (CHO-R18)
were solubilized as previously described by Escobedo et al.
(1988) J. Biol. Chem. 263:1482-1487} Extracts were analyzed by
Western blot analysis using an antibody that specifically
recegnizes sequences in the receptor carboxyl-terminal region
as previously desaribed by Escobedo-et al. (1988) J. BRiol.
Cher.: and Keating et al., (1%87) J. Biol. Chem. 262:7932-7937.
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cells, mar resistance to a cytotoxic agent, con&ﬁzﬁgézzm
of an auxot aMI MEH . prototrophy, production of a detectabi ,
etc., wl) i ent. The expressiion construct can be joined to a

replication systemrecogni zed by the intended host cell. Various
replicati ormisy sStEhskDangprsies imr bk €189 Lt Nr SYSH OB ﬁllé%htﬁé ISOLEMaruses,
siman virys,.,bov ne I1loma virus, or_the like. In addition, the
construct tg‘.iptbeei? oﬁ%éﬁpﬁ or%?le%ﬁﬁ?i??%“bﬁ"és%he, e.g., DHFR gene, so that
mul ti pl e copi es of tiIEhaleskprosihiitFeR Peneremapter ereteivetn €hy. ,
Schi nke, ' R %g%fg 05 : Ry : 8 , Cell
Bi ol . 5: 1751-01S . ;Ctéqz}*c‘lhs p%?a%m‘?% &?sstﬁ%‘?%%w ncorrg%r%%ﬁﬂ%‘g%g% nyﬁéi’. .
ref erente. Rerquirizedmrintracellubix esegaenksiirdthe rapeptora rEreptbone -
pol ypept i de-jd} S i r DY EES A B Wﬂﬂﬁ! c . pattern.
In this~cagg#ﬂ%ﬁgﬁﬁiggpﬁﬁgééﬁg §¥Y€f6§? .A p€$¥ g@g{g&gg&n as

. chosen for further study. - This transfectant had receptors that

‘were labeled with i""I-PDG_I-‘ as shown by the competitive binding
studies described below.
10 |
V. Competitive Binding of the Different Forms of PDGF to
the Type B Recept '
The ability of the human recembinant AA and BB
homodimers to compete for the type B receptor sites and
15 displace *°T-labeled PDGF (prepared as described below) was
-studied. Each- homodimer was produced selectively by a yeast

_expression system and was purified from yeast media that is

devoid of other mesenchymal cell growth factors, thus avoiding

the artifact of contamination by factors that might be present
20 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°C

- for 45 min in whole celi suspension. Unbound, radiclabeled
25 PDGF was removed by centrifugation on a Ficoll gradient Non~
gpecific binding, determined by incubating CHO cells with 1251~
PDGF, accounted for 25 percent of the bound radicactivity.
The binding study demonstrated that the transfected
cells can be usecd as a model to study the interaction of hPDGH
30 with its receptor. In particular, this study demonstrated that
"the transfected type B human receptor was functionally
equivélent to'the native mouse receptor as indicated by the
following results. Both AA and BB forms of PDGF competed for
the 'I-PDGF labeled sites in the human receptor transfectants.
35 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 BB
form for both the transfected cells and mouse 373 cells. The
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w il be nD osing the polypeptide, e.g., an ung ﬂﬁ@
form to a m“pmm ML osylating proteins int roduced i nto i’éﬁe erg(fogous
expressi on or exanple, the PDG72 eceptor gene may be
co-transformed with one or nore genes encodi ng mammal i an or ot her

glycosylamanLQQEVﬁﬁsofptbéepabtyrbrDglﬂampﬁgltleh1%hﬁﬁﬂ thagathepddi es,
and in so pERELS. w@@ﬁe@HHBErﬁﬁggésﬁe%ItgbggBtHhﬁaﬁpgéeéghorcﬁﬁta'n

manmal i an g ycosy?atlon patterns w le 1n te or other
cel | s. Thbh%e%ﬁ@eoWaYnﬁﬁodﬁchQﬁ ﬁithhthex@a%sgeoﬁogaﬁsregeptpntand host

cel | wi !l qugeXslepeadi o upeReLhe géggtsygaér&%aa&egahgmgna BFat BhEC"

“host . ctron can conveni en
~fusioﬁ, conjugatlon transfection, transduction, electroporatlon

I nj E_Ctionvior the 'A!shxgﬁ%n ngung%ﬂéﬁ%&egeo?' %¥£89§§L Mohaek! ar
Conin: A aborator¥he ability of recomblnang AA- andrBB ho%gairerslgndlsf
of human partially purified AB PDGF to activate the type B
receptor tyrosine Kinase was studied. The yeast-derived AA and
10 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 ,
185 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
20  nolecular 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 3T3
receptor or the transiected mouse receptor.
25 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
30 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,
35 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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C e host cells will normally be imortalized ce
cal e continuously passaged imaculture. For the nost part,
t

be conveni ent nmanmalian cell lines which are able to
express a hPDG-- R angamler e3fesd B Gand 'GESSeINe BoinPeRit e wPLRSLAO
provi de an a prgagrl ate mature é)olgpe tide. Eé{é)rocesm ng i s intended ;
gl ycosyl at F¥Re FHhgan RRGHECCRRERT | TRV offHYdHink AT e goisikated with
post -t ransmthmiﬁ@)dziéﬂ@iﬂmi?is tdye #neeghaidsaiatdning hef hemsd thi Il be abl ]gz
to recogni ze Si sequence for Jdnserting HPRGE-R into.the nmenml 0 X
Lhe corr PREEBRER’ B 5 RIS a1 AFRAted R AR, TR gl TP O
gener ald y wergelerdd asr nagat ek tand syt ive ndordneo loc atégpadinively § heThe
protein. Aj;w 3 izgl : S ;Wi OV f expressi f. .t
pepti des, g?%ﬁpégLagyﬁpg%lgﬁﬁ%edﬁ%ﬁé@?&giqggéfﬁﬁohggﬁsﬁ%ﬁc?%ﬁ%ﬁgﬁgFgﬁﬁﬁc
such as E. meallripgadthe fiddimanoisl uref  theaseeid gatdcs) piimabist imatecld s,
typically aq previously described.
Transfection of CHO cells with either type B human or
10 mouse FDGF receptor conferred a PDGF-sensitive mitogenic
response, All forms of PDGF stimulated DNA synthesis in both
the type B human_receptor transfectant and the mouse cells
bearing the native receptor. '
These data showed that the A chain homodimer and the
15 - 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
20 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

25 type B receptor, above, except that different probes were useqd
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

30 sequences was identified and had the amino acid sequence,
HRDLAARN. Oligonucleotide probes encoding the tyrosine kinase
consensus seguence were preparéd having the following
sequences: _ o

GT'T (G/C) CGXGCNGCCAGXTC (G/C) CGXTG, _

35 where G/C indicates either G or C was useéd 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 6% 53¢ ¢.1% SDS and 5X
Denhardt's solutiocn at 42°C as follows. Filters were screened
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sequence are shown in Table 3, above. _ :
The clone encoding A-hPDGF-R was digested, gel
purlfled and inserted into the $V40 expres51on vector, psv7¢,
as described for the type B receptor clone.
I0 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.
15 : ' L R A -
' IX. - gﬁtracgl;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
20 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
25 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
30 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
35 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 serum, 200 pg/ml proline,
200 U/ml penicillin, and 100 pg/ml streptomycin. Colonies were
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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 bloﬁtinq 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.

. conditioned media

o DPXR cells at 95% confluence were washed 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.
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' reagent (500 pCi; Amersham) was dried under nltrogen. Thn BB=-
'PDGF was added to the dry. ‘Bolton Hunter reagent and- 1nchbated
for 15 min at 4¢c. Fifty pl of quench golution (0.1 M sodium
borate, 0.2 M glycine, pH 8.5) was added to the reaction

10 mixture, which was incubated for an additional 10 min at 4°cC.
The entire reaction mixture was loaded on a PD-10 column
(Pharmacia) equilibrated 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)

20 Biochim. Biophvs, Acta 771:82-88; van der Schaal et al. (1%984)
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

25 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

30 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

.35 (2 mM) were incubated with 10 pl 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 region protein, were added to the
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region protaln was immobilized by adsorptlon onto a plastic’’
surface. 50 pul of WGA affinity chromatography purified
J0 extracellular region (approximately 80 nM, estimated by silver
straining) wae diluted in 10 ml of 25 mM Tris Cl, 75 mM Nacl,
20 mM NHchoa, 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 bloacked with 0. Ss gelatin in 100 mM NaCl, 25 mM nepe
51 1.35 for 3 h at 4'", "The plate was then washed twice wlth
binding buffer {0.3% gelatin, 100 mM NacCl, 25 mM Hepes,
pH 7.35). »I-BE-PDGF and/or unlabeled BB-PDGF were added to
the wells in a final volume of 100 pl and the plate was
20 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.

-
o

25 Crosslinking cxperiments
Extracellular region polypeptide partially purified

by WGA chromatography (25 ul, ~50 nM) was incubated with

0.2 pCi of 125I-EB-PDGF (2 nM final concentration) and various
) concentrations of unlabeled BB-PDGF in a final velume of 100 ul
30 @t 4°C for 3 h. The extracellular region protein was “then.
crOSslznked to the liuard by 1 mM bls(sulfosucc1n1mldyl)
suberate (BS?) (cat. ﬂ21a79,.P1erce Chemicals, Rockford,
Illincis) at room temperature for 30 min, The reaction wvas
stopped by 25 mM Tris buffer, pH 7.4, for 5 min. The
extracellular region protein was then immunoprecipitated with a

receptor antibody (AL77) and analyzed by SDS-PAGE.

[PV
(3]

Autophosphorvlation assay

This Sheet Has Been Replaced




__————‘_‘——’—————-— . . . . . . .
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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 lysates were analyzed by SDG-

PAGE and Western blotting with an anti-phosphotyrosine mab.
fo ’

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)
15 for 24 h. Conditioned media cpntaining the extracellular
' _tegion pfbtein 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
20 (in 50 pl) 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.
. 25 '
XI. Human Extrace laxr Region
Equivalent technigues for construction, expression,
and determination of the physiological effect of truncation or =
_ deletion analogues of the soluble extracellular receptor
30 fragments from the human receptor may be performed using the
| ‘mucleic acid, bolypeptida; and other reagents provided herein.

Human_ Deletion and Truncation Construectsa .

35 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



recognition interaction, usually binding by another protein. These

i nteractions are often inportant in further signal transducti

cellul ar responses. The hPDG--R protein expressed by transfec?g"a‘?'gg?zl/gﬂsﬁso
finds nmany uses. If the peptide is secretexd the peptide will typically be

i solated fromthe supernatant in which the expression host is grown. If
not secretenan1m91$e@t|db Wi Hbléeul gpi Chdhinte AsbihoratébrvnMaheadxpiesg)oen
host , e he,;pept i l'}.0 I d,.hy
convenlent gﬁeéag%pfbog NI‘—I Ltlgﬁ %%t%%p @g%@#éyaégd ﬁg%%&ﬁ b9

centrufugatreﬁerem¢¢n|tvechfmqatmgnapﬁysubcgonlu@|HQSFEE;fosmednhy
ChronatOgraféytﬁﬁétPégeénﬁgﬁ%0§§ 8kt P Rtﬁﬁﬁlyyibfaﬁ&ta98e8§§dchaiﬂfOte'n

"blochenlstrg rovi tla pur e’ product, e.g., particularly
free of 5cel eé@h@@ﬁé@@ gengvenchagi sas =ribgd , by s8anger 16842l nei A8@Z) i n

Enzynol ogy, pVek. #¥&é 1A§égém ggf’r wasa@ﬁ k @fg&%u&i@@aagr a&%etaa
PUI’IfICatIOH rncrp 1 Cce, rnger-

York; Deut s&heYi¥ee. WUFEQQD?SéﬁlEéstBeFf@fﬁﬁﬂ F%?P? éﬁglbﬁ tN@tHBgBOﬁn
Enzynol ogy, a¥ebriB&d; p@2RANRELVWBECHL | S(1987) Methods in Enzymol., 154:367. -

The strategy for oligonucleotide directed in vitro deletion
10 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 deletien mutagenesis. A
mutagenic oligonucleotide aligned with the appropriate region
of the human PDGF receptor can be used to generate deletions.

e
L

The antisense strand was used for mutagenesis throughout.

Mutagenesis of PAl utilizcd Mpl8PR as the template. PAl, a 41
~ bp oligomer, introduced a TAG stop codon after Lysine499 (K, gq)

of D5 and removed the transmembrane (TM) as well as the entire

intracellular kinase domain (K), producing an Mpls PAl. PAl
20 codes for 530 148 precursor proteins.

The human PDGF receptor constructs were subsequently
subcloned into the EcoRI-Hind IXI site of pBJl a derivation of
pCDL-SRa296, as described in Takabe et al, {1988) Moled.'ce$l |
Bigl. 8:466&, and co-transfectaed with pSV2NEO, as described by

25  Southern and Berg (1982) 5. Mol. Appl. Gen., 1: 327, into
Chinese hamster ovary cells (CHO).

Function of the construct was demonstrated as
followe: *

A sample of 0.33 nM PDGF BB ligand is prelncubated

30 'ior 1 hr at 4°C under the follow;ng COndltlons
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; ' .

35 3. phosphate¢ buffered saline solution that the receptor
and antibody are in; or -
4.  no additions but the ligand itself.

This Sheet Has Been Relplaced
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regi ons,

proteins,

about leu(l) through lys(499) of the am necqe(§93)
type B receptor, and about gln(1l) through gI? 501?9 ?58

‘ type A receptor, which fo¥fnthe entire extracellul ar
and particularly the PDG- Ilgand bi ndi ng Rortlons of the receptor
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erm nus of the pe. A recegtor nd use as terSI ne

PSahcgnﬁFtﬁeﬁEPFor from” NIH3T3

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 blue, (known as SDPS 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

ethylenebls(oxyethylenenltrlllo)eetraacetlc acid, 1% (w/v) 8DS, .

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 conto a single gel sample well of a 7.5%
sodium dodecyl sulfate polyacrylamide gel. <Cellular proteins
were separated by electrophoresis.

o 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

ar
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known FB'&G i s'3ii\(i¥i‘t|onally, ‘am no- acids net(-32) through gly(-1) of

t he ami no ence of the type B receptor and from RODUISITRE08623)
t hrough ¢ ype A receptor, %ﬁgrlse si gnal sequences which
direct the structural proteln t hrough t he nbrane of '‘a transfected cell.
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sai d pol ypepti de segnent and sald sampl e.
XII. PDGF Plate Assay

Polystyrene microtiter plateé (Immulon, Dynaﬁech
I0 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 g1 of 25 mM Tris, 75 mM NaCl, pH 7.35 for 12 to 18 h at
4°C. The protein was expressed in transfected CHO cells and
15 collected in serum-free medis. (Gibec MEMa) at a concentration
of 0.2 - 1 pg/ml, with a total protein concentration of “
150 - 300 Bg/ml.
The human type B PDGF receptor extracellular region
fragment was concentrated and partially purified by passing the
20 media over wheat germ-agglutinin-sepharose at 4°C (at 48 mil/h)
in the presence of 1 mM PMSF. After extensive washing, the
pretein was eluted in 0.3 M N-acetyl-glucosamine, 25 mM Hepes,
100 mM NaCl, 1 mM PFMSF, pH 7.4. -This fraction was then appiied'
to Sephacryl $~200 HX (Pharmacia) eguilibrated in 0.15 ¥
25 ammonium bicarbonate pH 7.9. The fractions containing receptor
(3 - 10 ng/nl) 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
30  wells were then drained,- rinsed once wWith 200 ul each of 0.5%
' 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
35 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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with 0. 3% gelatin, 25 mM Hepes, 100 mM NaCl, pH 7.4 at 4°c,
The bound *ad10act1v;ty remaining was solubilized from the
0.05% BSA, and counted in a gamma~
counter. The nonspecific binding was determined in the
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
system in which all of .the measured PDGF responses could bé
attributed to this single tfansfected'receptor cDNA,

wells in 200 ul 1% sSDs,

XIII. . Intracellular Region
Cell culture and rscombinant baculovirus.

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 {rugiperda
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
procedures. Recombinant baculov1rus vas collocted from
supernatant of SF9 celis 48~60 hours after 1nfectlon at a’
multiplicity of infection (MOI) of 1.

25

.30

RoBESc AR PPpaubating Far 4 deat or

(8£9) cells (from M. Summers, Texas A&M,

Aﬁtibpdies. mitogens, and peptides

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 $.G

Fhee,

NIH, Bethesda, ¥MD, and GAP

-
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1o Association Assavys
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 vere 1mmunoprec1p1tatcd
15 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.

20 (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 immuncprecipitation using
receptcr antibodies, 1Infected cells were washed twice with -
cold PBS and lysed in 1 ml of lysis buffer (1% NP-40, 20 m

25 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

30 autophosphorylated in vitro by incubating the immune cdmplcxes
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

35 4 h at 4°C. Receptor-antibeody 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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structure. In particular, a polypeptide epitope honol ogous to a sequence of
at | east six contiguous am no acids described in Table 2 or Table 3 will be
a useful immunogen. The epitopes of nost interest will be thBEBUIHOE62
si gnal segment or inmmunogl obul i n domai ns gf,ound in the extracel lular region,
particularly those surroundi ng the PDGF I'igand bi ndi ng regi ons. However,

ot her seg S W | ites in
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or not. Famapahing gﬂl fiﬂmﬂ inrd nanelod odlthaBAibropiThteeXlar get

i mune sysihaldes Sred abudy RitCa 1oy, a THYISHuRind addid1eddle Wwilst anti al |y

purified antigen i,s presented. to the inmunune stemin a fashion detern ned
by met hods"—?ib%rfd‘&ﬁ pEShah witihgolk cP%ﬁ’he‘i/ qi%e‘t‘ér Ll Ifowdnd
_ |mmno$oq|5|ﬂsmvr This qH Si tas. flqlrn lﬁh&@xmﬁ%@t ﬂﬁ.‘hﬂ;f PRdlss the BAhLB -
i ntramuscul Ar, nt.raperitonea er.na cour se, anot her
speci es vmq/aﬂl?y %5508{5%&1{%%%‘-&??%# "‘éﬂ'ﬁbt@b‘a d?é/ﬁ‘%?ﬂﬁ"‘t (Wld{mdlfrﬁf
goats, shedpmirpwd 400 A8 Y O WY Irdivbation with the PDGF receptor .
protein expressed in the insect cell systen.

10 In witro kinase and PI3 kinase assavs
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
Ci/mmol, at 25°C for 15 min. The reaction was terminated by
15 adding 4x Laemmli lcadlng gel buffer. SanplQSIWerc 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

20 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 P14 kinase activity.
Reactions were terminated by the addition of 100 gl of HC]

25 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.

30 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
35 washed three times with RIPA buffer containing 1 mM sodium
orthovanadate prior to the incubation with the 3T3 cell lysate.
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44 An i mmunol ogi cal response is usually assayed with an i mmunoassay.
Normal Iy such i munoassays involve sonme purification of a source of
antigen, for exanple, produced by the sanme cells and in the §KH¥U5§yﬁWﬁﬁ_as_
the antigen was produced. The immunoassawgM ||, in some instances, be a
radi oi mmunoassay, an enzyne-linked assay (ELISA), a fluorescent assay, or
- any of mamphéteinghobress RDSproteiiwhtimrepdrneécopedt ypegueval ent but

may exhi bit advant aggs, ynder, ec}f'c.congitio S, nocl onal aniib dées
with affinities of %@T%rr?yﬁfggr? #%&%ﬁaﬁﬁ@nﬁfﬁ¥f? B ﬂb?ﬁ???, Bf° e
stronger wmémbraymes aldye benabgechyfst aritaixl ghdTitres dindedirebelly €00.,
ober ! o &8 430 x00LL RO £31 o ERRCLRL LY IBOURY o 651 KERRLEL Vi
(2d edj Acd@edbePeds SDGReweYepkor.cafb ptephrehthe peddbyabeled receptor
probe, baculovirus-expressed receptor was immunoprecipitated
from 10° 89 cells. The immune complexes Were washed and _
labeled by autophospherylation as described above. Labeled'
'receptcr was sclubilized from the immunoprecipitates by '
0 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 A-mercaptoethanol and brought to 10 mM _
15 iodqagetamide'and'l% Triton X-100. Analysis of ‘this material
o by Sbs—poiyacrylamide 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
20 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
25 the ¥p-Labeled raceptor 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 wag specifically
30 and individually indicated to be incorporated by referénce, '
| 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 éppended claims.
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i ncorporated heroin by reference. Briefly, appropriate animals will be

sel ected and the desired i muni zation protocol followed. Aft

appropriate period of tinme, the spleens of such animals are gg{b&%ﬁ"“ﬁé’

i ndi vi dual spleen cells fused, typically, to inmmortalized nyeloma cells
under appropriate selection conditions. Th&Peafter the cells are clonally
separated and the supernatants of eagbostnmrerpsEeested for their
_production of an appropriate antibody specific for the desired regi on of

t he anti gepn. 'P%E gﬁg&f &pchnlques i nvolve in vitro exposure of
Iynphocyte e n i 'geni ¢ pol ypeptides or alternatively to selection of
| i braries of arml baHLB®mNTY Phddemsr lewas|Tr vectors. See, Huse et al.
(1989) "Ceneration of a Lar SFBSAB: NRELDR i A Li brary. of t he | munogl obul i n”
.Repertoire i nPhagseriamdayindaosnC a4t AdErT 128 Lrowih fAcTer hRtc@PYoRs

i ncor porat ed. herein by reference. The pol ypeptides and antibodies of the
present invefiifon NHUBER OFUSBAFENCER: &. wi t hout nodi fication. Frequently, the

pol ypept i-des M %BM' EN?.M Ly Hfi: d.,abeled by joining, either covalently

or non-coval entl'y, (g Aﬂﬁ% -88ER WOIRIEND and TOWNSEND .
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} CITY!: San Frarncisco

~
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g COUNTRY: TS
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(i) SEQUENCE CHARACTERISTICS: :
(A) LENGTH: 5427 base pairs *
(B) TYPE: nucleic acid
{C}) STRANDEDNESS: double
(D) . TOPOLOGY: linear . _
(ii) MOLECULE TYPE: cDNA to mRNA -
(iii) HYPOTHETICAL: N
(iv) ANTI-SENSE:
(vi} ORIGINAL SOURCEL:

(A) ORGANISYM: Homo saplens
(B) STRAIN: ambda gtl?

[This Sheet Has Been Replaced

BT




provides for a detectable signal. A wide variety of |abels and conjugation
techni ques are known and are reported extensively in both tRCTZUBRNONEG2C
and patent literature. Suitable |abels include radionuclides, enzynes,
substrates, cofactors, 45 inhibitors, fluorescent noieties,
chen1|un1nescent noi eti es, magnetic partlcles and the like. Patents,
teachi ng the use of such Iabels include U.&’ Patent Nos. 3,817, 837;

3, 850, 752; 3, 689, 35@“53299 345: 4,277,437, 4,275,149; and 4, 366, 241. Al so,
recorrbl_nant | nmuno #mfaﬁe pgﬂduced see Cabilly, U S Patent No.
4,816,567. Full le gﬁhﬂmﬁﬁ tefemMarI®erti ons thereof will, in particul ar
enbodi ments, be used for producing antibodies, either polyclonal or

- monocl.onal . Antlb die r ,%1,Ng an appropriate’ vertebrate
“host, e.g., g“ éﬁgiﬁéaéggﬂﬁgﬁ §¥fo et itself, of in conjunction

with an TGTTC‘ CCTG AGCCTTCAGE AGCCTGCACC AGTCCTGCCT GTCCTTCTAC TCAGCTGTTA 60
SCCACTCTGS GACCAGCAGT CTTTCTGATA ACTGGGAGAG GSCAGTAAGG AGGACTTCCT 120
GSAGSCAETS ACTGTCCAGA GCCTGGAACT GTGCCCACAC CAGAAGCCAT CAGCAGCAAG " 1BO
GACACC ATS CBC CTT CCC GGT GCG ATS CCA 62T CTG &G4 CTC AXM GGC 228

. Met Arg Leu Pro Gly Als Met Pro Ala Leu Ala Leu Lys Gly
3 _ 10
GAG CTC CTG TTG CTG-TCT CTC CTG TTA CTT €TG GAA CCA‘CAG ATC TCT 276
Glu Leu Leu leau Leu Ser Leu Leu Leu Leu Leu Glu Pro Gln Ile ser
1 _ 20 25 30
CAG GSC CT& GTC GTC ACA CCC CCG GGG CCA GAG CTT GTC £TC AAT GTC 324
5in Gly Leu Val Val Thr Pre Pro Gly Pro Glu Leu Val lLeu Asn Val

) a5 40 43

Tos AZC ALC TTC GTT.CTC ACC TGC TCS GGT TCA GCT CCS GTG TG TGS
Ser Ser Thr Phe Val Leu Thy Lys Ser Gly Ser aAla Pro val Val Trp
5C 55 60

GAA CGG ATG TCC CAG GAG CCC CCA CAG GAA-ATG GCC AAG GCC CAG GAT 420
Glu Arg Mgt Ser Gln Glu Pro Pro Gln Glu Het Ala'Lyg Ala Gln Asp
. 5 70 7

GGLC ASC TTC TCC AGC GTC &7C ACA CTG ACC AAC CTC ACT GGG CTA GAC 468
Gly Thr Phe Sexr Ser Val Leu Thr Leu Thr Asn Leu Thr Gly Leu Asp
g0 g5 90

ADG GGA GAA TAC TTT TQC ACC CAC AAT GAC TCC CCGT GGA CTC GAG ACC 516
Thr Gly Glu Tyr Phe Cys Thr His Asn Asp Ser Arg Gly Leu Glu Thr '
95 _ 100 . 305 110

SAT GAG C&5 ARA CGG CTC TAC ATC TP GTS CCA GAT CCC ACT GTG
Asp GIu Arg Lys Arg Leu Tyr Ile Phe Val Pro Asp Pro Thr \

115 120 122

TTC CTC COT AAT GAT GLC GAG ”AA CTA TTC ATC TTT CTC ACG GAA ATA £12
Phe Leu Pro Asn Asp Ala Glu Glu Leu Phe Ile Pne Leu Thr Glu Ile
‘ 130 135 140 .

T GAG ATC ACC ATT CCA TGC CGA GTA ACA GAC CCA CaG CTG G
- Glu Ile Thr Ile Pro Cys Arg Val Thr Asp Pro Gln Leu va
145 150 155

ACA CTG CAC GAG AAG AMA GGG GAC GTT GCA CTG CCT GTQ CCC TAT GAT 708
. Thr leu His Glu Lys lys Géy Asp Val ala Leu fgo Val Pro Tyr Asp :
: 160 o 165 . _ 170

CAC CAA CGT GGC TTT TCT GOT ATC TTT GAG GAC AGA AGC TAC ATC TGS 75¢
His Gln Arg Gly Phe Ssr Gly Ile Phe Glu Asd Arg Ser Tyr Iie Cys
175 180 - 185 . i8¢

. GCC TAC GTC 804

BAA ACC ACC ATT GGG GAC AGE GAG GTS GAT TCT GAT TAT
» Asp Ala Tyr Tyr Val
203

Lys Thyr Thr Ile Gly Asp Arg Glu Val Asp Ser
195 200
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adjuvant. Usually two or nore i nmuni zations will be involved, and the

bl ood or spleen will be harvested a few days after the |ast HG/&S02/0A862For

pol ycl onal antisera, the inmmunogl obulins may be precipitated, isolated and

purified, |nclud|ng affinity purificationgg For nonoclonal antibodies, the

splenocytes nornal y w il be fused wth_a , €.

nyel oi d | iThe % &6 I8 &;ﬁd?{% eyits % L}Egb';’tréld Sﬁéﬁy%gg é&brr dondz? °

will generglly hen cl oned’under i20st 1 ng dilution cruitions and their

supernat ants screened for antlbodles having the desired s ificity.

Techn auegdof et %}Eﬁ ey mq@fq ot ’gﬁctgfp |GT§%& ure, 988

e.g. der 3 o |es |nC|pI§s d Practice (2d .

ed. ) Acadeni c Press qug and FbrIOW/agd Lanep-é§88 Antlbodles A o

Labor at or \SOVhAMRIGAT TEer CNg&iFYM’k n lar e

exenpl i fi &4¥bf3! "’ép(%%* er?g Nbg e gg‘?i”lg A% C3Ys¥%77, which

are each |ncorporated her ei n by reference The antrbodres generated

t her ef romQﬁ@/C%\ﬂé‘GnﬁT@ e §CE rF‘RTr ég’é(ﬁAﬁng“Q Wé‘cpgq |G6HSA'Eﬁ QCH'eTJr"-ecept or995
Gly Ara lLetu Val Glu Yro Va

265 260 265 26
, CAC ATC CGC TEC ATC CTG CAC ATC CCC AGT GCC GAG TTA GAA GAC TCS 1044
His Ile Arg Ser Ile Leu His Ile Pro Ser Ala Glu Leu Glu Asp Ser
27% 280 285
GGG ACC TAC ACC TGC AAT GTG ACG GAG AGT GTG AAT GAC CAT CAG GAT 1092
Gly Thr Tyr Thr Cys Asn Val Thy Glu Ser Val Asn Asp His Gln Asp
280 295 300
GAA AAG GCC ATC AAC ATC ALC &TG GTT GAG AGC GGC TAC GTG CGG CTT 1140
Giu Lys Ala Ile Asn Ile Thr Val Val Glu Ser Gly Tyr Val Arg Lev
3905 310 - o315 o
‘CTG GGA. GAG GTG GGC ACA CTA CAA TTT GCT GAG CTG CAT CGG AGC CGE 1188
Leu Gly Glu Val Gly Thr Leu Gin Phe Ala Glu Leu His Arg Ser Arg
320 328 330
ACA CTG CAG GTA GTG TTC GAG GCU TAC CCA CCG CCC ACT GTC QTG TGG 1236
Thr ieu Gln Val Val Phe Glu Ala Tyr Pro Pro Pro Thr val leu Trp
335 340 345 350
TTC ARA GAC AAC CGC ACC QTG GGC GAC TCC AGC GCT GGC GAA ATC GCC 1284
Phe Lys Asp Asn Arg Thr Leu Gly Asp Ser Ser Ala Gly Glu lIle Ala
355 360 365
CT¢ TCC ACLG CGC AACD GTG TCG GAG ACC CGG TAT GIG TCA GAG CTG ACA 1322
Leu Ser Thr Arg Asn Vil Ser Glu Thr Arg .Tyr Val Ser Glu Leu Thr
370 375 380 )
CTE GTT CGC GIG AAG GTG GCA GAG COT GGC CAT TAC ACC ATG CGG GCC 1380
Leu Val Arg val Lys Val Ala Glu Ala Gly His Tyr Thr Met Arg Ala
385 330 igs
TTC "AT GAG GAT GLUY GAG GTC CAG ¢TC TCC TTC CAG CTA CAG ATC AAT 1428
Phe His Glu Asp Ala Glu Val &ln Leu Ser Phe &ln Leu Glpn Ile Asn
400 405 410
GTC CCT GTC CGA GTG CTG GAG CTA AGT GAG AGC CAC CCT GAC AGT GGG 1476 .
al Pro Val Arg val Leu Glu Leu Ser Glu Ser His Pro Asp Ser Gly
418 420 425 439
GAA CAG ACA GTC CGC YGT CGT GGC C&G GGC ATG CCG CAG CCG AAC ATC 1524
Giu Gln Thr Val Arg Cys Arg Gly Ary Gly Met Pro Gln Pro Asn Ile
' 435 © 440 ' 445
ATC TEG TCT GCC TGC AGA GAC CTC AAA AGC TGT CCA CGT GAG CIG CCC 1572
Ile Trp Ser Als Cys Arg Asp lLeu lys Arg Cye Pro Ary Glu Leu Proc
. 4580 55 ) 460
£CC ACG CTG CTG GGG AAC AGT TCC GAM GAG GAG AGC CAG CTG GAG ACT 1620
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"responsi ble for various cellular responses and in-the general processing

and maturation of the receptor itself. Antibody agonists or BOIA{RIR/0N862

m ght even be produced. Both proteins and f;@gnents to serve as immnogens,
and as reagents to determ ne the specificitﬁ-of bi ndi ng, are provided
herein. vI. PFre T’-—'N§ggmdcﬁ§ fidy AygeSer Fhe PleséntSdmeént kon epr hirdes a
human pl atel et derived growh factor % ceptor (hPDGF-Rf7Burification met hod
~as well as aanet¢msdAterracy mthemicz GRg GHIGEAG eeP et ScAld GG Neelabs . Achl SO 1663
provi ded ar e 2RBnYide R0 Ry *r Scp oy §l?r@d{1§éd By Phes@urdahods, Seucthai ¢ aci d
sequences encodi the receptors 8P portions of thei%%ceptors, expression
vehi cl es contaéargcrhans SROUEIRCEAT & koA COMPresi ¢ B8 T TRtE @&@Pt Or S,1416
and anti bodi ég‘gtlb?gt hev rdoepiorial A€k Jar Preular SentWlestrgacys frhagreents of
the — .- 49 - o so0 . 505 . 510 2

CGT AAC GCT GTG GGC 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

: - 515 . 520 525
TCC TTG CCC TTT AAG GTG GTG GIG ATC TCA GCC ATC €T¢ GOC TS GTC a igl2
Ser Leu Pro Phe Lys Val Val Val lle Ser Ala Ile Leu Alz Leu Val

R 530 535 540

GTG C7C Aéc TC ATC TCC CTT ATC ATC CTC ATC arc'crr TGG CAG AAG 1860
Val Leu Thr Ile-Ile Ser Lsu Ile Ile Lau Ile Met Leu Trp Gln Lys

545 550 585
§AG CCA CGT TAC GAG ATC CGA TGG AAC GTG ATT GAG TOT GTG AGC TOT 1908
Lys Pro Arg Tyr Glu Ile Arg Trp Lys Val Ile Glu Ser Val Ser Ser

. 580 -1 570
GAC GGT CaT GAG TAC ATC TAC.CTC GAL CCT ATG CAG CTG CI2° TAT GAC isse
_ASD Gly His Glu Tyr Ileé Tyr Val Asp Pro Met Gln Lsu Pro Tyr ASp
575 : 580 o ' 585 : 580
TCC ECG TGG GAG OTG CCG C&G GAC CAG CTT GTG CTG GGA CEC ACC CTC 2004
Ser Thr Trp Glu Leu Pro Arg Asp Gln Leu Val Leu Gly Arg Thr Leu
585 600 605
G?C TCT GGG GCC TTT GGG CAG GTG GTG GAG GCC ACA GCT CAT GGT CcTs 2052
Gly Ser Gly Ala Phe Gly Gln Val Vval Glu Ala Thr Ala His iy Leu
610 613 620

RGC 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 - ) €30 - 835
ACA GCC CGC AGC AGT GAG ARG ChA GCC CTT ATG TCG GAG OTG ARG AT ' 2i48
Thr Ala Arg Ser Ser Glu Llys Gln Ala Leu Met Ser Glu Leu Lys Ile

30 , 645 - 650
ATG AGT CAC CTT GGG COC CAC CTG AAC GTG GTC AAC CTG TWG GGG GOC 218¢
hst Ser His Leu Gly Pro His Leu Asn Val Val Asn Leu Leu Gly Ala
855 660 665 670
TGC ACC AAA GGA GGA CCC ATC TAT ATC ATC ACT GAG TAC TGC CGC TAC 2244
Cys Thr Lys Gly Gly Pro Ile Tyr lle Ile Thr Siu Tyr Cys Arg Tyr
675 £80 T 685 s
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 : -
: : 650 . : 695 : 700 '
CAC CAC TCC GAC AAG CGC CGC CCG CCC AGC GCG GAG CTC TAC AGC AAT 2348
His His SeXr Asp Lys Arg Arg Pro Pro Ser Ala Glu Leu Tyr Ser Asn
, 705 710 715
GCT CTS CCC 3TT $86 CTIC CCC CTG CCC AGC CAT GTC TCO TTG ACC G485 2388
i

Ala Leu Prs Val Gly Leu Pro lLeu Pro Ser His Val ser

Le ey Thr Giy
720 725 730 -
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receptors, which have functional bindi ng sites which conpete with receptors
to bind particular ligands. See, e.g., Ochansky et al. (1988t/us92/00862
"Phosphati dylinositol Linkage of a Truncated Form of the Pl atélet-derived
G owth Factor Receptor” J. Biol. Chem 2 - 15159- 15165, which provi des
evi dence that an extracell ul ar 'rreg on oéy;tcge PDggr ecept.o E I nd t%sghe
PDGF | i ganglé. ARE $3Cp rﬁ@% tﬁ?ﬁ g@@ﬁ]%éqlsgsfor‘
phosphoryl “i 5ﬁrvﬁpc$‘l r‘f‘g r%% @ 1}13 reiei ns nporfanat wso cel | ul ar
response to 'I i gand bi ndi ng In particular, soluble ext~r acel I ular regio
segments ard proviagedrs 'ﬂ"‘én%%@f‘éd’*—’eﬁelc 5 ﬁcnﬁ ‘;‘Jﬁ"' ﬂ)? stu "iaﬁg
cellular r ASSRFr HepRER AR &o'n\f% Y SED At \& on, ian cells
“whi.ch | ack a PDGF receptor. can-be transfecteghwnth an e¥Pr$55|on constﬁyct
cﬁrrl e, o 2532
conpri si ngeks mmmd‘@teh”é‘bdicﬁu E)(?‘\p Asﬂﬂ‘:s CFF SSaropCel that

encode a rGHeFEErS¥hAEN (R ot UK 124541 ME Wal entree0° Fhe WI I d type
receptor and confer a PDGF senS|t|ve nltﬁgfn C _respanse. Qqn %he 2%55
i s cy
(e vy, QR e SEokcT IS RCASE O RED ST B il
anal yzed, &%5° el gs 795
AGC TAC ATG GAC CTC GTG S&8C TTC AGC TAC CAG GTG GCT AART GGC ATC 2628
T 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 GCG GCT AGG 2676
Glu Phe leu Ala Ser Lys Asn Cys Val His Arg Asp Leu Ala ala Arg
815 £20 B25 836
ARC GTG €T ATC TGT GAA GSC AAG €TG GTC AAG ATC TGT GAC TTT GGT 2724
Asn Val Leu ile Cve Glu Gly iys Leu Vel Lys Ile Cys Asp Phe Gly
: 835 840 84:=
CTG GOT-CGA GAC ATC ATG CGC GAC TGS AAT TAC ATC-TCC AAA GGC AGC 2772
Leu Ala Arg Asp Ile Met Arg Asp Ser Asn Tyr lle Ser Lys Gly Ser
850 855 860
ACC TTT TTG &OT TTA AAC TGS ATG GCLT CCG GAG AGC ATC TTC AAC AGC 28290
Thr Phe Lsu Pro Leu Lys Trp Met Ala Pro Glu Ser Ile Phe Asn 5ar
865 870 875
C TAC ACC ACC CTG AGC GAC GTG TGG TCC TYC GGG ATC CTG CTC TGG 2868
Lev Tyr Thr Thr Leu Ser Asp Val Trp Ser Phe Gly Ile Leu Leu T
880 8gk 890
GAG ATC #TC ACC TIG 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 AAA CGG GGT TAC CGC ATG 6CC CAG CCT 2864
Glu 61n Phe Tyr Asn hla Ile Lys Arg Gly Tyr Arg Met Ala Gln Pro
: 915 920 923
GCC CAT GEC TCC GAT GAS ATC TAT GAG ATC ATG CAG AAG TGC TGS GAA 301¢
4la His Ala Ser Asp Glu lle Tyr Glu Ile Met Gln Lys Cys Trp Glu
530 g15 940
GAG AAG TTT GAG ATT CGS €2C CCC TTC TCC CAG CTG GTG CTG CTT CIC 3060
Giu Lys Phe Glu Ile Arg Pro Pro Phe Ser Gln leu Val Leu Leu leu .
545 _ 950 955
"GAG AGA CTG TTG GGC GAMA G5T. TAC AAA 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 ' 965 . . 970 - o _
GAG GAG TTT CTG AGG AGT GAC CAC CCA GCC ATC CFT CGG TCC CAG GCC 3156
Glu Glu Phe Leu Arg Ser Asp His Pro Ala Ile Leu Arg Ser Gln Ala
$75 980 985 _ 99cC

C3C TIG CLT GGG TTC CAT GGC ¢FL CGA TET CCC CTG GAC ACC AG

[p)
-3
rs
0
(%)
™)
o
L
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conpounds, both protei naceous and non- pr ot ei naceous.

As deronstrated in

t he Experinmental section, transfected cells were used to detgrm t he
AA form.of PDGF activates the type B receptor tyrosine Ki nas@mﬁéiﬁgz
presence of the type A and type B receptor polypeptides in a single cel

will facilitate the study of
receptor interactions.
t he transfect edacgellles Bem Qg

as a PDGF agoni st or antagoni %%
contacted with Ghe drestardineg,

receptor binding prgperties and perhaps even

In addition to studyi ng PDG-- nedi-ated m t ogenesi s,

BHeedis Glgvhbudirg $exdiPug’ sewalebithr Ber fsenct i on
In particul at?%% ransfected celtP% can be
ceNdré e cod Araneatlcaof caceapeonse @Rt kel ned, z2s:

[

[

N

‘e.g., receptor 9 d@il-‘n’é}’#(i':ll}gagelaa@al V) Bm.dqs?'g_ﬁls-\ Gy orspf ABDAASDy Miyhdses, as
conpared to control cells A the presence a° dbsence.of.FIX}ﬂQE_ anal ogs
“thereof . Alternatr¢\akycTd weg cinctbapapedt icaceeys wannexd caa et box ors 330¢
' ' Ile Pro Leu Pro Asp Pro Lys Pro Glu Val ARla Asp Glu Gly Pro Lev :
1025 1030 ' 1035
GAG GGT TCC CCC AGC CTA GCC AGE TCC ACC CTG AAT GAA GTC AAC ACC 3348
Glu Gly Ser Pro Ser leu Ala Ser Ser Thr Leu Asn Glu Val Asn Thr
1040 1045 1050 :
. TCS TCA ACD ATC TCC TOT GAC AGC CCC CTG GAG CCC CAG GAC GAA CCA 3139¢
Ser Ser Thr Ile Ser Cys Asp Ser Pro Lau Glu Pro Gln Asp Glu ¥ro
1058 1060 1085 1070
GAG CCA GAG CCC CAC CTT GAG CTC CAG GTG GAG CCG GAG CCG GAG C€T¢ 3444
Glu Pre Glu Pro Gin Leu Glu Leu Gln Val Glu Pre Glu Pre Glu Leu
1078 io80 1085
GAA CAG TIG CCG GAT TCG GGG TGL CCT GCG CCT CGG GCSG GAA GCA GAG 3493
Glu Gln Leu Pro Asp Ser Gly Cys Pro Ala Pro Arg Ala Glu Ala Glu
1090 . 1085 1100
GAT AGC TTC CTG TAGGGGECTE GCCTCTACCS TGCCCTGEST GAAGCTOCEE 1544
Asp Ser Phe Leu ’ ' :
1105
CGCTGECCAGS ACCCAGCATC TCCTGGCCTG GCOTGGCCGG GCTTCCTGTC AGCCAGSCTS 3604
CCCTTATCAG CTGTCCCCTT CTGGAAGCTT TCTGCTLCTE ACGTGTTGTG TCCCAARACCT 3664
‘TGEGGCTEGC TTAGGAGECA AGAAAACTGC AGGGGCCOTE ACCAGCTCTC TGCCTCCAGG 3724
GAGGCCAACT GACTCTGAGC CAGGGTTCCC CCAGGGAACT CAGTTITTCCC ATATGTALGH 2784
TGGGAAAGTT_AGGCTI‘GATG ACCCAGAATC TAGGATTCTC TCCCTGGCTS ACAGSTSGGS 384¢
AGACCGAATC CCTCICTGGS AASATTCTTS GAGTTACTGA GGTGGTBAAT:TAA AT 1504
CTETICAGCC AGCTACCCCT CAAGGAATCA TAGCTCTCTC CTCGCACTTT TATLCALCCA 3964
GGAGLCTAGGSE AAGAGACCCT AGCCTCCCTS COTGLTGGET GAGCTAGGGT CTAGCOITGA 5022
GCASTSTTGC CTCATCCAGA AGAAAGCCAG TCTOCTCCCT ATGATGCCAG TCCCTGCGT: 4082
CCCTGGCTCG AGCTGETCTG GGGCCATTAG GCAGCCTAAT TAATGCTGGA GGOTGAGSCA 414¢
AGTACAGGAL ACCCCCAGCC TGCAGCCUTT GCOCCAGGGTA CTTGGAGCAC ACGCAGCCAT 420¢
AGCARGTGCC TGTGTCCCTE TCCTTCAGGE CCATCAGTCC TGGGGCTTTIT TCTTTATICAC 426¢
CITCAGTCTT AATCCATCCA CCAGAGTCTA GAAGGCCAGA CGGGTCCCGT ATCTGIGATE 4324
" AGAATCTAAA TGTGCCAGTG TGGAGTGGCS ACGTGTGTGT GCCAGATATE CCCCTGELTS 438
TGCATTGGAC CTGCTATGAG GCTTTGGAGG AATCCCTCAC CCTOTCTGGS CCTCAGTTTS 444:
CCCTTCAAAA AATGAATAAG TCGGACTTAT TAACTCTGAG TGCCTTGCCA GCACTAACAT 450«
TCTAGAGTAT CCAGSTGGTT GCACATTTGT CCAGATGAAG CAAGGCCATA TACCCTARAL 456.
TTCIATCCTG GGGGTCAGST GOGCTLCTGSE GAGATTCCAG ATCACACATC ACACTCTLES 462:
‘This Sheet Has Bee



provi ded for inhibiting binding between a PDGF anal ogue and a PDGF receptor
present in a solution. This nmethod will contain a step of adding a PDGF
receptor peptide, e.g., a peptide honol ogous to a sequence ded¥si/b682408862
Table 2 or Table 3 to the solution, or a nmutation or nodification of one.
Binding affinity to variants of the PDGF w || also be eval uated by such
cells. The inhibition of binding will usuallyY2ccur by conpetition or by
Interfering wsbhefloll RocObed hbcicablge IcReRRly QrdARBaldiRBercEhBA 35S 2¥ay
wi Il often nmake use of conparisons wth and wthout test li1gand, or by a

di spl acenent GESSERFACIMIRCACTERCAIFEFIGTSTHS TICK YRECE SCRAGGAGCRI CEFCARGHAT Ng 4744
occurs. Howev; .as. Lndi.ca e L kel chions |

o dimer ot a dtcoqARaE AAGERbR " O ceRbEadeRE Bhcantid MebHASE T b
di meri zat i on MAAGKEGACRA SGABGEMAIAd TARSATCACMTICCTEEAGSE f GAICACECE M GohoTIGTAY Si gRed .

duction: iff ' ' 4 | AhXod .
At on o ol RS NSO Htechldd ol 1y

PDGF | i gands. e S0

the various raceTROacs fISCATAAN HAGANCGEATE IMSAGAGATGE GCGCTTTGGA GGTTTGCCCC 4984
TCACCCACCA GCTGCCCCAT CCCOTGAGGCA GCGCTCCATG GGGGTATGET TTTGTCACTG TH044
CCCAGACCTA GCAGTGACAT CTCATTGTCC CCAGCCCAGT GCGCATTGGA GOTGCCAGGG 5104
GAGTCAGGST TOTAGCCAAG ACGCCCLECGC ACGGGGAGGS ‘TTGEGAAGGE GGTGCAGGAA 5164
GCTCAACCLC TCTGGGCACC AAQCCTGCAT TGCAGGTIGS CACCTITACTT CCUTGGGATC 5224
CCAGAGTTGGE TCCAAGGAGS GAGAGTGGGT TCTCAATACG GTACCAARAGA TATAATCACC 5284
TAGGTITACA AATATTTTTA GRACTCACGT TAACTCACAT TTATACAGCA GAAATGCTAT 5344
TTTGTATECT GTTAAGTTIT TCTATCTGTG TACTTTTTTT TAAGGGAAAG ATTTTAATAY 5404
TAAACCTGST GCTTCTCACT CAC ' o 5427
(2} INTORMATION FOR SEQ ID NO:2:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1106 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: lineaxr
(ii) MOLECULE TYPE: protein
(%1} SEQUENCE DESCRIPTION: SEQ ID NO:a:
Met Arg Leu Pro Gly Ala Met Pro Ala Leu Ala leu Lys Gly Glu leu
1 S 10 15
lew Lcu Leu Ser Leu Leu Leu Leu Leu Glu Pro Gin Ile Ser Gln Gly
20 25 30
Leu Val Val Thr Pro Pro Gly Pro Glu Leu Val Leu Asn Val Ser Ser
3s ' 40 A5
Thr Phe Val Leu Thr Cys Ser Gly Ser Ala Pro val Val Trp Glu arg
50 55 €0
Met Ser Gln Glu Pro Pro Gln Glu Met Ala Lys Ala Gln Asp Gly Thr :
65 70 75 ) 80
Phe Ser Ser Val Leu Thr Leu Thr Asn Leu Thr &ly Leu Asp Thr Gly
- 85 ' - 90 S .95
Glu Tyr Phe Cys Thr His Asn Asp Ser Arg Gly lLeu Glu Thr Asp Glu
100 105 )0
Arg Lys Arg leuv Tyr lle Phe Val Pro Asp Pro Thr Val Gly Phe lLeu
115 120 B -1/ '
Pro Asn Asp Ala Clu Glu Leu Phe Ile Phe Leu Thr Slu Jle Thr Glu
This Sheet Has Be,
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di mer formation and thus bl ocks at |east sone types of, or sone fraction
of, signal transduction. This observation provides a method foFI/AEdRf0pBéYy
in vivo a PDGF receptor nodul ated activity conprising adm nistering to a
pati ent an anmount of a PDGF receptor blocki®3 agent effective to inhibit
PDG- binding to PDGF receptors. Sonetines, the blockage wil occur at the
| evel of I|igand*®inding, by bl odRPng the functior4P assenbly of the

receptor coffl exr 1k PYo RlvaCki{@al UirhRkp isdbes e eVl vhliernreeapt or . Wi th
other proteid4$s inportant in &fdecting cellul at5d esponse, e.g., 160

phosphot yr osi ne, bi.ndi I.nteract,lons. | SCUSS ve, t famly
of. prot ei-nsl§ Sa\gtla" ax"gi gﬂﬁ f(f‘:lst;(g'a{ﬁ*' rRSr‘g?ﬁ“nég‘é% a %’nggﬁa ?ﬁ%oﬁ%aﬁ?g: o
physi ol ogi cal processes. The.sol ubl e PDG--R pol ypeptides will generaly. be
effective i Whfdf f‘?‘i"nﬁgg'ﬁé}’e%f%ﬁ‘@eoﬁ”ﬁ?@g ArgdBe Rt Ent 15 CYRels ngcesse’s:'
48

A

Tar Ile Gly Awsp hfq Glu Val Asp Ser Asp Aia Ty:-ggg val Tyr Arg

185 200

j.eu Gln vVal 3er Ser Ile Asn Val Ser Val Ash Ala Val Gin 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

krj Ser ile leu His Ile Pre Ser Ala Glu Leu Glu Asp Ser Cly Thr
. 213 . 280 . 285

Tyr Thr Cys Asn Val Thr Glu Ser Val Asn Asp His Gln Asp Glu Lys
2y 295 300

Ala Ils Asn :
305 310

-t
[
n
]
<4
H
;:
oy
<3
]
|
(2]
farl
w4
L]
o
-

Gly ggg Val Arg Len Leu Gly

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
340 345 350

ASp Asn Aoy Thr Leu Gly Asp Ser Ser Ala Gly Glu Ile Ala Leu Ser

: : 360 ) 365

& ]
o
e
T
1y
o]
e
4]
4]

3 &0 Val Ber Giu Thr Arg Tyr Val Ser Glu Leu Thr Leu val
3712 375 380

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 Asn 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
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For this reason,

conpetitive blndlng sites for
or binding sites which have been nmutated, particularly those PCToHSY
forns described, wll
at a | esser

si de-effects,

cost,
upon adni nj
find use in t he guantita

the soluble forns of the receptors are useful as

PDGF. Li kew se,

both in nonetary terns of

%E;ratlon

The re
I've detection or

truncat ed PDG- _bi ndi n

oS

sites

80862man

soneti mes be equally_effectlve as natural forns, but
%hd in terns of nedical

nts provided
| agnosi s of P

inwll also
nal ogues, or

PDGF- | i ke hsgastoisHfvalihesy ecepby $pu Ferf Va1l RDGECYseThptlan hod Weapt i de
condi ti ons®®r e i ndi cat ed

hah R&p teSELPGRL NS T1d RGL UWHINGro 8138 s llbOUS tunDr

producti on.

of productigp @h gtg

condi ti ons.

avai |l abl e.

receptors \Xn PI
affinities for the varlous | i gands.

pr esent

Thus 5

Vari ous m®di cal

by*¥8n abnormal | evel

agnostlc t est s sdependent upon tisese reagents are now .
rent P

o it €

Pentdit

P ksl AR i AN

i nZbrtIlenIleliseri et ildgsIle Leu
545 550

Arg

His

Trp

Ser
625
Arg

His

- . Ser
703
Pro

ASp

Fro

Leu

jou

TyY

Glu

ély
val
690
Asp

val

Gly

ASn
770

Thr

Glu
TYY
Leu

585
Fhe

A1a -

Ser
Gly
Gly
675
Asp

Lys

Gly

Gly T

Ieu
755

TYY

.cys'

p Leu

Ile
Ile
580

Fro

Glu
Pro
660

Pro

Arg

Val

lys

820

Glu |

Arg
565
TYyr
Arc

Gln

Het

Lys
645
Hie

Ile

Letu

Arg

Trp

Asp
Val
Lys
630

Gln

Leu

Pro

Thr

- 780

¢ Phe

cvs

-
n

Lys

Asp

Gln

val
615

Val

Ala I

Ash

Ile

Gly

"I‘yr
775

Leu- I

Ser
Vai

Leu

Val

Pro

Val

Ile
680

into chimeric

8ns in

Wth the genes and prot.eins of the
Trp Gln Lys

Ile
Iie
Met

583
val

Ala

_‘Ja}.

He‘;‘ *

val
€65
Thr
lys
Ala
His
Lys
745
val

Asn

'.Asn

Gin

arg
825

Lys

Met
Glu
570
Gin

Leu

vel
730

Asp

Lys

¢lu

Val
810

Asp

lLeu

§55-

Ser

Leu

Gly

Ala

Met

Glu

Ser

- 798

Als

Leu’

cys

Val

Pro

rrg

His
620

Leu
- 635 .

Leu

Phe
700

Tyr

Ser
Ala
Pro
780

Pro

Asn

Ser
T™vrE

Thr
645

Gly

: Ser

Thr

Val

ASD
785

Ser

Ser
Asp
530
Leu

Leun

Ser

Ile
Ala
670
Ty

Gln

Asn
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Lys
Asp
575
Ser

Gly

Ser

Pro
560
Gly
The
Ser

His

Ala

. 640

Met
655

Cys

Gly

His

Ala

Glu
735
Tyr
Glu

Pro

Ser
Thr
Asp
Ris
leu
720
Sar
Val
Ser
Glu
Tyr
800

Phe

val



“between various patterns and receptor types will be found, specific for.
various tissue types. Thus, tissue markers based upon differ eRECEAIFH/FOBGT
receptor. expressi on woul d becone avail abl e. Sol ubl e fragnments contai ni ng
various regions of the extracellular regionef the human PDGF receptor
have been shown to retain high affinity specific binding as in the intact
type B PDGF receptor. The extracellula region of the re%uman recept or has
been expressed at M gh levels in C8Pcells and secré®®d into the medium In
the presencgqOfsd igandt hig 9l bt asaxtynaek! sdmLyé ragneat Sl tlok t he
ability of Blg to initiate B¥sponses charact&FPstic of a physi ol ogi cal

m togen response, ;The sohuble.f KA0REL & @seP R 2h8 ArOBesSPARI £ycity in.
~binding to %@,I§° LQBg% lﬁg’:\%ot alterlng thesTd t ogeni c gffecta the AA

PDGF. Additional experiments: the hu tracel | u g have
shown that THe™% é‘ﬁﬁeﬁﬁrs“’ hd e eg& ag"%%g gg %’gg?rlj‘een gr%?og’rgsg%), e.g., by
corrpet ition, for the presence of ligands. These results suggest the
possi-bi | i typ‘-mf Thy e.atzlcng' “Gay | Burs Proriirt Pm\sﬁl\ﬂ/hla%\h PéRc‘é%tsMél W €¥hond to
PDGF -

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

[
5]

- Phe lLeu Arg Ser Asp H Pro Ala Ile Leu Arg Ser Gln Ala Arg Leu
o 989 - 98% o © 890

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: ¢DHRA to m
{111} HYPOTHETICAL: N

{iv} ANTI-SENSE: U
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49 such as atherosclerosis, osteosarcoma, and gliobl astoma. The m t ogeni c
response nay be attenuated through use of the sol uble extracggjﬁg 4
fragnents. The bl ocki ng of physiol ogi cal response to PDGF re FESSEH/OABE2 he
i nhi bition of binding of the Iigand to the receptor, Iikely through
conpetitive inhibition. Thus, in vitro assayg; of the present invention wll
general ly use sol ubl e fragnents conpri si ng t he | i gand bi ndi ng segnents of

t hese receptors, or fragnents attached to solid phase substrates. These
assays w Il alig9) alrlreynd0sotiRes di agnostic determ nation of the effects of

ei ther binding segrmmwmmv‘asﬁoribmambmnls fications, or ligand nutations and
_nDdlflcatlons 0385 O ) go .ogues. The sol ubl e fragments wll also flnd
use-in testlng %tqg@ ifﬁ? : gdgqpq@tor mnth nDdlfled Ilgands e.g.

 (ix) FEATURE:
. {A) NAME/KEY: €DS
_(B) LOCATION: 129,.,3395
(D) OTHER INFORMATION:

(xi) SEQUENCL DESCRIPTION: SEQ ID KO:3:
TTGGAGCTAC ACGGLAGAGAA ACAGAGGAGG ACGACTGCAAG AGATCATIGG AGGCCGTGGH 60

CACGOTCTTT ACTCCATGTG TGGGACATTY ATTGCGGAAT AACATCGGAG GAGAAGTTTC 120
CCAGAGCT ATG GGG ACT TCC CAT C€CG GCG TTC CTG GTC TTA GGC TGT CTY 17¢

Met Gly Thy Ser His Pro Ala Phe Leu Vié Lew Gly Cy% Leu

i -

e
-
ery

S €76 AGC CTA ATC CTC TGS CAG CTT TCA TTA CCT TCT ATC
Yy Leu Ser Leu Iie Lev Cys Gln Lzu Ser lLeu Pro Ser Ile
: 20 | - 28 S 30

. T GAA AAT GAA AAG STT GTS CAC COTG AAT TCA TLO TTT TCT  26¢
lew Pro Asn Giu Asn Glu Lys Val Gln Leu Asn 8er Ser Fhe Ser = .
. 35 40 45

<
[\
s

CTG AGA TGC TTT GGG GAG AGT GAA GTC AGC TGG CAG TAC CCC ATC ToT 314
Leu Arg Cys ng Gly Gluw Ser Glu Val Ser Trp Gln Tyr Pro Met Ser
_ _ 55 60

G GAA GAG AGC TCC GAT GTG & ATC AGA AAT GAA GAA AAL XAC AGCL 362
Glu clu Gég Ser Ser Asp Vai Glu Ile Arg Asn Glu Glu Asn Ash Sar
: 70 75

G&C CTT TT ACG GTC TTS GAA GTG AGC ACT GCC TCG GCG GCC CAC . 41&¢
Leu Fhe - Thr Val Leu Glu Val Ser Ser Ala Ser Ala Ala His
: 85 90

T8 TAC ACT TGC TAT TAC AAC CAC ACT CAG ACA GAN GAS AAT 4
Lev Tyr Thr Cys Tyr Tyry Asn Kis Thr Gln Thr Glu Glu Asn
100 105 . - 139

FT GéA GGT AGG CAC ATT TAC C TAT GTG CCOA GAC CCA GAT GTA
) Leu Glu Gly Arg His jle e Tyr Yal Fro Asp Pro Ast Val
115 120 125

GCC TTT GTA CCT CTA GGA ATG ACG GAT TAT TTA GTC ATC GTG GAG GAT
&z Phe val Egg Leu Gly HMet Thr %gg Tyr Leu Val Ile vVal Glu Asp
- 140

© GAT GAT TC 'GCC ATT ATA CCT TOT CGC ACA ACT GAT CCC GAG ACT CCT 6L .
ASp. Asp Ser Ala Jle Ile Pro Cys Arg Thr ‘Thr Asp Pro Glu Thr Pro . :
145 150 to - 185 -

(1]
Lol
< r
<Q
»
= §)

\»
ne

-2 3
WwiY N
(AN~
LA
~ Q)

»

.

4

vy v

(2]
L
Q
(5
Lo
=~

bor O
| )

Q

i

o

'S
*

(4,
I3
-

GTA FCC TIA CAC AAC AGT GAG GGG GIG GTA CCT GCC TCC TAC GAL AGC
Val Thr Leu His Asn Ser Glu Gly val Val Fro hla Ser Tyr Asp Ser
160 163 170 .

GA CAG GGC TTT AAT GG3 ACC TTC

A &TA G5E C0Z TAT ATC TGT GAG TH
Arg Gin Gly Phe Asn G Thr Phe
$73 1

Val Gly Pro Tyr lle Cys Glu
185 150

v e
I N
" oed

>
.
ig
¢

(o]
ol
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bioti nyl ated AA isoformor other PDGF fornms. Another neans for bl ocking
ligand action will be to interféere with proper multi- protei NPCRAUSIRNUS62
association, e.g., dinerization, or intracellular region interactions with
other proteins. In particular, it is denonstrated that particul ar.
phosphoryl ation events control interactions wyth other protein which

nmedi ate ot her cellular functions. Various assays for this are well known
to those skilled in the art, and see bel ow. Receptor conponents may be

f;gzt L;r;gggﬁ?/%fgqg 2 oo e Hé' gﬁtynggg%;%pﬁe%@qg?bﬁﬁ%fégﬁﬁezg f;{fj;gmt ;gg 'gt%er

pol ypeptide f.orns, or fron1other rel ated pol ypeptides, e..g., nouse

oo o SR ECEM aFT ) R s T

exhi bit subst ant | | aI eneral ity of and bi ndi ng. The té/_lpe A bi ndi ng

(ragrents 4t oo MP Rt e

s
quantities -oF e‘agépt“gsn 2z‘es§cy1ry 950 238
CAR

AAC AAT GAG GT¢ GTT GAC CTT TGS ACT TAC CCT GGA GAA GTG AR 8o0
. ASn Asn G;u 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 GTG TALC ACT TTG ACS GTC CCC GAG GCT ACG GTG AAA GAC AGT 5GA 98¢
ileu Val Tyr Thr Leu Thr Val Pre Glu Ala Thr Val Lys Asp Ser Gly
275 280 285

GAT TAC GAA TST GOT GUT CGC CAG GUT ACC AGG GAG GTC ARA GAM 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 ggl Thr Zle Ser val His Glu Lys Gly Phe Ile Glu Ile Lys
5 310 315

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 Lew His Glu Val lLys Has
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 -

AAA AAC AAT CTG ACT CTG ATT GAA AAT CTC ACT GAG ATC ACC ACT GAT 1228
Lys Asn Asn Leu Thr Leu Ile ¢lu Asn Leu Thr Glu Ile r Thr asp
53 3160 165

13
e 9]

GTG GAh AAG ATT CAG CAA ATA AGG TAT CQGA AGT AMAA TTA AAG CTS A7
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 AGYT GGC CAT TAT ACT ATT GTA GCT CAMN 2AT 1322
Aryg Ala Lys Glu Glu Asp Ser Gly His Tyr Thr Ile Val Ala Gln Asn
385 390 T 385

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 cCo 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

bt
1]
o]
g

.

n
[
KIS

Y 3] -~ woemw
e l‘i’IU LT ¥ )

s GAT ATT AAG AAhA TGT AAT AAT GAA ACT TCD T3G ]
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t hese reagents.
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ACT

- Thr

CGA
Arad

GAG
Glu
495

AAC
Asn

6TG
Val

ARM
Lys

CAX
Gln

..4\:
Leu
655

A

LTT
Ile

GAC
A&ED
480

ACC
Thr

OGA
Gly

Pl
e a

Val

GAG

v Glu

for

TG
Leu

465

AGG
Aryg

ATC
Ile

SAG
Glu

e tas
e s

Ala

o o]
Leu
545

GTT
Val

ocs
bre

5 AT
S &8n

e
A T

Leu
705

i

Ala

AGT
Ser

GCC
Ala

TG
leu

-~
.,

Ala
£30

GTT
Val

ATT
lle

Co.

i
AAC
Asn

aCC
Thr

GTG
val

AAS
Lys
51%

n-‘m

595
ACA

The &

East on,

ntravenous,

EAT

-AB&N

e
i
a

r 4Y

G
v

CGA
Arc
500
CT&
Ley

e
&

v
D
=

ATT
Jle

AA TCA

Ser

CTS

-Leu

580

GGT
Gly

GTC
val

GAG
Glu
485

TGC
cys

GTG &

val

8TG

val

e
TUU

e

LT‘-‘
ile
565

cCT T
Pro 4

CGG G

Arg

G CTA

Leu

CTG
Leu
645

CTG &

Leu

AT TGC T

cys

TTC

Phe

-0

(224
oA

TCA
Ser
470

G
Gly

AAA
Lys
$50

?xGC
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descri bed,
The Phar macol ogi cal

dosages used in vitro may

for

e.g.,

i ncl udi ng neans of
physi ol ogi cal state of the pat |,€@E,qu

rate

@ni?dzhe
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AACA

Asn

aC CGT

Arg

. 1TG

Leu
5315

CAG
Gln

CCA
Yro

A GCC

Ala

A

Tyr

AGC
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695

AAC
ABD

e
1
GTG
Val

AAG
Lys

Acc
Thr

520

-GTG
“val
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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

ATG ACT

GGA
Gly

680

CAC
His

f ot i
i a

Pro

Thr

GT ACC
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665
GAT
Asp

cAC
His

GCT
Ala

ACG
Thr

e
Phe
490

CTC
Leu

AGG

CAT
His
870

telv]
TR

GGA
Gly

TCcT C

Ser

AGA
Arg

CAC
His

650

ARG
Lys

TG 'S
Leu ¥

CCA
Fro

GAT
hsp

GAG
Glu
475

Gee
Ala

CTT
Leu

h-pm

& wd

Ser

G ATC

ile

TAT
Tyr
855

Glu

GAG
Glu
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Glv
715
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Glu
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i ntraperitoneal, or intranuscular adm nistration, transdermal diffusion,
and ot hers. Pharmaceutically acceptable carriers wll includd&GEti?2/00862
saline, buffers, and other conpounds described, e.g., in the Merck Index,

Merck & Co.,- Rahway, New Jersey. Because of the hi gh aw
between PDGF and its receptors, |ow dosages of these rqmgg{gﬁﬁ uld be

initially expected to be effective. Thus, dd¥hge ranges ¢placke
expected to be in anbunts |ower than 1 nmM concentrations J ’ s
t han about 10 [err] M concentrations, usually |ess than a

preferably | ess than about 10 pM (p| conol ar), and nost preferably |ess than
about 1 fM (femonolar), with an appropriate carrier. Sl owrelease -

fornul ations, or .slow rel ease apparatus will often be -utilized for-

CoNt i NUOUS AskTiTRE PTraki® s ThEr Mt TOGCAACIMAT GAYEROUMCOATE hAer EXEPt OF 2330

bot h t he POx#ir mgrepflollarigur 84:aiPbe Glackyn sy Wiy AspiTyd Hedidsbohet uses as
described in défil below. The 5ﬁ3rn&ceut|cal coﬁﬁ%S|t|ons w il be

adni ni st er eghd¥APaf@NELF Aor AG@DICRE! TATOERE .ccRr atoesh @ATROE SRAGA®N, surdTsas

by aer osol bys Glansdeasm| oy, Tlﬁn)rslpr'bphyuad‘trpcxmd#mrﬁlu Arg Lys gég

* .GTT TCT AAA TAT TCC GAC ATC CAG AGA TCA CTC TAT GAT CGT CCA GCC 2426
val Ser Lys Tyr Ser Asp lle Gln Arg szr Leu Tyr Asp Arg ggg aAla
755 760 _ .

TCA TAT AAG AAG AAA TCT ATG TTA GAC TCR GAA GTC AAA AAC CTC CTT ' 2474
Ser Tyr Lys Lys Lys Ser Met leu ?sp ser Glu val lys ggg ieu Le&u
770 . 75 .

TCA GAT GAT AAC TCA GAA GGT CTT ACT TTA TS5 GAT ™e¢ TTG AGC TTIC 2522
Ser ABD ASp Ash Ser Giu Gly Leu Thr Leu Leu Asp Lau lLeu 5er Phe
. 785 . : 790 . . 798 _

ACC TAT CAA GTT GCC CSA GGA ATG GAG TTT TTG GCT TCA- AAA AAT.TGT 2570 7
Thr Tyr Gin Val Ala Arg Gly Met Glu Phe lan Aig sar lys Asn Qys :
800 805 g

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 GGT 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

815 B4O B45

TCG AACT TAT GTG TCG AAA GGC AGT ACC TTT CIG CCC GTG AAG TGG ATG 2714
Ser Asn Tyr Vg% Ser Lys Gly Ser Thr Phe leu-Pro vVal ggg Trp Mst .
- B o 855 - .

GCT CCT GAG AGC ATC TTT GAC AAC CTC TAC ACC ACA CTG AGT GAT GTC 2762
Ala Pro Gég Ser Ile Phe Asp Asn Lew Tyr Thr Thr ng Ser Asp Val
86! 870 8

TGG TCT TAT GGC ATT 076 CT¢ TGG GAG ATC PTT TCC OTT GGT G&T ACC 268130
wrp Ser Tyr Gly Ile Leu lau Trp Glu Ile Fhe Ser Leuw Gly Gly Thr
880 BES 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 lLys Ile Lys »
885 200 505 $io

AGT GGG TAC CGG ATG GCC AAG CCT GAC CAC GCT ACC AGT GAA GTC TAC 2806
ser Gly Tyr Arg MeE hla Lys Pro Asp Hig Ala ¥Thr Ber GlU-;gé Tyr '
. ) @18 - . 92 . T . .

GAG ATC ATG GTG AAM TGC TGG AAC AGT GAG CCG GAG AAG AGA CCC TCC 2954
Glu Ile Met gal.Lys Cys Trp Asn Ser Glu Pro Glu Lys grg Pro Ser
30 : 235 ) 4 ;

TTT TAC CAC CTG AG GAG ATT GTG GAG AAT CTG CTG CCT GGA CAA TAT 3002
Phe Tyr His Leu 5 Glu Ile Val Glu Asn Leu Leu Fro Gly GIn Tyr
845 950 955

AAMA AAG AGT TAT GAA AAA ATT CAC CTS GAC TTC CTG AAG AGT GAC CAT - 3050
Lys ng Ser Tyr Glu Lys Ile His lLeu Asp Phe Leu lys Ser Asp Hiso
9 265 970

CCT GCT GTG GCA CGC ATG CST GIG GAC TCA GAC'RAT GCA TAC ATT GGT Joer

|

[(3]
-



therapeutic treatnent. The pharnmaceuti cal conpositions can be adm ni stered
in a variety of unit dosage forms dependi ng upon the nmethod oPCT/US92/00862
adm ni strati on.——For—exanple~—unit dosage forns suitable for ora
adninistratLonTﬁggkéé wder, tablets, pills, capsules and dragees.

phar maceutical ¢ gcepf t en be qﬁ%ﬁrﬂ stered intravenously.
Thus, this invenq"wq H onposi tions I ntravenous adm ni stration
whi ch conprise a [

pref erably. an aqueous carrier.

_ of the conpound di ssol vad or suspended in
an acceptable carrier, . A variety of aqueous
carriers may be used, e.g., water, buffered water, 0.4% saline, and the

The

i ke. These conpositions will sonetinmes be sterilized by conventional,
wel | known sl:ehid iva2tiOn AGCHI Q¥GSve 10halBL=DReS hERT A8 b oty The -
resul ti ng agmgeous sol utions gwy bé packaged fogs use as iS, or $ywphilized,
t he . ;
GTC ACC TAC MAA AAC GAG GAA GAC ANG CTG AAG GAC TGG GAG GGT GGT 3148
val Thr Tyr Lys Asn Glu Giu Asp Lys Leu Lys Asp Trp Glu Gly Gly
. 985 1000 | T 1005
CTGC GAT GAG CAG AGA CTG AGC GCT GAC AGT GGC TAC ATC ATT CCT CTG 3194
Leu Asp Glu Gln Arg lLeu Ser Ala Asp Ser Gly Tyr Ile Ile Pro Leu
N 1010 1015 1020
CCT GAC ATT GAC CCT GIC COT GAG GAG GAG GAC CTG GGC AAG AGG AAC 3242
Pro Asp Ils Asp Pro Val Pre Glu Glu Glu Asp Leu Gly Lys Arg Ash
1025 1030 1035
AGA CAC AGC TCG CAG ACC TLT GAA GAS AGT GCC ATT GAG ACG GGT TCC 3290
Arg His Ser Ser GIln Thr Sey Glu Slu Ser Ala Ilé Glu Thr Gly Ser
1049 1045 1050
©AGC AGT TEC ACC TTC ATC AAG AGA GAG GAC GAG ACC ATT GAA GAC ATC 133e
Ser Ser Ser Thr Phe 1le Lys Arg Glu Asp Glu Thr Ile Glu Asp Ile
1055 - 1080 - 1loss ' 1076
GAC ATG ATC GAC GAC ATC GS& ATA GAC TCT TCA GAC CTG GTG GAA GAC 3386
ASp Met Met Asp Asp Ile Gly 1le asp Ser Ser Asp Leu Val Glu Asp
1075 1080 1085
AGC TTC OTG TAACTGOCGS ATTESAGRSS TTCCTTLOAC TTCTGGGGLC 3433
Ser Phe Leu
ACCTCTGGAT CCCGTTCAGA AAACCATTTT ATTGCAATGC GGAGGTTGAG AGGAGGACTT 3149%
GGTTGATSTT TAAAGAGAAG TTCCTAGCCN AGGSCCTCGS GGAGCCTTTC TAAATATSAMN 1555
TGAATGGGAT ATTTTGAAAT GAACTTTGTC AGTCTTGCCT CTTGCAATGC CTCAGTAGCA 3615
TCTCAGTGGT GTGTGAAGTT TGGAGATAGA TGOGATAAGGS AATAATAGGC CACAGAAGST 367t
GARCTTTCTS CTTCARGGAC ATTGGTSAGA GTCCAACAGA CACAATTIAT ACTGCGACAS 372¢
AACTTCAGCA TTQTAATTAT GTAAATAXCT CTAACCACCS CTGTGTTTAG ATTGTATTAA 1795
CTATCTTCTT TGGACTTCTE AAGAGAZCAC TCAATCCATC CATGTACTTC COTCTTGARY 185%
CCTIGATGTCA GCTGCTGTTG AACTTTTThAA AGAAGTGCAT GAAAAACTAT TTTTGACCIT 3915
AARAGGTACT GGTACTATAC CATTTUGCTS TCTTTTTTAG TCTTAAAGAG ATAAAGAATA 3975
ATAATTAACC AACCTTGTTT AAT:3ATTTG GGTCATTTAG AAGCCTGACA ACTCATITTC 4032
- ATATTGTAAT CTATGTTTAT AATASTACTA CTGTTATCAG TAATGCTAAA TCTGTAATAA 4095
TGTAA 4100

{2) INFORMATION FODR &L( 7D NOt4:
(L} SEQUENCT CHARACTERISTICSY

(A) LENGTH: 1059 amino acids
{B) TYFs: amnine acid
(D) TOFULOGY: linear
{ii) MOLECULL TYPZ: preotein
{xi) SEQUENCI DELTLIPTION: EED 1D NO:a:



I yophi | i zed preparation being conbined with a sterile aqueous solutlon
prior to adm nistration. The conpositions may contain phar na&édYUE%/ (4862
accept abl e auxiftTary substances—as-required to approxi mate physi ol ogi cal
condi ti ons, suc%hgghgﬁhgg nd buffering agents, tonicity adjusting
agents, wetting a uﬁ@@ﬁa for exggrl e, sodium acetate, sodium
| act at e, sodlun1c |un1chlor|de cal cium chl oride, sorbitan
_ nDnoIaurate, trlet ate, etc. For solid conpositions,

conventi onal nontOX|c SO|Id carriers may be used which include, for
exanpl e, pharmaceutical grades of mannitol, |actose, starch, magnesi um
stearate, sodiumsaccharin, talcum cellulose, glucose, sucrose, nagneS|um
carbonate, and the like. For eral adm nistration; -a pharnaceutlcally

accept abl e yaory ‘rﬁr %Q@R%t#z%nm& fnel pRAvRY Ldicorpaiet Lag Laoyrmf the
normal |y enphoyéd excipienss, such as those&ocarriers previod8ly listed, and

gener al 1y, 10y 2ot 8k ] Y5, 09 B9 F L SLeal vt 120%ulsh

roso I on e COWﬂDUﬂdS ar e

Asn Glu Ash ¢lu Lyvs Val val Gln Lew asn Ser Ser ng Ser Leu Arg
a5 40

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 Val Thr val Leu Glu Val Ser Ser Ala Ser Ala Ala His ng cly
. BS 20 )

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

Glu Gly Arg His Iie Tyr Ile Tyr Val 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 .
245 250 265

"Gly Ile Thr Met Leu Glu Glu Ile Lys val Pro Ser Ile Lys Leu Val
_ 260 . T 7T zes - 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

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

val Glu Yal Arg Ala Tvr Pro Pro Pro Arg Ile Ser Trp Leu Lys Asn
340 345 350



preferably supplied in finely d|V|ded forntalong with a surfacta
be non-toxic,

propel | ant.

soluble in the propellant.

partial

The surfactant shoul d,

of "cour se,

A4t

gtt’?és@%am y

Representative of such agents are the esters or

caproic,
ol esteric
cyclic anh
erythritol,
frontsorblto
t hese esters.
_glycerldes Wi

Lys
Lys

185
‘Ala

Leu
465

Ary
Ile
Glu
Als
Leu
545

val

Pro

"‘Glu

Als
628
' Leu
Ile

‘Ile

Asn

Iise
370

Glu

val

Leu

Arg
cys
450
Ala

Ser
Ala
Leu

Ala
530

Val

Ile
Met

Val

auric,

L& s BebAIRo
ﬁtn il

Cften ntxed esters,

palmtic, stean

Je@ an aliphati
exanpl e,

tol, sorbitol,

| i nol ei c,
%‘polyhydrlc al cohol or its

et hyl ene gl ycol,
t he hexitol

such as

be enpl oyed. The surfactant

constit ut eadh 1% 2% b Vﬁbg@tu Qfsntbaﬁa RTINS &lé)rtn.p'[*ﬂf akabyas Q125 5% The -
balance of the

355

Gln Glu

Glu
Lys
Asp
tys
435
Lys
Asn
Thr
val
Lys

515
Val

val
G1la
Gln

leu
585

Lys
Ser
Asn

Glu
675

Asp

AS
Se
Le
42
Th
As
Ag
Va

AY

P

Ile

Ser

r Tyr

U
0

-
-

P

n

1

[+

500

lLe

u

Leu

Il
Se
Le

58
Gl

Al

Le
66

e

-
-

u
Y]

b4

a

u
O

Tyr

"

405
val

Ala
Iie
Val
Glu
485

Cys

Val

Trp
lle
565

Pro

Leu
645
Leu

C?s

Phe

Arg

Glu

Lye

Tyr
375

! His

Phe
ASDp
Gly

Lys

Ard
TY:
Gla
His
Thr

44¢C
Cys

. 485

Ser
4790

Gly

Ala
Leu
Lys
550

Sor

Tyr

4 Val

Phe -

Leu

Asn
Arg
Alsa
Fro
Ley
535
Gln
Pro
Agp
Leu

Leu
615

> Pro

Ile
val
Lys
Thr

520
val

Lys
Asp
Ser
Gly

6§00

Ser

Thr

Met

Gly
680

His

Ser
Thr
Leu
Hisg

425

Fro

Ile
Thr

ASnD

505

Leu
ile
Pro
Gly
Ard

S85

Ser

Arg

Kla

Thr
665

Asp

His

Lys
Ile
Leu

410
Gly

-Ash

Thr

Arg

: His

650
Lys

52 m xed or

esters of fatty acids containing from®6 to 22 carbon atons,
octanoiT;

such as

i nol eni c,

gl ycerol,
anhydrides deri ved
oxyethylene and pol yoxypropyl ene derivatives of
nat ur al

in sone enbodinents,

Ser
Pro

plu

Tyr
555
Glu
Glu
Ala
Gln
Ser
635
Ser

Val

Glu

Lys
380
Ala
Gln
Thy

Asp

Thre

Leu Ile Arg

Gin
Va;
Gly

Ile

445

Ser

460 -

1 Ile

Lys

Gly

r Glu

Iie
540

Glu

Tyr

Phe

Asn

iys
700

His

Val

Ala

Leu
525

Ser

Ile

Ile

Pro

Gly
605

Asn

Pro

Gly
430

Glu

Trp_

Ser

Glu
Glu
510
Thr

are
Tyr
ATYg

580

Lys

Glu

Ser
415

Gln T

Trp

Thr

Arg

Glu
485

ASh

val

Trp

Val
575

Asp

Val

Leu
855

Tyx

480
Thr

Gly

Val

Wil

val. -



~conposition is ordinarily propellant. Liquefied propellants are typically-
gases at anbi ent conditions, and are condensed under pressur

suitable liquefied propellants are the | ower al kanes cont ai ni ﬁHAD§&38N@2

carbons, such as butane and propane; and preferably fluorinated or

fluorochl orinated al kanes. M xtures of the above w || sonet+ﬂes\aL§g\gﬁe\\“‘
enpl oyed. I n producing the aerosol, a cont aiger eqU|pped a suita

valve is filled with the appropriate propellant, contalnln lﬁﬁmggy

di vi ded conpounds and surfactant. The ingredients are thusJ Plaged
el evated pressure until released by action of the valve ”
contai ni ng the conmpounds can be adninistered for prophylactic an

therapeutic treatnents. |In therapeutic: applications, conp05|t|ons are
‘admi ni stered to a patient already suffering froma di sease, as descri bed

above, in g&, aEpunle SKE fdigl AL As@ Pib alaramd Glhem Plar tAirgl $er aprest the
synpt ons ofei he di sease and71Qs conpl-i cati ond®® An anpunt adedé@te to

acconpl | Shylfiga! SadlSht r% G éaesérp%w&@d ryr AidkCRED ¥RLIQRP Gin AMOUNLS

effective for

- Ala Asp Thr Thr Gln Tyr val Pro Met Leu Glu Arg Lys Glu Val Ber
® ' 740 745 750

Lys Tyr Ser Asp Ile Gln Arg Ser Leu Tyr Asp Arg Pre Ala Ser Tyr
785 760 765

Lys Lys Lys Ser Hét Leu Asp Ser Glu Val Lys Asn leu [eu Ser Asp
70 : 775 780

‘Asp ASn Ser Glu Gly Leu Thr Leu Leu Asp Leu Leu Ser Phe Thr Tyr
785 790 795 800

Gln Val Ala Arg Gly Met Glu .Phe Leu ala Ser Lys Asn Cys Val His
. S -7 8pB - . 810 -7 8ls

Arg Asp Leu Ala Alz Arg Asn Val Leu Leu Ala Gln Gly Lys Ile Val
820 825 830

Lys Ile Cys Asp Phe Gly Leu Ala Arg Asp Ile Met His Asp Ser Asn
835 840 845

Tyr Val Ser Lys Gly Ser Thr Phe lLeu Pro Val Lys Trp Met Ala Pro
850 855 860

Glu Ser Ile Phe Asp Asn Leu Tyr Thy Thr Leu Ser Asp Val Trp Ser
B&S . 870 875 880

Tyr Gly Tle Leﬁ lev Tgp Glu Ile Phe Ser Len Gly Thy Pro Tyr -
gas 880 895

Pro Gly Met Met Val Asp Ser Thr Phe Tyr Asn Lys Ile Lys Ser Gly
900 905 910

]
far]
-~

r Arg Met Ala Lya Pro Asp His Ala Thr Ser Glu Val Tyr Glu lie
TEATe s B P 526 925

Met val Lys Cys Trp Asnh Ser Glu Pro Glu Lys Arg Pro Ser Phe Tyr
930 835 - 240

liis Leu Ser Glu Ile Val Glu Asn Leu Lew Pro Gly Gln Tyr Lys Lys
- <945 950 ) 955 %60

" Sser Tyr Glu Lys Ile His Leu Asp Phe Leu Lys Ser Asp His Pro Ala
o : 965 870 o 975 . -

Val Ala Arg Met Arg val Asp Ser Asp Asn Ala Tyr Ile Gly val Thr
980 885 990

Tyr Lys Asn Glu Glu Asp lys Leu Lys Asp Trp Glu Gly Gly Leu Asp
995 1000 _ 1005
Glu Gin Arg Leu Ser Ala Asp Ser Gly Tyr Ile Ile Pro Lau Pro Asp
1010 1015 1020

Ile Asp Pro Val Pro Glu Glu Glu Asp Leu Gly Lys Arc Asn Arg His
1025 1030 10385 1040

Ser Sér Gln ‘Thr Ser Glu Glu Ser Ala Ile Glu Thr Gly Ser Ser Ser
1045 ' 1050 1058



‘the severity of “the di seasé and the wei ght and general state of the
patient. I'n prophylactic applications, conpositions containipgrklt8/00862
conpounds” of the invention are administered to a patient susceptible to or

ot herw se gér;Liﬁrgi_g_EéLLLQgJar di sease. Such an anount is defined to be
a "prophyl calTy effective dose.” In this use, the precise anounts again
depend on th mgﬂ%taeana’eﬂamdof heal t h and0dei ght .

In a particularly
. I nmportant asp ent invention, it was recogni zed that many
growt h factor

“@HM%@K pl ei otropic actions by binding to and
activating cel receptors with an intrinsic protein tyrosine kinase

activity: Gowh factor receptors with tyrosine kinase activity, or
~receptor tyrosine kinases, typically possess simlarities in nolecular.

t opol ogy. For exanpl e, they possess a Iarge thrfc%!lugfrAllg%Pd bi ndi ng
e] : 1e L s Arg Glu Asp Glu Thr Ile Glu Asp Ile sp
region, a hydrﬁph@becl Y g GEs
A 1 Gly Ile Asp Ser Ser Asp Leu Val Glu Asp Ser- Phe
Met Asp nsp le b e Asp e p O e

leu

(z) INFORMATION FOR SEQ ID NO:S:

i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6375 bage pairs
(E) TYPE: nucleic acid
{C) STRANDEDNESS: doulkle
(D) TOPOLOGY: linear

(ii}.HOLECULE TYPE: cDNA to nRNA
(1i}) HYPOTHETICAL: X - '
(iv) ANTI-SENSE: N
{vi) ORIGINAL SOQURCE: .
{A) ORGANISHM: Homo Sapiens
(vii} IMMEDIATE SOURCE!
{A) LIBRARY:!: lambda gtlo
(ix) FEATURE:

(A) NAME/KEY: CDS

{B) LOCATION: 128,.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} SEQUEHCE DESCRIPTION: SEQ ID NO:E:

TTGGAGCTAC AGGGAGAGAA ACAGAGGAGG AGACTGCALG AGATCATTGG AGGTCEIGHG S
CACGCTCTTT ACTCCATGTG TGGGACATTC ATTGCGGAAT AACATCGGAG GAGAAGTVT 120
CCAGAGCTAT GGGGACTTCC CATCCGGCGT TCCTGGTCTT AGGCTGTCTIT CTCACAGHGC 180 &
. TGAGCCTAAT CCTCYGCCAG CTTTCATTAC CCTCTATCCT TCCAAATGAA AATGAAAAGG 240
TTGTGCAGCT GAATTCATCC TTTICTCTGA GATGCTTTGE GGAGAGTGAA GIGAGCTGSC 300
AGTKCCCCAT GTCTGAAGAA GAGAbCTC"G ATGTGGAAAT CAGARATGAA GAXAACAACA 3ed
GCGSCCTTTT TGTGACGGTC TTGGAAGTGA GCAGTGCCETS GGCGGCCCAL ACAGGGTTIGY 420
ACACTIGCTA TTACAACCAC ACTCAGACAG AAGAGAATGA GCTTGAAGGS AGGCACATIT 480
ACATCTATGT GCCAGACCCA GATGTAGCST TTOTACCTCT AGGAATGACG GATTATTIAG 540
TCATCGTGGA GSATGATGAT TCTGCCATTA TACLTTGTCS CACARCTIGAT CCCGAGACTC 600
CTGTAACCTT ACACAACAGT GAGGGGGTGS TACCTGCCTC CTACGACAGC AGACAGSGCT GEOD
TIAATGSGAC CTTCACTCTA GGGCCCTATE TOTGTGAGGC CACCGTCAAA GGARAGAAGT 72¢C
TCCAGACCAT CCCATTTAAT GTTTATGCTT TAAAAGCAAL ATCAGAGCTSE CGATCTRTAAG 780



53 transnenbrane region, and a cytoplasmc, i.e., .intracellular, region
that contains a tyrosine kinase catal ytic domain. Receptor typgIvpnSyHiessIes
typically have a topology dictating that the ligand binding segnments and
protein tyrosine kinase activity are separated by the plasnma nenbrane.
Therefore, receptor.activation due to extracellular Tigand binding is
transl ated across.the nenbrane barrier into H3i v%,g@neé}fHagggé,aR@d@déaar

region functions. The present invention takes advant covery
that phosphoryl ation of particular amno acid resi dugmm Hm!ﬂpt i de
segnent is inmportant in certain.protein-protein inte '

resi dues.within the regions of interaction,

phosphoryl ati on state of /
m)dul ate the i nteractions. |In the case of the PDGF

coupl i ng regions,
LGS holaBrold] BRSEREAS HhRReNcd RERIAGERONS,

receptor and,&gﬁspha
presence of AGSphot yrosT ne i'nase | nsert Sequénce

;'ﬁe "

| nportant i H*ant‘:m SCAGETTAACH TS MGG e CgTAC@TnﬂlmABEGAMeGG‘mGCEceptNG
and the PI3.kiN3s€er 'NGLEMNATC arncrcecar ceATeaadTs GeTGTACACT TTGACGSTEC 860
CCCAGGTCAC GGTGAAAGAC AGTGSAGATT ACGAATGTGC TGCCCGCCAG GCTACCAGGS 1020
) AGGTCAAAGA AATGAAGAAA CTCACTATTY CTGTCCATGA GAAAGGTTTC ATTGAAATCA 1050
AACCCACETT CAGCCAGTTG GAAGCTCTCA ACCTGCATGA AGTCAAACAT TTTGTTGTAG 1140
KEGTGTSEGT CTACCCACCT CCCAGGATAT CCTGGCTGAA AAACAATCTG ACTCTGATTS 1200
AAAATCTCAC TGAGATCACC ACTGATGIGG AAAAGATTCA GGAAATAAGC TATCGAAGCE 1260
ANTTAMAGCT GATCCOTGCT AAGGAAGAAG ACAGTGGCCA TTATACTATT GTAGCTCAAA 1328
ATGAAGATSC TGTGAAGAGC TATACTTITS AACTGTTAAC TCAAGTTCOT TCATCCATTC 1380
TGGACTTGGT CGATGATCAC CATCGCTCAA CTGGOGGACK GACGGTGAGG TGCAGAGETG 1440
AAGGCACGCC GETTCCTGAT ATTGAGTGGA TGATATGCAM AGATATTAAG ARATGTAATA 1500
ATGARACTTC CTGGACTATT TTGGCCAACA ATGTCTCAAA CATCATCACS GAGATCCACT 166
CGAGACRG GAGTACCGTG GAGGGCCETG TGACTTTCGS CAAAGTGGAG GAGACCATCS 1620
SCGTGCEATG COTGGCTAAG RATCTCCTTG GAGCTGAGAL CCGAGAGCTG AAGCTGGTGSE 1680
STECCACCCT GCGTTCTGAA CTCACGGTGS CTGCTGCAGT CCTGETGCTIG TTGGTGATTS 37490
TGATCATCTC ACTTATTGTC CTGETTGTCA TTTGGAAACA GARACCGAGG TATGAAATTC 1800
GCTGGAGEGT CATTGARTCA ATCAGCCCAS ATGGACATGA ATATATTTAT GTGGACSCGA 186!
TGCASCISCT TTATGAGTCA AGATGEGAST TTCCAAGAGA TGGACTAGTG CTTGGTCGGH 3920
TCTTGGSETC, TEGAGCGTTT GGGAAGGTGS TTGAAGEAAC AGCCTATGGA TTARGLESGT 1950
CCCAACCTGY CATGAAAGTT GCAGTGAAGA TGCTAAAACC CACGGCCAGA TCCAGTGAAR  204C
AACAAGCTCT CATGTCTGAA CTGAAGATAA TGAGCTCACCT GGGGCCACAT TTGAACATTG 2107
TAAACTTGCT GGGAGCCTGC ACCAAGTCAG GCCCCATTTA CATCATCACA GAGTATTGCT 2160
. TCTAYGSAGA TTTGGTCAAC TATTTGCATA AGAATAGGGA TAGCTTCOTG AGCCACCACC 2226
CAGAGAAGCS AMAGAARGAG CTGGATATCT TTGGATTGAA CCCTGCTGAT GAAAGCACAC 282
GGAGCTATGT TATTITATCT TTTGAAAACA ATGGTGACT CATGGACATC_AAGCA;ac G 234c
ATACTACACA CTATGTLCCT ATGCTAGAAA GGAAAGAGGT TTCTAAATAT TCUGACATCS 2400
AGAGATCACT CTATGATCST CCAGCCTCAT ATAAGAAGAA ATCTATGTTA GACTCAGAAG 1466
TCAAAAACCT CCTTTCAGAT GATAACTCAG AAGGCCTTAC TTTATTGGAT TTGTTGASET = 2528
TCACCTATCA AGTTGCCTGA CSAATGGAGT TITTCGCTTC AAARAATTGT CTCCACCSTG — 258(
ATCTSGCTOC TCGCAACGTT CTCLTGGCAC AACGAAMAAT TGTGAAGATZ TGTGALTTTG 264¢C
SCCTGSTCAS AGACATCATE CATSATTCSA ACTATSTGTC GAAAGGCAGT ATCTTICTGE 270¢
CCGIGHMAGTS GATEECTICT GAGAGCATST TTGACAACCT CTACACCACA CTGAGTGATG 2768



activating the Pl 3 kinase enzyme. An unphosphoryl ated Ki segnenf fails to

bind a PI3 kinase activity. These observations will be gener abl e
to the interaction of phosphorylated segnments with other bi n?’éﬁé@%@g
Wth the elucidation of the nature and specificity of these |nteract|onsh
anal ogues, L.c_nmol ecul es, are prepared whi ch serve as anal ogues
to the peptl es or phosphorylated peptldes gr03|ne ki nases can be broadly
classified i p bRy t r ansmenbr and receptor kinases and the
cytoplasm c no ses, wth nost of the nenbers of the second
group bel ongi n | led src famly of tyrosine kinases. Theé
recept or -ki nases genes udi ng the PDGF receptor, share certain
.structural features, , an am no-- terninal. signal peptide whichis
characteristic of nenbrane gl ycopr.ot ei ns ‘and a transnenbrane segnent whi ch-
defi nes and memmesmqrae"emcr STCTIOoRAs TEAYTTOOSTI TRGTAECAQUICETTAGEONS BF 20

the recept or,.pk = a[ T_Q&l ﬂ?~¢ﬁ£%ﬂ%a¥”ﬂda@”¢é€a&é@c; RTERLAQLGP Ot 8k LY
racm

makes up the ex ion
CTGACCACEE TACCAGTGA GTCTACGAGA TCATGETCAR ATGCTGOAAC AGTGAGCCGS 2940
AGAAGAGACC CTCCTTTTAS CACCTGAGTS AGATTGTGGA GAATCTGCTG CCTGGACAAT 3000
) ATAAAAAGAG TTATGAAAAL ATTCACCTGS ACTTCCTGAA GAGTGACCAT CCTGCTGTGS 3060
CACGCATGSS TGTGGACTCA GACAATECAT ACATTGGTGT CACCTACAAA AACGAGGAAG 312¢
ACAAGCTGAL GGACTGGGAG GGTEGTCTGS ATGAGCAGAG ACTSAGTGCT GACAGTGGET 1180
ACATCATTCL TCTGCCTGAL ATTGACCCTG TCCCTGAGGA GGAGGACCTGC GGCAAGAGGA 3240
ACAGACACAG CTCGCAGACT TCTGAAGAGA GTGCCATTEM GACGGGTTCC AGCAGTTC 3300
cc?TCATCAA_GAGAGAGsAC AGACCATT 5AAGACAT¢GA CATSATGGAC GACATCGGCA 3360
TAGACTCTTC AGACCTGGTE GAAGACAGCT TCOTSTAACT GGCSGATTCS AGGGGTTCCT 3420
TCCACTTCTG GGGETACCTT TGGATCCIGT TCAGAAAACE ACTTTATTGC AATCCGGAGE 3480
TTGAGAGEAG GACTTGSTTS ATGTTTAAAG AGAAGTTCCY AGUCAAGGGC CTCGEGGAGT 3540
CTTTCTAART ATGAATGAAT GGSATATTTT GAAATGAACT TTGTCAGTGT TGCCTCITGC 3600
AATGCCTCAG TAGCATCTCA GTGGTGTETC AAGTTTGOAS ATACATGCAT AAGGGAATAM 3660
TAGGCCACAG AAGGTGAACT TTCTGCTTCA AGGACATTGG TGAGAGTCCA ACAGACACAA 720
TOTATACTGE GACRGAACTT CAGCATTGTA ATTATGTAAA TAACTCTAAC CACGGCTGTS 3780
TTTAGATTGT ATTAACTATC TTCTTZGGAC TTCTGAAGAG ACCACTCAAT CCATCCATGT 384C
ACTTCOTTEY TGARACCTSA TETCAGCTIGE TETTGAACTT TTTAAAGAAG TGCATGAAAL 1500
ACCATTTTTIG, ACCTTAAAAG STACTGGTAC TATAGCATTT TGCTATCTTT TITAG , 1960
RAGAGATAAA GAATAATAAT TAACCAACCT TGTTTAATAG ATTTGGGTCA TTTAGARGEE 4020
TGACAACTCA TTTTCATATT GTAATCTATG TTTATAATAC TACTACTGTT ATCAGTAATG 4080
CTABATGTGT AATANTGTAA CATGATTTCC CTCCACACAM AGCACAATTT AAAAACARATC 11404
. CTTACTAAGT AGGTGATGAG TTTGACAGTT TTTGACATTT ATATTAAATA ACATGTTTC 1200
CTATAAAGTA TGGTAATAGCHTTTAETGAAT TAAATTTAGT TGAGCATAGA GAACAAAGTA 1260
AAAGTA&TGT TGTCCAGGAA GTCAGAATTT TTAACTGTAC TGAATAGGTT CéCCAATCCA 1320
TCGTATTARA AAACAATTAA CIGCCCTCTG AAATAATGSG ATTAGAAACA AACAARACTC 4380
TTAAGTCCTA AAAGTTCTCA ATGTAGAGGC ATAAACCTGT GCTGAACATA ACTTCTCATG 4440
TATATTACCT MATGGARAAT ATAATGATCA GOGCANAAAG ACTGGATTTG CAGARGTTHRT 4500
TITTTTITTT TCITCTTIGES TGATGAAAGC TTTGGCGACC CCAATATATG TATTTTTTGA 4560
ATCTATGAAC CTGARAAGES TCACAAAGGA TGCCCAGACA TCAGCCTCST TCTTTCACT 4626
CTTACCEQEA AGAGARAGAS TTTGAAACTC GAGACCATAL AGATATTCTT TAGTGSAGST GGEC
TGGAAGTECA TTAGCCTGLY CSOTTAGYTCT CAMATGTOTS TGGCAGCLOAS GTAGACTAST 274¢



contains the ligand binding sites. The carboxy-term nal 54 portion of
the protein makes up the intracellular region of the receptor pcenugddssarehhe
ki nase activity is |ocated. Receptor kinases are responsible for.
transduci ng a signal provided by ligand binding to the extracellular region
into the intracellular conpartment, and through cytoplasm c second
nmessages, ultimately to the nucl eus. Detai I1 conpari son of established
receptor tyrosine kinase (RTK) primary sequences has led to the

i dentification of both shared and uni que structural subdomains, or

segnents, which permt classification of the RTK famly into d| stinct
groups, see, e.g., Yarden and U lrich (1988) Ann. Rev. Biochem 57:443- 478
and U lrich and Schl essi nger (1990) Cell 61: 203- 212; each of which is

!s Egg[ gg; at eadccnce.ccer"r OB LEE NG RrerdiGc TR T AREFEP b REcdadiale eARSEAh ONGgglch

; TTTTTCTEAA CTCCCTRGET GTTCTGATC£ GCCAGGTTTC GGAAACACTG ACTTAGGTTT 4860
CAGGAAGTTG CCATGGGAAA CAAATAATTT CAACTTTGGA. ACAGGGTTCT TAAGTTGGTG 4920
CGTCCTTCGG ATGATAAATT TAGGAACCGA AGTCCAATCA CTGTAAATTA CGGTAGATCG 4380
X ATCGTTAACG CTGGAATTAA ATTGAAAGGT CAGAATCGAC TCCG#CTCTT TCECATTTCAA 5040
ACCAAAACTG TCCAAAAGGT TTTCATTTCT ACGATGAAGE GTGACATACC CCCTCTAACT 5100
TGAAAGGGEC AGAGGGCAGA AGAGCGGAGG GTGAGGTATC GGGCGGTTCC TTTCCGTACA 5160
TGTTT?TAAT ACGTTAAGTC ACAAGGTTCA GAGACACATT GGTCGAGTCA CAARACCALC 5220
TTTTTTGTAA AATTCAAAAT GACThTTAAA-CTCCAATCTA CCCTCCTACT TAACAGTIGTA 5280
GATAGGTCTG ACAGTTTGTC CAACCACACC CAAGTAACCG TAAGAAACGT TATGACGAAT — 5340
TAACGACTAT GGTATACTTA CTTTGTACCC GACACTAATG ACGTTAGTGA CACGATAGEC 5400
GTCTACTACG AAACCTTCTA CGYCTTCCTT ATTATTTCAT GAACTGATGG ATGACCACAT 5460
TAGAGTTACG TTCGGGGTTC AAAGAATAGG TTGAAMAAGT ATCATTCACG CTTCTGACTC 5520
GGTCTAACCG GTTAATTTTT LTTTTCCOACT GATCCAAGAC ATCTCGGTTA ATCTGAALTT 5580
TATGTAAACA CARAGATCTT AGTGTCGAGT TCCTAAGACA AATAGCGAGT GAGAGGGAAC 4640
ATGTCGGAAT AAAACAACCA CGAAACGTAA AACTATAACG ACACTCGGAA CGTACTGTAG 5700
TACTCCGGCC TACTTTGAAG AGTCAGGTCE TCAAAGGTCA GGATTGTTTA CGAGGGTGGA 5760
CTTAAACATA TACTGACGTA AACACCCACA CACACACAAA AGTCGTTTAA CGTCTAAACA . 5820
AAGGARAACC GGAGGACGTT TCAGAGGTCT TCTTTTAAAC GGTTAGAAAG GATGAAAGAT 5880
AAAAATACTA.CTGTTAGTTT CEGCCEGACT CTTTGTGATA AACACTGAAA AATTTGCTAA 5940
TCACTACAGCG AATTTTACAC CAGACGOTTAE GACATGTTTT ACCAGGATAA ARACACTTCT _ 60006
COCTGTATTIC TATT&TACTA CAATATGTAG TTATACATAT ATACATAAAG ATATATCTGA 6060

ACCTCTTATG ACGGTTITCT AAATACTGTT CGACATAGTG ACGGAAGCAA ATATAMAAAA 6120

. ATTGACACTA TTAGGGCTGT CCGTGTAATT CACAACGTGA AAACTTACAG GTTTTAAATA 618¢C
TAAAATCTTT ATTATTTTYC TTTCTATGAA TGTACAAGGG TTTTGTTACC ACACCACTTA 6240
' CACACTCTTT TTGATTCAAC TATCCCAGAT GOTTATGTTT TACATARTGC TTACGGGGAC  .6300
PAGTACARAA ACAAAATTTT GCACATTTAC TTCTAGAAAT ATAAAGTTAT TTACTATATA 6360
TTARATTTCC TTAAG ' 6375
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These receptors, including macrophage growh factor (CSF-1-R) and the
putative receptor c-kit share at |east two distinct structurBCTASILL0RE2
They | ack cysteine-rich repeat clusters within their extracellular regions,
and they possess anot her conserved repeat structure that includes five

| gang.. DEBATAS RTINS he Tonber s of @?ﬁ."?TQCZ‘LfQLtlmlﬂlﬂﬂlml i

Furt hernore, when conpared with RTKs of other subcl asses,” tfie tathlytic
domai ns of nenbers of this group are, ] aon tructural
uni que, hydrophilic,proline- &.W%?Ps%‘f %’fg ‘%esr © nt-77n ‘qt})?/e

an no aci cgd,@ldmesassTmrgan kirsse $nsasp ‘corfiyishatgat dearstedaboitasa

-klnase |nsert l.on, divides. the cat.al t i nd is
el et b ASTBIF e Tast Gef R s M A VRSB RETT
~are hi ghlsqb WM a0 WSt apidi N(ISPOGF +RC qpo Dy pepbideridegmént. are strongly
conserved between evol utionarily distant species, such as chickens, cats
and humans. Menbers of a related subclass; including the FGF receptor,
flg, and bek, sinilay)y have i aThueDéibw@dd |okeClafieat 5 werdin rsaid
segnent is a soluble polypeptide.

L)

10 :
. 3. A nucleic acid of Clain 1, whercin'said
segment consists essentially of a full length extracellular
region of a B type or an A type hPDGF receptor, and further has
a sequence of a polypeptide in Table 2 or Table 3.

15 | __
' 4, . A& nucleic acid of.Claim 1, wherein said
segment comprisces a phosphorylation site.

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

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

25 7. A nucleic acid of Claim 1, wherein said
segnent is a substrate for phosphory;ation.

8. A nucleic acid of Claim l; wherein said
segment is capable of.bihdihq'to a PI3 kinase.
30 - o
9. - A.eell transformed with a nuclelc acid of
clalm X1, and whereir said cell is a mammallan cell.,

10, A cell of Claim 9, further comprising a
35 glycosylation enzyme originating from a non-fungal species.
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extracel lul ar reqi only three in nunber, and ki nase insert
sequences of 12ﬁ!’!ﬂi‘ﬂﬂiﬂ”&iﬂmted I n the correspondi ng poSipgROsei/obés2
tyrosi ne ki nase's N «1gands induce pleiotropic cellular

responses, which in many cell types culntfR8te in cell cycle progression,

DNA synthesis, and cellular replication. Upgn Ligand bindi ng, numerqus
responsi ve nenbrane d¥ents are iﬁPP?ﬁgﬁdﬁcfacPﬁdaﬁ@ggtiﬂuﬁggfﬁﬁnoﬁaﬂgn
transport, nqkVees eaés a@ﬁeeain?nsaba ageghbnesase @Fé@ﬁbtws L3 nk@@nigbage
ruffling, and ot her cytoskel efal and norphol ogi cal changes. These events

are paral | BY@HoB$Tactivati on of a nunber of cytoplasnic pathways, including
.glycolysis, . polyam ne synthesis, and ribosomal protein S6 phosphorylation. -

Alterations in the pattern of specifi¢ gene_ transcription_(e.g., c-nyg.and
c-fos) dare detectabl &wit hin nﬁnﬂ?@%?19n3°§ﬁc9£a§i31ﬁa&roﬁ&F@g&FaFn°° ing

synt heses @f hgtetel 8gotdApandpbhidise whsenved Bushintabeatid3nhddorerrs after

| i gand '
9 sagnent.

13, A method for evaluating the ability of a
10 compound te¢ 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
15 with PDGF. - e S

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

20 kinase activity.

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

25 16. A hPDGF-R fragment having hPDGF-R binding
activity consisting essentially of amino acids beginning at
about 1 and ending at about 499 of a type B hPDGF-R, and is
further derived from Table 2., : ' .

30, 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. : I

. 35 18. A composition comprising an unglycosylated
hPDGF-R fragment.
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bi ndi ng. PDG- has the unique capability of stimulating both protein ki nase

C throu urnover of phosphatidylinositol, roteln
ki nase HFHWMl @Q!ﬂl on of type E prostagl andin. The | {Hﬁ%"’éo‘?ﬁmt he
correct eptor function iy gnphasized by the fact that a

| ar ge varlety of structural alterations found I n receptor-derived oncogene

products lead to congfitutive aActdoxﬁg,tdsqril@g,d,ofcmsaqqpqmt | YhestdbMeresd @ of
mol ecul ar control nechani sms and al teration of receptor S|gnals The nost

conmon cel Ifuagmendsiisn suhmtantiaddya®E®ncer s i nvol ves aut ocrine activation
I n conjunction with receptor overexpression. Mny tunors and tunor cel
li.nes have been found to coexpress growth factors and t hei tors,

i ncl udi ng PDGF- A chai??,+ PDGF-B% H%ﬂ“% St OBDEE M %@%ﬁfdes

Aut ocrige ff%ejﬁie@ﬂt aQﬂ'ﬂl\&i Ié}{mrtﬁ-mse%em@mlwm lpatrﬁezsumre‘rm ais afon~-
nor mal gro ﬁ@gt rinciple, every receptor with tyrosine kinase
activity h &é%(?ﬁﬂﬁhﬁh . Many- nore types.of activating mutations,
as well as speC|f|c i nstances of receptor tyrosine kinase overexpre55|on
21. A compesition of claim 20, wherein said
. fragment is essentially the extracellular region of a type B or
10 a type A hPDGF-R.

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

15 ' 23. 7 . A comp031tlon COmprlSIHg a comblnatlon 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
20 glycosylating said fragment when expressed.

_ 24 . A method for introducing a hPDGF-R activity
to a cell, =aid method éompfisihg the step of intreducing a
hPDGF-R protein fragment of at least about five hundred daltons
25 1o said cell.

25, A method for assaying the presence of a
ligand for a PDGF receptor in a sample, comprising the steps L
.of': ' .
30 combining said samwle with a hPDGF. rncentor ligand binding
site; and ' ' '
detecting binding between said ligand and said hPDGF
receptor ligand binding site.

35 26, An isolated polypeptide of less than about
200 amino ecids comprising a rcceptor Kinase insert region.
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woul d be anticipated to be detected in animl and human tunors.  The

under st andi ng. ﬂmlmmﬂ I““HHM”“ h defects in normal cell ul ar peaYebel/oese2and
signal transdu i nportant role in the diagnosis and
therapy of oncodenésis. "Wheh dctivated byt3} gand, the PDGF [err]-receptor

becones phosphorylated on tyrosine residues. See, Ek .and Hel di n
(1982) J. Biol. Chem?2®57: 10448 isedatas mldtpeatld?em&)clﬁvsﬁcﬁv Chem

259: 7909; Mﬁ@ﬁ@ﬁ@gj&@g@gﬁﬁé%@ o PHodphorylat@dl blincantiar den et
al . (1986) Nature 323: 226 The nechani sm of this "autophosphoryl ati on”

reacti on apFEd®% 0 depend on ]igand-i nduced formation of receptor dimers
and a transphosphoryl ation reaction in which each of the two pol ypeptide

chai ns of the di mer phosphoryl ates,.t chai e Qr., Slt s of PDGE

stimul & ed receptor %f?o‘sphor yl 41 d'r’imgraé" Cﬂé’é’tlé'é’qpﬁz"tdﬁe rér} Ggr mnal .

portion of yheediy eite gongseptide 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.

1o 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
15 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.
20 '

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

contacting said protein with said target phosphorylated
25 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
30 '~ 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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" domai n, about tyr(825) in both the human and nouse type B receptor, and in

t he ki nase insert ( “ (719) in both the human a _ tvype
B, that splits the”“mmm“mm m* quences into two parts. Iﬁq@@ﬁ@c‘é&
t hat - addi ti onal sit%s “of “auf ophosphoryl atjop have not yet been identified.
One of the consequences of |igand-induced receptor autophosphorylation

appears t0I be a sddhys a ng(:jﬁﬁﬁ]le@bﬁ?l&@@d OPDGherwep'eﬁnlkmﬁe egheorof ré@.@orﬁ
receptor. In jts activated state_the,receptor can p ically interact wt
Ceverar oytBpliBertias e rald) s KiassER e f Py A ot e LA ERS oha
transduct i dpetween vadidmosypbpoias condasa bl BY3 cloimase. f ormati on with, and
tyrosi ne phosphorylation of , a variety of proteins. The first to be

described was a protein of 85 kD, ‘which is a putative Pl kinase and
identic&l to a proteidreferreditnetlopsdf perifpphen Stomla €48BY:, Cal | -

complex’ i R PECE 1 eRaiP BE il 6o Rk Kool Einaon nblre

fol | owi ng PEgment meenpohsingethei stepdeft he serine/threoni ne kinase
contacting said sample with an analogue of a .

phosphorylated polypeptide substantially homologous to a PDGF

10 receptor kinasc¢ insert region polypeptide, thereby allowing
gald protein to bind specifically to said phosphorylated
polypeptide.

35. A method of isclating a nucleic acid
15 'ehcoding.a protein cépable'of biﬁding to a PDGF receptor,
' comprising the steps of: ' - '
combining a labeled and phosphorylated PDGF receptor
kinase insert reqion'polypeptide with cells expressing various
proteins, thereby labeling those cells which express saig
20 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
25 capable of binding a PDGF receptor is PI3 kinase or c-fms.
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Raf - 1, which beconmes activated in the conplex see, e.g., Mrrison et al.
(1989) Cell 58: 649-657; and phospholipase ‘C:ferr], see, e.g., Mrrison et
al. (1990) Mol. Cell. Biol. 10: 2350- 2366; and GAP, the GIPase activating
protein involved in the control of ras activity, see, e.g., Kaplan et al.
(1990) Cell 58: 1121-1133. PDGF treatnkt® al so enhances the kinase
activities of sone of these proteins. Recently, transient conplex formation
al so has been shown to occur between three src fam.ly tyrosino kinases

(pp60- c-src, p59-fyn, and pp62-c-yes 81, and PDGF receptors. In
addition, PDGF treatnent stinul ates t sine kinase activates of these

proteins, suggesting that src famly kinases 57 may play a role in the
response to PDGF. Phosphorylation on tyrosine residues likely activates the

m togeni ¢ potenti al IQILMtArIllePLAafrEgglt pPRIOES dhoWt EAc PR RROARGIHY 1 ts enzymatic

activity

DNA sequences encoding human platelet-derived growth factor receptors (hPDGF-R),
. and expression constructs comprising sequences which encode a receptor that can be
secreted or incorporated into the membrane of a mammalian cell, Peptide fragments
with functions equivalent to the wild-type receptor, conferring a PDGF-sensitive
mitogenic response on cells lacking that receptor are provided. The constructs can be
used for enhancing PDGF response of cells, determining the regions involved
'transducing the signal in respdnse to PDGF binding, prov'id'ing mutated analogs and
evaluating drugs for their physiologic activity. Soluble fragments comprising PDGF
réceptor sequences are also provided, including important intracellular kinase insert

sequences which interact with intracellular proteins.
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or by altering its interactions with other ceIIuIar proteins. The SH2
system provi des possi bl e gui dance to parﬂléufar mechani sns . an®CpvOPEVGH8ES

whi ch coul d be applicable to the PDG- feceptors.

Sone non- recept or terSI ne

ki nases share a conserved noncatal ytic regi on of approximtely 100 am no

acids called the src honology region 2 (SH2) donain.

The SH2 dommi ns of

the Fps and Src tyrosine kinases are thought to possibly interact with and
regul ate the adjacent kinase donmain and nmay al so form-binding sites for

" proteins phosphoryl ated by the ki nase domai n. Phosphol i pase C-[err]
(PLC-[err]) and p2l-ras GIRasgyeactivating protein (GAR ag¢pgcontain two
adj acent SH2 -domai ns. Recent experinents have shown that SH2 domai ns endow
proteins such as GAP, v-Crk and p60-v-src with the potential to form

conpl exes with speC|ﬁ*i@$¥r6§rﬁ€“ﬁ63phorylated | i gand§™The~rgl evance of

these results to the
enbodi nents, |igand-activate
conpl ex of signali ngDel ecu
Pl - 3 ki nase.

200 —

86 —

FIG. 14

in vivo

I L

PDGF: |+ - |
F1G. /C
SUBSTITUTE SHEET

R whs, until now, unclear. In.the P eﬁwptor
DGF receptor induces the fornatlon 0
ncl udi ng PLC—[err]

t he %; kDa

*—200
— 8B
— 68

FlG. /B

In vitro
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One of the first of the signaling nolecules to be identified as a
receptor-associ ated protein was phosphati gy | nositol -3" ki n@eg/(8$3300862
ki nase). This enzynme was originally found to be a ki nase t hat

co-i munoprecipitated with the conpl ex of polyoma nmiddle T antigen and the
c-src protein, and with transformng v-src proteins. PI3 kinase activity
was al so found in phosphotyrosine or receptor imunoprecipitates of |ysates
from PD3F-stinmulated cells. The specific role of PI3 kinase in nediating
cell proliferation has not been determ ned. However, the enzyme is

regul ated by. a nunber of gromh factors and growh factor-treated cells
contain increased | evel s of phosphoinositides and inositol phosphates . .
phosphoryl ated on the 3 position of the inositol ring. Mitants of nmiddle T
antigen or the PDGF receptor that do not associate with Pl 3 kinase are
defective in their mitogenic activities. The protein responsible for the
Pl 3 ki nase activity has not been well.

FIG. 2A. - FlG. 26
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characterized. However the close correlation of the enzynatlc act | X
with the presence of an 81-85 kD protelngtg o |nmmopremp|tza!%'fé'f!-'f’gzm0 62
experinments with the mddle T/c-src conp and with the PDGF receptor has
strongly suggested that the 85 kD protein is either the PI3 kinase or an

I nportant subunit of the kinase. Definable regions of the PDGF receptor
were capable of nediating the interaction with PI3 kinase, as evidenced by
an analysis of a nmutated type B PDG- receptor having a deletion of the
ki-nase insert (KI) region. This receptor nutant ([err]Kl) was defective in
stinmulating cell proliferation and in binding PI3 kinase, even though it
had tyrosine kinase activity and stinul ated several other responses.to PDGF
bi ndi ng, including phosphol i pase C-nediated Pl hydrolysis. Recent studies
have shown:that the ligand-activated [err] Kl nutant- receptor fails to bind
Pl 3 ki nase, but binds as nmuch PLC-[err] and the c-Raf-1 proteins as the
wld type receptor. However, the nmutant receptor is unable to
phosphoryl ate c-Raf-1 on tyr05|ne resi dues. and the bi ndi ng of PLC—[err]
reqU|red tyrosi ne

-85 kDa

UEA+dVd
dvd

FIG. 3C.

-PIP
-ORI
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dVd
UBA+dVd

-
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phosphoryl ation of the receptor. A nmutant of the human type B PDGF
receptor that had one of the phosphoryl ation tes in the kinase insert
domain, tyr(719)-in both the human type B 4dcdptor, convertedPLa/L592/00862
phenyl al ani ne was al so defective | n binding PI3 kinase. These experinments

I ndicate that either the PI3 kinase binds directly to a portion of the
.kinase insert region containing tyr(719) or that the binding interaction

i nvol ves ot her portions of the receptor that are conformationally dependent
on sequences in the kinase insert region. To directly study the interaction
. between the type B PDGF receptor and PR3 kinase, an in vitro systemwas
established. Wth this system it was ssible.to test the ability of

synt hetic pol ypeptides derived- fromre pt or seqyences in the kinase insert =

-:domain to block interaction of the IEL3 ki nase m :he -PDGF receptor. The
I nteraction could be blocked by a t ne- SHiDr | at ed pepti de
representing a highly conserved regi n r?? insert domain that
included tyr(719). However the peptid& bI o e [ 3

| S
M~
.

X PEPTIDE:

12345(.5789i0
| FIG 4A.

s3dalld3d

%
Q
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59 binding to the PDGF receptor only when the peptide was phosphoryl ated on
tyrosi ne. Scranbl ed versions of the peptide, even when phosph

tyrosi ne, had no blocking activity. Thesdjgt¥di es show t hat pgéibﬁ%ﬁaxﬁg?ne
in a specific sequence context serves as a recognition site for the binding
of a cytoplasm c signaling nolecule. An'in vitro system was ugfd to study

the interaction of PDGF recepyyre glpglr PE® .0 meBed 5Fh8 addocUdli on of
phosphoproteins with the PDGF*recept -|-s—-de1‘ﬂa-|=rst-r-a'_c-ed~b‘y—sf| mul ating 3T3

cells with PDG-, immunoprecipitating cell Iysat- type B P receptor
anti bodi es and by exam ning the i mmunoprectp Waesylk@® the pres & of
.receptor-associ ated proteins that can be ed. 1 n; t he—-200 '
‘immunopreci pitates. See Fig. la "+" |laneg ‘ s PRGER ot ei ns i ncl ude

the 85 kDa protein. and a 110 kDa pro't-ei n ; L - been

* 06
FIG. BA.
68
_'T —PIP
FIG. 58
O

[Y718P] 50.0 10.0 5.0 0 uM
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correlated wwth PI3 kinase activity. See Fig. 1c. Inin vitrg ,
experinents, the type B PDGF receptor masgyyp Fessed in an i nsdGT/LePF/00862
expression system partially purified, | obi |i zed using anti-receptor
anti bodi es and protein A Sepharose. The receptor was allowed to

aut ophosphorylate in vitro, so that it would be in a conformation that

m m cked the |igand-activated state of the receptor. Cytoplasm c cel

|l ysates fromdensity-arrested BALB/c 3T3 cells were mxed with the

i mobi | i zed receptor and the conpl exes were washed extensively. PI3 kinase
activity was found in the conplex of proteins associated with the receptor
(Fig. 1d). The receptor- associated phosphoproteins were detected by an in
vitro kinase.assay using [err]P-ATP. . See Fig. 1b "-" lane. At |east four
receptor-associated proteins with apparent-nnlchIar wei ghts of 140 kD,
120/ 110 kD (sonetines a doublet), 85 kD and 74 kD were r &di ol abel ed (the
bands at 160 kD and 150 kD are the bacul ovi rus-expressed%®eceptor and its
precursor, respectively). The 140 kD band has been previsusly |dent|f|ed
as PLC-[err] and the band at 74 kD |ncludes the raf-1 ki ®ase and

°
* 2
. o
-] g; g
M~ Ny 5
PEPTIDE: . . > - o o,
. -~200
L
-~ 68
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probably another nol ecul e as wel . The 85 kD protein co-migrated with the
85 kD band, previ otisl y considered to be ??nase in anti- phdEpi&Nsbhe
i mmunopréci'pitates of cell |ysates prepare rom PDGF- stinmul ated cel | s.

The associ ati on 60 of 85 and 110 kD proteins with the

* bacul ovi¥us-expressed receptor was al so observed by silver stain analysis.
When cel | lysate was incubated with i mobilized kinase insert deletion

nmut ant of the PDGF receptor there was no associ ated Pl 3 ki nase activity,
cand the 110 kD and 85 kD phosphoproteins did not associate with the nutant
receptor. -See Fig. 2a and A2b. . This in vitro result is consistent with
previous indications that this receptor nutant does not associate with PI3
kinase in intact cells. Wen 3T3 cells were stinul'ated w th PDGF prlor to
“‘making the. lysates, there was a dramatic reductlon inthe _ -
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anmopunt Df I al—dUIE ¥soci ation t

(Fig.. 1 1#‘#@2%6}:%%03%%#'[ aff]t dSI cti o in the as ogat 0

110 kD ﬁpg Ot ‘i HE Vi OPﬁ'éfrecetor (Fig: Ib; + !

expl analoog ™ hi® ?““T’Feﬁo‘rré%ﬁﬁ»efjs Mot entirely cl & tHel ¥

PDGF pr éf‘H‘é “c‘EH s ‘P Atihenceg the subsequéht™-inwi t rosassdtiation =

of cel | [ Sb'r‘fft ei- r@gﬂvﬂ t-h-theagedoept-gr i ndi cates that the associations are %
- speci f i PPDGOY SELBIPE..pr.ocesses.....) en the aut oph@sphoryl atedPD@ER/YU: .. |

receptor was dephos@_.jg%asg%g;@g Yhps g ?i"@r?ff %&I;q.ggtat 85~ PAP)

it lost the ability nase acuw kD protein
derived fromthe BAL 13: cell at es. (Fi 3b an Thl s finding
e RESSH S ]apﬁ r’%cépFBP ;YJe TYE®2ESr t hese

i ndi cat es that phosp horyI 0N 0
. protein int @tpaétipeﬁsom Phanmonty pgsigndd patensi appbicatlicm 4bts.6nNbet ween
t he receptoro7andst;iaezPlB:.Jl@cnmr_uab?SDdﬂ,Orwaﬁbt egns¥At et Copep igkes were
pr epar ed toucgr’rgeke ?}1§£1941QI nqlirigdpl‘eéxhz?a%S ZKDIBEQE ef:ott?ngf tw ic | grlél nase
activity to thé rece

1ncorpora ed herein by reference.

The Government has rights in this 1nventlon putrsuant

to Grant No. ROl HL-32898 awarded by the National Institutes of
Health. . '

Field of the Invention

The present invention relatés to the development of
diagnostic and therapeutic agents and, in particular, to
compositions based on platelet-derived growth factor receptors.

BACKGROUND OF THE“iNVENTION
- Platelet-derived growth factor (PDGF) is a major
mitogen for cells of meéenchymal origin. The protein mitogen
is usually a 32 kDa protein heterodimer usually composed of two
polypeptide chains, A and B, liﬁked Sy disulfide bonds. In
addition to the PDGF AB heterodimer, two homodimeric forms of
PDGF, denoted AA and BB, have been identified.

The first event in PDGF-mediated mitogenesis is the
binding of PDGF to its receptor at the cell membrane. This
interaction triggers a diversity of early cellular responses
including activation of receptor. tyrogine kinase, increased
phosphatldylanSLtol turnover;« enhanced—expre551on of a group.
Of genes, activation of{bﬁzspﬂol;pase Az,.changes in cell-
shape, an increase in cellular calcium concentratlon, changes
in intracellular pH, and lnternalizatlon and degradation of
bound PDGF. These changes .are followed by an increase in the ™
rate of prdliferation of the target receptor containing cells.:

The ability of a polypepﬁide to stimulate growth of &
Particular cell type in vitro does not prove that it serves tﬁ;P
same function in vivo, but the roles of many growth factors on
cells are being studied to determine the roles that the factors
play in the whole oréanism. In vitro, platelet-derived growth
factor is a major polypeptide mitogen in serum for cells of
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dat a suggested that the kinase insert region was involved in the

associ ation of the PI3 kinase activity with the PDGF receptor. |n scanning
sequences fromthe kinase insert regions of the nouse and human PDGF type B
and type A receptors, a 20 amino acid region of particularly high sequence
horol ogy (8 out of 20 identities for the2human and nouse PDGF type B
receptor conpared to 12%identity for_the entire kinase ? i on) was
found. A peﬁﬁﬁeewwl%"l%ﬂht%ﬂ?ﬂ fe Hierngblert: AP %c & §t gF 't he
mouse typeaBdPPCEal ece€Plor spEuener PaEFSyntaesolz arlrciliatednteiedy daquence

775 of "thePhgags SThuEncETErEE i, S iaNfids o MRS %t&r?.'?’ﬁs't ty:oé’”s
PDGF receppdateéekaowmnanim@hbkqﬁﬁnqmqhhlug shdeblAtelat rasthastion, Toe
determ ne gl}gpa%g %h%ef‘eé&éae o flers WAt BELLE HEPtA RS dlaNosd vfers%@l%h' S

sequence t inte
.thus implicating PDGF in the repair of blcod vessels. PDGF may

stimulate migration of artetrial smooth muscle cells from the
médial to the intimz) layer of the artery where the muscle
cells may proliferate. This is likely to be an early response
to injury.

'PDGF is being ﬁtudled to determine how cell
proliferation is controlled 1in the body. The growth factor has
been implicated in wound healing, in atherosclerosis, in
myeleproliferativa disease, and in stimulating genes associated
with cancerous transformation of cells, particularly c-myc and
d—igg. ‘Therefore, FDGF agonists may be useful in promoting
wound healing. PDGF antagoniéts may also be useful in
preventing atherosclerosis, in retarding blood vessel narrowing
that cccuré after cardiovascular intervention and in
controlling cancerous proliferation. .

' The interaction of PDGF with cells is mediated, in
part; by a receptor for the mitegen. The PDGF receptor is
therefore a very important component in mitogenic stimulation
by the growth factor. However, the inability to characterize
the direct interaction between the PDGE and its receptor and
between the PDGF receptor and intracellular components has
hampered the development of reagents ﬁéeded in the diagnesis or
treatment of phys siological ‘conditions or disorders

- characterized by abnormal or undesired PDGF responses. For
these reasons, a dramatic need exists to characterize the
structural and physiological properties of PDGF receptors.

- SUMMARY OF THE INVENTION
In accordance with the present invention, DNA
sequences encoding human platelct-derived growth factor
receptor_(hPDG?—R) polypeptides have been isolated and
sequenced. In one embodiment, supression constructs are
provided comprising one or more sequences that encode
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bet ween the receptor and the 85 kD/PI 3 kinase activity, 3T3 |lysates were

I ncubated with the different peptides prior to mxing with inmobilized

‘receptor. The results of these experinents are shown in Fig. 4. The first

| ane of rig. 4a shows phosphoryl ated proteins that associated with the wild

type receptor in the absence of peptides. 3The arrow indicates the position

of the 85 kD protein that co-purified with the P13 kinase activity. The -

ot her | anes pbop~tbeeptor eprstditat thedochat bd spereterk gr@gmogiated Hath

presence of rivatiyv of o t : 9§, TR dhe NasGlaRgRasi n the

- pattern of rg@?p?‘%gﬁgggc%fat%?ﬁ@éﬁ?%&ggseﬁﬁ%en théeheun hogphoryl at ed

719 peptide ¥repromashprbd neebEunatignad lyh&in¥har ko r Fﬁ'q“g"'rvaﬁ(?"t%hé“’ a

associ.ation Wiﬁb-i:gﬁerﬁésé’%@cﬁr Ee B}l o9t ewpeng aa ARDG W addned taifvet hi s
e

pepti de that was sphoryl ated_at siti.an . 719.(Y7 a d to the
i ncubat i on, i“‘tltBPgEREdrf’ﬁ °B??\d‘?’hg°qglfqﬁ h?%g%.;'éd'% o%%ﬁ%%‘?%‘f‘ei ?H%Fi g. 4a)
and i nhi bi t e¢ohisérastochat benuedd PlintlemaddascEpyi Pyoys Y ARTIM AFRURE S

receptor. A sGrapjl ggggeggaggteé S SrRRtds £BAl eRRAMEIREDDGF response
phosphotyrosine at a positio corrpspondln% to 719_but had a
cf cells, for determining the regions of the receptor

polypeptides involved in transducing the mitogenic signal in
response to PDGF kinding, for providing mutated analogs of the
receptor, for evaluating drugs for their physiologic activity,
and for probing the integfity of sequences nearby the
chromosomal loci cf'the receptor genes. In particular, various
soluble fragments of the receptor are provided, many possessing
various properties of cell associated hPDGF-R proteins. HNovel
rmethods utilizing these constructs are also provided.

The present invention pfovides a purified and
isolated recowbinant nucleic acid of less than about 50 Xbp
comprising at least about 24 contiguous nucleotides which
encode a human platelet-derived growth factor receptor (hPLGF-
R) polypeptide segment. Preferably the segment is a soluble
polypeptide. In pérticular embodiments, the segment consists
essentially of a full lengthﬁektracéllulaf region of a B type
or an A type hPDGF receptor, e.g., a sequence of a polypeptide
in Table 2 or Table 2. In other embediments, the nucleic acid
encodes a segment with a phosphorylgtioh site.

Usually, the encoded se¢ment is less than about 300

_anino acids, and will preferably be capable cof binding to PDGF,
be a substrate for phospliorylation, c¢r be capable of binding tc
& PI3 kinasce. In other embcediments, the encoded segment lacks
a2 substantially cemplete intracellular region. o

The invention also embraces a cell transformed with
“he described nucleic acids, typically where the cell is a f'
mammalian cell; In particular embodiments, the cell further
contains a glycosylation eniyme originating from a non-fungal
species, |

Exprecsion vectors are also provided, and in certain
enbodiments, tha nucleic acid nucleotides enceding the segment .
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rearranged primary sequence failed to block binding of the 85 kD protein
and did not prevent the association of PI3 kinase activity with the

receptor. . 62 TABLE 4 PDGF Receptor Synthetic Peptides Peptides

Sequence Y719 GGYMDIVBKDESI DYVPM_DM Y719P
GGYNDMSKDESI DYVPM.DM Y708P 4 GGYMDVSKDESI DYVPM.DM
Y719P short VDVBKDESI DYVPMLDM Y708P shor t

GGYMDVBKDEShE: YGP&R(HA1 A inked to a promoter. RIGHWDNBRDESNBRFYPIEAGids
CoVVDVBKDE ST B BN S 141 o e o VDL N BV SDL GG
which is fused to the hPDGF-R segment, :

As anothexr aspect of the invention, methods are
‘provided for evaluating the ability of a compound to function
as a hPDGT~R agonist or an agonist, utilizing the step of
'comparlng the amount of a_PDGF~induced'response from a control
cell with that in a cell transformed with a hPDGF~R peptide
fragmen: encuding nucleic acid. In various embodiments, the
PDGF~induzed response is compared by measuring synthesis of DNA
in thz cclls, After contacting the cells w1th cell with PDGF. .

Folypeptide embodiments include a =ubstant1allv pure
hPDGF-A poiypepi.ide fragment of at least about twenty anino
acids having pratelet-derived growth factor (PDGF) binding
activizy =1 tvrosine kinase activity. Typically, the
polypeptide fragment will be soluble.

In other embodiments, hPDGF-R fragments arc provided
having %“¥DGF-R binding activity consisting essentially of amino
acids .eginning at about 1 and ending at about 499 of a type B
hPDGF-2, 2.g., derived from Table 2, or consisting essentially
of am:..0 acids beginning about 1 and ending at about 501 of a
-type a hEDGF;R, e€.g.; derived from Table 3. The invention
embaces compositions having an-unglycosylated hPDGF-R
fragreat, preferably where the fragment is substantially purec.
In ouner embodiments, the hPDGF-R fragment exhibits a
gilycosylation pattern which is non-fungal and non-human.
Particularly useful écmpesitions havé‘a hPDGF-R polypeptide
fragment which is essentially the extracellular region of a
type B or & type A hPDGF-R, ¢.g., derived from seguences of

- Table 2 or Table 3, An additiocnal 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 ¢nzyme capable of glycosylating said fragment
when expressed.

The present invention provides various methods for
introducing a hPDGF-R activity to a cell, comprising the step
of introducing a hPDGF-R protein fragment of at least about
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The asteri.sks (*) indicate the position of a phosphate group A shorter
version of peptide Y719P that includes only 14 am no acids (Y719P short)
and | acked tyrosine 708 al so bl ocked binding of the 85 kD protein (Fig. 4a,
| ane 4) and inhibited the association of PI3 kinase activity with the
receptor. Surprisingly, a peptide that includes tyrosine at position 719
and phosphotyrosine at position 708 bl ocked ¢ he interaction of -Pl3 kinase
with the receptor (Fig. 4, lane 6). This finding suggests the possibility
that tyrosine g itﬁzrmﬁdofaatﬂ&anauwp&mhqr yhahe o i foas agkatr by Hﬁmfpt or

both posi {1 oneBSVRRIRTy OFL8 (49888 B34 o) Ihte 5 BB e b on ARRE 81 L8 L3 kD
protein (Fig. providesi 8)comp‘.&hcs|mgf thesstdpsYpd8P éxd Q&@Qﬁl&bsbhbaﬁammkl ng
necessary 1o bk 4 HPEAE 38 %%.tg%"é?&*'ﬁ%%@ﬁ&éeesf@ g yepracteeing iy
to the . »  binding between the ligand and the hPDGF receptor ligand

' binding site.

With respect to the intracellular reglon of the PDGF
receptors, the present inventiocn provides an isolated
polypeptide of less than about 200 amino acids comprising a

"1 receptor kinase insert region. In various embodiments, the
polypeptide has a phoéphorylated amino acid residue, e.q.,
phosphotyrcsine. Usually, the polypeptide has a sequence
substahtially homologous to a kinase insert segment of a PDGF
receptor, e.g., a sequence from Table 2 or Table 3. The
inventicn. also provides a composition with the polypeptide 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 is capable of inhibitinq the binding of thée
first protein to the second rrotein. Other methods are
provided for selecting & molecule capable of inhibiting binding
of a2 protein which binds to a target bhosphorylated
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 comparing these analyses to
determine the effect of the molécule on the binding. 1In
particular embodiments, these contacting steps are periormed..in .
succession. _ .

Other methods for modulatinq a PI3 kinase activity as
provided, comprising the step of adding a phosphorylated PDGT
receptor kinasc insert region polypeptide to the PI3 kinase,
unereny allowing binding between the polypeptlde and the PI2
klnase.
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receptor, the 3T3 |ysates were preincubated with a range of concentrations
of phosphoryl ated peptide (Y719P). As shown in Fig. 5 approximately 5
[err] M of Y719P was sufficient to block nore than 50% of the association of
the 85 kD protein (Fig. 5a) and PI3 kinase activity (Fig. 6B) with the
receptor. Concentrations of up to 100 [err] M of unphosphoryl ated pepti de,
did not affect association between the reéeptor and the PI3 kinase. Thus

t he coincident bl ockipg of 85 kD .and Bl th
the receptor by peptldg WﬁW%ﬁpﬂb ?ﬁ eﬁ%gy \sﬂl%éa ??ﬁ%\g{%%n\y
protein i s afabunisenple; he. ﬂ'@tédmm@aéhzyﬂ’é bNSé{ng tRe2aBPET txRGAPtor

peptides to pjpide t;*ageeéss@ ﬂé»ﬁ@n & EQﬁ Stwadﬁdw ofokeaukesing tihd he
recept or was asses

o the. pr 6ocIIPL e, Fhcs: @%iegr”% Pslia ot BRaTR SR coapior
i munopr eci psukstemtialhy hesotognumrtco PDEF|veeqrtayd kEapsai inserfe recept or
was det er m nggl hy, mggg{;% n@{é/gyg, Wih BeiAgesid ipgroaeinbedi Bend Fig. 6),
confirm ng previ ous udi es h h ehso%‘, akegu f nsébe{\:mf |.cal | y associ ate
with aut ophoSpRRtiicatdy to © ° P °SP OLlYREP
¥ethods of isclating a nucleic acid enceding a
prctein capable of binding to a PDGF receptor are providad,
comprising the steps of combining a labeled and phosphorylated '
PDGY receptor kinass insert region polypeptide with cells
expressing various proteins, thereby labeling those cells which
express the nucleic acid to produce & protein which kinds the_
phosphorylated polypeptide; and izolating those cells which
hava been labeled. This method is particularly useful to .

iscliate ruclem acids ehcoding PI3 kmase or '*-1‘;“ e,
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receptors. The association of these proteins with the receptor was not
affected by the addition of the phosphoryl ated peptide, Y719P. Thus the
Y71 9P peptide specifically bl ocked association 64 of 85 kD/ Pl 3 kinase
activity with the receptor and did not affect the interaction of-the
receptor with GAP or PLC-[err]. To determ ne the nature of the interaction
of the receptor with the 85 kD protein, a nbdi fication of Western bl otting
nmet hodol ogy was used. PDGF r RLOL- éé¥g£$3% of! bse i Pf&pdRd Wi th PDGF
receptor bacul ovirus was i prrared W thn recept or anti bodj es,

| abeled with [err]p in Edquws Jand~u§éaa5§= & @ﬁé"?baﬁf'%l o R PEPom 373
cell lysates tﬂl%hsaadlmeﬁhéeﬁﬁfeataﬂ’neb eeécoptmr.et Toal dysanihtimmsiterred to

ni trocel | ul ose. rad o] abeled P ~-E8C d.dikrect to an 85 kDa
protein in und¥i ﬁﬁﬁ&?’éﬂ ge‘?q] tlr{:?)Ggf‘ F ggé&t‘f&o%gngg EFC%%{? | ysates from
PDGF-t r eat ed 3m&sphhttdﬂlihwzﬁtqﬂuam \1nase (PT3 kinase) actlvity c and d)
were studied in intact cells (& and c) and in witro (b and d).
In the intact cell experiments PDGF-stimulated- (+) or control

D

cells (-) were solubilized and the raceptor was
immuncprecipitated using anti-receptor antibodies. The
receptor-associatead phospﬁonro*e1ns were detected by incubating
the receptor-associated protein complex with MncCl, and «22p-ATP
followed by autoradiography of an SBS nolyacrylamlde ael The
PDCF-stinmulatod receptor associated with 85 kD and 110 kD
phbsphoproteins and PI3 kinase activity, but the unstimulated
receptor was not. Equivalent amounts of receptor were
immunoprecipitated from the lyéates from stimulated and
unstimulated cells. Jn Vvitre associations were performed by
incubating the baculovirus-expressed receptor with lysates from
POGF-stimulated (+) or unstimulated (-} cells. Receptor-
associated phosphoproieins (b} and PI3 kinase activity (d) were
detected. The pasition of the 85 kD protein is indicated by
the arrows. : | : .
' Figure 2 iliustrates the association of 85 XD protein
and PI3 kinase activity with the wild type and kinase insert
deletion mutant receptor jin vitro. Lysates from un;timulated

373 cells were mived with immunoprecipitated wild type PDGF
type B receptor or kinase insert df€letion mutant receptor that
were prepared using a baculovirus expression system. The
imnunoprecipitates contzining receptor-associated proteins were
washed extensively. -In-vitre protein Alnaqe assays (panel a)
or PI3 kinase autiv1bj assays (panel b} were periormed on the
proteins. The first lane of panel (2) shows the in vitro
vrotein kinase assay of the baculovirous- EYDreSSed receptor -

l“

that was not mixed with cell lysat te. The top two bands of th

second and third lanes of panel (&aj are from the bacutlovirus-
expressed receptor (secend lane) or the mutated receptor (thirc
lane) and their respective precursers. The arrow indicatas the
85 kD protein. '
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any bindi ng when incubated with the radiol abel ed PDG- receptor, (Fig. 7,
| ane 2) consistent with the finding that the 85 kD protein from ~
PDG--stimul ated | ysates was not available for association with the

i rmobi li zed PDGF receptor (Fig. 1b). Wen the nitrocel |l ul ose paper that
contained cell lysate proteins was pre-incubated with peptide Y719P, the
radi ol abel ed receptor failed to aSSOC|aIeﬂvmth the 85 kD protein (Fig. 7,
| ane 4). The unphosphoryl at ed ,p or .the.,s eptide
(Y719P scranbl ed) di oF HBITS r']’teirlflg\s é jfﬁ) "8&‘30{5&‘1%%‘&3‘]1‘9 %Hg' rmecept or
with the 85 Jedeptokeadtdgiidsphbryllarésnfanasspeiathon wieRidekinsaoned

that the 85 k ( S § FPeri nent shomed t hat
the 85 kD pracﬁ[g‘él?’rjfge %ﬁ% é(?’rec@r"c’dt::ag?‘th %ggl: rgciel:g%.or a"gd does require

the pr esenceimﬁ-nvphemprb#wﬂ ef§°mrﬁé9di'?3e7ét inERarRg Yhtrohe ot aB}SE%Irs to
i nvol ve the pikrafeBepost dréc&ﬂtm.ﬁiaﬁtnbhbﬂdume i DEenboweey i tadrEai ni ng

tyrosine 719 éﬁ%j Tﬁéggggeb4gk y&ggééﬁbéﬂ;egg §n§@gg@g§ &Hy%ears to be

necessary fo Jon ese results indicafe that the
i ntracel | ul ssokukdirldaesf 3IThecaldpdvsapper Btk %PSFnP%?%%? s“’bvﬁ’c"r‘i1 kol BRAI es
that are - in vitro kinase assays (c) were performed. (a) Association of

P13 kinase activity with phosphorylated PDGF receptors were
incubated with potato acid phosphatase (PAP) or PAP plus
orthovanadate.

Figure 4 illustrates the use of peptides to block the
assoéiation of tha 85 kD phosphcprotéin and PI3 kinase activity
with the receptor. The peptides listed in Table AT were
'préincunated with unstimulated 3T3 cell lysates prior te
incubation with immunoprecipitated receptor. The detsction of
the receptor-asscciated phosphoprotéins {(panel a) and the
receptor-associated PI3 kinase activity (panel b) were
perfofﬁed as in Figs. 1 and 2. The 85 KD protein is indicated
by the arrow. '

Figure 5 1llustrates the concentration-dependance of
the blocking activity of peptide ¥Y719P.. A series of N
concentrations of peptide Y719P were tested for the abiiity Lo
block the binding of proteins (panel a) or PI3 kinase activity
(panel b) to baculovirus-expressed inndhcnrecipitate@ raceptor.
The arrow points to the 85 kb phos phonroteln. The assays werc
performed as described in Figs. i, 2 aﬂd 3.

: Figure 6 illustrates that the association of PDGF _
'receptor with Pic-~ and GAP is not affected by preincubation of
.iTB unstimulated lysates with receptor phosphopeptide, Y719P.
Unstimulated 3T3 lysates were preiﬁcubatef in the presence and
absence of a recsptor phosphopeptide (Y719P) prior to the
association with the baculovirus-expressed receptor. The
_peptide/lysate mixture was incubated with the
immunoprecipitated baculovirus-expressed receptor as described
in Figs. 1, 2 and 3. The presehce of PLC-y and GAP in the
recceptor complex was determined by immunobklet analysis using
PLC-7 and GAP antibodies as prebhes. In the lane marked
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likely to play a role in signal transduction. The physical association

bet ween the receptor and signaling nol ecules such as PI3 kinase, PLC-[err],
GAP, and raf-1 only occurs when the receptor is phosphoryl ated on tyrosine.
See Fig. la. Aregion of the receptor that is involved in the binding of
the receptor to the PI3 kinase has been defifed. Short peptides were used

to block the in,Vvitro_, 185808 atjon of PL3.Kin Lot he

phosphoryl at ed HJ@@&FS é’ ﬂtlﬁ?e% %g‘lbl%ﬁl SYMgr? mFHnoxg%ﬁte[dyagf t he
peptides to bl czﬂnttmésasgoem@w i thre ied ectxephowst iq rn°§itthenr et cthorPi&itad BhAd
directly to thegap,3 kinase. In this vvay they act as conpetitive

ant agoni sts. The observation t #&“%’ﬁ&?ﬁ%?{ﬁe a%s%%plgg&é%l?tggt?& t.i des had

this blocking activity s ‘ég?s t rosine 1s ol ved
i n the "bi ndi ng rﬁdnonebpée@prmcmpnblv&thu mas@bllmﬂe\ﬁér kphpspheiyr fyiareptor

al one is not SLﬁfdﬁN)entBBQ&I&WIELiKhxﬁ%EEESd PDGF receptors were .
1nmunoprec1p1»ated using receptor antibodies and the recepbor
s **p-labeled in vitro by autophosphorylation. fThe
solubilized radiclabeled receptor was used to probe
nitrocelilulose filters containing SbS-~polyacrylamide gel-
fracticnatced lysates from control (lanes 1, 3, 4 and 5) or PDGF
stimulated (lanhe 2) cells. In the peptide competition |
experiments (lane 3, 4, and 5) the peptides were added to the
nitrocellulcse paper along with the radiclabeled receptor
probe. The arrow indicates the position of the 85 kD protein.
Figure 8 illustrates a strategy for oligonuclaotide
directed in vitro production of a soluble hPDGF~R extraccllular
region, The abbreviations used are:

PR = PDGFR;. intact

P = PDGFR; extracezllular region
TM = transmembrane region

K = kinase

§ = signal sequence
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scranbl ed peptides contai ning phosphotyrosine did not interact with the PI3
ki nase. Therefore the primary sequence of this portion of the receptor has
essential structural information that is required for the binding of the
receptor to PI3 kinase. It is somewhat surprising that peptides as short as
13 am no aci ds contai ned enough structural information to mimic the native
receptor region that nornmally binds to trm9¢ﬂ3 ki nase (Table 4). Tyrosine

719 of the type B P he Q T sites of
the receptor in int EﬁﬂégﬁﬁgbgégééFiiéﬁri% éét" @?P$h?“bgg§s that
the portion of the Ki 85m&mnpkﬁ%ﬁkﬁ$1Q¢¢e§PﬂeQWQEFh:i&ﬁtﬂecrp9ep B\ (PEPSE

the associ ati é&nnBlsitkbﬂgssrawﬁ-kbdﬂaedr 99e@ﬁ@r +éhe\ﬁuvc1m5heleﬁt afd?fees_ent ed
one O the two

her ei n |nd|cate t ha Etlde qg Ves o nt ai ni n

tyrosi ne re3|?ﬁﬁ%?1£#&gﬁ oF b RRy {4¢A0dsngF Yﬁﬂﬁﬂﬁ(iaﬂDrFFen?F9g$ﬁ%W% ed the
associ ation oﬁhetnatmeaépforﬂvwtihsﬂuh Prdteinaseitn those fregmestey, Simlar
sequences andmééﬁfﬂé%CEkPHS G Ce f&#U‘%Ha HQleQ&Kﬂ&%JP%o%Bﬁcﬁggr8@¥df¥§ing

f ragnent sequences Ba tlcu uences
then. In particuiar, soluble. polypeptldes exhibiting hPDGF-R

functicns are made availabie, both extracellular and

intracellular region fragments.

_ Methods for producing protein compositions based upon
hPDGF receptors are provided. Nucleic acid constructs which
encode the various hPDGF-R protein conpos‘tions arce alsc '
disclosed. The nuclaic acid constructs will be useful to
transfect cells, providing an efficient and economical means to
procduce commercially useful quantities of the protein
'ccmpositions. Thas¢ ¢ells, and cthers éontaining hPDGF
receptors, will also be useful in ﬁiagnosis'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 can be used to transfect

'cell;, providing ﬂenbrane—bound receptors that are £unct10na11y
equivalent to w11d—type recepeors, ‘and conferring a DG?~
sensitive mitegenic response on cells lacking receptors. The
transfected cells can be used as a model for studying the PDGF-
induced response of cells,_determihing the regions involved in
transducing the signal in'response-ﬁa PDGF ligand bkinding, and

evaluating drugs for their physicloéic activities. FEncodad

' receptors or their binding regions alse find use in evaluating
PDGF analogques. - ,

The resceptor fragments and their analogues will f*ﬁd.
use in determining regions of the receptor polypeptides which
are involved in Signal_tranSGUCuth'ln response to POGY
binding. In particular, the ability to test various
combjinations of structural features, e.g., ligand binding
determinants, will allow disscction of receptor rcature= to
deternine the importance to ligand b*bd1ng affinity, ligand’
specx‘ic;»}, and physiolegical responses.
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to be phosphorylation sites will be used to select for anal ogues which

bl ock interaction with other nediating proteins. The PI3 kinase is known
to associate with the c-fnms protein and with the mddle T antigen, and both
of these proteirs are phosphorylated on tyrosine in vivo. A

phosphoryl ation site of the mddle T antigan (tyrosine 315) is in a
sequence somewhat honol ogous (5 out of 10 amno acids are identical) to the
pepti de Y739P used i n oGheexFmHE<reproteifibewil] slseo divdouse hbnuprepuaing

peptide Y719P g s qwg ??aw%ﬁ%{aosqhggep Q§€Qﬂ£§|£4duq'a Sbt @ﬁpQBléhﬁ’f c-fms

protein. However ? socl at1,0n Ki nase with the
c-fms protein ‘nt4H§qrhn9|YFBh TS ENLat G%hdgﬁﬁBFWI&Flﬁﬁ EPRLABf the c-fns
protein is in gntagickichbabf hase axepaddapylgpeptdidese that is simlar to

the corresponding do”a'Eo?ubigmhéﬂgginsrggggég ind B3 bliRdiAgsS.ipdi £a) e

t hat signaling nol ecul es
will be useful in blocking PDGF action, as reagents for the

quantitation of PDGF in dlagnc,tlc sawnles, for soluble testing
of binding interactions between modified d,»erminants for..
ligand binding and natural, rodified, or derivatized ligands,
and for screening for monoclonal antibodies against hPDGF-R
polypeptides. They will also find'therapeutic uses.

The DNA sequences will also find use as probes to
detect genetic abnormalities, e.q., deletions or rearrangements
in the ragicn of chromosome 5 where a number of growth-control
related genes are clustered, in the region of chromosome 4 near
the c-kit cnco@enes, or to datect other genes encoeding tyrosine
kinases or homologous genes.

Certain regions cf the cytoplasmic region of the PDGF
receptor, among them the kinase insert (XI) regicn, allow the
PDGF receptor to interact i:i.th, e.g., bind with, other cellular
proteins. Peptides substantially homologous to these regions,
as vell as organic analogue molecu;es} will find use in
inhibiting the interaction between the PDGF receptor and other
proteins, in identifying, scre=ning for, and purifying proeteins
with which the PDGF receptor interacts, and in cloning genes
enceding these proteins. These homologous peptides will also
£ind use in medical diagnosis and it drug therapies, e.g.,
affecting PDGF receptor activities and receptor interactions
with other proteins.

Morecover, the understanding of thoe *ole of
phosphorylated residues to protein- protein :Ln\..eractlons is
‘applicable to cther roceptors and phospnorylated proteins. The
phosphorylation of specific amino acids in particular o
polypeptide scgments or substantially'homologous segnents,
e.4g., phosphorylation sites, has special biological
significance. ZIdentification of the phosphorylation sites and
regions cf pretein interactions are important in preparing
reagents usaful in inhibiting such interactions, leading to a
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recogni ze phosphotyrosine in a specific sequence context. The pattern of
I nteractions of the kinase insert deletion mutant wwth GAP, PLC-[err], and
c-raf-1 and the lack of ability of the peptides used in this report to
bl ock GAP and PLC-[err] association with the receptor shows that different
regions of the receptor, possibly containing different autophosphoryl ati.on
sites, are involved in the binding of speciftg signaling nol ecules. The
bi ndi ng of these nolecules to the receptor |ocalize the signaling nolecules
and regul at e t hepdulatian wifesheTErpst hen pHoSPRBr PYels s .of TdeheePEdfeul ar
proteins by theahgLoPidy weilnasesbabgetiSetlleMnasddhoi By f20id Burdiening
si gnal i ng nol ecyl eg and me pr.e%ent %nve ti%n géovig Sqth% t hods gnd
materials for gBRBFEHIHJNAERAMTEERRF W I ANCSARRELET AT F S RUESopne 0
interfere with haclatingiagdalcdonifgr genespdnsodinggtheses Huodminse ~
hPDG--receptor, or related tyrosine kinase proteins, wll be useful to-
bl ock 't he natural interactions between them and function-nediating
proteins. See, e.g., WIlliams (1989) ScictHE-IME3: 1564-1570; Yarden et al.
(1986) Nature 323: 2PR26-cedidFalamdscefpaidn for other sequences and proteins
whi ch show A. PDGF-R -
' 1. structural features _
a. extracellular region
i. signal secuence
ii. 1Ig domains
b. transpembrane segment
c¢. intracellular region
i. tyrosine kinase
ii. insert
2. function
a. bind PDGF
"b. bind to PDGF-R peptide
c.. tyrosine kinase activity
B. Physiological Functions
1. cellular
2. tissue differentiation
. 3. organismal
II., Polypeptides
A. Soluble Forms
B. Truncated Forms
C. Fusion Proteins
B, Genetic Variants (site-directed
mutagenized)
E. Compositions Comprising Proteins
IIX. Nucleic Acids
A. 1isolated Nucleic Acids
B. Recombinant Nucleic Acids
C. Compositions Comprising Nuclelic Acids
- IV, Methods for Making PDGF#R
A. Protein Purification’
1. affinity with derivatized PDGF
2. various ligands, same receptor
. B. Expression of Nucleic aAcids
V. Antibodies :
VI. Methods for Use
. A. Diagnostic
B. Therapeutic
%*

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

Ht
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honol ogy, both structural and functional, with the phosphorylated inserts
descri bed herein. This discovery |eads the way to the production of

anal ogues of the KI segnents. For exanple, short peptides having

non- hydrol yzabl e npieties will often be produced with, e.g., sulfonated
moi eti es substituted for phosphoryl ated noieti es. Alternatively, ot her .

organi c nDIecuIes exhlbltlng sufficient st#&ctural honol ogy wi | | often be
selected for t |0nal |nterac£|on he PI .3 ki nase or
function medi 8 |‘W§“° PAOXANRt i h,*E ‘(?h rr@??%e‘%rﬁaﬁ‘l?glf@g’“eﬁbr’i‘? 9’1 MEof

~which are. pepthdeexmaqmduﬂlaed rpqppndedhaalmj tbeheeaprnits creschokywhrekinale

organi ¢ nol eCHbet?h'mx‘?d?zéi@é%r%'n@ L@hnShe Wﬁékléﬁé‘ééﬁ ec%éMl' Qh-aéﬁflmav
i nportant for Interaction, he Constyructe

hi bi t
particul ar i nFEFERR{ ng rom Eﬁ“ef e&%&r’egem g@ﬁl $RYF m%dfﬁa%’a{# '

nat ural or an an-termlna; hydrophobic putative 51gna] seqnence, an
immuncglobhulin-like domain (designated IgI), and second, third,
fourth, and fifth immunéglcbulin—}ike dorains (designated IgII,
IgIII, IgIV, and 1IgV, 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 hi nalnq te the receptor ligands,
e.g., membors ¢f the PDGF family and analoguas thergof.
The intracellular region is characterized, in part,
by the pressnce of a split tyrosins kinase structural domain.

In the human typo B recsptor polypeptide, this donmain is about

L=
-

)
i

244 residues long and has an insert of about 104 aminc acids.
See Table 2. In the human type A receptor polypeptide, the
tyrosine kinaze domzin is also about 244 residues long with a
Xinase insert cf about 103 amino acids. Sce Table 3.
Functicnally, this domain is defined, in part, by its tyrosine
kinase activity, typically modulated by ligand binding toc the
cxtr&Cellular region, and appears to functicn in a dimer state.
The substrate for phesphorylation includes var*ouq‘tyvosine'
residues on the accompanying recep;o* polypebtlde chain, and
other proteins which associate with the receptor. The tyrosins
kinase ¢omain is alsc defined, in part, by its homology to
sinilar domains in other tyrosine xinase activity containing

roteins. Soewo, e.g., Yarden et al., (1986) Mature 323: 226-.

'23%Z.  As such, the actual boundaries, determined by hemology tc
other similar domalns nay vary by a few amino acid residuas,;
perhaps as many as about 7 Les'dues, but probably within abouE
4 residuses, and wore probably within about one or two residues.
A protein substantially lacks a complete intracellular regioﬁzﬁ
when it lacks & prototypical intracellular region, particularly
lacking a tyrosine kinase domain; a similar concept is provided
with regpect (¢ lack of 2 complete transmembrane regicn. '

' » typical PDGF-R nucleic acid sequence encodes a

transitory JH;—tcz“' al hydrephobic sequence, which is usually
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synt hetically generated conpounds. The invention will better be understood
by reference to the following illustrative exanples. The foll ow ng exanpl es
are offered by way of illustration and not by way of limtation. 68
EXPERI MENTAL I n general, standard techniques of reconbi nant DNA technol ogy
are described in various publications, e.g., Sanbrook et al. (19.89)

Mol ecul ar d oning: A Laboratory Manual, Cohg Spring Harbor Laboratory;
Ausubel , et al. (1987) Current Protocol s in Ml ecul ar Bi ol ogy, vols. 1 and
2 and suppl eme 6l §avehdugingn dher seshuang cuanslp¢ceBiyn Nrdesks .i nTERzYynD| ogy

Vol . 53 (Reconbipggt cONA R o) oreacfel amleghahée'f@w%%%@ Rggei n by

reference. Variations, if an on thegse” net ho have general |y been mi nor.
nascent’ polee tide chain to membrane bcund riboscomes, thereby

leading to membrane translocation and subsequent processing and
targeting steps. . Since the signal sequénce is typically
removed in the translocation process, the signal sequence is
~absent in a mature polypeptide. However, other features of the
anino preximal sequence of the mature protain nay also be ‘
. important for expression or correct localization or targeting
of receptor fragments.

The putative koundaries of the different regions of
the receptors are indicated in Table 1, derived, in par:t, by
homology to the mouse PDGF receptor. In particular, a
hydrophobi segment has been identified and de51gnatec a
transmembrana segment, due to its structural homology and
physical properties chardcteristic of a membrane spanning
segnent. The segment divides the protein into an extracellular
region and an intracellular regicn. The intracellular region
has homolegy to various other receptors believed to exhibit
tyresine kinase activity, though this recepter has an insert
region, as indicated, which is embedded within the region of
high homolegy to other tyrosihe kinase segments.
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l. Scr eeni ng of Human Ki dney [err] GI'1l cDNA Library and Human

Pl acenta AGT10 cDNA Library A full-length DNA sequence encodi ng the nouse
PDGF receptor (nPDGF-R) protein was used as-a probe to screen 250,000 -

pl agues of a hurman ki dney cDNA library.” Nick ‘translation was used to
prepare a probe with specific activity of 12-x 10[err] cpmper [err]g. The
filters were incubated with the probe (10[erriscpmper nl) in hybridizatiion
‘buffer containing 30% fornmanm de, 1X Denhardt's solution, 5X SSC, 0.02 M
sodi um phosphate pH 6.5, and 500 [err]g per MBIg lsal non sperm DNA. After
14 h of hybridization at 40[err |dgprickémbtbt éfmatr BoVRaRpgeLour tines at
55[err]C with O 2X SSC and 0. 1% SDS and two additional tinmes at 65[err]C
with 0.2X SSC. The filters were then air dried and exposed for. 16 h. Ten
positive clones were obtai ned wH¥s¥®-Bere rescreened with theryigd l3- 1 ength
mPDGF- R probe. |ndividual clones were isolated and anal yzed by restriction
anal ysi s using Rl end cl e._The cJ containing the largest insert
(2.3 kb), desi gﬁg)ed cl O(I’%%HHK?Z? was #%r‘t“'?f«g char act @rl%zedlémd“ glu (501)

TH val (300) - trp (524) leu (502) - txp (526)
TKL arg (572) - nis (662) leu (572) =~ his (664)
KI | arg (663) - leu (766) lys (663) - icu (767)
TX2 ser (767) - phe (9219) . thr (768) - phe (920)
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sequenced using dideoxy termnators. Clone HK-6 contained the receptor
sequence from nucl eoti de 3554 to nucl eotide 5691 plus nine bases fromthe
poly-A tail. A nick-transl ated probe, prepared fromthe 2.3 kb HK- 6 DNA,
was used to screen 250,000 plaques of a human placenta CDNA library. This
screeni ng was performed at high hybridization stringency (50% formanm de .in
the hybridization buffer described above).,. The filters were incubated with
5 X 10[err] cpm per m of probe for 14}16 h at 42[err]C. The filters

were than washed at 65fgs rifeded 1hdaSSEegiish &l ¥nhaDSetoptot i dBta ikt £F
secondary screening m%th thelﬂgfzégpb% sevggﬁg%gneﬁ were sel ected,.apd
anal yzed by re&asiBei KinFYREF bWt h PREBR* fGcPB¥8ed HHAGTELLEPLT)
that contai nesbidt4thrkbineaseitasadmmliact eiltlareh dnseatt seqgment ofllbout
sequence of tih(%t G 208 ﬁi&gsgéie?;.d i1 LabhSert AUARBREOAES +OGl RG BBy RN
PDGF recept or BHPDCE- ) ]

. other properties which are described in greater detail below.

The present invention provides isolated nucleic acids
and pelypeptides relating to PDGT receptors. An isclated
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 onc
which is substantially purified away from naturally
accenpanying human cell components, .e.g., human nucleic acids,
lipids, and other prcteins. Of particular interest arc
contigucus segments of polypeptide which might be separated by
genatic recombination or deletion techniques. ‘hus, an
expression product of an isolated and manipulated genetic
seguence is an isolated polypeptide, as used herein, even if
expressed in a homologous c¢ell tvpe. Synthetically made forms
or molecules expressed by heteroclogous cells are inherently
isolated molecules,

Pnysioclogically, the receptor is responsible for
initiating a nunber of metabolic chaﬁges in, e.g., '
phosphatileinésitol levels, pH, calcium ion levéls,.
cytoskeletal strﬁcturé, gene expression, cAMP levels, and
ligand receptor levels. Many of these metabolic changes are
characteristic of a mitogenic, e.g.,~ligand induced, responsc.

The type A and type B PDGF receptor forms, when

. combined in the various dimer combinations into functional
receptor cemploxes, alsc have characteristic kinding affinities
for the various forms of PDGF's, e:g., for the 2aA, AE and BB
forms. TFor example, a type B isoform receptor binds the BB
isoform PDGF at high affinity, the AB heteroform PDGF with —
lower affinity, and the Ad igoform PDGYF at low or no affinity.
The type & iscform receptor binds to the AA isoform PDGF with
high affinity, and with the AL heterodimer and BB isoform
PDGF's with lower affinity.

The tern nligand" refers to molecules, usually

mempers of the platelet-derived growth facter family, that kind
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1. Construction of Expression Vector The 4.5 kb DNA fragnent
containing the conplete coding sequence for the type B human PDGF receptor
was isolated fromthe HP-7 clone by EcoRl digestion. The gel purified
fragnent was cloned into the ECORl site in the polylinker region of SV40
expression vector PSV7C. The pSV7d expressiqy vector, obtained fromP.
Luciw, at the University of California, Davis, was a pM, derivative

cont ai ni ng t he S\¥Gegaechys piovmlvrd riegicha ¢Swkh rfackeot biirdind90-28260)a a
synthetic polyljfiises Wel ) FEPLLLRL LA LEBy Qe iy assg&{w?]tv}%@lld.l%qusay'

foll owed by threetranslation ternnator ons
pol yadeny! at i orW¥&sicin&he( BeaertRrl Bt |ade§n25wez7°#’0)t‘\ewaeet>t@t dindsi981) 2
DNA 4: 333- 349) . fundtd oRa 0 Rhnd I e it caomaauﬁangutdwdcu\mhaemmﬁ:mt ai ned

fromthe HP-7 C;,Qn%ﬁmsm%gsgét%dl ﬁah EFOBlr\féttuecaqf mEH§£9§\qd:éonsl D Gay

resul ting expre55|o vec
transcripti onal P ht+ihel 1yt ubrelaier : '}PrlGﬁ'ﬁ?-Brwnq‘H‘ éﬁu?enPhEC%%@rham‘
orientation of ¢ﬁude@GEeraetep¢DE HnﬁE%bpéénEhédB nMchhdrBSﬂ@SﬁctO t he Sv40

promoter, the p&EEernf%an»s The ligands may serve as agonists or
antagonists, see, e.g., Goodman ct al. (eds) (1990) Goodman &

Gilman's: The Pharmacological Bases of Therapeutics (8th ed),
Pergamon Press.

II. Polypepntidss

The POGF receptor is believed to be a dimer of
similar polypeptides and the compcneht polypeptides determinc
the dimerized receptor binding affiﬁity 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 recepter, the a receptor, and, as used herein, the tyve A
receptor polypeptide (X-hPDGF-R). The receptor dimer is
apparently a homedimer of the type A receptor polypeptides,

The BB homodimer PDG?'ligaﬁd is preferentially bound
with high affinity by two forms of the hPDGF-receoptor. These
forms are correlated with a second pblypeptidc chain referred
to as the B receptor, the f receptor, an&, as used hereain, the
type B receptor polypeptidc {B-hPDEF-R). These two receptor
dimer forms are apparently the homodimer of the B receptor -
polypeptides and the heterodimer type B/type A form.

' ‘'The designations types A and type B polypeptides are
‘each intended to also cover all alleles of each respective )
isoform. Thus, naturally occurring variants of each are
enbraced by the invention, &as are other variants, analeoguesy™’
and modified scquences. .

The nucleotide scquence of a cDHA éequcnce encoding
onz B-hPDGF-R allele is set forth in Teble 2 (See SEQ ID No.:
1) tegather with the deduced amino acid sequence of the

receptoy precursor. Tane following descriptions indicats
- l" ) '
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cl ones were digested with Smal endonucl ease 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 released a 4.0 kb insert in addition to the 3.2 kb fragnent
contai ning the expression vector plus 573 base pairs cf the 5 end of the
receptor. This plasmd, PSVRH5 was used tggco-transfect cells with PSV2
neo plasmd that confers resistance to the antibiotic neonycin 70 11

Cel | Cul ture prdsiethgrossi SArvEtONO. Gold Suarbier:) allanksterizebianhed from

the U C S F Eh§§<!16.1 anaeobgCtbi te MR Gh@VBLher HardwienmthecpRdi a
suppl enented with C§ % F. Tlssue Culture Facility) and penicillin and
[

streptonycin 5F°§ﬁﬁ%ﬁ%]a érr]/95@6 air. pSVRH5 plasm d DNAA (10
[err]g) and pSV2 neo (FhPeseygynqerkeglnnlng at the amino acid numbered 1

corresponds to the putative amino terminus of 2 mature form of
a human PDGF~R. The first ;2'amino acids (designated -322 to
-1} encode the putative signal peptide sequence. The putative
transmembrane seguence corresponds to amino acid residues N
val(500) to trp(524). Potential N-glycosylation sites are at
'positions cerresponding tec amino acids asn(13) - ser(15):
asn{57) ~ thr(50); a=n{71) ~ ser(73): asn(183} - ser(185):
2sn(198) - thr(200): asn{260) - thr(262): asn(275) - thr(277);
asn(322) - thr(324); 2sn(339) - ser(341); asn(436) - ser(438);
and asn(447) - thr(449). The putative tyrosine kinase domain
" is interrupted by an amino acid insertion between about
arg (663} and ieu(?ﬁs), see Table 1. The putative
polyadenylation site is at the 3' end of the given cDNaA
seguence.
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used to co-transfect 1 x 10[err] CHO cells by the cal cium precipitation

t echni que of Van der Eb et al. (1980), Methods in Enzynol ogy (1980)

65: 826-839, with the addition of 10 [err]g chl oroqui none di phosphat e (CDP)
to prevent degradat.ion 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 antibiotic G448 (A BCO, an anal og of

neomnyci n, was added to the cultures at a concentration of 400 [err]g/m.
After two weeks under sel ection, TABdEpendeavielezoaeri?es were picked and

transferred samidhceebf phateppe ﬁjﬂﬁdd*eﬁtffa%tigﬁﬁ%:ﬁ§£§5?§§a§§fpEéﬁﬁégyi

presence of PLGF eptor by i nobl ot "usi ng an
Col oni es tha vvernég%gft?ﬁ'e‘YU%P%%lYﬁ§§ydﬁe$%q@mI e-cell cloned by

end-limting dilution. Stable transfected clones were tested for the
expression of the type B PDG- receptor nessage neasured by RNA protection
assays and for the presence of PDGF-stinulated receptor protein detected by
ant i - phophot yrosi ne anti bodi es. _
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| V. Expression of B-hPDGF-R ¢cDNA in CHO Cells CHO cell s transfected
with plasm d DNA containing the human receptor cDNA under the .
transcriptional control of the SV40 early pronoter (CHO HR5) and CHO cells
transfected with a simlar plasm d containing the nouse receptor cDNA
(CHO R18) were solubilized as previously described by Escobado et al.

(1988) J. Biol. Chem 263: 1482-1487. Exgpacts were analyzed by Western
bl ot anal ysis using an antibody that specifically recognizes sequences in
the receptor carboRlys -mumlniotdlder sggoenes o @visoNsl s(e:d.wﬁid ket oY nk sg@@edo

et al. (1988) al‘ie"% & a Q%g%‘ M@BQF'ﬂ?aité L8 g%ﬁ% iy 1195:1) ‘:5 c‘?'egln"ai:

262: 7932- 7937 ture recept
kDa protein i¥othé reE¥§ﬁ9§° Mé&ﬂrsb? dqﬁ%§eéxamé§§|%ﬁFQﬁSQGﬂ§nF@cepttMe
protein in theesteptst e«HaianTSSQWaE Henonst r ahedsByutthre) ardadedises L hat

» 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 maturs form of

160

4 human POGF~R. The first 23 amino acids (designated ~23 to
-1} enccde the pdtatzve signal peptids seguenca. The putative
transmembrane scguense corresponds o amine acid residues
leu(502) to trp(£26). Potential N—qucosylation sites are at
positions corresponding to amino acids asn{19) ~ ser(21):

asn(si) - ser(55): sn(80) - thr(ez)- asn(158) - thr(158);
asn(230; - ;.111“(332, asn{336) -t r(338). asn(435) ~ thr(437);
and asn(445) - ser(447). The putative tyrosine kinase domain

ie interrupted b}, an amino acid insertion bhetween about
lys(665) and lcu{767), see¢ Table 1.
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recogni ze an intracellul ar sequence in the receptor. The clone that had the
hi ghest | evel of human receptor expression was chosen for further study.
This transfectant had receptors that were labeled with [err]l-PDGF as shown
by the conpetitive binding studies described bel ow. V. Competitive
Bi-nding of the Different Forms of PDG- tao,the Type B Receptor The ability
of the human reconbi nant AA and BB honodiners to conpete for the type B -
receptor sites and displace [err]lchshelsd BReh fprepared as descri bed

bel ow) was j.ed, dier. s..produc, el ectively a yeast
expr essi on :sti/és@g%%aen E%‘E"B‘?PF? i’ Ppggﬁ?y 2 ﬁg&%é'lﬁhgésgé ﬁgiﬁi‘ﬂ%"iﬂbl@t her
mesanchymal cell growth factors, thus avoiding the artifact of

contam nation by factors that m ght be present in mamralian expression
systens. BALB/c 3T3 cells and CHO transfectants (CHO HR5) were incubated
with [err]l-PDGF in the presence of increasing concentrations of AA or BB.
Bi nding was carried out at 37C for 45 mn in whole cell suspension.
Unbound, radi ol abel ed . '

This is the replacement sheet

Date: = 7 OCT 1996



PDGF was renoved by centrifugation on a Ficoll gradient Non- specific

bi ndi ng, determ ned by incubating CHO cells with [err]l- PDG-, accounted
for 25 percent of the bound radioactivity. The binding study denonstrated
that the transfected cells can be used as a nodel to study the interaction
of hPDGF with its receptor. |In particular, this study denonstrated that
the transfected type B human receptor was fa@gnctionally equivalent to the
native nouse receptor as indicated by the following results. Both AA and BB
fornms of PDGF conpet ed A®rsedre jrefMaplepPDirandadel she spresumad timrhqﬂhhllar

receptor t ranséy%%@ﬂéskn@ée tdﬁaévrr@'&sff eRs o dey BeaRy h&m B 8&RbebrdsSh
as the natlveég%wse rgg tor, the BB formwas of hi afflnl géthan e

AA form Wen g8 Shead reasiduaA: f iR SRER 88sed
aberrantly, gindgignetoé tmmwﬁygﬂiﬂ mmﬁysttﬁaanﬂm;sBBaﬁ@rzhduh'sbenb%the

transfected CeldchedBsl PaSfantlsd Gl h¥difi6hal 144 of the remaining residues
being conservative substitgtions, i.e., substitutions with
aminc acids having similar chemical properties. ‘The des1gnated
transnenmbrane regions of the hPDGF receptors have about 48%
identical residues. OQf the 32% of residues that differ, 70%
are conservative suksititutions. As seen in the tables, both
receptor sequences have an amine acid insertion of about 103 or
104 amino acids interrupting the putative tyrosine kinase
region. The overall homology between the two polypeptide
seguences is about 44%.

The term platelet-derived growth factor receptor
(§DGF4R) 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 sequences are disclosed in Tables 2 and 3,
and allelic variants. The natural recepter is typically a
membrane glycoprotein having a molecular weight of about 180
Xd. . The receptor is normaliy found in vascular smooth muscle
cell, fibroblaste, ano glial cellis, but not commonly observed
in endothelial cells or on most hematopoietic cells.

&s indicated above, the PDGF receptors have three
najer identifiable regions. The fipst 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
characteristics described above. The second major 1d ntifiable
region is a transmembrane region and the third is an
intracellular region. The intracellular region contains a  _..
characteristic type cof tyrosine kinase domain, interrupted by a
kinase inssrt (Kl) segment.

The description "humah" refers to the origin of the
composition. 1In cne use, it inplies that the composition was
found, at cne poirz, within a human or human-derived cell or z

riror variant from a naturally securring human cell. ¥with
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consi stency of the pattern of conpetition shows that the AA forminteracts
with the transfected type B human receptor in the same way as it does with
the native nouse receptor and denonstrates that these receptors are
functionally equivalent. VI. Activation of the PDG- Receptor Tyrosine
Kinase The ability of reconbi nant AA and BByhonodi ners and of human
partially purified AB PDG- to activate the type B receptor tyrosine kinase
was studi ed. Faepyeasto dﬁr;iz%dl%ﬁnﬂaaﬁﬂwmdhmfiﬁedwrﬂﬁ and t8eers to

pl atel et-deriye S e h t of..the fected
human receptor q%ﬁ%%%ﬂ’ggﬂ% ggﬁﬁgk gﬁa%%(yc]gﬁﬁsﬂﬁ%ﬁ 4eglclte Wi d ﬁ%%@shuman
PDGF recept or EBRASE FRIHRS Fhidr o ENA cRRSSSE &Pfﬁ”?ﬁﬂ?éébﬂﬁ&eanBHHF%‘?ﬁ t he
di fferent foramdohu®lidc (adiAasBBnaodikd)sudhobi-ove ings polTmac nykagidead&ds

ising an ant SDRALER RO IR BERERLS e syEERst £F e ASor RS aed
with the 200 pRaymereclichh weinght en&rmlseﬁhe sonamds + atThavs, of pactnifrorm
that ‘derived from the seguence. information disclosed, aven if made
synthetically, would be considered a human sequence.
Furthermore, differcnt alleles of each iscform are each also
considered a human FDCF-R.
Thus, f£or the purposes used herein, the term human
PDGF~R, when applied to a polypeptide, means a protein or
polypeptide, wvhich is substantialiy homologous to the anmins
acid sequences depictad in Table 2 or 3 and any alleles of
ther, or a fragment thereof., Ordinarily, hPDGF-R's will bhe at
least about 80 percent homologous to the described PDGF-R
sequences, preferably in excess of about 90 percent homology
and, wmore preferazcly, abt least about 95 percent homology. The
receptor will ordibari)y also exhibit at least some biological
activity in common with a hPRGF~R provided in the relevant
sequences, e.g., PDGF binding, tyrosine kinase activity,
phosphatidylinositol 2° kinase'{PIs kinase) binding, or
immunologic properties. The hPDGF recéptor embraces forms of
the molecule which share the primary structural sequence,, and
is intended to encompass chesmical and ‘bicchemical
meadifications, e.g., glycosylation, phosphorylatien,
ubiguinization, dlsulF1 lc bonds, and”other minor alteratiorns in
the basic primary sequence. '
In particular, glycosylat.ion dlterationf are
included, made by modifying the glycosylation nauterns eof a
polypeptide during its svathezis and processing, cr in further
processing steps. Particularly preferred means for _
accomplishing this are ry exposing the polypeptide to e
. @lycosylating enzymes derived from cells which—rornally provide
such processing, e g., mammalian glycesylation enzymes. Also
embraced are verzions cf the same primary amine acid sequence
which have phosphorylated amino acid residues, e.g.,
hho

'

l,"l

rhotyrorine, phosphoserine, or phosphothreonire.
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was effective in stimulating autophosphorylation of the transfected human
receptor was equivalent to the concentration that gave a sim|lar

aut ophosphoryl ation to the native nouse 3T3 receptor or the transfected
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 wag;no denonstration that the AA
form had hPDGF activity or that a single receptor, the type B receptor, was
capabl e of recogni zi ndh® kypler aehPDeRER difs RDGEsctype tdfers, hPBEFFRsuUl ts

funct s onal LyPacyeeRyidt Whbe RECBREREES fhyey BEel dfiatila bBdbe Sand . 1o
PDGF- st i nul atedledeosilde aRilgdse aft Lhat sqavensasanBTE.n] medifhad, the
transfected gelhsndd desaiiel wRdebsrbR] uidyangy PRHe iveducedsel Logeni c
feSponses. v':'.%ztended t%atj%cg.ﬁld%rg,ggggss i<:osf itrﬁe%t;rerﬁ'xn,ﬁp%gt%%ugglrif
those which are chiaracteristic of the human type B isoform.
Corresponding meaning is intended in reference to the type & .
hPDGF-R, _
. In certain uses, the term applies tc the functional
receptor. As dascribed, the functional form is belileved to ba
a dimer complex of the typa A receptor pclypeptide, or of the
type 5 receptor polypeptide, or the heterodimer form.
A heteroclogous fusion protein iz a fusion of proteins
or segments which are naturally not normally fused in the same
manner. Thus, the fusicon product of an immunoglcbulin with a
nPDGF-R polypeptide is a continuous protein molecule having
sequences fused in a typical peptide linkage, typically made as
a single translation product and exhibiting both immunoglobulin
and hPDGF-R polvpsptide dependent propertis. & similar concept
applies to heterclogous nucleic acid sequences.

. % polypeptide fragment, or segment, is a stretch of
amine acid resjdues. of at least about § amino acids, often at
least about 7 amino acids, usually at least about ¢ amino
acids, more usually at least about 11l aminc acids, typically at
least about 13 amino acids, more typically at least about 15
amine acids, and, in various embodimants, at least about 17 or
more amino acids, In a nucleic acid, a fragment or segment is

& stretch of at least about 6 nucleotides, often at least about
9 nuclectides, usually at least about 12 nuclectides, mere
usually at least abzut lsnnuclaotides, tyéicaliy at least akoul
i8 nuclectides, more typiCaily'at lJeast akout 21 nuclecotides,
and in various preferred embodiments, at least apout 24 or norc.
nucleotides. )

A polypeptide fragment is ‘“physiclogically active®
when it substantially contributes to

23]

n activity characteristic
of a natural pclypeptide or fragment, e.g., a PDGF-R .
volypaptide. Typically, a hPDGF~-K polypeptide, when associated

P

into 2 functicnal receptor, has the set of activities performed
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73 BALB/c 3T3 cells and CHO cells transfected with the type B hunman PDGF
receptor cDNA (CHO HR5) were incubated with saturating concentrations of
the three forns of PDGF. Untreated cells and cells treated with fetal calf
serum (FCS) were used as negative and positive controls, respectively. The
| evel of [err]Hthymni dine incorporation ing® DNA was deterni ned by _
nmeasuring the radioactivity of the acid-precipitable material as previously

described: Tr REsFRRTAPRHOICHD @ePiLedi9RleFPABRYY yife BB shidfaANOPEFRAKER PDGF
receptor conferref fn ROGRS &isilbyicali dagexts .1 espontee casdl bff ehashRiGHRDGF

the mouse ool e Bet TG ARe Ageayent hid tndsd eI GAEI WeR I e o
chai n honodi n€knghierale A tdiviitd eRorbarsterisitke eher ASRRFatrecertasy i Wiekth
form were m tip@genge tIBr GAMAARk ,t By sdigind ke neesepdOiviancedad aby &heciype B
human CDNA‘Segg%gggniJT§§'Qeﬂgge%gﬁlgfgéCyggggngggsgggfgﬂg% %% the receptor.
‘However, the protein fragment may exhibit other specific or
inherent functions, such as vital conformational ccnstraints,-
serving as a substrate site for glycosylation, contributing the
signal sequence 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 affeoct
polypeptide solubility, including the temperature, the
electrolyte environment, the size and molecular characteristics
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 temperéﬁure at use is
greater than about 18°*'C and more usually greater than about
22°'C. For diaghostic purposes, the temperature will usually be
ahout room temperature or warmer, but less.than the
"denaturation temperaturce of components in the assay.  For
therapeutic purposes, tha temperature will usually be pody
tenmperature, typically about 37°C for .unans, though under
certain situations the temperaturs may be raised or lowered in
situ or in vitre. »
The electrolytes will usually approximate in situ
physiclogical conditions, but may be modified to higher or
lower ionic strength where advantageous. ‘The actual ions may
be modified te conform to standard buffers used in - |
physiological or analytical ccntexts.
The size and structure of the polypeptide should

generally be in a substantially stable and globular state, aﬁd
ususlly not in a denatured state. The polypeptide may be
associated wWith other polypeptides in & guaternary structure,
e.g., to confer =eclubility.
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PDGF on nmouse 3T3 cells and CHO cells containing the transfected type B
human receptor denonstrate that the responses were nediated by functionally
equi val ent receptors. VIII. | sol ati on and Expression of the Type A PDGF
Receptor The type A receptor was isolated as described for the type B-
receptor, above, -except that different pro?gs were used and hybridi zation
and screening were perforned under |ow strfhgency conditions, as descri bed

bel ow. I'n partlcular hreQbQOeHQ &i¥% mgaslﬁyrs&eaﬂgwaﬂa@&eaun Kifla8 bl e
sequence haV|ng ﬁ g“b ree of g l1sh qﬂfﬁrOSIn Ki'nase
amino aci d sefig HBht\‘??%df“arm? éﬂri’ By 8‘3%8& ence,
HRDLAARN. O agoinitiest,i dedpwbbbsusuﬁﬂmy mgprhglmgtexalphwﬂlnasexcahsensus
sequence were. ed gpauin Wigh (

e e T EPLF R £l ol bUEd Qi e BERENE SR ICEM B, o ana
i ndicates anytypigel IW W:N&ﬁdGPRBSd%EﬂifrIFHe°ﬁ8nan placenta [err] GT10 cDNA
library was screened asodescnibgdighai@ibyt nekblrtdvirstsvaagergyusdiy tions

using a bUffe@hf@ﬂrkég(és%%agu%zbggx%égu%e 1mentaulon velocity of a nolebvle
under particular conditions. The determination of the )
sedimentation velocity was classically performed in an
analytical ultracentrifuge, but is typically now performed in a
standard ultracentrifuge. See, Freifelder (1982) Phvsicel
Biochemistry (24 ecd.j, W.H. Freeman, and Cantor and Schimmel
{1980) Biophvsicz! Chamistry, parts’i—s, W.H. Freeman & Cc.,
San Francisco, each 9f which is hereby incorporated herein by
reference. As a crude determination, a sample containing &
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 scluble
particle or polypeptide will typically be less than about 30S,
more typically less than about 158, usually less than about
10S, more usually less than about 685, and, in particular
-embodlmentg, preferably less than about 48;,and mere preferably
less than about 38. ' '

The PDGF recceptors 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, comprises the Aigand-binding determinants
of the type B receptor in Table 2, and extends from about

© leu(l} to lys(49%). The full length, or entire, extracellular
region comprising the ligand-binding determinants of the types &
hPDGF-R shown in Table 3 extends from about gln(l) to glu{s0l).
The ligand-binding determinants vary with different PDGF
receptor alleles and may'bé anywhere from 5% to all of the =
extracellular region. The wminimal amount of protein seguence

~essential for ligand binding may be determined by excicing
varicus segments of the extracellular feqion and measuring
ligand binding. Studies of ligand-receptor intecracticn
indicate that the ljigand-binding ragion is located in tha
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Denhardt's solution at 42[err]C as follows. Filters were screened 74 by
washing at 52[err]Cin 2X SSC. A clone encoding the type A receptor was

i sol ated and sequenced by the procedure described for the type B receptor
gene. The DNA sequence of the gene encoding the type A receptor (A-hPDGF-R)
together with the deduced am no acid sequepce are shown in Table 3, above.
The cl one encodi ng A- hPDG-- R was digested g purified and inserted into

the SVAQ expressohe VRALY r MR Cor AdISRERLREA, | dfoddIadntiBeBet pEpD! o1

clone. That vector 1s tra sfect as de: ove for
the type B reEbpdbes Wt%eeﬁ;furéggscmf d*raltlﬁés\/ée%Mﬂ%da’hg}héeeaaeﬁeémty
transfected CoP Ledasd Wiodieg artusrdd Qﬂ\@|e peeep}sm Bhahebiredgeats éiree

hPDGF for s, Qﬁefer§”“|3¥ %y b5gd|ngh {h tnis gixggxon, PDGF receptor or
PDGF-R ligand-binding activity means having the ability teo bind
a PDGF, a PDGF agonist or antagenist, or other specific ligand
for a hPDGF recepter. Usually these ligands will be members of
the PDGF family, typically & human form. Therefore the B
axternal region has utility in eStabllshlng-whether an analogue
is a PDGF agonist or antagonist,

It is also likely that the PDSF-R, like many other
growth factor receptors, is feund naturally in a multimeric
protein complex, most likely in dimer form. Thus, other
important regions of 2 ruceptor will be those sedqments, either
extracellular or otherwise, which are involved in dimerization
¢r protein~protein interaction. _ _

Besides substant tially fﬁl‘-leng*h polypeptiies, the
present invention provides for biologically active fragments of
the pcl)"eo ides, or anaicques therecf, including organic
molecules which simulate the interactions of the peptide'
Significant kiological activities include ligand-binding,
immunolegical properties, dimer association, serving as a
kinase substrate, interacting with other mediators specific for
binding to & PDGF-R protein, and other biological activities
characteristic of human PDGY “ec=otor polypeptides.
Immunological activitics include both immunogenic function in a
target immune system, sharing of iﬁﬁunological epitopes for
binding,'end serving as either a competitor or substitute
antigen for a human PDGF recsptor epitopc. Assays for these
ixmunological activities.are known in thes art, see, e.g., below
in the Experimental section; Harlow and Lane (19892) Antibedies:
A _Laboratorv Manual, Cold Sprinyg RHarbor Press, New York; and
EZscobedo et al. (1988) J. Biol. Chem. 263:1482-1487, which a¥e

zach hereby incorporated hercin by reference. For example,
ligand-~binding or other seqgments wmay be "swapped" between
different noew fusion polypeptides or fragments, Thus, new

e

Ul
...-

chimeric polypeptride :hibiting new ccombinations of

lr

[0

..a

gpecificizties wi sult from the functicnal linkage of

This is the replacement sheet

Date: ~ 7 0CT 9%



I X. Extracel I ul ar Muri ne PDGF-R Fragnments Construction of pSV-SRX1ld
Expression Vector and Transfection of DUKX- Bll Cells Wth a Mirine
Extracel | ul ar Regi on To express the secreted extracellular region (XR) of
PDGF type B receptor (type B PDG-R) , a cDNA clone of the nurine PDG- R
was nutageni zed to introduce a Stu | restriygtion site between codons 500
and 501, changi ng codon 500 fromvaline to arginine. The 1.7 kb EcoRI-Stu

| fragment was) iganarbefAcing cepddlei2itieBl andvtiintlrasdiipgl ean deriforane pesl i ne
codon fol |l owed, st o, cpdo t: Lh -t SOHNYS- 7 F 1
fragnment was ?craﬁgﬁ'éar'ré _"t%gp%Fgrgﬁ %‘Fgctnh%tagigg% %g(l&éée%ﬁg%s%g%g% ven
by the SV-40 exdef profigbetitiHeed Horanpher i bild kRafRBF 1S ff HARSES ol at e
reduct ase (dhfrocdptamacr i Phé ofsdulting, praseilf il bftam Hdendwibyia maj or

| ate promoter. ., T oppk e |, asnid encodes the signal sequence and the
first 499 am n%l'nacgﬁgé ?Bheﬁzgﬁ?rg%eﬁﬂ'ul ar region) of the PDGF-R, followed by

argi nine, proline and stfop twunmslodicelcPirpases eipresssans mathe def i ci ont
CHO mutant celdSoqdddXsBidn AR repble YRNRebERST £64Rchd D ety
preducing highly antigenic pfoteins.‘ Alternatively, such
- polypeptides will serve as highly efficient competitors for
specific binding. Production of antibodies to hPDGF receptor
polvpeptides is described below.. _

The present invention also providq§ for other
polypeptides comprising fragments of PDGF receptors and
pelypentides subgtantially homologous thefeto. The receptor
peptides of the present invention will generally exhibit at

" least zbout 80% homology with naturally occurring sequences cf
hPDGF recasptor, 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% homclogy. The length of comparison
sequences will generally be at least about 16 amino acids,
usually at least about 20 residues, more usually at -least abouv
24 residues, typically at least about 28 residﬁes, and
preferabl? more than about 39 residues.

Homology, for polypeptides,-is typically measured
using segquence analysis software, see, €.Y., Seduence Analysis
Software Package of the Genetics Cosmiputer Group, University of
Wisconsin Biotechnology Center, 1716 University Avenue,
Madiscn, Wisconsin 53705. Protein analysis softwares matches
similar sequences using measure of Lomology assigned to various
substitutions, deletions, substitutions, and other . )
mocificatisns. Conservative substitutions typically include
substitutions within the following groups: glvcine, alanine:’
valine, isoleéucine, leucine; aspartic acid, glutamic acid:
asparagine, glutawine: serins, threonine: lysine, arginine; and
phenylalanine, :tyrosine. '

Fusion polyéép:ides between the receptors and othier

homolegous wr heterologous proteins are also provided.
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tissue culture plates with 5 [err]g of pSV-SRXl1d plasm d and sel ected for
expression with nucl eoside-free MEM[err] (G bco) supplenented with 10%

di al yzed calf serum 200 [err]g/m proline, 100 UmM penicillin, and 100
[err]g/m streptonycin. Colonies were pi cked and screened by anal yzi ng
the conditioned nmedia by SDS- PAGE and Westepn blotting with a polyclonal
PDGF- R anti body directed against the extracellular region of the receptor

_(A:Jm- AnPl i fP i]@tﬁt%dl%o?ta Hy¥§ﬁ§p@%qéégabl féafuéﬁﬂiéolﬂ;e&iﬁa_éﬁlsi&i@fezféht growth
met hot rexat e Pogitive transfectants were treated seguentia Wi .

i ncr easi ng concééﬁ%%ﬁJrSﬁgpg?rﬁEt?ﬁﬁ?%gigﬁelgta#?#ﬂé?ggﬁgfg'z? %¥b5ﬁélpﬁ9tﬁﬁp
Col oni es from téehitiighiegt lt@mn@r‘nspg:ifrims'tweo’é errerrecepioedand tthd0 fol d

hi gher concent rPﬁdPJ&%l@BlQPtPQQ{%aé@ a(éxl%gﬁe?f)’o@’hd é@@gg%mﬁ% HH L halbom

t he hi ghest concentrations wer& agaln picked and treat N 1 ncreéasi ng
concentrati ons pfoadenad or weakeneéd specificity of kinding. Likewise,

heterologous fusions may'be'coﬂstructed which would exhibit a
-combination of properties or activities of the derivative
proteins. Typical examples are fusions of a reporter
polypeptide, e.g., luciferase, with a segment or domain of a
recepter, e.g., a ligand-binding segment, so.that the prescnce
or location of a desired ligand may be easily determined. See,
e.g., Dull et al., U.S. Mo. 4,859,60%, which is hereby
incorporated herein by refereﬁce.’ Other gene fusion partners
include bhacteriazl f-galactosidase, trpE, Protein A, f-
lactamasz, alpha amylase, alcohol dehydrogenase, and yeast
alpha mating factor. See, e.qg,., Godowski et al. (1988)
Science 241:8:2-816. : '

Such polypeptides may alsoc have amino acid residues
which nave besn chemically nodified by phosphorylation,
sulfonatiov, biotinylétion, or the addition of other moieties,
particulasiy those which have molecular shapes similar to
phosphite gqroups. 1In some embodiments, the modifications will
be usafus lébéling_rcaqents} or serve as purification zargets,
e.g,, aifinity ligands.

Fusion proteins will typicdlly be made by cither
recombinant nucleic acid methods or by synthetic polypesptide
methocs. Techniques for nucieic afid manipulation are
described generally, for example, in Sambrook.et al. (1989), ‘
Molecular GCloning: A Laboratorv Manual (2d ed.), Vols. 1-3,
Cold sSpring Harbor Laboratory, which are incorporated hereby by

- refarence. Techniques for synthesis’ of polypeptides are
described, for example, in Merrifield (19263) J. Amer. Chem.
§o¢. 85:2149~2156; Merrifield (1986) Science 232: 341-347; @nd
Atherton 2t al. (1989) Solid Phage Peptide Synthesis: A
Prasctical Approach, IRL Press, -Oxford: each of which is
incorporated herein by reference. '

Fragments of an intact receptor are also embraced
hersin. Various fragments include the transmembrane scgment,
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net hot r exat e.

The conditioned media from col onies at each stage were

anal yzed by SDS-PAGE and Western blotting with an anti-PDG-R Ab (Ab77) for

expression o
[err]M cell
protein were
treatments o
Co.) and N-g
regi on prote
chr omat ogr ap
with N-glyca
(2 mMJm) fo
anal yzed wt

f the extracellular region protein. Methotrexate-resistant (5

s that secreted highest anobunt of the extracellular region

nanmed DPXR (DUK- PDGF- R extracel lul ar region) cells. Enzymatic

f the extracellular region protein with 0-gl ycanase (Genzyne

| ycanase écbnz ynme Co.) were perforned. Briefly, extracellular

eys AIre gt lesWitagewreRChFenth SRottia™hi n VerERrSaffinity

iwhighr PR
hetagh@naM déI‘eQQ\@Mﬁmﬂr‘J Thehesphater pH dxhaceasuiagubat ed

ehebbin tHDhin® Stetdtte SansY AR TpRor iR FOPR RIS dhd

HrImSMPREF2 AR oS §ERend n Hitber| @ avRDFFABFFePEh ATt itowsbenedi a

DPXR cel | s eupﬂyfguﬁonihue@@ﬁuﬁgﬁfbﬁmyi&adligudaad&hhhn@edéE&ﬁMJﬁ%nBME w2iy

medi um Four
Substitute (

G%%E88§lr E?&némﬁksocf%ﬂﬁa'?lga "<£gggggglggg§g of ei - free Serum

constructs with intracellular rsgions may be prepared,
producing, e.g., membrane associated tyrosine kinasc segments.

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

In another =nbod_meﬁ-, intracellular fragments and

analccueb will be prepared. The kinase insert region (XI)
within the tyrosine kinase domains,is a particulérly 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
p051t&ons correspondlnq to the pOSIth“ of similar
pnoupnory-ated residues in the phosphorylated region of that
other protein. Where such a2 region has two or more
phosphorylated residues, peptide analogues will, in certain
embodiments, have only one such phosphorylated or similarily'
derivatized residuc. S$uch phosphorylated residucs will
generally include phosphotyrosine, phosphoserine, or

phosphothreonine. fThe peptide analogue will sometimes have one

‘of more unnatural amino ac¢ids, including, e.g., residues
chemically modified by biotinylation, phosphorylation,

sulfonation, or glycosylation. It will generally be in monomer.

form or & nultlmer of repeated peptide units, and often will Pe
joined to heterologour proteins or pepulde.fragments. "Such
heterologous proteins or peptides will often include segments
derived from various proteins, ¢.g., immunoglobulins, 8-

‘galactosidase, ﬂ-gluCLronldase, luciferase, trpkE, or Protein A.

See, e¢.q,, Godowski et al., (1988) Science 241: 812-816. Such

This is the replacement sheet

pae: - T OCT 9%

—

P TR AR R

W



Culture Facility) was added to each 10-cmculture plate. Conditioned nedia
containing nurine extracellular region pol ypeptide which were used for

vari ous assays were collected fromDPXR cells over 48 h unl ess otherw se
ment i oned. 76 Preparation of [err]|-BB-PDGF BB-PDG- (gift from Chiron
Corporation) ‘'was iodinated. Briefly, 2.5 [err]g of BB-PDGF were
rotary-evaporated in a silanized polypropybéne t ube. BB—PDGF was
resuspended in 10 [err]l of 0.1 M sodiumborate (PFiS 5) r%$l-nnno-iodo
Bol t on Hunt er PRREH#HRNESOGUREr FiEL ; eRaridnPewnas ‘%F‘ﬁ"e(?ruﬁaél"’l t¥dden.
The BB- PDGl[: nasmq»ﬂmkfd &utplper]dr yqulIamﬁzlwat_lemqu@,?niylahd cgmtbarltoed for
15 mn at 4f[e . : j orate,
0.2 Mgl yci neﬁgéﬁr é’% tte\é.ll-ag ég ? ?ﬁ%ﬁ]%&g%% g%‘%&xt S‘raén%(zg ]llaléjepa

i ncubat ed forgbﬁs%uKHQﬁroﬁﬂl f@ RFnohken [Bbstratehe entire reaction nixture

was | oaded on a PD-10 @plph@Bphorylated region of a protein important for
normal protein function #ill often be identified by a number of
‘approaches, e.d., analysis of nutated. protelns that have
deletions or point nmutations resulting in 2 change of abllltj
to bind toc another protein, altéered enzymdtic activity, or
modification of cther pretein characteristics. HMethods well
known to those in the art are available to determine whether a
peptids region is phosphorylaﬁed in _vivo. See, e.g., -
Kazlauskas and Cooper (1989) Cell 58: 1121-1133: Williaws
{1939) Scichce 243: 1564~1570; and Wahl et al. (1990) JZ. Biol
Chem, 265: 39244. Direct stxuctural determination, e.g., x-ray.
cfystallograph;c or 2D-NMB, can bes usedé to determine locations
of interactions, which guide where modifications are likely to
affect interactions, both ligand and effector binding
activities.

1

Fragments, in variocus extracellular region and
intracellular region embodiments, will generally be at least
about 1200 daltons, often be at least about 2400 daltons, -
typically at least ahéut 3000 daltons, more typically at least
about 3600 daltons, and in some preferred erpodiments, at least
about 4200 daltons or more. |

I1r. 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 is usually_aer;vea frem genomic LDHA or
cDNA, prepared by synthasie, or derived from combinations
thareof. The LN2 compositions generally include the complete
coding regicn encoding hPDGF-E or fragments thereof, e.g.,
comprising at least 8 codens (24 bp), usually at least 12

- codons, more usually at least about 15 codons, typically at
least about 20 codons, more *yplca‘*y at least abcut 30 codons
and preferably even more. One or nere introns a; be present.
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(Pharmacia) equilibrated with 0.1 Macetic acid containing 1 ng/m BSA (ICN
Bi ochem cal s), and eluted with the sane buffer. X Bi ndi ng Assays O
rel evance to the production of soluble fragments of PDGF receptor

pol ypepti des, and assays for their use, are techniques and results reported
in Kinball and Warren (1984) Biochim Bloph% Acta 771:82-88; van der .
Schaal et al. (1984) Anal. Biochem 140:48-55; van Driel et al. (1989) J.

Bi ol . Chem 264:9533-95g8% d&linbreF- - widPaRbsE Qm an k3B% haBBeic
Wllianms et al. 1982 Proc. Nat WIlianms et

al. (1.984) J. a8 TEReRs gt @?ﬂ%ﬁgac“iﬁﬂuﬁg‘rﬁ’emiﬁ? %&&sky et al.
(1988) "Phospﬂyﬁhgﬁpbtﬂ@s;ttﬂadmaﬂtage*obasuﬂht4ncatédd5ngnprﬂtéinafus:ons or

plavel et - der | VR oPLON DaFARIOL. RACERLObIc Jac il QheolEM 205 o e s

each of which ereby” 1 hcor por at e erein by re erence artlcu
the O chansky GRFSIESeant big greRaatiss ofy RIR@EeNdtat OF Who| BOBRYSRATE.| aFar
region of a Plﬂzﬁaeaeaaprasvﬁmlmabqt gdud narmpcahe cddk and xhllili]l’e%tﬂlalsm ar

regions, stille,i$,;63020h€0 Yo RNHNRe prinary structure. _

An %isolated" nucleic acid is a nucleic acid, e.g.,
an RM3, DNA, or z miwed polymer, which is substantially
saparated from other DNA saquences which naturally accompany a
native human segquerce; &.g., ribosomes, pclymerases, and many
other human genome sesquences. The term embraces a nucleic acid
sequence which has been removed from its naturally occurring
environment, and includes recombinant or cloned DHA isolatos
and chemically synthesized analogues or analegues biclogically
synthesized by heterologeus sysuemd:‘ A substantially pure
molecule includes isolated forms of the molecule.

An isolated nucleic acid will generally ke a
homogehous composition of molecules, but will, in some
embodinents, contain minor heterogeneity. This heterogencity
is typically found at the polymer ends or portions not critica
to a desired bioiogical function or aqtivity.-

o The. term "encoding" refers generally to the sequence.
information being present in a translatable form, usually
operably linked to a promoter. A seqience is operably linked
to a promoter when the functional promoter enhances '
transcripticon qr.expreSSLOL of that’geqLence. An anti-sense
strand is considerad to alsc encode the-sequehce, sinca the
same informational content is present in a readily accessible
form, especially when lirked to a seguence which promotes
expression of the sense strand. Tha information is- convert:bi
using the standard, or a modifiad, genetic code. See, e¢.9q.,

v

Watson et al. (1987) The Molecular Rioloqv of +thé Gene (4th ~
ed.) vols, 1&2, Benjamin, Menlo Park, California.

The term Yrecombinant" refers to a nucleic acidg
sequence which is not naturally occurring, or is made by the
artificial compination of two otharwise separated segments of

shed by

F} e 7
P

yo-

secuence. This artificial combination is cften accensl
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~to PDGF ligands. In whole cell binding assays, 2.x 10[err] R18 cells (PDGF
type B receptor transfectant CHO cells) detached wth PBS/ EDTA (2 mVM) were
i ncubated with 10 [err]l of platel et-poor plasnma, and PBS/ Hepes (25 ni
final, pH 7.4). Conditioned nmedia, .12.5 [err]l to 200 [err]l, from DPXR
cells (collected as described above), which ntain the extracel lul ar .
region protein, were added to the 77 binding mxtures in a final volune

of 250 [err]| t@;érpéfnc%gmaeai ginile?éd'éj'mle'dh"'()%r wwth@ awmcme shaken
overnlght at 4[err]C spun ou 750 err]l r.adi ent (%? 5%

Fi col | - Paque ( PR3R aa't")"°f"n°F>B °]aﬂ€‘ﬂ nts b ’E‘{ﬁ} ﬁataﬁg?g PRy
aspirated and t¢enethidi eagiheering nt¢¢tmiczsle= pestich sisnasuddiprddmectani th a

gama- count er. JouTERaS W %oBBﬁ alth N teduRtaRB- E8%#n cbtang! LHL agake R

proteln was Inﬂtﬁ%;ég¥a 1v¥ g%§ggp;é£g](¥g23e t$$fgafly introducing or
removing a sequence reccgnition site. Alternatively, it is
performed to join together hucleic aclid 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 recbgnition sites are often
the target of such artificial manipulations, but other site
specific targets, o.g., promoters, DNA replication sites,
regulation seguences, control sequances; or other useful
features may be incorporated by design. A similar concep: is
intended for a'recombinant; e.g., fusion, polypeptide.

' llomologous sequences, when compared, exhibit
similarity. The standards for L-acleogy 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 seqméntm

Substantial homelogy insthe nucleic acid context

means either that the segments, or their complementary strands,
when compared, are identical when optimally aligned, with
dppropriate nucleotide insertions or deletiong, in at least
about 60% of the re51dues, usually at least about 70%, more
usually at least about 80%, preferably at least about 90%, anu
more preferably at least about 95 to 98% of the nucleotides=-
Alternatively, substantial homology exists when the scgments
will hybridize under selective hybridization 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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surface. 50 [err]| of WGA affinity chromatography purified extracellular-
region (approxinmately 80 nM estinmated by silver straining) was diluted in
10mM of 256 MM Tris A, 75 mM Nacl, 20 MM NH err]HCJ err], pH 7.5, and 100
[err]] aliquots were plated in each well of 96-well ELISA mcrotiter plates
(Dynatech Products Co.). After overnight incubation at 4[err]C, the plate
was washed once and bl ocked with O. 5@6gela9|n in 100 MM NaCl, 25 nmM Hepes,

pH 7.35, for %é:]zaasuéiebr] %\%%}%ﬁlﬁt@ nﬁé:i@&y%%ﬁ?ﬂaﬁi’&r?%ﬂﬂ GthPd' ng

buffer (0.3% tin M& R % %{;H PDGF
and/ or - unl abel “BB BYEF St e LaRFdd 2PBUE hP HBAME1PRY 20Y 4T eﬁﬁﬁ BF 490
[err]] and the gasat eboas 14Knﬂnme§iiabs4[preﬂd%dbly 346 hedstr aldormdy5%i ahere

D 00, I, RAeiB VRS P LA U8 S0 Bl Be DAY, B g
count er. CrossHouki ﬁg%expﬁﬁm;srﬁamebitsﬂa(té%w diﬂg'_eg@ﬁ_pm&pekﬁ |2@é paBiially

purified by V\%iehr aniﬁﬁé%})’ad&ﬁﬁ[e‘i&rﬂm'by &Qetmucwas m@tmig% weth 0.2
pCi of 1251- B%. 2 nM final concen trathp d vari ou

comparison, as scribe be over longe*
stretches, and in certain embodinents w;ll often be over a
stretch of at least about 17 nucleotides, usually at least
about 20 nucleotides, nore usually at lcast about 24 .
nucleotides, typically at least about 28 nucleotides, nore
typically at least about 32 nucleotldes, and preferably at
least about 36 or more nucleotides

: Strlngent conditions, in referring to homology, will
be stringent combined conditions of salt, temperature, organic
solvents, and_othér parameters typically controlled in
hybridization reactions. Stringeﬁt temperature conditions will
generally include temperatures in excess of 30° ¢, 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
combination of parametcrs is much more iwbortant than the '
measure of any =1ngle parameter See, e. Wetmur and .
Davidson. (1968) J. Mol. Bio}l. 31 :349-3%0, whzch is hereby
incorporated hersin by reference.

hhiié the wild-type sequences of these'alleles_will
generally be emplcyed, in some situdtions one or nore wutations
or minor modificaticns ﬂay ‘be 1ntroduced, such as deletions,
substitutions or insertions resulting in changes in the'amino
acid seguernce, providing-silent mutations or modifying amino
acid residues or amino or carboxyl terminal groups. There will
be circumstaﬁcas whers gene fusions between a hPDGF-R and
another_protéin can be useful, or a fusien between the separdte
types A and B fcrms. The nucleic acid sequence, usually
génomic, will often net eéxceed about 50 kb, morce often wil) 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 embsdiments, n“eferab1y will not
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concentrations of unlabeled BB-PDGF in a final volume of 100 [err]| at
4[err]C for 3 h. The extracellular region protein was then crosslinked to
the ligand by 1 mM bi s(sul fosuccinimdyl) suberate (BS[err]) (cat. #21579,
Pi erce Chem.cals, Rockford, Illinois) at roomtenperature for 30 mn. The
reaction was stopped by 25 mM Tris buffer,.pH 7.4, for 5 mn. The
extracel lular region protein was then i nmunoprecipitated with a receptor’

ant i body (Abéﬁbeé‘@%lﬁﬁi’é ¥ZRBpDY S1Sh PéldRenMakORRY SRS VA it aﬁisibft;ong8

Condi ti oned nmedi a ¢gontaining the extraceéllular -region protein (1 m) were
i ncubat ed mnFﬁmEﬁpitﬁF for 3 h at 4[err]C. The mixtures were then added to
the 6-well Fal con tissuemulfiagneptatrcodihgrhboeft) findh wentei iedlate

e R P
substantial homologies with hPDGF-R. Fragments from the
intracellular tyrosine kinase region can ke used to isolate
other tyrosine kinases. Portions of the DNA fragment having at
least about 10 nucleotides, usually at least about 20
nucleotides, more usualiy at least about 36 nucleotides, and
fewer than about & knt (kilonucleotides), usually fewer than
about 0.5 xnt, frem a DNA sequence encoding a hPDGF-R find use
as probes. The probes can be used to determine vhether RNA
encoding a hPDGF-R or a fragment thersof is present in a cell.

Additionally, the type B human PDGF receptor gene is
located at a site on chromosome 5 where a number of growth
control relatad genes are clustered. At least one genctic
disease, 5g minus syndrome, has been shown to involve a

" deletion in this region. The type A receptor gene is located
onh chromosome 4 near the c~kit proto-oncogene. Thase
sequences, often intact genes, will find use in diagnosing the
integrity of thes¢ chromosomal regions. Fragments of hPDGF-R
gene sequsnces will often be used as markers to probe the
structure of these important regions of the genome and teo
diaqnose genstic discases associated with those areas of the
genome. Alternatively, the seguences dre useful to isolate
other fragments for testing the integrity of the chromcsome
regiecns. by

The recombinant nucleic acid sasquences 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 various libraries, cDNA or .
genomic, using appropriate probes. See, GanBank™, National
Institutes of Health. Typical probes fog human PDGF receptoiéf—
will be selected f{rom the sequences of Table 2 or 3 in
accordance with standard procedures, or from alleles of them.
The phospheranidite method described by Beaucage and Carruthers
(1981) Tetra. Letts. 22:1859-1862, will produce suitable
synthetic DNA fracgments. A double stranded fragment will often

This is the raptacemer! sheet

Date: ~ 71 0CT 1995



at 37[err]C and then washed with serumfree DVE nediumand |ysed with
Ripand lysis buffer. Cell |ysates were analyzed by SDS- PAGE and Western
blotting with an anti-phosphotyrosi ne mAb. ‘M t ogenesi s assay BALB/c 3T3
cells were plated in 96-well tissue culture plates for 3 days and nade

qui escent with Qnedia (DVEMwith 1 ng/m insulin, 2 [err]g/m transferrin
and 0.5 ng/m BSA) for 24 h. Conditioned #dia containing the - x
extracel lular region protein was diluted in 2-fold serial dilutions with

fresh DVE H21 Bfe@PEMINpd e Helifrathyd sumthesisimosshepermplerentaryt sfrand] endnd
then added t o #WNeBi¢ngdTEhe adtrar(@ @Bgleehiét luntid hppFbpr Lotd ScomIid ibRngubat ed

for 18 h at 3 rr [ ' Ih I H -t hym dine (i trll),.nas
t hen added togéﬁgﬁh%g?lqﬁ%rf?%%ﬁ eg%gl%ram%%?/@s% hgxt(‘j‘{"[k\'nasfgyer&c%at T )é'dp,g pis
and fixed wit RRESOITLRFR PHIRAISQ8MEBFE. (TCA, 5% . Precipitated cell- debris
were then washed extensively.with cold TCA (5% and dissolved in 0.25 N

NaOH for scintdy | ation % | !i gﬁéggggn tracellul ar Regi on
Equi val ent tegh%iques f é%ggdéukoéxhh pg eceE§or agé Fra meé@% |
S The novel nucleic acids provided herein are useful

for making PDGF receptor. The DNA fragment or portions therésf
will be used to prepare an expression construct for a hPDGF-R.
The expression construct normally comprises one or more DNA
sequences encoding & hPDGF-R under the transcriptional control
of 2 native or other promoter. When more than one sequence
encoding hPDGF-R is present in the construct, the sequences
will encode the same or different forms of the receprtor,
usually differcent. Usually the promoter will be a eukaryotic
promoter for expression in a mammalian cell, where the
mammalian cell may or may not lack PDGF receptors. The
‘transcriptional regulatory seguences will typically include a
heterologous enhancer or promcter which is recognized by the
host. The selection of an appropriate promoter will depend
upon the host, but promoters such as the trp, lac and phage
promoters, tRNA promoters and glycolytic enzyme promoters are
known., Sse, e.g.; Sambrook et al. (1589). chéeniently .
available expression vecters which include the replication
system and_transcriptionai and transldtional regulatory
sequences together with the insertiqp site for the fibroblast
growth factor receptor DNA sequence’may be employed. FExamples
of workable combinations of cell lines and expression vectors
are described in Sambrook et al., (198%); see also, Metzger ot
al., (1988), Nature 334:3i-36, each of which is hereby
incorporated hercin by reference. In particular, ndn-?ﬁngal
promoters will be preferred where expression occurs in non-
fungal cells. Occasionally, it might be useful to eXpreésiiﬁgf
sequences in other types of cells, and appropriate premoters
may be selected. And in som2 circumstances, an inducible
promoter may be preferred. In other circumstances, it will be
desired to cocxpress a glycosylation enzyme which will provide
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and determ nation of the physiological effect of truncation or deletion
anal ogues of the soluble extracellular receptor fragnents fromthe
human-receptor may be performed using the nucleic acid, polypeptide, and

ot her reagents provided herein. Human Del etion and Truncation Constructs
PDGF- R CONSTRUCTS The 3.9 kb EcoRI-Hi nd |1 13%cDNA fragnent of the human type
B hPDGF- R was sulcl oned ipto the EcoRI-Hlnd [11 site of M3 18 t.o produce
a vector Mp18PRILYEGFYIREHIR RAkter sinilay 49, fihati prayided b é’élflf&Fe“t
Cl oni ng: A Lalw®ldt #ypeManual (1982), Cold Spring Harbor, N Y which is

| ncorporated herein by tRfE4&8¢ el ichbcaidil ¢ auﬁsh@%ﬁw 05 < defEled
by restricti.on en esti1on analysis an deoxy chai n term nat
sequenci ng, s°rd€§>ég‘fiﬁ éll'l’)‘fl REGRRFOYPrRbeLY 1‘?}77“-.)“9?“88‘:5!\&’%@4'9%69(!‘ clSC| USA
74:5463. diggmukaecgbtie WbseLteLpreferred promoter is a prokaryotic
promoter, e.qg., trp, lac, and lambda, and see Sambrook_et al.
(1988) for other useful 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
genone., The expression construct may.be bordered by sequences
which allew for inscrtion into a hoét, such as transposon
sequences, lysogenic'yiral seguences, or the like. Normally,
markers arae provided with the expression construct which. allow
for selection of host cells containing the construct. The
marker may be on the same or a different DNA molecule,
preferably on the same DNA molecule.

i1n mammalian cells, the receptor gene jtself will
often provide a convenient marker. However, in prbkaryotic
cells, markers such as a resistance to a c¢cytotoxic agent,
complementation of an auxotrophic host to. prototrophy,
production of a detectable preduct, ete., will be more
convenient.

The expression construct can be joined to a
replication system recognized by thg.intended host cell.
Various replication systems include viral replication systems
such as retroviruses, simian virus, bovine papilloma virus, or
the like. In addition, the construct may be joined to an
amplifiable gene, c.g., DHFR gene, so that multiple copies of..
the desired hPDGF-R gene may be made. See, ¢.g., Schimke, R.
(1984) Cell 37:705-713; and Kaufman et al. (1985) Mol. Cell
Biol. 5:1750-1759;: each of which J° hereby incorporated hcre:n
by reference.

In particular, it will often be desired to express @
receptor poclypeptide in a system which provides a non~fungal
lecosyl;tion pattern. In this case, the usual pattern will be
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in vitro nutagenesis was perforned according to the nmethod descri bed by
Kunkel et al. (1987) Methods in Enzynol., 154:367. The strategy for
oligonucleotide directed in vitro deletion nutagenesis of M18PR is
outlined in Fig. 8. In brief, an oligonucleotide was designed to create a
sol ubl e type B hPDGF receptor extraceH|n5N3geg|on by del etion nutagenesis.
A nut ageni ¢ ol i gonucl eotide aligned with tHe appropriate region of the

human PDGF 1 ecgpioip *E%@dES H§€ﬁ&5f&§3 %ﬁ&eefﬁiéaéf%ﬂssygbémf”“ﬂdﬂ@%%% Sth&
was used for nuta eneS| agenes of Plerr]l utéilzed NblBPR

rou
as the- tenpl atRa% qf["ef"r’-]s‘i jg'pla&]@g%ﬁe?”‘p? %d‘ﬁ?&eﬁ"é %p ec8don
after Lysine[eam]udyi&ebsy)anédtszuujubeappedpriaxalgaysaaybatdng(ﬁﬁdteaasmelI

as the entire joit l.Luls Kj .
P[err]1 codes ’gé %@%Jﬂ tho %Qgé&tﬂorr% n%rg#%“hggaté@b(]w%egé‘ggnéu
constructs mer%h%LﬁﬂﬁﬁqﬁéﬁFPy°§uﬁeﬂﬁnﬂﬁy PﬁtB°rFﬁ?1§ﬁﬂRﬂ9ﬂl Hith |9nesjare mgrepB|
a derivation ofempdDlentBidht] B@omartarfescokhes glychivabeing eﬂxzyn(euaSS)

S Bty bl G el AR Chab g bR o2 il bedet
_ enbodlmant non-human species Using this approach, certain
mammalian glycosylabion patterns will be achievable in
prokaryote ¢r othar cells. ' .

"The means of introduction of the expression construct
into a host cell will vary depending upon the particular
construction ahd the target host. ‘Introduction can be achiesved

by any conéenient means, including fusien, cenjugation, _
transfection, transduction, electroporation, injection, or the
like. Sse, e.g., Sambrock, ét al. (1989) Molecular Cloning: A
Laboratory Guide, Vols 1-3, Cold Spring Harbor Press, which is
hereby incorporated hersin by reference. Introduction of
constructs ancoding different forms of the receptor into a
single host cell is also contemplated. The host cells will
nornally be immortalized cells, i.e., cells that can be
continuously pdssa0°d in culture. For the mest part, these
cells will be conven;ent mam“al‘an cell lines which are able to
express a hPDGF-R and where desirable,; process the polypeptide
g0 as to provide an appropriate maturké polypeptide. By
processing is intended glycosylation, ubiquitination, disulfide
bond formation, general postwtransrétional modification, or the
like. Usually the host will be able to recognize the signal

' sequence for inserting RPDGF-R inte the membrane of the cell.
1f secretion is desir@d,'the-transmgmbrane seqguence will
generally bhe deleted or mutate& to prevent menbranc .
loc«liZatlon of the protein.

2 wide variety of hoets will be enployed for
expression of the peptides, both -prokaryotic and eukaryotic.
Useful hosts include bacteria, such as E. ¢oli, yeast,
filamentous fungi, insect cells, manmmalian cells, typically

' immortalized, c¢.g., varioué_mouse cell lines, monkey cell
lines, Chinese hezmster ovary cell iines, human cell lines,
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Chi nese hanster ovary cells (CHO . Function of the construct was
denonstrated as follows: A sanple of 0.33 nMPDG- BB ligand is prelncubated
for 1 hr at 4[err]C under the follow ng conditions: 1. a pol ycl onal .
anti body to human PDGF (this anti body recogni zes human PDGF AA, PDGF BB and
PDG- AB); 2. 18 nM (60 fold nol ar excess §¢9. PDGF BB) human type B PDGF
receptor; 3. phosphate buffered saline solution that the receptor and

anti body are idertvadives if athdnl,i opstieitlikee | Inaswing tesmdels, the86ells a

duplicate set ofy agsramv;tfg«g%?’ ”%gégé:%?)hést kaato%dwmt%tgpﬁe&ﬂ

t he above preincu on con 4 abov,
type B PDGF re@@égopedkkgpsformed with oncogenes, tumor causing viruses or

the like.
Under somé circumstances, 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 to 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. Chinesc _
hamster ovary cells (CHC), 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 diseases or medical conditions associated with PDGF
receptors. Use of the solublé 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 spec1f1c1;y of the
-interactions are highly dependent upon the presence or absence
of the phosphorylation, and fragments of the intact receptor,
or related sequences, will be useful in medulating the
interactions. Thus, intracellular region fragments will also
find important uses. >~ |
Cells oxpressing cloning vehicles containing defined
seguences can be used to define specific sites of a PDGF
‘Yeceptor necessary for effecting a particular activity.
Alternatively, theac cclls will be-useful to assess the ability
of a selected receptor to bind different ligands (PDGFs and
analogues) thereby prov;dznq a powerful tool for evaluating-the
potential .of drugs for promoting or lnhibiting specific PDGF-
induced cellular responses.
Cells transfected, injected, infected or
electroporated with DNA or mRNA containing a full lencth
natural PDGF~R sequence wil) often express the native or wild
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not appreciably recogni ze PDGF AA but-this ligand will stll activate
cel | -associ ated human type A PDG- receptor from N H3T3 cells and so is a
control for human type B PDGF receptor specificity and PDG- BB- dependent
activation versus non- specific general cellular effect, e.g.,
cytotoxicity. The preincubated materials were in a_final volunme of 0.5 ni.
They were placed in one well each of a six i@ | tissue culture dish
containing a conflu serum st arve cen 3 ce
whi ch vve're chi | TERF %8"2{’@#]@ ﬁ’esl‘b%!] §°5ﬁug5r"§ﬁg’t¥b§ter'i’8n ?’r? 5%3

agi tated, e.g. Sedmsngs, willptren hifun deshred Bmyivadestt femciixsised tW| ce
with 4ferr]cC plsﬁ%i&tle Bohteherh SR f aFaﬁH’f{é%f rr]ebeﬁi:oﬂzo% Wreceptos}

v/ V) 0

Tri s(hydr oxynet h thane Trls 0% cero

(W v§ sodi um d em§€18?a gb(e\/gg,?d f?rﬁé’&%t bhe mgaﬁé theo1%
br onphanol bl uelividmlO\(&BD]GB) SBS mm&ea HpeFf eegep s . addedewtlmel@qt I ter
wel | foll owed 0 Trls

pyr osphoshat e, b%bé%l\cflh%é m%‘?%olroel t°§ SR gﬁ% gﬁ' % dt[ 5@3‘5 c acid
(EDTA), 5 nM et®ffStebi §PoR§/7é‘€¥Fwe%mJttr hasdyeqrbtdremeetret%mre}% that), -

SDS, antibodies against epitopes of the extracellular region can
block ligand-receptor binding. Other antibodies will block
dimerization of receptor polypeptides, and thus modulate
receptor function.

Homogeneous end'defined polypeptides and DNa
sequences will find use in raisind antibodies and defining
specificity of their binding. 1In particular, antibodies
against specific regions of the receptor, e.g., the ligand-
binding segments, will find 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 regqulation of PDGF mediated activities. iIntracellular
fragments will also have important uses, especially, e.g., the
kinase insert segment .

PDGF has roles in tissue repair, enbryogenesis, and
likcly is involved in atheresclerosis, myeloproliferative

 disease, and some carcinomas. Treatment of these conditions
responds to attenuation by therapcutic administration of the
soluble extracellular fragments or antibodies, For example,
PDGF agonists stimulate cell proliferative development, an
effect particularly beneficial in wound healing, muscle
regeneration, and arterial wall proliferation. PDGF
antagonists will be used, in some cases, to block excess
response, or to modulate PDGF responsa.

Compositions containing a soluble PDGF-R polypept;de
having between about five and two hundred, preferably about--10
or 15 to 50, contiguous amino acids from a human PDGF-R
extracellular region are described. In one embodiment, the
polypeptide contains at least about 80 amino acids fron

" residues i to 499 of a type B human PDGF receptor of Table 2,
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100 mM dithiothreitol, 2 mM phenyl net hyl sul fonyl fluoride (PVMSF), and 200 pM
sodi um vanadat e was-added to the cells. The cells were solubilized and 40
[err]] additional SDS sanple buffer was added to the solubilizate. This
material was boiled 5 mnutes and | oaded onto a single gel sanple well of a
7.5% sodi um dodecyl sulfate polyacryl am de gel. Cel lul ar proteins were .
separated by el ectrophoresis. The separated 5roteins were transferred to

nitrocel lul ose by.el ectrotsansfer _apnd.th r(ilg ting "Vﬁ ern bl ot was

i ncubated with®% gﬁ%%g%%soiéif’ueﬁ. g%t("’\/\ﬁg} 3gcﬁ uﬁﬂ SRR Sﬁf 7 %Bvi ne
serum-al bum n, T™8E0end Tris, pH 7.5, (designated bl ocking buffer) for 20

m nutes each at room tenger, her Eéb%%%éﬁgkfﬁérﬁghg e 9fo P GRe 31%$%ar

comerci al |l y avai |l abl e, nonocl onal ,ant t'o phosphot yrosine || ,
bl ocki ng buf f eFHASN| FbhdtigW WiamiotReuBrdt VePAFGREULRT 4% FE Ta®hiPY ot
was washed 3 tiamdsifagm@tcariowteemlegebsatheraf, will £ind use in blocking

or modulating interaction of 'a phosphorylated residue with a
recognition interaction, usually binding By another protein.
These interactions ara often important in further signal ‘ :
transduction and cellulzr responses.

b) 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'éeerated, the peptide will be
typically be isoclated from the expression host, c¢.g., from a

> lysate, The peptide will gencrally be isolated by convenient
techniques employing néLc; electgophofesis,-qradient
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¢.qg., particularly free of cell component -
contaminants.  See, e.g., Jacoby (1584) Methods in Enzymology,

-Vol. 104, Academic Press, New York; Scopes (1987) Protein
Purification: Principles and Practice, (2nd Ed.) Springer-
Veriay, Hew York: Deutscher (ed.) (1950) Guide to Protein
Purification, Methods in Egawgggggg,’VOl. 182; each of which is
hereby incorporated herein by reference. '

The receptor protein or gﬁino acids beginning at
about leu(l) through lys(499) of the amino terminal seguence of
.the type B receptor, and about gln(l) through glu(S501) of the
sequencea of the type 3 receptor, which form the entire .
extracellular regions, and particularly the PDGF ligand binding
portions of the receptor proteins, will find use to affinity _
purify PDGF. The extracellular;' region <an also be used aff'ﬁ'c'ed
to & solid substrate or free in solution to determine drugs
useful as PDGF agonists and antagonists.

The intracellular region of the protein, beginning at
about val(5006) tkrough the carboxyl terminal amino acid e¢f the
o

duvy
Py

<?Fe B reseceptor, and ahout leu(502) through the carboxyl
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tenperature in blocking buffer. The blot was incubated with 4 [err]C /40
m of [err]l-Protein A [Amershan] in blocking buffer for 1 hour at room
tenperature and washed 3 tines for 20 m nutes each at roomtenperature in
bl ocki ng buffer.. The blot was exposed to X-ray filmfor 48 h with one

I ntensifying screen at -70[err] C and deveIoQ wi th standard reagents. Xl I.
PDGF Pl at e Assay Polystyrene nicrotiter pl ates (I nmmul on, Dynatech

fype B human, pvﬁé%ﬁ“ﬁg‘?%é?ﬁr ﬁg,p' beﬁ“‘&?gi“%?“ i‘ﬁ"";"{‘;fggaggﬁf%gs ey

10- 100 ng of tHMP PR BEPTGED IPHaPPPOEYE8F1ER PP

pH 7.35 for 12 krowig tl¢cat'-14{lesr] Qddilieonpldyei amimes apidseretd-30) through
transfected C"Qﬁﬁd-h% 3088 AREAS G drhiTRA UBE &@&m aneCebpe MEM &Itb), at

150 1 500 [ er r 1hEFoRBbAUReReE (S I thmeRoh ol o S iéseﬁ?ﬁé QU AR

fragnent was cormentisat edgaall petiérsddsy whichfdbxedly thes stmgetheagstictedwer

wheat ger m aggl ¢ ldidl TRRNAEMSFaft &4 & Whlnbflcéd MM, These signal

' seguences will be used with a hPDGF-R, but also would be
expected to find use with other proteins if fused to thenm.

Human PDGF receptor polypeptide fragments will

~ typically be generated either by direct expression of truncated
. nucleic acid sequences, ot by standard proteasc treatment of a
hPDGF receptor, preferably purified. Reagents are provided
herein for either approacﬁ. : | _

As a diagnostic use, these reagants provide a method
for measuring a PDGF or a FDGF receptor in a target sample,
said method comprising the steps of:

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

determining the extent of binding between said
polypeptide segment and said sample. .

. This invention also provides a transformed ceil,
which is alsc includes progeny of the primary transformant,
capable of expressing a polypeptide homologous to at least a
segment of human PDGF receptor. A preferred embediment is
where the cell expresses a polypeptide homologous to
substantially the entire extracelldilar region of a human PDGF
receptor, including soluble proteins,

V. Antibodies ]

Polyclonal and/or monoclonal antibodies to the
various PDGF *cceptoré and peptide fragments may zlso be
prepared. Synthetic peptide fragments may be prepared in a3
peptide syntheszze¢ and coupled to a carrier molecule {e.qg.,
keyhole limpet hemocyanin) and injected into 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 hade by injecting mice with hPDSI-
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in the presence of 1 mM PMSF. After extensive washing, the protein was
eluted in 0.3 M N-acetyl -glucosam ne, 25 nM Hepes,. 100 nM NaCl, 1 mM PNSF
pH 7.4. This fraction was then applied to Sephacryl S-200 HR (Pharnaci a)
equilibrated in 0.15 M anmoni um bi carbonate pH 7.9. The fractions
containing receptor (3 - 10 ng/[err]l) were detected by SDS-PAGE and
Western blotting with a poncIonaI rabbi t aﬁ ibody agai nst a peptide from

t he receptor rn e The e fr r sed
to coat the ni ﬁg’t"u ?3150& LETR Bolipry é’g& U3k jcoellr}'lg‘j &LE%#& High
drai ned, rinsedeyads qﬁtthezeuc[r@dr ]PDGEamce@F-OG 9%59‘@4 ®ald EBréarad, El A

grade), 25 M heRgei okl zm\ﬂi!\%gmsph‘lﬁ 4be %’&@ebﬂ@&'hﬁ} Q!i.IfS(N a%dhtéétélci efdgd C
with 150 [err]l of ,this, sane sol ut,qn. s _were drained rinse
357 16 bR

twice with 0. 3RRFSHEEEPninminoRGaghiyd BpeF pW—?eFPAF°(r15’6°FEW]?r
each). The pl dcdypeptpdes thdremandsesd, [eny.],| Hatlohearid Idrgel(apen) sol ution

t o I f d t
gs[ggr];naﬁgcwgaw&%%sesga éf”i;ﬂ%‘éq’ ECRRLYET A
gelatln sol uti oipFk, ¥ hemahyn ingasPIrsdedabenein epge. These

antibodies will be useful in assays, or as pharmacesuticals.

once a sufficient quantity of the desired hPDGY
receptor polypeptide has been obtained, the prbtein will ke
used for various purposes. 2 typical use is the production of
antibodies specific for binding to.these receptors. These
antibodies will usually ke either'bolyclonal or monoclonal and
will usuz2lly be produced by in vitro or in vivo techniques,
¢.g., directed towards the goal'of defining or recognizing
particular antigenic determinants, or epitopes. 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 cpltopes of
most interest will be those from a signal segment or .
immunoglobulin domains found in the extraccllular region,
particularly those surrounding the PSGF ligand binding regions.
However, other segments will also be important, including
phosphorylation sites in the 1ntraéellu1ar region, e.g., the
Kinase insert segment, phosphorylated or not.

For yroduction of polyclonal antibodies, an
anprcprlate target 1mmune system is seslected, typically a mouse
‘or rabbit. The substantially purified antigen is presented to
the immune svstem in a fashion determined by methods L
appropriate ror the animal and other parameters well knownnfé'
immunologists. Typical sites for injection are in the’
footpads, intramuscularly, intrzperitoneally, or. intradermally.
Of course, ancther species wiil sometimes be substituted for a
mouse or rabbit, inecluding goats, shesep, cows, guinea pigs, and

*ﬂt.-.
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82 52,000 CPM ng with di-iodo Bolton-Hunter reagent (Anersham and

approxi mately 40,000 CPM was added per well in 10 [err]l, containing 0.024%
BSA,” 0.4%gelatin, 20 nM Hepes, 80 nM NaCl, 70 mM acetic acid, pH 7.4. The
plate was incubated for 4 h at 4[err]C, after which wells were washed three
times with 150 [err]l each with 0.396gelath£ 25 MM Hepes, 100 mM Nad ,- pH
7.4 at 4[err]C. The bound radioactivity re ning was solubilized fromthe

The nonopeci 1 6. bt ndi ng AR mauRgtbrith HULpEAHE £6 S P MayER PLAL an
of unl abel ed Pmumi%menroanalmss%mvwaﬁsmfe imtedivensane
[err]1-PDGF. Thaset sdatdions oweaesaaﬁlee PO SnltligeRy fdsue mean;dla:bl birbiuedd gyow h

by the Lse of *EPosulf GRde odoth PhE Ak eshlof 1 e Aiftgeftads > "

PDGF r esponses peodkerde gm@rnnnueda$€ﬂ!rﬂi§15|ﬁglé°m¢eﬁnﬁﬁiﬂ9§§:rbee@tor

CDNA. _ radioimnunoassay, an enzyme-linked assay (ELISA), a fluorescent
assay, or any of many other choices, most of which are
functionally equivalent but may exhiblt advantages under
specific conditions.

Monoclonal antibodies with affinities of 10° M’
preferably 10° to 10, or stronger will typically be made by
standard procedures as described, e.g., in Harlow and Lane,
Antibodies: A Laboratory Manual, CSH Laboratory (1988); or
Goding (1986) Morioclona) Antibodies: Principles and Practice

» {2d e¢d) Academic Press, New York; each of which is hereby
incorporated herein by'referencé. Briefly, appropriate animals
will be selected and the desired:immunization protocol
followed. After the appropriate period of time, the spleens of
such animals are excised and individual spleen cells fused,
typically, to immortalized myeloma cells under appropriate
selection conditions. Thereafter the cells are clonally
separated and the supernatants of each clone are tested for
‘their production of an appropriate ‘antibody specifiq.for.thd
desired region of the antigen.

Other suitable techniques ihvolve in vitro exposure
ol lymphocytes to the antigenic polypep*ldes or altornatively
to selection of libraries of antiboddies in phage or similar
vectors. Seg, Huse et al. (1289) “Generation of a ILarge .
Combinatorial'pibrary of the Immunoglobulin Repertoire in Fhase
Lambda, Science 246:1275-1281, which is hereby incorporated.
herein by reference. The polypeptiées-and antibodies of the
present invention may be used with or without modification.
FreqUently, the polypoptides and antibodies w1ll be ;abelen‘%y

.)o=n1ng, either covalently cor non-covalently, a substance which
provides for a detectable signal. A wide Va:iéty of labels and
conjugation technigques are khown and are reported extensively
in both the scientific and patent literature., Suitable labals
include radionuclides, enzymes, substrates, cofactors, |
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Xl Intracel lular Region Cell Culture and reconbi nant bacul ovi rus.
BALB ¢/ 3T3 cells clone A31 from C. D.- Scher, Children's Hospital of

Phi | adel phia, PA., were cultured in Eulbecco Modi fied Eagle's nedi um ( DVEM
suppl enent ed mnth 10% bovi ne serum and penicillin and streptomycin (50
[err]g/m each). Spodontera frugiperda (Sf9) cells (fromM Sumrers, Texas
A&M TX) were grown in Grace's nedlun1suppleﬁbnted with 10%fetal - bOV|ne

serum 3.3 g/l %@;&?L%egf%érgééhml 20k H&“Mﬁqbéig%&eﬁ@%awﬁk' lin

and streptonmycin err] eCcO recept or and
PDGF type B red@sthetifePpitiches atndhidgl bK$ us P\Pé@PSFS teeehine fhecdspyor
standard procedsuats labBeeoiheadd hanulpatentiNomwms gehzesseed 3 5880,752;

supernatant of Seabyy 49560 AU % 90hehsd N econ gt gnivh gIALLY O

i nfection (M nt 7 bodr &5 nﬁtd e
receptor anti bﬁﬂfaq,mszpmaithemgmlgpuhi@@m%tbﬁcpﬁeéwag (888 Fabidilys
425-446) | ocat g, at gakenexiibace) 18 Hev. egl on was.used. PLC-[err] .
monocl onal antlbody Full length pentldes or portions thereof will, in
particular embodiments, he used for producing antibodies, .
either polyclonal or monoclonal. Antibodies are produced by
immurizing an appropriate vertebrate host, e.g., mouse, with
the peprtide or f{ragment itself, or in conjunction with an
adjuvant. Usually two or more immunizations will be involved,
and ths blood or spleen will be harvested a few days after the
last injection. | _ _
~ For peclyclonal antisera, the immunoglobulins may be
precipitatéd, isolated and purified, including affinity
purification. Feor monoclonal aniibodies, the splenocytes
normally will be fused with an immortalized lymphocyte, ¢.g., &
ayeioid line, under selective conditions for hybridomas. The
hybridonzs will gencrally then be cloned under limiting
dilution conditions and their supernatants screened for
antibodies having the desired specificfty. Technigques for
producing antibodiess are well Known in the 1lit eratare, seo,
e.g., Goding (1%%6) Monoclopnal Antibod rincip
Practice (2d ed.} Academic Press, N.Y., and Harleow and Lanc
(1588} Antibodies: A Iaboratory Manuzl, ¢old Spring Harbor
Laboratery, New York, and are exemﬁlified by U.S. Patent HNos.
4,381,292, 4,451,570 and 4,618,577, Which are each incorporated
herein by reference. The antibodies generated therefrom ray
have nmany uses in dissecting the uortlons of the receptor = |
responsikle for various callular responses and in the general
processing and maturation of the receptor itself, Aantibody
agorists or antagonists might even be produced. -
Botk proteins &nd fragments to serve as immunogens,
and as reagents to determine the specificity of binding, are
provided herein. '

—

Vi. Methods for Use
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was kindly provided by S.G Rhee; MH Bethesda, MD, and GAP 83

ant.i bodi es were provided by F. McCorm ck, Cetus Corp., Eneryville,
California. Reconbi nant BB- PDGF was prOV|ded by C. G Nascinmento from:
Chiron Corp. Eneryville, California. Peptides used in the association
experinments wore prepared by conventional peptide synthesis using
phosphoryl at ed tyrosine (N-Boc- Tyr- - [PC{eﬁP]BzI[err]] Peni nsul a

Laborat ory, Bel nont, &gsﬁ% darle orinkggtsy,ptg}%%aegf [\ ’EﬁateleF

~phosphory|atedA;FN|des I'on I'n vi'vo assocl at irons
performed accordfiniyedod preh stactar sﬁccpﬁgkﬁnhﬁgﬁerBSP%ﬁKﬁxﬂﬁﬁiOSem&ﬁhoa as

starved cul t ur gg1qf aBAthééé’J@ f&l Isimﬂaémdg %ka}ea@é@ow%%ti%dcbm; he

presence or absence of ysates were | noRr eci pi tated by
P me ¥ ecopt or ATH By LOFY (i RRRAEEREPYE ShHIboNS crodueet By EnRe

methods, nucleic acid sequences enceding the receptcrs or
portions of the receptors, expression vehicles containing these
sequences, cclls comprising the PDGF-receptors, and antibodies
to the receptors. Of particular interest are fragments of the
receptors, which have functional binding sites which compete
with receptors to bind particular ligands. See, e.q.,
Orchansky ct al, (1988) "Phosphatidylinositol Linkage of a
Truncated Form of the Platelet-derived Growth Factor Receptor®
Jg. Biol. Cherm, 263:15159-15165, wﬁ‘ch provides evidence that an
extracellular region of the PDGF receptor can bind to the PDGF
ligands. "Also provided are phosphorylated fragments or sztes
for phosphorylation which interact with other proteins
important in cellular responze to ligand binding., 1In
particular, soluble cxtracellular region segments are provided.

Transfected cells find use as a model for studying
cellular responses to PDGY¥. For controlled investigation,
mammalian cells which lack a PDGF ‘receptor.can be transfected
with an sxpression construct conn*lsing a DNA &equence encod:ng
‘a hPDGF-R. (ells are produced that oncode 2 reccptor that is
often functionally cquivalent to the wilc-typc receptor and
confer a POGF-sensitive mitcgenic response on the cell. In
this way, the binding proﬁertics of the naturally-occurring
PDGF will be analyzed, as well as f;agments or synthetic
compounds, becth protainacecus and non-proteinaceous. Aas
demonstrated in the Experimentzl section, transfected cells
Were used to determine that the AA form of PDGF -activates thg .
type B receptor tyrosine kinase. The presence of the type A
and type 8 roceptor polypeptides in a single cell will L
fecilitate the study of receptor binding properties and perhap'
even recepior interactions,

-

In addition to studying PDGF-mediated mitogenesis,.
the transfected cells can be used to evaluate & drug's ability
to functicn as z PDGF agonist or antagonist. In particular,
transfected cells can be contacted with the test drug, and the
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| mmune conpl exes were used assayed for the presence of PI3 kinase activity
and to determne the ‘protein that associated with the receptor. In vitro
associ ation-experinments were performed according to Morrison et al (1989)
or Morrison et al. (1990) M. Cell. Biol. 10:2359-2366. .Typically,- -
bacul ovi rus- expressed type B PDGF -recept L was collected fromSf9 cells
48- 60 . hours after infection (MJ:10) by i nopr eci pi tation using receptor

ot Pm o5 BRPSFL G SRRV BbBRRFRd s ! Lok BRRATRG Yo " 1
‘glycerol, 2 neetbrtion aw $henyriet Af| BYA SYRFPRLE HSr i dfe QOMPEERA 58r 8PREFGY
(0.15 Un), 2Qrierifj MHecupeplende orndbsatheudtoPbép Ve adnllygsathdépess] C for
Cogmma of ' H RSBl S SXRORLEROL A dRIEERhy MR (1 Hefflobnid N
| egend of Fig. e | fnopr eci.pi't at ed ‘recept or was_aut dphosphorylated in
vitro.by i ncubEPY#@ed Her dneitdng Bikading, bethern 8 RRFR Analegueoanari s
(pH 7.5), 20 whtihfécepty [pereskeMcAIR &pﬁollﬁ:i!ashn_ arh¥o[metdd wil3abeataer e
Cyeates vere PnElER et AHAiS ScLnbs FabtbitrBBefe sl h Barfies, "
homologous to a scguence described in Table 2 or Table 3 to the
solution, or a mutation or modification of one. Binding
affinity to variants of the PDGF will alsc be evaluated by such
cells., The inhibjtion of binding will usually occur by
competition or by interfering with binding, on cither the
reéeptcr'or the ligand. The assay .will often make use of
comparisons with and without test ligand, or by a displacement
assay, vwhere the displacing ligand is added after binding
ocecurs. '

However, as indicated above, the PDGF receptor likely
functions in 2 dimer state. The soluble 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 cof 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 ﬁodi!ying in
vivo a PDGr receptor modulated actiyity comprisinq-
administering to a patient an amount of a PDGF receptor
blocking agent effective to inhibit PDGF binding to PDGF
récoptors, Sometimes, the blockage wil occur at the level of
ligand binding, by blocking the funétional assembly of the
raceptor complex, or by blocking further interaction of the
receptor with other proteins important in effecting cellulatr, T
response, e.g., phosphotyrosine binding iﬁteractions. As
discussed above, the PDGF family of protefns have a significant
role in regulating many important physiological processes. The
soluble PDGF-E ponpaptideslwill generaly be effective in
nodifying the extent of PDGF modulation of these processes.
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4 h at 4[err]C. Receptor-anti body conpl exes were precipitated using
Protei n- A sepharose (Sigm) and washed consecutively with R PA buffer
(lysis buffer with 0.1% SDS), wash buffer 1 (0.5%NP-40, 0.5 MLid, 50 nM
Tris (pH 7.4)].and with 10 nM Tris (pH, 84 7.4). The PI3 kinase

associ ation-assay was perfornmed by incubating the i mobilized receptor wth
BALB ¢/ 3T3 cell lysates for 3 hours at 4[eA%(: The i nmune conpl exes were

consecutively pgsiedsMblls &0l B0l ¥ bEedl o) theMrbbbbrsidl 23Q WWLEGY S
(pH 7.4). In the exper]

pr ei ncubat ed vﬁtﬁ eﬁqnﬁétﬁﬁ Y?n éég"?‘%% %S}g?;‘?g@gAlﬁijrﬁ/ﬁg ﬁ?la)r/éﬁa‘%e‘%r’ﬁ ;et 0
the incubati orpDer bintiéndlEitescaptimdipyos btes estyliobs hadei be¢menitated; cel |
ysLem Ln VLSRR EE MR SheraRN A bdchighe danase
ki nase buffer sometimes be equally effective as natural forms, but at a
- lesser cost, bhoth in monetary terms of and in terms of medical
side-effects, upon administration. ' .

The reagents provided herein will also find use in
the quaﬁtitativé 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,
diagnostic tests dependent upon these reagents are now
available. : '

With the different PDGF types, combining segrents
into chimeric receptors will form different types of receptors
having variations in aifinities for the various ligands. With
the genes and proteins of the present invention, distinctions
between various patterns and receptor types will be found, _
specific for various tissue types. Thus, tissue markers based
upon differences in PDGF recaptor.expressioh would become
available. '

Soluble fragments containing various regions of the
extracellular regjon of the human PDGF reccptor 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 extracellular f;a&ﬁents block the ability of BB-PDGF to -
initiate responses characteristic of a.physiological mitogen
response, The soluble fragments also retain high specificity
irn kinding to only the BB PDGF, not altering the mitogenic ™ ™7
effect by the AA PDGF. Additional ewperiments using the human
cxtracellular region have shown that the fragments may be used
as binding segments to assay, ¢.g., by competition, for the
presence of ligands. Tnesé results suggaest the possibility of
treating various conditions which cxcessively respond to PDGF
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(30 MM Tris (pH 7.4), 10 MM MCl[err]) and 10 [err]C [[err]-[err]P]-ATP
3,000 G /mmol, at 25[err]C for 15 mn. The reaction was term nated by
addi ng 4x Laemm i | oading gel buffer. Sanples were anal yzed by

SDS- pol yacryl am de gel el ectrophoresis and autoradi ography. PlI3 kinase
activity was assayed as described by Kaplig et al. (1986) Proc. Nat'l Acad.
Sci. USA 83:362-364. I nmune conpl exes were”i ncubated in PI3 kinase buffer

(30 mM Hepes 4 [er ; r] d | [e M
ATR) 0. 2 o f e et ] diuiskl pres sy ocrial) Mha GIERbEsedy | Okl
[[err]-[err] MitREPNiS PRAPMITSTIY) bat abberatad hrouah etk thegspdubhe
was added in dytzraBélléiapseragmiats.t 0 i nhibit any contami nating Pl 4 kinase

ety Beact ons uergs GEd byt Do iRttt A€y of
separat ed by ne§idteafeen ckhenmhddising. ofheindimgepsi the ol igand o theP was
determ ned byrepeskndlikery L€nrthahe chbipafivivaainhibition. 2-Fhdy, Rgceptor
CePosphor Y| 4t SEEPh e TR LSS AELE PBRIRLERL ] O m nutes
soluble fragments comprising the ligand binding segments of ° .
these receptors, or fragments attached to solid phase
substrates. These assays will also allow for the diagnostié
determination of the effects of either binding segment
mutations and modifications, or ligand mutations and
modifications, e.g., ligand analogues.
The soluble fragments will also find use in testing
-interaction of the receptor with medified-ligands, eig.,
biotinyiated AA isoform or other PDGF forms. Another means for
blocking ligand zoction will be to interfere with proper multi-
protein receptor asscciation, e.g., dimerization, or
intracellular region interactions with other preteins. In
particulas, 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 ckilled in the art, and sse below, '
Receptor components way be substituted by equivalent
or corresponding scluble fragments frofi the other type
polypeptide, e.qg., cxchanging fragments from the type A and
" type B polypeptide forms, or from otHer related polypeptides,
e.q., mouse.receptors, or other related receptors.
] Moreover, bscause the type A homodimer binds all
_three “ocrms of PDGF, the type A binding fragments exhibit
substa:Lial generality of ligand biﬁding. The type A binding
fragments are useful for preparing general PDGF bindihg
reayents. L T
The qguantities of rsagents necessary 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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presence or absence of 1 nM sodi um orthovanadate, see Morrison et al

(1989). After RAP treatnent the inmunoprecipitates were washed three tines
with RIPA buffer containing 1 nM sodi um orthovanadate prior to the

i ncubation with the 3T3 cell lysate. = 85 "Blotting" of 85 kD protein with
PDG- receptor probe Cell lysate proteins transferred to nitrocellul ose .
menbranes were anal yzed for their ability tso bind directly to the PDGF
receptor by probing the. nitrocellul ose nmenbrane with [err]P-1abel ed PDG-
receptor. To THrs@ldyr hdosagrdlunnrd 48 VEBEPIRAY preydde useful guidance in
bacul avi r us- exgHe SHRANESCEPEHIL Wi IiNTEAENT £ i isatrad ibhOOE 1 aga | SFO

e descri bad T RanclBiRt bouth Bt SBFsTIVeE, Spopl, BF Breniiiv ol on
i mrunopr eci pi tpartidwlaregbee ederhotildt poavbde t fir therupogaier bre dinslication
sol ubi I'i zat.i on pyfifrfphy GBs48k SDSva s MoNaCher 2t TMFRTE adsfMbed, e.q.,
in Gilman et al. (eds) (1990) Goodman and Gllman's: The '
harmacological Bases of Therapeutics, 8th Ed., Pergamon Press;

and Remington's Pharmaceutical Sciences, 17th ed. (1990), Mack
Publishing Co., Easton, Penn.; each of which is hereby

incorporated herein by reference. Methods for administration
are discussed thercin, e.d., for oral, intravenous,
intraperitonecal, or intramuscular gdﬁinistration, transdermal
diffusion, and others. Pharmacautically acceptable carriers
will includce water, saline, buffers, and other comrpounds
'deséribed,'e.q.,'in the Merck Index, Mefck & Cd., Rahway, New
Jersey. Because of the Eiqh affinity binding between PNGF and
its receptors, low dosages of these reagents would be initially
expected tc be effective, Thus, dosage ranges would ordinérily
be expectei to be in amounts lower than 1 mM concentrations,

' typically less than about 10 uM concentrations, usually less
than akout 100 nM, preferably less than about 10 pM
{picomolar), and most preferably less than about 1 £M
(femtomolar}, with an appropriate carrier. Slow release
“ormulations, or slow release apparatus will often be utilized
for continuous administration. The i;tracellular segments of
the receptors, both the PDGF recep%gr and related receptors
will find additional uses as described in detail below.

- The pharmaceutizal compositions will be administered
by parenteral, topicai, qrai, or local administration, such as
by aerossl ér transdermally, for prophylactic and/or
therapeutic treatment. The pharmaceutical éompositions can be
adnministered in a variety of unit dosage forms depending upon _
the method'of administraticen. For example, unit dosage forﬁgw
suitable for ora) administration include powder, tablets,
pills, capsules and dragees.

The pharmaceutical compositions-will citen be
administered intravenously. Thus, this inventien provides
conmpositions for intravenous administraticn which comprise @
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[err]-mercaptoethanol, and 50 MM triethanol am ne, pH 7.4) at 100[err]C for
2 mn. The extracts were pooled, diluted in solubilization buffer w thout

[ err]-mercaptoet hanol and brought to 10 nM i odoacetam de and 1% Triton
X-100. Analysis of this material by SDS-pol yacryl am de el ectrophoresis
foll owed by radi oaut ography reveal ed the presence of only the receptor -
band. BALB c/3T3 cells lysates were prepar%ﬁ and run on SDS-PAGE. Proteins

were transferr Iy rocel | J I jn the
absence of SDS%glg %éﬁi%?\ﬁgéecfﬁgggg? %ﬁ%ﬁﬁgx fﬁ{égué§455@g receptor for
12 h at 4[ err] @ccaptris ieagriiexy hprebexahlyi 28t MW‘-% fRArH®T-ai A YK ey

- Triton- X-100 V\ﬂoffhﬁéjﬁe&ﬁé r&aﬁﬁmphsgtb@wed Eog, ;h@awpt e reOBREId £d 0N

ts th I't bat ed d bed t
aPeT Tber e Pebbpt el hopbc AHeoT8kp o/ ees: oPHGoR fElh S e foreEineq

publ i cati ons abe phbzmﬁiznﬂﬂhg:abnwaatﬁmﬂam nwale knemmpsnsnkiidayibeference
to the sane eXE%Ban‘c?uéé %ﬁﬁ*ﬂaa&ﬂ%'evlséé@h&glih'tﬁa&aon e BRI ela;iﬂapéé;&@cld

\r/vgfsefgﬁglef call %lut ons da,-lta\g be packlagg C?ore use ases.lspcgzr' ployro% 1z¥d the
lyophilized preparation being combined with a sterile aqueous-.
solution prior to administration, The compositions may contain
pharmaceutically acceptable aﬁxiliary substances as required to
approximate physiological conditiohs, such as pH adjusting ‘and

buffering agents, tonicity adjusuzng agents, wetting agents and
the like, for example, sodium acetate, sodium lactate, sodium

AT

phlorzae, potassium chloride, calcium chloride, sorbitan
monolaurate, tricthanolamine oleate, etc,

' For solid compositions, conventional nontoxic solig
carriers may be used which incluée, for example, pharmaceutical
-grades of mannitol, lactose, starch, magnesium stearate, sodium
saccharin, talcum, cellulose, glucose, sucrose, maghesiun
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 10-35% of
active ingredient, proferably about 20% (see, Remington's,
&ua_a)

. For acrosol administration, the compounds are
preferably supplied in finely divid%d form along with a
surfactant anéd propellant. The surfactant should, of course,
be non-toxic, and preferably soluble in the propellant.
Represcntative of such agents are the esters or partial esters-
of fatty acids containing from 6 .to 22 carbon atoms, such as
caproic, octanoic, lauric, palmitic, stearic, linoleic,
linolenic, olesteric and cleic acids with.an aliphatic
polyhydric alcohol or its cyclic‘anhydriaa such as, for
example, ethylene glycol, glycerol, erythritol, arabitol,

“mannitol, sorbitol, the hexitol anhydrides derived from
sorbitol, and the polyoxyethylene and polyoxypropylene
derivatives of thecse esters. Often mixed esters, such es
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The invention now being fully described, it will be apparent to one of
ordinary skill in the art that many changes and nodificati ons can be nade
thereto without departing fromthe spirit -or scope of the appended cl ai ns.
SEQUENCE LI STING (1) GENERAL | NFORMATI ON: (i) APPLICANT: WIlians, Lewis T.
Escobedo, Jaine A (ii) TITLE CF INVEhH]C»%ZFlATELET-DERIVED GROMH FACTOR
RECEPTORS (iii) NUVBER OF SEQUENCES: 5 (iv) CORRESPONDENCE ADDRESS: (A) '

ADDRESSEE: T%&ﬁ&&%@%tmséwgcéﬂdéﬂ%@ﬁi bt Ay e, €@he TOWEFactaRLh

Floor (O CITY, 28me dibdizenes,) wil{ Constithtd d A-25k Gy waight of the
composition, preferably 0.25-5%. The balance of the
composition is ordinarily propellant, Liguefied propellants
are typically gases at awbient cohditiohs; and are condensed
under pressure. Among suitable liqﬁefied prepellants are the
lovwer alkanes containing up to 5 carhohs, such as butane and
propane; and preferably fluorinated or fluorochlorinated :
alkanes., Mixtures of the above will sometimes also be
employed. In producing the aerosol, a container equipped with
a suitable valve is filled with the'apprdﬁriate propellant,
containing the finely divided compounds and surfactant. The
ingredients are thus maintained at an elevated preésufe until
released by action of the valve. _

. ) The compositions containing the compounds can he
" administered for prophylactic and/or therapeutic treatments.

In therapeutic applicatiané, cqmpoéitions are administered to a
patient already suffering from a disease, as described above,
in an amount sufficient to cure or at least partially arrest
the syhptoms of the discase and its comﬁlications. An amount
adequate 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 stata of
the patient. '

'In prophylactic applications’} compositions containing
the compounds of the invention are administered to a patient
susceptible to or otherwise at risk 6f a particular discease.
Such an amount is defined to be 2 "prophylactically cffective *

- dose." In this use, the precise amounts again depend on the
patient's state of health’and weight. |

In a particularly impbrtan£ aspect of the present
invention, it was recognized that many growth factors mediate
their pleiotropic actions by binding to and activating cell -7
surface receptors with an intrinsic protein tyrosine kinase
activity. Growth factor receptors with tyrosine kinase
activity, or receptor tyrosine kinases, typically possess
similarities in molecular topology. For example, they possess
a large extracellular ligand binding region, a hydrophobic
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(F) ZIP: 94105 (v) COVPUTER READABLE FORM (A) MEDI UM TYPE: Floppy disk (B)
COWPUTER: | BM PC conpati bl e (C) OPERATI NG SYSTEM PC- DOS/ Ms- DOS ( D)
SOFTWARE: Patentin Release 1.24 (vi) CURRENT APPLI CATI ON DATA: (A

APPLI CATION NUMBER: (B) FILING DATE: (C) CLASSIFICATION: (vii) PRICR
APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER US 07/151, 141 (B) FILING DATE.
02- FEB- 1988 (vii) PRI OR APPLI CATI ON DATA: (/A3 APPLI CATI ON NUMBER: US

07/ 309, 322 (B) FILING DATE. 10- FEB-1989 .(vi i), ATTORNEY/ AGE | NFQRVATI ON
(A) NAVE: - Chi gt BIRNSR=PEE o SRECD S THYRrACKY RORMASD. Ca4 LoB0r LHEFaveltiins,
region that containg a tyrosine kinase catalytic domain.

Receptor tyrosine kinases typically have a topolegy dictating

that the ligand binding segments and protein tYrosine.kinasc

activity are separated by the plasma membrane. Therefore,

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 §articular amino acia
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 interactions. 1In the case of the PDGF

v receptor and phosphatidylinositol 3! kinase (PI3 kinase) .
interactions, the presesnce of a phosphotyrosine in the defined
kinase insert sequence is imporﬁént in the interacting between,
e.g., binding between, the receptor and the PI3 kinase, thereby
activating the P13 kinase enzyme. An unphosphorylated KI
segment fails to bind a PI3 kinase activity. These
observations will be generally applicable to the interaction of
phosphorylated segments with other binding proteins. With the
elucidation of ths nature and specificity of these
interactions, analogues, e.qg., organic molecules, are prepared
which serve as analugues to the paptides or phosphdry!ated
peptides, '

Tyrosine kinases can be ﬁrpadly'claSSified into two
groups, the transmembranc receptor kinases and the cytoplasmic
non-receptor kinaécs, with most of the members of the second
group belonging to the so-called syg farily of tyrosine
kinases. The receptof kinases genes, -including the PDGF
recepﬁor, share certain structural features, e.g., an amine-

i

terminal signal peptide which is characteristic of membrane
.glyccproteins and a transmenbrane éegment‘which defines and
sepurates the extracellular and the intracellular regions of
the receptor protein. The amino-terminal porticn of the
receptor protein makes up the extracellular region which
contains the ligand binding sites. The carbhoxy~-terminal
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(C© REFERENCE/ DOCKET NUMBER: 2307U-267-2 (ix) TELECOVMUNI CATI ON

| NFORMATI ON: (A) TELEPHONE: (415) 336-2400 (B) TELEFAX: (415) 326-2422 (2)
| NFORMATI ON FOR SEQ I D NO 1; (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 5427
base pairs (B) TYPE nucleic acid (C) STRANDEDNESS:. double (D) TOPOLOGY
linear (ii) MOLECULE TYPE: cDNA to nmRNA (iii) HYPOTHETI CAL: (ivV) _
ANTI - SENSE: (vi) ORI G NAL SOURCE: (A) ORGANI“SM Honp sapi ens (B) STRAIN:

| ambda GT10 portion of the protein makes up the. intracellular region of the

receptor, on which the kinase activity is located. Receptor
kinases are responsible for transducing a signal provided by
ligand binding to the extracellular region into the
intracellular compartment, and through cytoplasmic second
messages, ultimately to the nucleus.

betailed comparison of established receptor tyrosine
kinase (RTK) primary sequences has led to the identification of

>

both shared and unique structural svbdomains, or segﬁents,
which permit classification of the ETK family into distinect
groups, see, e.dg., Yarden and Ullrich (1%88) Ann. Rev. Biochen.
57:443-478: and Ullrich and Schlessinger (1990) Cell 61:203~
212; each of which is incorporatedﬂherein by reference.

‘the PDGF receptor is a member of one such subclass.
These receptors, including macrophage growth factor {(CSF~1-R}

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

' Fu:thermbre,fwhen ¢ompared with RTKs of other

subclasses, the catalytic domains of members of this group are
interrupted by long, structurally unique, hydrophilic, proline-
rich insertion sequences of about 17-107 amino acid residues.
This "kinase insert" (XI), also referred to as a kinase inser:
region, divideé the catalytic dcmaf; irto two segments and is
defined by homology to other tyrosine kinase domains. These XI °
sequences are highly divergent, even within each receptor
subfamily, but are stron&ly conserved betwaen evoluticnarily
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 T
extracellular regicn, although only three in number, and kinasc
insert sequences of 10-19% residues located in the cbrrasponding
position of the tyrcsine kinase segments.

RTK ligands induce plsiotropic cellular responses,
which in many cell types culminate in c¢ell cycle pregression,
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(i x) FEATURE: (A) NAVE/ KEY: CDS (B) LOCATION: 187..3504 (D)  OTHER
| NFORMVATI ON:  (Xi ) SEQUENCE DESCRI PTION: SEQ I D NO 1: TGTTCTCCTG AGCCTCAGG

AGCCTGCACC AGICCTGCCT GICCTTCTAC TCAGCTGITA 60 CCACTCTGG
GACCAGCAGT CTTTCTGATA ACTGGGAGAG GGCAGTAAGG AGGACTTCCT ' 120
GGAGGEEEGTG ACTGTCCAGA GCCTGGAACT GTGCCCACASs CAGAAGCCAT CAGCAGCAAG . 180

GACACC ATS CGG CTIT CCG GGI' GCG ATG CCA CCT CTG GCC CTC AAA - @GC
226 Met Arg LenNPrayn®hpsAba dhd EsMwAlar - replitacion. Lypodl ¥ifand binding,

10 GAG CTG CT G AT .

276 G.u LEu LIRS oreSooht fyé ey Sheft s ¥ insbaliar incduupg

20 - stimulatign of ion transport, glucess ¥yaNsSperE: gremsame ACA CCC
CCG GGG CCA GXinkakbsGTpindEy£édisiI Grembrane ruB2Hing N a@dy okhEx Veytodilethl

Y e i
Leu Thr Cys Sexctdvptden Afaappenker ofijcyipplasmic pathways, including
' glycolysis, polyamine synthesis, and ribosomal protein $6

phosphorylation. Alterations in the pattern of specific gena
transcription (e.g., c-myc and c~fos) 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 unigue capability of stimulating both
protein kinase é, threugh an increased turnover of
phosphatidylinositol, and protein Kinase A, threugh preduction
of type E prostaglandin. '

The importance of the correct regulation of receptor
function i= emphasized by the fact that a large variety of
structural alterations found in receptor-derived oncogene
products lead to constitutive activation and, consequently,
subversion of molecular centrol 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
been found to coexpress growth factors and their receptors,
including PDGF-A chain, PDGF-B chain,” and PDGYF receptor
polypeptides. Autocrine receptor activation represents one
scenarioc of subversion of normal growth control. 1n principle,
every receptof with tyrosine kinase activity has oncogenic
potential. Many more types of activating mutations, as well as
specific instances of receoptor 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 7
important role in the diagnosis and therqpy of oncogencsis.

When activated by ligand, the PDGF fS-reccptor becomes
phosphorylated on tyrosine residues, See, e.g., Ekx and Keldin
(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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50 55 60 GAA CCC ATG TCC CAC GAG CCC
CCA CAG GAA ATG GCC AAG GCC CAG GAT 420 Gu Arg Met Ser Adn AU
Pro Pro Gn Gu Met Ala Lys Ala @ n Asp 65 . 70

75 GEC ACC TTC TCC AGC GIG CTC ACA CTG ACC AAC CTC ACT GGG CTA GAC

465 Ay Thr Phe Ser Ser Val Leu Thr Leu Thr Asn Leu Thr Gy Leu Asp 80 .

85 90 ACG GGA GAA TAC TTT.JGC ACC CAC AAT GAC TCC CGT GGA
CTG GAG ACC 516 hr Ay Gu Tyr Phe %g/s_Thr H's Asn Asp Ser Arg Ay

Leu Gu Thr 951331; and val@@n et al. (r1986 ure 323: 20%-232. The
110 GAT GAG CGG &r%i%q&

. CGG_.CIC, TAC ATC T1T T "ACC_GTG
564 Asp G u Arﬁeé%lﬁ"b °Eeﬁh?§f'¢?Y%°Hﬂ?éP08FYHB %qsr chl?ﬁra%?a%?-%w
120 depend on 12§andecifir@CEokATLENT COCRAPLGEAIDHArS RROAAEC TTT

CTC ACG GAA Azﬁﬁaqi%?gﬁagor9igtfﬁﬁ FEEAR ?ggwﬁgﬁhlﬂd%heb¥ ch E&g4Phe e

Phe Leu Thr } 0 ACT
GAG ATC ATT rpeiymptideachrinapf e direcpphesrbasidakee the othepeEhpin.
Gu Ile Thr |l ehermeidts sAtgsVak Fber AspnRiat&l nrdcuptéal pHakphdbylation are

150 located it’Rhe carboxyl terminal portion of the tyrosine kinase
donain, about tyr(aés) in both the human and mouse type B
receptor, and in the kinasas insert region, about tyr(719%) in
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
autophosphorylation appesrs to be a change in conformation of
the intracelluar regicn of the receptor. 1In its activated
state the reccptor can physically interact with several _
cytoplasmic moleccules that are likely to be important in signal
transduction. .

Activation is also accompanied by complex formation
with, and tyrosine phosphorylation of, a variety of'proteins,
The first to be described was a protein of 85 kD, which is a
butative PT kinase and identical to.a protein referred to as
p8l, see Kaplan et zl. (1987) Cell 50:1021. Subsequently, &
number of other proteins have been shown to complex with PDGF
receptors and to become phosphorylated on tyrosine following

 PDGF stimulation. These include the serine/threonine kinase
Raf-1, which becomes activated in the complex; see, ¢.9.,
Morrison et al. (1989) Cell 58: 649-657; and phospholipase C-v,
se¢, e.9., Morrison et al. (1990) Mel. Cell. Biol. 10: 2359-
2366: and GAP, the GTPase activating protein involved in tﬁédv_
control of ras activity, see, e.g., Kaplan et al. (1590) Cell
58: 1121-1133. PNDGF treatwent also enhances the kinase -
activities of some of these proteins. '

' Recently, transient complex formation also has been
shown to occur between three grc family tyrosine kinases (pp60-
c-src, p59-fyn, and ppé2-c-yes), p8l, and PDGF feceptors. in
addition, PDGF treatment stimulates the tyrosine kinase
activates of these proteins, suggesting that src family kinases
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ACA CTG CAC GAG AAG AAA GGG GAC CTT GCA CTG CCT GIC CCC TAT GAT
706 Thr Leu Hs Qu Lys Lye Ay Asp Val Ala Leu Pro Val Pro Tyr Asp 160

165 170 CAC CAA CGT G&C TTT TCT GGI ATC TTT GAG GAC AGA
AGC TAC ATC TGC 756 Hs An Arg Ay Phe Ser dy Ile Phe Qu Asp
Arg Ser Tyr Ile Cys 175 - 120 185

190 AAA ACC ACC ATT GGG GAC AGG GAG GTG GAT TCT GAT GCC TAC TAT GIC
804 Lys Thr Thr Ile Cly Asp Arg G u Val As TSer Asp Ala Tyr Tyr Val 195

200 8 AC AGA CTC G AAC GIC TCT
GTC -AAC GCA GT(’E%A%“Y 2°role P‘?ssté’erfFSRP ‘Ecﬁ cﬁgr%gvmcéésgqs“e‘?? At ORS R 5
Ser Val Asn Al &ywelsigkenredddues likely activateithe mitogenic potentia200ACT

Grc CTC CGC CAQhGCIaEEGié§§b£Q¥B/KJEHEECb€~S%HKKEﬂKET1€EC% atic actzv;t?oo
%

Zgg val Vval Ar%,G% ring 1ts Lﬁiézgétlons w1t S%heLece ar pro%elns_

i The SH2 system provides possible guidance to
particular mechanisms and properties which could be applicable
to the PDGF receptors. Some non-receptor tyrosine kinases,
share a conserved noncatalytic region of approximately 100
amino agcids callzqd the src homology region 2 (SH2) domain. The
SH2 domailns 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.

Phosphol ipase C-y (PLC-q} and p2l-ras GTPase-
activating ﬁrotcin {GAP) each_contain two adjacent SHE2 domains.
Pecent experimente 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 embodiments, ligand-activated
PDGF receptor induces the formation of a complex of signaling
melecules inciuding PLC~~, Raf-1, 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-2' kinase (PI3 kinase). This enzyme was originally
found to be a kinasc that co-immunéprecipitated with the
conmplex of polyona middle T antigen and the c-src protein, and
with transforming v-grg proteins. PI3 kinase activity was alédo
found in phosphotyrcelnc or receptor immuncprecipitates of
lysates from PD3 F-stimulated cells. The specific role of PI3
kirnase in mediating cell proliferation has not been determined.
However, the enzyme is regulated by a number of growth factoers
and growth factor-treated cells contain increased levels of
phosphoinositides and inositol phosphates phosphorylated on the
3 position of the inositol ring. Mutants of mi&dle T antigen
or the PDGF receptor that dc not asscciate with P73 kinase are
defective in their mitogenic activities. The

w

rin
responsible for the PI3 kinese acuiv1ty has not bkeen well

"\

.-
¢

i:
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GGG AAT GAT GIG GTC AAC TTC GAG TGG ACA TAC CCC CGC AAA GAA ACT
948 Ay Asn Asp Val Val Asn Phe Qu Trp Thr Tyr Pro Arg Lys G u Ser 240

245 250 GGG CGG CTG GIG GAG CCG GTG ACT GAC TTC GTC TTG
-GAT ATG CCT TAC _ 996 Ay Arg Leu Val Qu Pro Val Thr Asp Phe Leu
Leu Asp Met Pro Tyr 255 . 260 265

270 CAC ATC CGC TCC ATC CTG CAC ATC CCC AGI _GCC GAG TTA GAA GAC TCG
1044 His Ile Arg Ser 1le 'Leu His Ile Pro séf Ala Gu Leu Gu Asp Ser 275

GAC CAT CAG iferectertia Giifegal nt ke OB AN el €

Asn Asp Hi s qutAyétzg‘@lth the presence of azg@l 85 kD protein in 300 GAA AAG
GCC ATC AAC Alde-AGGufd fr&diT AR INRCekbEr IMsnteT GiCBtRd Gniddle T/EL4@cG u Lys

Sug € on ! donBlex Bha e ish S TaF el bt ek mmeazr et
CAT CGG AGC G8 85 kD pusw:irelisGeithen the REdy kiheseeor Gm Mporkkratd u Leu
Hs Arg Ser Arg32Qc 9f the kinase. 325 330 ACA CTG CAG

GTA GTG TTC GAG &L T g‘f\n% *eg:.ons g;f:r %h%T%DGgGr=cepto* w£r3e6 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 stimulating cell proliferation and in binding
PI2 kinase, even thoursn it had tyrosine kinase activity and
stimulated several other responses to PDGF binding, including
phiospholipase C~r.ediated PI hydrolysis., Recent studies have
shown that the ligand-activated AKI nutant receptor faiis to
bind P13 kinxse, bhut binds as ﬁuch'PLc—q and the c-Raf-i
proteins as the wild type receptor. However, the mutant
receptor i: unable to phosphorylate c-Raf~l cn tyrosine
residues and the binding of FLC-y required tyrosine
phosriiorylation of the receptor. A mutant of the human type B
PDLF redeptor that had one of the phosphorylation sites in the
kinase insert domain, tyr(719) in both the human tyﬁc'ﬁ
recepter, converted to phenvlialanine was aléé defective in
binding P13 kinase. These experiments indicate that either the
P12 kinase binds directly to a portion of the kinase insert
region containing tyr(719) or that the binding interaction
involves other poritions of the receptor that are
conformationslly dependent on seguences in the kinase insert
region. _
. To directly study the interaction between the type'ﬁ'
PDGF receptor ang PI3 kinase, an 1ﬁ vitro system wase
cstablished. With this system, it was possible to test the -—-
ability of synthetic polypeptides derived from receptor
sequences in the kinase insert domain to hlock interaction of
the pI2 k'naﬂé with the¢ PDGF recsptor. The interaction could
be bhlocked by a tyrosine-phospharylated peptide representing a
highly conserved region of the kirnase insert domain that
included tyr({71%}. However the peptidz blocked PI3 kinase
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Thr LEu G n Val Val Phe Gu Ala Tyr Pro Pro Pro Thr Val Leu Trp 335

340. 345 , 350 TTC AAA GAC AAC CGC ACC CTG
GGC GAC TCC AGC GCT GGC GAA  ATC GCC - - 1284 Phe Lys Asp Asn Arg Thr
Leu Gy Asp Ser Ser Ala Ay Gu Ile Ata 355 360

365 CTG TCC ACG CGC AAC GIG TCG GAG ACC CGG TAT GIG TCA GAG CTG ACA .
1332 Leu Ser Thr Arg Asn Val Ser G-u Thr Ar$ Tyr Val Ser Ju Leu Thr 370

375 ... .38Q.CT T_CGG AAG GIG G CCT CAC TAC ACC
ATG OGG Gcc ~ pimding t%%& S@%Vﬁ?ci?ﬁoWzﬂﬂEy%%% é’eét% ¥3%y His Tyr
Thr Met Arg Al ph@gphorylated on tyrosing9( Scrambled versions 2¥5tHREp@MTidanG
GAT GCT GAG GT 4 '
Gu hsp Ala o ook vigh siepbbryiateqdh [ollhe g no ppckinkt&BeIPRyY ©
405 These stugiesGrhogcthatTRhaapRotYEreins GAG CERSAET LEASRRENEBAC -

CCT GAC ACT., Ggbntext servabdde WakelPognidonAegtdator athdSHindamngSer & u Ser
H's Pro Asp Ser

415 . 20 425

430 GAA CAG Acﬁyg‘ﬁé%@“réﬁgéé‘%ié%c"‘%‘&éc ATG CCG CAG CCG AAC ATC

1524 G u @ n Thr Val Aroid Xigrg sYseep @ay Need ko shufvprdeadptpraction
of PDGF receptors and PI3 kinase. - The association of :

phosphoproteins with the PDGF receptor is demonstrated by
stimulating 3T3 cells with PPGF, immunoprecipitating cell
lysates with type B PDGF receptor antibodies and by examining
the immunoprecipitates for the pregeﬁqe of receptor-associated
. proteins that can be phosphorylated in the immunoprecipitates.
See Fig, la “+" lanes. These phosphoproteins include the 85
kDa protein and & 110 kDa protein that have recently been
correlated with PI3 kinase activity. See Fig. lc. In in vitro -
experiments, the type B PDGF receptor was cxpressed in an
insect cell expression system, partially purified, and
immobilized using anti-receptor antibodies and protein A
Sepharose., The receptor was allowed to autephosphorylate in
vitro, so that it would be in a conformation that mimicked the
ligand~activated state of thé receptor. Cytoplasmic cell
lysates from density-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. 1d)., The receptor-
associated phosphoproteins were detected by an jp vitre kinase
assay using 3?p-ATP. See Fig. l1b "-Y lane. At least four .
receptor-associated proteins with apparent molecular weights of
" 140 kD, 120/110 kD (sometimes a doublet), 85 kD and 74 kb were .
radiolabeled (the bands at 160 kD and 150 kD are the
baculovirus-expressed receptor and its precursor, .
respectively). The 140 kD band has been previously identificd
as PLC-y and the band at 74 kD includes the raf-1 kinase and
probably another molecule as well. The 85 kD protein
co-migrated with the 85 kD band, previously considered teo be
PI3 kinase, in antirphosphotyrosine inmunoprecipitates of call
lysates prepared from PDGF-stimulated cells. The association
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435 440 445 ATC TGG TCT GCC TGC AGA GAC
CTC AAA AGG TGI CCA CGI GAG CTG CCG | 1572 Ile Trp Ser Ala Cys Arg

Asp Leu Lys Arg Cys Pro Arg Gu Leu Pro 450 455

460 CCC ACG CTG CTG GGG AAC AGT TCC GAA GAS GAG AGC CAG CTG GAG ACT

1620 . Pro Thr Leu Leu Ay Asn Ser Ser Qu Qu Gu Ser A n Leu Au Thr.465
470 475 AAC GTG ACG TACG6PGG GAG GAG GAG CAG GAG TTT GAG

GIG GIG AGC ACA 1666 Asn Val Thr-Tyr Trp. dy GQu u A n du Phe
Ju Val Vval s&f ?ﬁraaggllo kD proteins withgip baculovirus-expressgdy cTG CGT

CTC CAC CAC GhiaceptofGim G €7 GrEQovedh Gl INaT ABSiRTahalysis. Wheh7d61leu

égg Leu G n HR Nl @50 g%&:?&@ed-%tﬁeEmﬁ(%i%l%i%t@églg&o&% |
GAC ACG CAG GRB'@nt oATEhET#PeITrgasertoncthere was nojeggoalated PIA Kivasedq y

A n Asp Thr Gdtiv@ty, Vahd!tiee Vo Wl aRB0g 6l D Sfosphoproteins did not520

1925 associate with the mutant receptor. See Fig. 2a and A2b. This
in vitro result is consistent with previous indications that
this receptor mutant does not associate with PI3 kinase in
intact cells.

When 3T3 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

‘ receptor in vitro (Fig. 1d) and a concomitant reduction in the
association of the 85 kD and 110 kD phosphoproteins with.the
receptor {Fig. 1b "+" lane). Although the explanation of this
phenomenon is not cntirely clear, the observation that PDGF
pretreatment of cells influences the subsequent in vitro
association of cellular proteins with the receptor indicates
that the associations are specific PDGF-regulated processes.

' When the autophosphorylated PDGF receptor was .
dephosphorylated in yitro using potato acid phosphates (PAP) it
“lost the abi;ity to asséciate with PI3 kinase activity or 84 kD
protein derived from the BALB/é 3T3 cell lysates (Fig. 3b

and c). This finding indicates that phosphorylation of the
PDGF receptor was yeguired for these ﬁrotein interactions to
_oc.:cur.

. - To identify the site of iﬁteraction 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 activity to the receptor in vitro. Previous
data suggested that the kinase insert region was involved in
the association of the PI3 kinase activity with the PDGF _
recepter, ' 1n scanning seguences from the Kinase insert redigﬁé
of the mouse and human PDGF type B and type A receptors, & 20
amino acid region of particularly high sequence homology (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 (Y719) containing amino acids 705 to 724
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TCC TTG CCC TTT AAG GIG GIG GIG ATC TCA GCC ATC CTG GCC CTG GIG

1812 Ser Leu Pro Phe Lys Vval Val Vval 1Ile Ser ‘Ala'lle Leu Ala Leu Val 530
535 _ 540 GIG CTC ACC ATC-ATC TCC CTT ATC ATC CTC ATC ATG
CTT TGG CAG AAG 1860 Val Leu Thr Ile lle Ser Leu lle lle Leu lle
Met Leu Trp G n Lys 545 550 .. 555 AAG CCA
CGT TAC GAG ATC CGA TGG AAG GIG ATT GAG TCP*GTG AGC TCT 1908 Lys

Pro Arg Tyr |

Sog 0 1" ot khe AbG Iy Mer HicbrSUaglhe e Dvatiatzed ¢ oag
CTG CCC TAT GRbis peptide sepgpneg, cepfeiped @WP RYroriRe wasidiesas ¥70F 2kt
A n Leu Pro Tw7iAsp BHé tyrosine at positi&B(19 of the mouse sequend8b also

2004 Ser T 115 EPE LS BRI e TR B AE tos

600 known autegpiye theGrecrRE @G GTG GAG GCC ACA .
GCT CAT GGT CTG To O rdne $he &LV1ALR JEhe Gh¥ikd rbf\/aéfn\éﬂbt%u A a
Thr Ala H s AGC CAT

20
TCT CAG CCC A kfféem@’éﬁ@%"@réhﬁe‘e%@%rﬁ RARSk cghe mter“tz%o

between the receptor and the 85 kD/PI3 kinase activity, 373
lysates were incubated with the different peptides prior to
nixing with immobilized receptor. The rssults of these
experiments are shown in Fig., 4.  The first lane of Fig, 4a
shows phosphorylated proteins that associated with the wild
type receptor in the absence of pepuldes. The arrow indicates
the position of the 85 kD protein that co-purified with the PI3
kinase activit& The other lanes ehow the proteins that .
associated with the receptor in the presence of derivatives of
the ¥719 peptide. See Table 4. No change in the pattern of
receptor-associated protein was seen when the unphosphorylated
719 peptide-(Y?lQ) was preincubated 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 (¥719F) was added to the incubation, it blecked the binding

" of the 85 XD phosvhoprotein (Fig. 4a) and inhibiéed the
association of FI3 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 fo block binding of the 85
kD protein and did not prevent the association cf PI3 kinasc

' agtivit} with the receptor.
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Ser Hs Ser Gn Ala Thr Met Lys Val Ala Val Lys Met Leu Lys Ser 625

630 635 ACA GCC CGC AGC AGT GAG AAG CAA CGCC CTT ATG TCG
GAG CTG AAG ATC 2148 Thr Ala Arg Ser Ser Qu Lys Gn Ala Leu
Met Ser Gu Leu Lys Ile 640 : 645 650 ATG
ACT CAC CIT GGG CCC CAC CTG AAC GIG GIC AAC CTG TTG GGG GCC ' - 2196
Met Ser Hs Leu Ay Pro H's Leu Asn Val Val Leu Leu Ay Ala 655 '
660 : 665 - 0 TCC AGC AAA GGA GGA CcCC

ATC TAT ATC ATC ACT GAG TAC TGC CGC TAC TABL; 42244 Cys Thr Lys Ay Ay
GGA GAC CTG GTIG GAC TAC CTG

Prolle .Tyr Ile Ile Thr A u Ty
CAC OGC AAC AAA CAC ACC TTC CF E%Z gbtaL SynshebieyRBeptdfasey Val Asp Tyr

Leu H's Arg Asn Lys H's Thr Phe Leu @ n 690 695
700 CAC CAC TCC @agtides CGC CCC COG CCC AGC (3, @G, CTC TAC AGC AAT
2340 Hi's H's Ser Asp Lys Arg Arg Pro Pro Sér " Leu Tyr Ser Asn 795
710 _ 715 GCT CTG CCC CTT CGG CTC CCC CTG CCC AGC CAT GTG
TCC TTG ACC GGG Y%3§8 Ala Leu Pro Val @Y Leu Pro Leu Pro Ser His Val Ser
Leu Thr Gy 720 ¥'% 725 GGYMDMSKDESIDABMLDM
» *
¥719P GGYMDMSKDESIDYVPMLDM
*
¥Y708P GGYMDMSKDESIDYVPMLDM
’ oy . 'I' .
Y719P short MDMSKDESIDYVPMLDM
L) . *
Y708P short GGYMDMSKDESID
l*
Y708P/F719 GGYMDMSKDESIDFVPMLDM
- . - * |
Y708/Y719P GGFMDMSKDESIDYVPMLDM
) * Lk
Y708P/¥719p GGYMDMSKDESIDYVPMLDM
Y719P scrambled - | MMDIKVPMDEYMSDYSDLGG

»

The asterisks (%) indicate the position of a phosphate group
>
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90 GAG ACC GAC GGT GGC TAG ATG GAC ATC AGC AAG GAC GAG TCG GIG GAC
2436 A u Ser Asp Ay Ay Tyr Met Asp Met Ser Lys Asp Qu Ser Val Asp 735

740 ' 745 7 - 750 TAT GIG CCC ATG CTG GAC
ATG AAA GAC GTC AAA TAT GCA GAC ATC 2484 Tyr Val Pro Met Leu Asp Met
Lys Ay Asp Val Lys Tyr Ala Asp Ile 755 63 760 X

765 GAG TCC TCC AAC TAC ATG GCC CCT TAC GAT AAC TAC GIT CCC TCT GCC
2532 A u Ser Ser Asn Txrswft&az&slcﬁybfﬁgapm WﬂSVathtouﬁﬁchbaoﬂfﬁ

775 780 T C GAG
TCT CCA CTG Cri amine ggéé:m(g,rgog Q% IRy %f“" ;T%[G’fa ugli%i%e Asn

G u Ser Pro Vvaplagked7Rénding of the 85 K pyptein (F . 4a' lane 4jgBndGC TAC
ATG GAC CTC GT{n{3BEtEECtHECa L6 G oRl GBI AMARECaEGvity. with tA628 Ser

;%g Met Asp Lef’eéé%tog y 85{]81'?:9{11;%[ g ge}{@kdé‘l'ﬁiﬁs qnglﬁd%ttyxoosnﬁ at
position 719 and phesphotyrosine at position 708 blocked the

interaction of PI3 Xinase with the receptor (Fig. 4, lanc 6).
This finding suggests the possibility that tyrosine 708 is cne

. of the autophosphorylation sites of the receptor that has not
yet been mapped. A peptide that included phosphotyrosine at
both positions 708 and 719 (Y708P/Y719P) also blocked binding
of tha 85 kD protein (Fig. 4, iane 8). Short forms of Y708P
and ¥713P also had blocking activity (Fig. 4 lanes 4 and 9).

To determiné the amount of peptide necessary to block
the association of the 85 kD and the PI3 kinase activity to the
receptor, the 3T3 lysates were preincubated with a range of
concentrations of phosphorylatédfpeptide'(Y719P‘. As shown in
Fig. 5, approximately 5 uM of Y719P was sufficient to block
more than 50% of the association of the 85 kD protein (Fig. 5a)
and PI3 kinase activity (Fig. 6B) with the receptor.
Concaentrations of up to 100 yM of unphosphorylated peptide did
not affect association bestween the receptor and the PI3 klnase
Thus the coincident blocking of ‘85 kD and PI3 kinase activity
association with the receptor by peptide ¥Y719P supports the
hypethasis that the 85 kD protein is = subunit of the PI3
kinase enzyma. '

Next, the ability of peptddes to block the
association of other signaling molecules with the receptor was
ass¢essed. Lysates from T3 cells were ihcubated in the absence
or the presence of peptide Y719P prior to association with the
receptor immunoprecipitates. The association of PLC-y and GAD
with the receptor was determined by immunoblot analysis using
specific antibodies (Fig. 6), confirming previous studies that-
these molecules specifically aésgciate with autophosphorylated
receptors. The association of these proieins_with the rcceptor
was not affected by the addition of the phosphorylated peptide,
¥719P., Thus the Y719P peptide specificaliy blocked association
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GAG TTT CTG GCC TCC AAG AAC TGC GIC CAC AGA GAC CTG CCG GCT  AGG
2676 A u Phe Leu Ala Ser Lys Asn Cys Val H's Arg Asp Léeu Ala Ala Arg 815

820 : 825 _ - 830 AAC GIG CTC ATC TGT GAA GGC
AAG CTG GIC AAG ATC TGT GAC TTT G&C _ 2724 Asn Val Leu Ile Cys Qu
Gy Lys Leu Val Lys Ile Cys Asp Phe Ay 835 840 CTG CGCT
CGA GAC ATC ATG CGG GAC AAT TAC ATC TCC RAA GGC AGC. [err] Leu

Ala Arg Asp I t A . Ser As 1l e.Sen L e 50 .

855 St '3 k) g%ﬁﬁﬁ%%*rf#?@&*ﬁ’%ﬁ'ﬁeﬁ&%ﬁ% L ¥anei acc
ATC TTC AAC AGEfect the intemgecipm ofhthectpqaptoreWithsGAP pMRLCANa Pro Gu
Ser Ile Phe Asn Ser 86574 determine the na®ffb of the interaction 3fO¢fdC TAC

ACC ACC CTG ACGC GAC GIG T TCC .TTC GGG ATC CTG,CTC TGG 2868 Leu
Tyr Thr Thr Lé‘ifcegéf’rAggﬂ?/g%q'r?. i@r PEAES ¥Ry § Im@gﬂg"ﬁ%bmﬁ‘ff gisgtern .
885 »  blotting BEEh&GMA FAFC WRECUAEL. TTRPABGEeCGELtACE XM SEACcE s GAG

grs Egg Pfgcxézﬁiaggeg gitﬁgﬁshfafbdéﬁ%o?hﬁ%%ywodf?ﬁsGLXSGiMhJKUSﬂ%gﬂig¥£a€zél

910 GAG CAG TTEPAGeRRRS e RtboR R secknbeied HiSNOLE ARcvite, (v gepd as

2964 a probe to bind proteins from 3T3 cell lysates that had been

' separated electrophoretically and transferred to
nitrocellulose. The radioclabeled PDGF receptor bound directly
to an 85 kDa protein in unstimulated 3T3 cell lysate (Fig. 7,
lane 1). Cell lysates from PDGF-treated 3T3 cells did not show
any binding when incubated with the radioclabelcd PDGF receptor,
(Fig. 7, lanes 2) consistent with the finding that the 85 kD
protein from PDGF-stimulated lysates was not available for
association with the immcbilized PDGF receptor (Fig. 1b). When
the nitrocaellulose paper that contained cell lysate proteins
was pre~incubated with peptide ¥719P, the radiolabeled receptor
failed tc associate with the 85 kD protein (Fig. 7, lane &),
The unphosphorylated peptide (¥719) or the scrambled peptide
(Y719P scrambled} did not interfere with the association of ths
receptor with the 85 kD protein (Fig, 7, lanes 3 and 5). This
experiment showed that the 85 kb protein (Fig. 7, lanes 3 and
5). This experiment showed that the 85 kD protein binds
directly to the PDGF receptor and doed not reguire the presence
of other molecules. The direct binding interaction appecars te
involve the 20 amino acid scgment fh the kinase insert region
containing tyrosine 719, and tyrosine phosphorylation of this
segment appears to be necessary for the interaction.
" _ These results indicate that the intracellular region,
of the type B IPDGF receptor-interacés with molecules that arc
likely to play a role in signal transduction. The phy$ical
association betwaen-the receptor and signaling molecules such
as PI3 kinase, PLC-y, GAP, and raf-1 only.occurs when the
recgptor is phosphorylated on tyrosine. See Fig. la. & region
of the recepter that is - involved in the binding of the receptor
to the PI3 kinase has been defined. Short peptides were used
to block the jin vitro association of PI3 kinase with the '
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Gu A@n Phe Tyr Asn Ala Ile Lys Arg Ay Tyr Arg Met Ala A n Pro 915

920 . 925 GCC CAT GCC TCC GAC GAG ATC TAT GAG ATC ATG CAG
AAG TGC TGG CAA [err] Ala His Ala Ser Asp Qu Ile Tyr Qu Ile Mt
G@n Lys Cys Trp Gu 930 935 940 GAG AAG
TTT GAG ATT CGG CCC CCC TTC TCC CAG CTG GIG CTG CTT CTIC 3060 Gu

Lys Phe Qu Ile Arg Pro Pro Phe Ser A n Leu ¥al Leu Leu Leu 945

950 55 §=A‘ CTG G GCC, ( TAC AAA.AAG, AAG,.TAC
CAG CAG GTG GA?“"SPI““"%af%s -&Gﬁt%g E%t? E@Et%% e&ii’g"??’flﬁﬁ}sf‘i’g'/gl%/s
Tyr A n G n Vahbibitwedr the. peptides tc LIS the association is9¥BaiGAREAG

TIT. CTG AGG AfpnfdGieAeeeeptCafd G (bl (88ect e {heHlCPI13 kinase3156 G U
G u Phe Leu Argm?grwﬁ,sp Hs Pro Ala Ile Leu Ar adn Al a

980 GhEY act as EompetAFivgopiEagontRE s TBCS HTer B R
CTC CGA TCT. COEhatCT@IGACYrAEEriEEthosphorylateg2pdptidely fadetthReoblbgkRie Hi s
Ay Leu Arg SercPioidPluiRestlr B8t pifdsphotyrosine is directly involved in
the binding cf the receptor to PI3 kinase, However
phosphotyrosine a2lone is not sufficient for binding, since °
' scrambled peptides containing phosphotyrosine did not interact
with the PI3 kinase. Thersfore 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 somewhat surprising that peptides as short as 13 amino
acids contained enough structural information to mimic the
native receptor rsgion that normally binds to the PI3 kinase
(Table 4).

Tyrosine 719 of the ty§é B PDGT receptor is one of
the autophosphorylation sites of the receptor in intact cells
as well as in vitrc. Thus, it appears that the portion of the
KI domain around tyrosine 719 is directly involved in the
association of PI2 kinase with the receptor in vive. The data

. presentcd heregn indicate that peptide derivatives of Y719
containing one of the two tyrosine residues phosphorylated
(Y708P or Y719P) officiently prevented the agsociation of the
receptor with the PI3 kinase in ig_xiﬁgg assay. Similar
sequences and interactions are subject to blockage by the
apprepriate fragment seguences, Iﬂ’particular, segueances known
to be phosphorylation sites will be used to seslect for
analogues which bleck interaction with other mediating
proteins. The PI3 kinase is known to associate with the c-fms
protein and with the middle T antigen, and both of these

proteirs are phosphorylated on tyrosine in vivo., A

_phosphorylation site of the middle T antigen (tyrosine 315) F&
in a seguence somawhat homologous (5 out of 10 amino acids are
identical) to the neptide Y712P used in our cxperiments. ‘There
ic no chvious homolcgy of peptide ¥719P to any of the tyrosine
phosphorylation sites on the c~fps protein. However peptide
Y715P blocked asscciationh of PI3 kipase with the ¢-ips protein
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995 1000 1005 GIC CTC TAT ACT GCC GIG CAG
CCC AAT GAG GGI GAC AAC GAC TAT ATC 3252 Val Leu Tyr Thr Al a Val
An Pro Asn Au Ay Asp Asn Asp Tyr Ile 1010 1015

1020 ATC CCC CTG CCT GAC CCC AAA CCT GAG GIT GCT- GAC GAG GGC CCA CTG

3300 Ile Pro Leu Pro Asp Pro Lys Pro Qu Val Ala Asp Qu dy Pro Leu 1025
1030 1035 GAG GGI TCC CCC A&&C CTA GCC AGC TCC ACC CTG AAT
GAA GIC AAC ACC 3348 Au Ay Ser Pro Ser Leu Ala Ser Ser Thr Leu Asn
Gu Val Asn ThiMjifgo. Thus an autophpgphorylation site of §hegoctfss TCA ACC

ATC TCC TGT GAGAGInCIE CRCa Ghey K BAG BAC G/FeddBlary structB3806tHEar iSer
Thr 11 S 5
r 1le Ser Wélm%zS% g&g LEPr & Sorfd %O f% o&‘éh%cgoé"z) 5&%“6’&@ CIT GAG

1060
CTC CAG GTG GAG CCC CAGTCeeeei\e’ms indicate Juhat §ignpléng GokReri@s Leu
G u Leu G n VateddghiReo Qo!d b ﬁ@.ﬂﬁlinlﬁ75pec1flc sequence c&ﬂ@@x" Th=

1085 GAA CAG TTQW& % 1§5§r§§1@§ %&hﬁﬁ%‘a ﬁeﬂlgcgﬁﬁ?% 1’éi“'lfmit09

3492 Gu G n B
1095 _ with GAP,lEDO— , and c-raf-l and the lack of ability of the

peptides used in this report to block GAP and PLC~~ associatjion
with the receptor shows that different regions of the receptor,
possibly containing different autophosphorylation sites, are
involved in the binding of specific sigraling molecules. The
binding of thesc mclecules to the receptor localize the
signaling molecules and regulate their activities. Tyrosine
phosphorylation of other cellular proteins by the receptor
kinase targets them as proteins for binding signaling molecules
and the present invention provides the methods and materials
for generating recagents which will successfully mimic 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 ot al. (1986€) Nature 323: 22&-
232; and GenBank™, for othex sequendes and proteins whicﬁ show
homeology, both structural and functional, with the
phosphorylated inserts described herein.

' This discovery leads the way to the production of
analogues of the KI segiments. For example, short peptides
having ron-hydrolyzable moieties will often be produced with,
e.g., sulfonated moieties substituted for phosphorylated
moieties ._terna»1Ve;y, other organic molecules exhlblylng_u
sufficient structural homology wili often be selectéd for their
functional interaction with the PI3 kinase or other function )
mediating proteins. In addition, chimeric analogues, port1o5;
of which are pep stide, or modified peptide, and other portions
of which are organic molecules which have similar structural)
features which arce important for interaction, will be
constructed. Thus, molecules exhibiting particular interacting
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GAT AGC TTC CTG TAGGEEGEGTG GCCCTACCCC TGCCCTGCCT. GAAGCTCCCCC
PhE Leu 1105 CGCTGCCAGC ACCCGCATC TCCTGGCCTG GCCTGECCCGG CCTTCCTGIC

AsP Ser
AGCCAGGCCTG
CCCCAAACCC
TGCCTCCAGG
ATATGTAAGA
ACAGGTGGEGEC
GGTGGTAAAT
CTCGCACTTT
GAGCTAGGGEC
ATGATGCCAG
TAATGCTGGA
CTTGGAGCAC
TGGCGEECTTTT
CGGEECCCCEC
GCCAGATATC
CCTCTCTGGG

1544

3604 CCTTATCAG CTGICCCCOIT CTGGAAGCTT TCTGCTCCTG ACGIGITGIG
3664 TGGGEECCTGEC TTAGGGECA AGAAACTGC AGGGEECCGTG ACCAGCCCTC

3724 GAGGCCAACT GACTCTGAGC
3784 TGGGAAAGTT AGGCTTGATG A

i
TATW&&

GGGTTCCC CCAGSGAACT CAGITTTCCC
GAATC TAGGATTCTC TCCCTGXTC
T e GAGTTAETCA
CAAGGAATCA TAGCTCTCTC
GACCCT AGCCTCCCTG GCTCCTGGEECT

13904 CTGTT
11¥o8anesal At%@%i

CTAGCCTTGA Thé02AvVERAGICMIAN BECAFCOACANBAAAGETARY TEITATEGGET

CoTOACRo o RERIEARe Bt RGP e by’

ACGICREARTed Y O¥aRCGEAACIITEE rAGTITGIRT GotTEETVERGSE CCATCAGTCC

TCTTIiKaAGon.

ATCTGRGATG
COCCTGGCTC
CCTCAGTTTC

TGCCTGCCA GCACTAACAT

4264 CCTCAGICTT AATCCATCCA CCAGAGICTA GAAGGCCAGA
4324 AGAATGIAAA TGICCCAGIG TCCAGIGCCC ACGTGTGIGr
4384 TGCATTGGAC CTGCTATGAG GCTTTGGAGGG AATCCCTCAC -
4444 CCCTTCAAAA AATAGAATAAG TCGGACTTAT TAACTCTGAG

450
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TCTAGAGTAT CCAGGTGGIT CCAGATGAAG CCAGATGAAG CAAGGCCATA TACCCTAAAG 456.
TTCCATCCTG GGEGGTCAGCT GECCTCCTGG GAGATTCCAG ATCACACATC ACACTCTGGG 462
92 CACTCAGGAA CCATGCCCCT TCCCCAGCCC CCCAGCAAGT CTCAAGAACA CAGCTGCACA

. 4684 GGCCTTGACT TAGAGTGACA GCCGGTGICC TGGAAAGCCC CCAGCAGCTG CCCCAGGAC
4744 ATGGGAAGAC CACGGGACCT CTTTCACTAC CCACGATGAC CTCCGGGGGT ATCCTGGGCA .
4804 AAAGGACAA AGAGGGCAAA TGAGATCACC TCCTGCAGCC CACCACTCCA GCACCTGIC
4864 CGAGGTCTGC GTCGAAGACA GAATGGACAG TGAGGABACT TATGTCTTGT AAAAGACAAG
4924 AACCTTCAGA TGGCTACCCC AAGAAGGATG TQ 5‘ GCGCTTTGGA GGITGCCCC
4984 TCACCCACCA GCTGCCCCAT CCCTGAGGCA CEEedira&lECCeGTATGET TTTGTCACTG
5044 CCCAGACCTA GCAGAGACHT @G RIGT GCafSABTOZWHN iQUESATT Clic IR EBEAGHS

5104 GAGT CAGGGFteEGE é\m QQGG?@&@ quEW GGAA
5164 GCTCAA u QLA G CA GGGATC
5224 CCAGA\GTT ea ’ >ee O3 816 B ach ‘.L > Lx:“='7'g': ‘:’— Srdie AFL0 =N ) a ,.

5284 TAGGTTTACAAAT mirfrq AHOBAET (Imf'afm Cmmilbe'ﬂ.TA'éAC&BCA .‘G@AT@EL_D;_
5344 TTTGTATCCTrSEbARET TH] MJITANGICES01 JACT WIIE!T 1TARECH G ALLEIAGTAL: ;
5404 and Wu and Grosgman (eds.) (1987) Mg;ﬂggg_in_gg;zmglggx vol. 53
(Recombinant DNA Part D); each of which is incorporated herein
by reference. Variations, if any, on those methods have
generally been minor.

1. Scroeening of Human xignéﬁ AGT11 cDNA Library and
Human Placenta AGT10 cDNA Library

A full-length DNA sequence encoding the mouse PDGF
receptor (mPDGF-R) protein was used as a _probe to screen
250,000 plagques of a2 human kidney cDNA 1xbrary 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 hybridizatioh buffer c0ntaining 30%
formamide,'lx Denhardt!s solution, 5% SSC, 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 wexe washed four
tines at 55°C with 0,2X §SC and 0.1% SDS and two additional

 times at 65°C with 0,2X SSC. The filters were then air dried
and expcsed for 16 h.

- Ten positive clones were.obtained which were
rescreened with the full~length mPDGF-E probe. Individual
clones were isolated and analyzed by restriction analysis using -
EccRI endonuclease. The clone containing the largest insert
"{2.3 kb), désignated clone HK-6, was further -characterized and
sequenced using dideoxy terminators. Clone HK-6 cdntained the
receptor sequence from nucleotide 3554 to nucleotxde 5691 p]uP
nine bases from the poly-A tail. .

A n;cb—*ranslated probe, prepared from the 2.3 kb HK-
6 DNA, was used to.screen 250,000 plagues of a human placénta
¢DNA likbrary. 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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TAAACCTGGT GCTTCTCACT CAC 5427
(2) INFORVATION FOR SEQ I D NO 2: (i). SEQUENCE CHARACTERI STICS: (A) LENGTH
1106 ami no acids (B) TYPE: amino acid (D) -TOPOLOGY: linear (ii) MOLECULE
TYPE: protein (xi) SEQUENCE DESCRIPTION. SEQ ID NO 2: Met Arg Leu Pro Gy
Ala Mt Pro Ala Leu Ala Leu Lys Ay Gu Leu 1 5 :

10 15 Leu Leu Leu Ser $2u Leu Leu Leu Leu Gu Pro G

lle Ser An 3 - . Val Thr,
Pro Pro Ay g‘r{%{) é%ﬁ“ &t %Iofe%r?&sen f%?%l 1§e%6 §‘e'rat3§2 <. Tﬁg kﬂk“e\@ vEoe

45 Thr Phe Vafb2rwaghedops 867 CGELy Gkt ASE PR Yalt \BRS fomrGtimasg 50

gS Thr 65 60 Met JAeted BebbHad¥P JHr@emifgGrithihe K-y proba, @dvetsP
Yy r

70 . A by ed 2 . 80
Phe Ser Ser V&% “‘ﬁﬁﬁ-‘t’*&&"?ﬁFC‘A%" LRGPy TRICTAGTif dépgstion with
EcoRI endonuclease. A clone (HP-7) that contained a 4.5 kb
insert was selected and characterized. The sequence of that
cleone is described in Table 2 and encodes the type B human PDGF

receptor (B~hPDGF-R}.

II. : Censtruction of Expression Veclor
The 4.5 Kb DNA fraément containing the complete
coding sequence for the type B human PDGF recepﬁor was isolated
from the HP-7 clone by EcoRI digeséion. The gel purified
fragment was cloned into the EcoRI site in the polylinker
region of SV40 expression vector PSV7IC., The pSV7d expression
vector, obtained from P. lLuciw, at the University of
California, Davis, was a2 pML deriﬁativc containing the sv40
early promoter region {SV40 nucleotides 5190-5270), a synthetic
polylinker with restriction sites for EcoRI, SmaI, XbaI, and
82317 followsd by three translation terminator codons (TAA) and
the SV40 polyadenylation signal (8V40 nucleotides 2556-2770)
(Truett et al. (1984) DNA 4:333-349). The EcoRI fragment
containing the ¢DNA sequence obtained from the HP-% clone was .
insarted at the EcoRI site of the psVv7d8. In the resulting
expression vector, the B~hPDGF-rcceptor gene was under
transcriptional control of the SV40 promoter.
_ To ensure the proper orightation of the PDGF recaptor
insert (4.5 kb) with respect to the SV40 promoter, the positive .
clones were digested vith Smal endonuclease which euts at
position 572 of the receptor ssquence and'in the polylinker .
region of the expression vector. '
Clones containing the receptor in the propar
transcriptional orientation relcased a 4.0 kb insert in S
addition to the 3.2 kb fragment containing the expression
vector plus 573 basc puirs cf the 5' end of the recceptor. This
plasmid, PSVRH5 was used to co-transfect cells with PSV2 neo
plasmid that confers rasistance to the antikiotic neomycin.
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85 90 95 A u Tyr Phe Cys Thr His Asn Asp

Ser Arg Ay Leu Au Thr Asp Au 100 . 105

110 Arg Lys Arg Leu Tyr Ile Phe Val Pro Asp Pro Thr vVal Ay Phe Leu 115

120 : 125 Pro Asn Asp Ala Clu G u Leu Phe Il'e Phe Leu Thr
~Gu Ilc Thr Gu 93 130 135 _ 140.11e

Thr Ile Pro Cys Arg Val Thr Asp Pro @ n Le'{f' Val Val Thr Leu 145 - ' -

150 (]: 6t0 Hi Sch L ys Gy Asp Val

Ala Leu Pro Vit Pro T
175 Arg Ay Phe Ser GI SZHOIeeEhecIéns AKlp obtgiget frem the ¥y6.$4R THESLE0

185 - ulture Faci?@t§hrwéiéad§dbnA§H A GrL1Yakhe SR Yarienkd Tyr
Tyr val Tyr Argkh 10% FCS8 (UCSF Tissue Cultu*e Facility) and pen (¥ilin'and
streptomycin at 37°C in 5% Co,/95% air.

DPSVRHS plasmid DNA (10 pg) and pSV2 pe2o (1 py) were.
used to co-transfect 1 x 10° CHO cells by the calcium
precipitation technique'of Van der Eb et al. (1980}, ﬁa§h6§5';n
Enzymology (198Q0) 65:826-839, with the addition of 10 pg
chloroquinone 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 antibiotic G418 (GIBCO), an analog of
neomycin, was added to .the cultures at a concentration of 400
ng/ml. . _ .

) After two weeks under selection, independent colonies
were picked and transférred to 245we11 plates. Confluent
cultures were assayed for the presence of PDGF receptor by
immunoblot using anti-receptor antibodies. Colonies that were
pvositive by this assay were single-cell cloned by end-limiting
dilution. |

) Stable transfected clones were tested for the
expression of the type B PDGF recsptor message measureu by RNA
protection assays and for the presence of PDGF-stimulated
receptor protein detected by anti-phosphotyrosine antibodies.

Iv. Exoression of B-~hPDGF-R cBNA in. CHO Cells
CHO cells transfected with plasmid DNA containing the
" human receptor cDNA under the transcriptional control of the
SV40 early pramotgr (CHO~HR5) and CHO cells transfected with a
similar plasmid containing the mousé receptor cDNA (CHO-R18)
were solubilized as previously described by Escobedo et al.
(1988} J. Biol. Chem. 263:1482-1487. Extracts were analyzed by
Western blot analysis using an antibody that specifically
reccgnizes seguences in the receptor carboxyl-terminal region
as previously described by Escobedo-et al. (1982) J. Biol.
Chern.: and Keatin¢ et al, (1987{.1;_§iglé_§hgm; 262:7932~-7937.
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Leu
215
Val

240
250
Pro
Ile
280
Adn
Asn
310
Phe
335
345
Ile

Adn

Ile
Asp

Tyr
Leu

Asp
Il e

Al a
dn

Al a

Val

Ay
Val

Hi s
Hi s

Au
Thr

Au
Val

Leu

Ser Ser Ile Asn Val Ser Val Asn Ala Val dn Thr Val 210
220 Val Arg Adn dy GQu Asn Ile Thr Leu Met Cys lIle
Asn 225 .+ 230 - 235
Val Asn Phe Glu Trp Thr Tyr Pro Arg Lys Gu Ser Ay Arg 245
255 Leu Val G@n Pro7Val Thr Asp Phe Leu Leu Asp.Met
Il c- 260 265 270 .Arg Ser
| FRe kY5 Fda NretEio ieutl® (mafdyeSpec@pyorTmnd2the 160 Kba

protein iﬁ%eT%cZBEogﬁrﬁﬁsoyéﬂ Thr Gu Ser VaI Asn Asp His
Lys 290 Ala lle ’

VAl Val @ uTB SPFORFiovAt AN FRGOPERF GRPLAE 1A thé

transfectﬁﬂ&s was demonstrated bysgginyLgnnﬂbqggpsTnhateu dn
Le!eé&éﬁf¥é3dﬁe&n%&ﬂczﬁiuié%' ence in the receptor330The clone
Val Phe @ % Pr Pro Thr Val Leu Phe, Lys 340
that had ‘tus Bighess, oy S e SAL L e AN
Sechosen for further stucv. Thls transfectant had receptors that
were labeled with ?*I-PDGF as shown by the competitive binding
studies described belcow.

v. Conmpetitive
the e ce t

The ability of the human recombinant AA and BB
homodimers to compete for the type B receptor sites and
displace !®71-laboled PDGF (prepared as described below) was
studied. Each homodimer was produced selectively by a ydast
expression system and was purified from yeast media that is
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¢ 3T3 cells and CHO transfectants (CHO-HR5) were
incubated with ’*I-PDGF in the presence of increasing
concentrations of AA or BB. Binding was darried out at 37°C
for 45 min in whole'celi'suspeﬁsioh. ‘Unbound, radiclabeled
PDGF was removed by centrifugation on a Ficoll gradient Non~
specific binding, determined by inéubating CHO cells with 1~
PDGF, accounted for 25 percent of the bound radiocactivity.

The binding study demonstrated that the transfected
cells can be uscd as a model te study the interaction of hPDCY
with its receptor. In particular, this study demonstrated that

"the transfected type B human receptor was funétionally )
equivalent to the native mouse receptor as indicated by the
following results. Both AA and BB forms of PDGF competed for
the '»I-DPDGF labeled sites in the human receptor transfectants.
For the transfectecd type B human. receptor as well as the native
mouse receptor, the BB form was of highé} affinity than the AA
form. When expressed in yeast, the AA form of PDGF may be
proccsséd aperrantly, giving it a lower affinity than the BB
form for both the transfected cells and mouse 373 cecils. The

of the Different Forms of PDGF tg
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[err] 360 365 Thr Arg Asn Val Ser du

Thr Arg Tyr Val Ser Qu Leu Thr Leu Val 375 - 375

380 Arg Val Lys Val Ala Gu Ala Gy His Tyr Thr Met Arg Ala Phe His 385 °
390 395 400 A u Asp Ala Gu Val dn
"Leu Ser Phe G n Leu dn Ile Asn Val Pro 405 410 -
415 Val Arg Val Leu Qu Leu Ser Au Ser #Hes Pro Asp Ser Gy Au dn 420
425 430 Thr Val Arg Met Pro G n Pro

Ar g
Asn llelle ppﬁsgggency of the pattern4q£?éompegition shous ¥haﬁ4ShSe$A/Mza Cys
Arg Aslo Leu IgprmALatéyscy mmtﬁeUthmﬂme&rayﬁé\ra 4hfihan receptor in

éSﬁ 'I;hr \'?gle Sgpe way 6a0 Liecu o%g %iylh%% §§Ei§§rmoqslé ge‘éegﬁggsgﬁdg n Leu

Asn
480 Thr Tyr . HemoGstrates GhatGtheSeurébepi@ng wak fenctSemally equivalent.

vI1. -ivati the PDGF Receptor T Kinas
The. abzlity of recombinant AA and BB homodivers and
of huran partially purified AB PDGF to activate the type B
receptor tyrosine XKinase was studied. The yeast-derived A7 and
. BB homodimeric forms and the platelat-derived AB form
stimulated autophosphorylation of the transfected human
receptor. . .

BALB/c 3T3 cells and CHO cells transfected with the
human PDGF receptor cDNA (CHO-HRS5) were incubated with
increasing amcunts of the different forms of PDGF (AA, BB and
AB). Following polyacrylamide-SDS electrophoresis, the
phosphorylated receptor was identified by Western blot using an
anti-phosphotyrosine antibody.

The receptor proteln co-ngrated with the 200 kDa -
molecular weight marker. The concentration of each form that
was effective in stimulating autophosphorylation of the

"transfected hvemah receptor was equivalent to the concentration
that gave a similar autophosphorylation to the native mouse 3T3
receptor or the transiected mouse recepto;. '

These results showed for the fzrsh time that the Ar
form of PDGF activates the receptor tyrosine kinase of the type
B receptor. Prior to use of the traﬁéfected cells, there was
ne demonstratien that the AA form had hPDGF activity or that a
“single receptor, the type B receptor, was capable of
recognizing all three forms of FDGF. 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 PDGF-stimulated tyrosine kinase activity in
mouse 3T3 cells. ' i

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

VII. Rate of DNA Synthesis in CHO Transfected Cells
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94 485 490 495 Leu G n H's Val Asp Arg

Pro Leu Ser Val Arg Cys Thr Leu Arg Asn 500 505
510 Ala Val Ay Gn Asp Thr dn Gu Val Ile Val Val Pro Hs Ser Leu 515
520 : 525 Pro Phe Lys Val Val Val Ile Ser Ala Ile Leu Al a
Leu Val Val Leu 530 : 535 540 Thr e lle
Ser Leu Ile Ile Leu IIe th Leu Trp G n Lys78ys Pro 545 '
550 560 Arg Tyr Gu lle Arg Trp
Lys Val Ile Qu Ser VaIB@éP/SePTlsﬁeti%r§R§5CH° cells transfectegzgith the
ggg H s Gu Tytybé B Humayalppdsp recopibx Fc)ﬁmAl(eﬂons>TWenessﬁnSebia’m C;SﬂQxA

- i LR ! r eu Ay Arg
Thr. Leu Qv Se?agté%atlngs%%n-gepltgagi&ﬁyé:bt{)%he Qn@é@ gﬂng‘%'f ¥5§65 av Al a
Phe Ay dn VaPntggeated, cqlds Rl apk)&itragtpd| vitikebelgls cgid serum (FCS)
615 .- were usedHd NegaCive M WusiMivelgontadishl aedpbctydeMel lmie.
Lys Ser Thr Alfevel of 3H~ thymldlne incorporation into DNA was determined by

measuring the radjoactivity of the acid-precipitable material
as previously described.

Transfection of CHO cells with either type B human or
mouse PDGF receptor conferred a PDGF-sensitive mitogenic
response, All forms ¢f PDGF stimulated DNA synthesis in both
the type B hvman receptor uransfectavt and the mouse csglls
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 mitoéenic action of these forms of
PDGF on mouse 3T3 cells and CHO calls containing the |
transfacted type B human receptor demonstrate that the
responses were mediated by functionally egquivalent receptors.

VIIIL. lsolaticn and Expression of the Tvoe A 2665 Regeptor

The type A receptor was isolated as descriped for the
type B receptor, above, except that different probes were used
and hybridization and screening were performed under low
stringency conditions, as described«below. In particular, a
region in the typc B receptor tyrosine kinase seguence having a
high degree of homology to published tyrosine kinase amino acid )
seduences was identified and had the amino acid sequence,
HRDLAARN. Oligonucleotide probess encoding the tyrosine kinase
consensus sequence were prepared having the following
sequences: : e

GTT(G/C) CGXGCXGCCAGKTC (G/C) CGXTG,
where G/C indicates-either G or é was u§éd 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 buffer with éX €52 G.1% SDS and SX
benhardt's soluticn at 42°C as follows. Filters werc screened
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625
Ser
650
Ay

680
Leu
Arg
710
Pro
735
745

Asp’

Tyr
775

Ser Au

Ala Cys

Prolle

An H s
Arg Pro

Ser His

Asp Gy

Ile u
Met Al a

630 : 635 640 Arg
Lys G n Ala Leu Met Ser Qu Leu Lys Ile Met Ser 645 :

655 H's Leu Ay Pro H's Leu Asn Val Val Asn Leu Leu
Thr 660 665 670 Lys Ay
Tyr Ile Ile Thr Qu Tyr Cys Arg, Tyr Gy Asp 675 ' .

685 Leu Val Asp Tyr Leu H' s Arg Asn Lys Hrs Thr Phe

Hop Gfifhing at 52°c in 2x sRR5 A clone encoding thd Ofypgaei Asp Lys
P:r:gcespetrorAlwgf?igo ggeg yarncl'S esreq'égﬂcégl%&%:]!xcg%gpc@vri e%sﬁr&bﬁgu
Vapr-Sve KypeThr rebgppy e 725, 730
Ay Tyr Meiph@spuiebeg@éndd DrAtRe GehStnc¥alingSend Y‘E{p\é”‘lh 740
gecentor (ALRBDEROR)Chogathers b1lE vid tedubed®Bni Ry atia, Vi 2
PeegianceAqraAshoilinr ivatabyeo 3Gerbédva. Pro A u 770

T?:%Oclone encoding A-hPDGF-R was digested, gel
purified and inserted into the SV40 éxpression vector, psvi¢,
as described for the type B receptor c¢lone.

That vector is used to transfect CHO cells as
described above for the type B receptor. With expression of
the vector coding se@uencc, transfected CHO cells produce a
functional receptor that binds all ‘three hPDCF forms,
preferentially binding the AA homodiner.

. Extracellular Murine PDGF-R Fragments Construction of
pSV-SRX1d Expression Vebtor and Transfection of DUKX-

Bll Cells With a Muxine Extracellular Region

. To express the secreted extracellular region (XR) of
PDGF type B receptor {type B PDGF-R), a CDHNA clene of the
murine PDGF-R was mutagenized to intrxoduce a2 Stu I restriction
site between codons 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-frame proline codon followed by
a stop codon at the C-terminus. ‘The 4.7 kb Eco Ri~Xba 1
fragment was transicrred to pSV-7DHFR in which the XR
exﬁression was driven by the 5V-40 &arly 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 awino acids (the extracellular region) of the '
PDGF~R, followed by arginine, proline and stop codons.

The CDNA was expressed in dnfr-deficient CHO mutant—’
cells, DUKX-B1l. DUKX~Rll cells were transfected to 10-cm
tissue culture plates with 5 pg of pSV-SRX1d plasmid and
selected for expression with nuclecside~free MEM~a (Gibco)
supplenented with 16% dialyzed calf serun, 200 pg/ml proline,

- 100 YU/m)l penicillin, and 100 pg/ml streptomycin. QColonies were
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Arg
790
Ser
815
825
Asp
Arg
855
" Asn
880
890
Met

Thr

Ser
Thr

Asn

Arg Ala Thr Leu Ile Asn Au Ser Pro Val Leu Ser Tyr 785
795 : 800 Met Asp Leu Val dy Phe
Val Ala Asn Gy Met du Phe 805 810
Ser Lys Asn Cys Val His Arg Asp Leu Ala Ala Arg Asn Val 820
830 Leu Ile C&ys Gu Gy Lys Leu Val Lys Ile Cys
Leu Al a 95 835 7% 840 : 845
Met Arg Asp Ser Asn Tyr Ile Ser Lys Gy Ser Thr Phe 850
picked andGdciesndd byl analysidy Hekicoftiat Posed ned3er bl gpehe

6
| ERGRogng Mesgarn lotting 4ith A nolvelgnal, PROE-Tiahtipadygs
directed %%irme tlrm exgraceyl@ar megiPnootythe@rea@pioreu Pro
Amb77) . .

ification of murine extracellular region expression by
pethotrexate ) ' ' :
Positive transfectants were treated sequentially &ith
increasing concentrations of methotrexate starting at 1, 2, s,
and 10 r¥. 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 blotting with an
anti-PDGY-R Ab' (Ab77) for expression of the extracellular
region protein. Methotrexate-resistant (5 uM) cells that
secreted highest amount of thes extracellular region protein
were named DPXR (DUK~PDGF-R extracellular region) cells.
Enz?matic treatments of the extracellular region

protein with O-glycanase (Genzyme Co.) and N-glycanase (Genzyne

- Co.) were performed. Briefly, extracellular region protein
partially purified with wheat germ agglutinin (WGa) affinity
chrqmatcgraphy (50 nM, in 20 mM sodium phosphate, pH 7.4) was
incubated with N-glycanase (10 U/ml) overnight at 37°'C and then
with O-glycanase (2 mU/ml) for an gdditional 2 h. The sample
was then boiled for 5 min and analyzed with SDS-PAGE and
Western blotting with Ab77. _ )

‘conditioned media . :

DPXR cells at 95% confluence were washed twice with
serun~free DME H21 medium. Four ml of DME H21l medium -
supplemented with 10% protein-free Serum Substitute (UCSF cell
Culture Facility) was added to cach 10-cm culture plate.
Conditioned media containing murine extracellular region
polypeptide which werz used for various assays were collected
from DPXR cells over 48 h unless otherwise mentioned.
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900

Ay Tyr
925 Al a
935

Leu Leu
960 Leu
970

Adn A a
Hs G
1000
Tyr Ile
Asp Pro
1030
Ser Thr
1055

Arg
Ser

Au
Leu

Arg

y- Leu

Ile
Lys

Leu

905 910 Phe Tyr Asn Ala Ile Lys Arg
Met Ala Gn Pro Ala H s 915 920
Asp Gu Ile Tyr Qu Ile Met Adn Lys Cys Trp Gu G u Lys 930

940 Phe Qu Ile Arg Pro Pro Phe Ser A n Leu Val Leu
Arg 945 950 955 .
Ay GQudy Tyr Lys Lys Lys Ty A n dn Val Asp Gu G u 965

975 Phe.leu Arg Ser Asp His Pro Ala Ile Leu Arg Ser
Léa3@8652193—9£1——1=§5:3933985 . 990 Pro Gy Phe.

Arg Ser Proanfmncsqxgﬂﬂt Seom Bhivdal Cogpo®dtion) was iodinated.

0 - B Asn As
PrBo:,.ilng%' i.@%gyéfw et g%_)e @dtaRyQedapotatedd dh ASP $ gro p

Prth i 264 PRl PTRRY IaNe EPFEPr PREROE Hag feqpsRsted 1R 10" k1
of 0.1 M s4@B%m borate (pH 8.5). 18*GmSae-brdo Bwltoru HAhteSer

Al et V3boGShe Namdtsnah) WO ¥ried under nitrogen:0°@he BB-
PDGF was added tfo the dry Bolton Hunter reagent and-incubéted
for 15 min at 4*C. Fifty ul of quenEh solution (0.1 M sodiﬁﬁ
borate, 0.2 H glycine, pH 8.5) was added to the reaction
nixture, which was incubateq for an additional 10 min at 4-°cC.
The entire reaction mixture was loaded on a PD-10 column
(Pharmacia) equilibrated with 0.1 M. acetic acid containing
1 mg/ml BSA (ICN Biochemicals), and eluted with the same
buffer,

X. ﬁ' i As s '

Of relevance to the production of soluble fragments
of PDGF receptor polypeptides, and assays for their use, are
technigues and results reported in Kimball and Warren (1984)
Biochim. Biophvs. 3cta 771:82-88; van der Schaal et al. (1984)
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. (1934) J. Biol, Chem. 259:5287-5294; and
particularly, Orchansky et al. (1988)."Phosphatidylinositol
Linkage'cf a Truncated Form of ths Platelet-derived Growth
ractor Receptor" J. Biol. Chem. 26??15159—15165; each of which
is hereby incorporated herein by reference. In particular, the
Orchansky publication provides evidence that a whole
extracellular region of & PDGF receptor, when separated from
the TM and intracellular regicns, still is capable of binding™
to PDGF ligands.

In whole cell binding assays, 2.% 10° R18 cells (PBGF
type B receptor transfectant CHO cells) datached with PRS/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 pl to
200 nl, from DPXR cells (coilected as described above), which '
centain the extracellular regich protein, were added to the
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Thr Ile Ser Cys Asp Ser Pro Leu Qu Pro G n Asp Gu Pro Gu Pro 1060

1065 1070 Au Pro @An Leu Qu Leu dn Val u Pro Qu
Pro Qu Leu Gu d@n 1075 ' 1080 1085 Leu
Pro Asp Ser Ay Cys Pro Ala Pro Arg Ala Gu Ala Qu Asp Ser 1090

1095 1100 Phe Leu 1105 (2) | NFORMATI ON FOR SEQ I D NO 3.

(1) SEQUENCE CHARACTERI STICS: (A) LENGIH: 440 base pairs (B) TYPE: nucl-eic
acid (C) STRANDEDNESS: double (D) . TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA °
to nRNA (|||) bifROM-Hikthrebl (hvy HME]- Sbheke of\ 250 pl to form 20 to 1.25

fold dilutions The mixtures were shaken overnight at 4°C and
spun through 75C gl of Ficoll gradient (28.5% Ficoll-Paque
(Pharmacia) in PBS)'at_d‘c. The supernatants were aspirated
and the radicactivity in the cell pellets was determined with a
gamma-counter. . . |
To nmeasure its affinity for BB~PDGF, extracellular

- region protein was immobilized by adsorption onto a plastic'"
surface. 50 ul of WGA affinity chromatography purified
extracellular region (approximately 80 nM, estimated by silver
straining) was diluted ip 10 ml of 25 mM Tris Cl, 75 mM NacCl,
20 mM NH HCO,, pH 7.5, and 100 pl aliguots were plated in cach
well cf 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 NaCli, 25 mM Hepes,
pH 7.35, for 3 h at 4°C. The plate was then washed twice with
binding buffer {0,3% gelatin, 100 mM NaCl, 25 mM Hepes,
pH 7.35). *»I-BE~PDGF and/or unlabeled BB-PDGF were added to
the wells in a final volume of 160 pl and the plate was
incubated at 4°C for 16 h fror steady state binding. The plate
-was washed three times again with binding buffer and stripped
with 200 pl of 1% SD:, 0 5% BSA for counting in a gamma-

counter.
Crosslinking cxperiments | *

Extracellular regicn polxpeptlde partially purified
by WGA chromatography (25 pl, ~50 nM) was incubated with
0.2 pCi of 125I-BB-PDGF (2 nM final concentration) and various
concentrations of unlabeled BB~PDGF in a final volume of 100 pl
at 4°C for 3 h. The extracellular region protein was then .
crosslinked to the ligand by 1 mM bis(sulfosuccininidyl)
suberate (BS') (cat. $21579, Pierce Chemicals, Rockford,
Illinois) at room temperature for 20 min. The reaction was
stopped by 25 mM Tris buffer, pH 7.4, for 5 min. The
extracellular region protein was then immunOprécipitéted with a
receptor antibody (Ab77) and analyzed by SDS-PAGE.

Autophosphorviation assay : .
. Thie is the replacement sheet
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96 (vi) ORIG NAL SOURCE: (A) ORGANI SM Honmp Sapiens (vii) | MVED ATE SOURCE:
(A) LIBRARY: |inbda gtl1l0 (ix) FEATURE: (A) NAME/ KEY: CDS (B) LOCATI ON:
129..3395 (D) OTHER | NFORVATI ON: (xi) SEQUENCE DESCRI PTION: SEQ I D NO 3:
TTGGAGCTAC AGGGAGAGAA ACAGAGGAGG AGACTGCAAG AGATCATTGG AGGCCGTGGEG

60 CACGCTCTTT ACTCCATGIG TGGGACATTC ATTGCGGAAT AACATCGGAG GAGAAGTTTC

120 CCAGAGCT ATG GGG ACT TCC CAT CCG GCG TTCE&CTG GIC TTA GGC TGT CTT

170 MeT Gy Thr Ser Hs Pro. Ala Phe Ley-Val Leu G s Leu 10 CTC ACA GGG
CTG AGC CTA ATC CTC TGC @9&9€§£gﬁﬁﬁamﬁﬁgacffﬁwiﬁg%aﬁéth extrageldulpy yagiepy

Leu Ser Leu || gdotieify g1 Gah) LeerdeindubatPdov et BB-®DEF for 3 h at 4°C. BRe
25 ’ mixtures38ere then added to the 6-well Falcon tissue culture
plates (1 ml/well) thch contained monolayers of quiescent
human PDGF A-reccptér.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-fres DME medium and lysed
with Ripand lysis buffer. Cell lysates were analyzed by SD&-
PAGE and Western blotting with an anti-phosphotyrosine mab.

it esis assay
BALB/c 373 cells were plated in 96-well tissue

culture plates for 3 days and madé quiescent with Q-media (DMEM
with 1 mg/ml insulin, 2 pg/ml transferrin and 0.5 mg/ml BSA)
for 24 h. <Conditioned media containing the extracellular
region protein was diluﬁsd'in-2~gold 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 pzCi (*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
scintiliation counting.

XX. -~ Human. Extracellular Region

Fgquivalent techniques fog construction, expression,
and determination of the physiological cffect of truncation or
deletion analogues of the solubie extracellular receptor
fragments from the human-receptor may be performed using the. .
nucleic acid, polypeptide, and other reagents provided ﬁercin.

e ——

Human Deletion and- Truncation Constructs .

PDGF-F CONSTRUCTS .
The 3.9 kb EcoRI-Hind III cDNA fragment of the human
type B hPLCGF-R was subclened into the EcoRI-Hind ITI site of
M13 Mpl8 to produce a vector Mpl8PR. For technigues, see
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CIT
Leu

- 40

Tyr
AGC
Au
70

TCG
- Ser
TAC
Tyr
110
500
120
ATC.

CCA AAT GAA AAT GAA AAC CTT GIG CAG CTG AAT TCA TCC TTT TCT 266
Pro Asn Qu Asn Qu Lys Val Val dn Leu Asn Ser Ser Phe Ser 35
45 CTG AGA TGC TTT GGG GAG AGT GAA GTG ACGC TGG CAG TAC

ATG TCT 314 LEu Arg Cys Phe Ay @u Ser Au Vval Ser Trp dn
Pro Met Ser’ 50 55 60 GAA GAA GAG
TCC GAT GIG GAA ATC AGA AAT GAA GAA AACRRAC AGC 362 Gu AU

Ser Ser Asg Val Gu Ile Arg Asn Gu Gu Asn Asn Ser 65

anlavigptoad. , Cliglegy haboxatarycMangah i 183e
GCG GCC CACold Sprirﬁlmaebpr.LEuYPhezh\ia:h Ihrifuabrncmn@m h\éaleiﬁeby Ser Ala
Ala Al a Hi TTG
ACr Ten Tapefdrence. CASr&5ﬁ°E§é37§§§ §KX°1°HI?5\wa71peré% Fégﬁb Thr Oys
Tyr - Asn HFeSERictian WY@Pud@%SWS‘H‘ foglysis and d;deoxy ch EGB
GAG CTT GAtetiinaiorCAtgAehcIng, P&Kh‘&éirﬁéﬁ&% Sﬁig@zC@% @AT (£§|'7°V)

G U Leu Gﬁ gslcy !ég%;ngs Igl eEI |¥r éége rTyr P % Aﬁ% X%J‘é%:

GTG GAG GAF vitro mutagenggis was performed acégrdinq éééthe%lethod
described by Kunkel et al. (1987) Method mol., 154: 36?
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, R
mutagenic oligonucleotide aligned“@ith 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 utilized Mpl8PR as the template. PAl, a 41
bp oligomer, introduced a TAG stop codon after Lysino499 (49§
of D5 and removed the transmembrane (TM) as well as the entire
intracellular kinase demain (K), producing an Mpls PAL. PA]
codes for 530 148 precursor proteins.

The human PDGF receptor constructs were subsequently
subcloned into the EcoRI-Hind III site of pBJ1 a derivation.of
pCDL-SRe296, as described in Takabe et al. (1988) Molec. Cell
Biol. 8:46¢, and'bo-transfected with pSVZNEo, as describad by
Southern and Berg (1982) o. Mol. Apol. Gen., 1: 327, into
Chinese hamster ovary cells (CHO).

Function of the construcﬁﬁwas demonstrated as

follous:
| A sample of 0.33 nM PDGF BB ligand is preincubated
"for 1 hr at 4°C under tYe following conditions:
1. a polyclonal antibody to human PDGF (this antlbody
recognizes human PDGF AA, PDGF BB and PDGF AB); .
2. 18 n¥ (60 fold molar excess to. PDGF BB) human tyﬁé;jis
PDGF receptor; -
3. phosphate buffered saline solutlon that the recepter
and antiboedy arxe in; ox -
4. no additions. but the ligand itsclf.
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Ala Phe Val Pro Leu Ay Met Thr Asp Tyr Leu Val Ile Val Gu Asp 130

135 140 GAT GAT TCT GCC ATT ATA CCT TGT CGC ACA ACT GAT
CCC GAG ACT CCT - 600 Asp Asp Ser Ala-lle Ile Pro Cys Arg Thr Thr Asp
Pro Qu Thr Pro 145 : 150 155 GTA ACC TTA
CAC AAC AGT GAG GGG GIG GTA CCT CG&C TCC TAS GAC AGC 650 Val Thr
Leu Hs Asn Ser Au @y Vval Val Pro Ala sé Tyr Asp Ser 160

165 1 TT,

TAT ATC TGT GAG %’8 ﬁ%gpcé@a GISII M}?%g“é“%f ‘ghjes *ﬁi E@ F g‘y Pro
Tyr Ile Oys dnsupated with three of tbgoabove prexncubation]gppditicns,

190 97 GCG.4&CC GTCBA%@A\ e/ ACTRE il APpe A8 &R rTETa I @JJSTAT

746 195 CA TCA
CAG 06 AT CFRYGRRPRSEI $B0Y (racqgrizgaRocr an but €R%s iend i a Thr
Ser Gu Leu AsfivatecrelMassq@intaidahlven [§ipe A PDGF receptor from NlﬂSTJ

cells and so ie 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
"2 0.5 ml. They were placed in one weéll each of a six well tissue
culture dish containing a confluent layer of serum starved '
(quiescent) NIH3T3 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
.3 saline. Forty pl of 125 mM Tris(hydroxymethyl)amino methanc
‘(Tris), pH 6.8, 20% (v/v) glycerol, 2% (w/v) sodium dodecyl
sulfate (SDS), 2% (v/v) 2-mercaptoethanol, and 0.001%
bromphenol blue, (known as SDS sample buffer), was added per
microtiter well followed by 40 pl of 100 mM Tris, pH 8.0, 30 mM

4 sodium pyrosphoshate, 50 mM sodium fluoride, 5 mM
ethylenediaminetetraacetic acid (EDTA), 5 mM
ethylenebls(oxye;hvlenenltrlllo)»etraacetic acid, 1% (w/v) SDS,
100 mM dithiothreitol, 2 mM phenylnethylsulfonvlfluoridc'
{PMSF) , and 200 £M sodium vanadate was added to the cells., The

% cells were solubilized and 40 pl additional SDS sample buffer
was added to the solubilizate. This material was boiled 5
minutes and loaded onto a single gel”sample well of a 7.5%
sodium dodecyl sulfate polyacrylamide gel. <Cellular proteins

' were saparated by electrophoresis.

. T . The soparated proteins were transferred to
nitrocellulose by electrotransfer and the resulting "Western
blot" was incubated with 3 changes of 0.5% (w/v) sodium
chloride, 5 wg/ml bovine serum albumin, 50 m¥ Tris, pH 7.5, - =
(designated blocking buffer) for 20 minutes each at room
temperature. A 1/1000 dilution of PY¥20 (a commercially
available monoclonal antibody to phosphotyrosine tICN]) in
blocking buffer was incubated with the blot overnight at 4°C.
The blot was washed 3 times for 20 minutes each at room

This is ’thl'e replacemerntt shaet
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210 215 220 ACC GTG TAT AAG TCA.CGG GAA

ACG ATT GIG GIC ACC TGT GCT GIT TTT 842 Thr Val Tyr Lys Ser Qy
.CAu Thr Ile Val Val Thr Cys Ala Val Phe 225 230

235 AAC AAT GAG GTIG GIT GAC CTT CAA TGG ACT TAC CCT GGA GAA GIG AAA

890 Asn Asn Gu Val Val Asp Leu A n Trp Thr Tyr Pro Ay du Val Lys 240
245 250 GGC AAA CGC ATC ACA ATG CTG GAA GAA ATC. AAA GTIC
CCA TCC ATC AA A Ay Lys Gy Ile Thr Met Leu udGulle Lys Val Pro Ser

Ile Lys 255 Oy . Th blo%6§ s incubated

270 TTG GTG TAC RoF *FLE® &ﬁ &% 09 EREE&E: AT As thgubpted guith 4
986 Leu Val TykCA0 I‘_'@'u"fhr *YapPrefelma (Awar%*mmwn E}g%eﬂ iigry fopsl
280 hour at r28% CARpEAL:IGAA sFGTwEETedSCC tREsCAG CIT mmﬁeeéc&&\e

GTC AMA GAA ATG rocn h034r888-0Y1n GibeRifa bie Al Attlehiofhelino

Val Lys Au M

ACT ATT TCT Gree draadiimafenT46Te wiEh QAR Mieengdfying screen at I@82CLys
Lys Val Thr || &ndSatevwallopdids wEth hysmﬁ’;d Peegéhes G u |le Lys 305

310 315

XII, - EDGF Plate Assay
Polystyrene microtiter plates (Immulon, Dynatech
Laboratorieé) were coated with the extracellular region
fragment of the type B human PDGF receptor (described above) by
incubating approximately J0-100 ng;b# this protein per well in
100 p1 of 25 mM Tris, 75 mM NaCl, pH 7.35 for 12 to 18 h at
4°C. The protcin was expressed in transfected CHO cells and
collected ih.sezum—free nedia (Gibece MEMa) at a concentration
of 0.2 - 1 pg/nl, with a total protein concentration of
150 - 300 ug/ml.
The human type B PDGF receptor extracellular region
fragment was concentrated and partially purified by passing the
4  media over wheat germ-agglutinin-sepharose at 4°'C (at 48 ml/h)
in the presence of 1 mM PMSF. After extensive washing, the
pretein was ¢luted in 0.3 M N-acctyl- glucosanine, 25 mM Hepes,
100 mM NaCl, 1 mM PMSF, pH 7.4. This fraction was then applied
to Sephacryl $-200 HR (Pharmacia) eguilibrated in 0.15 X
ammonium bicarbonate pH 7.9, The frattions containing receptor
(3 - 10 ng/p)) wers detected by SDS»PAGE and Western blotting
with a polyclonal rabbit antibody against a peptide from the
receptor external region. These fractions {3 - 10 ng/gl) were
usad to coat the microtiter wells zs described above. The
vells were then dralnnc, rinscd once with 200 pl each of 0. J$
ge;afln (Bilo-Rad, EIA grade), 25 mM Hepes, 100 mM NaCl, pH 7. 4,
and incubated for 3 h at 4°C with 150 ul of this sanme solution:
The wells werc drained and rinsed twice with 0.3% gelatin, 25
™M Hepes, 100 mM MaCl, pH 7.4 (150 pl each). The plate was put
on ice and 90 ;) of the 0.3% gelatin solﬁtion-was_pu: in éach
well (wells used tc test nonspecific binding_rcccived'just 80
#l and then 10 ul of 0.21 ng/ml ron-iabeled PDGF in the 0,3%
gelatin soluticn). PDGF EB (Armgen} was icdinated at 4°C to
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CCC ACC TTC AGC CAG TTG GAA CCT GIC AAC CTG CAT GAA GIC AAA CAT -
1130 Pro Thr Phe Ser An.Leu Gu Ala Val Asn Leu Hs Gu Val Lys H's 320

325 330 TTT GIT GIA GAG GIG CGG GCC TAC CCA CCT CCC AGG
ATA TCC TGG CTG 1178 Phe Val Val Gy Val Arg Ala Tyr Pro Pro Pro
Arg Ile Ser Trp Leu 335 . 340 © 345

350 AAA AAC AAT CTG ACT CTC ATT GAA AAT CTCgACT GAG ATC ACC ACT GAT
1226 Lys Asn Asn Leu Thr Leu Ile GQu Asn Leu Thr GQu Ile Thr Thr Asp 355
360 52,000 CPEART WIGIGAHA -Aado AHTLIORGHCARe AT XBEE TIATeCERaMGGIGC

TTA AAG CTS ATQpnroxmiQZﬂy \igd, ddo cpMSwhs Cadded Fev Vb1 Al 1-5VrulAr9 Ser Lys
Leu Lys Leu Ile 3 GET AA

GAA GAC AGT GG&”&R%"M‘% %ﬂﬁ‘&rfsém%cﬁr THRART 20 m"%?ep%zf"AF‘ﬂ %&*%1 Lys
Gu Qu Asp Ser7@Gmi pcetigradis, [gHe7val Ake @latAswas8incubated for 4 h at

20 can arr ot A SR P 0 UECGUE 4,

Leu Thr dn Va|wj|j,b004g@ gelatin, 25 mM. Hepeg,03.00 mM Nac:l., pH 7.4 ATOD4TCA TCC
ATT CTG GAC TTEHSTGoGAd AT IGATyCEbna iAAGRsCERL &8 ized from tH418

wells in 200 pl 1% SDS, 0.05% BSA, and counted in a gamma-~
counter. The nonspecific binding was determined in the
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 possxble by the availahility
.of growth factor preparations devoid of contamination with
other growth factors and by the use of a receptor expression
system in which all of the measured PDGF responées could be
attributed to this single transfected receptor cbNa.

XIII.  Intracellular Region . ,
. Cell Culture and recombinant bacwlovirus.
Y BALB ¢/3T3 cells clone A31 from C.D. Scher,

Children's Hospital of Philadelphia, PA., were cultured in

~ bulbecco Hodified Eagle's medium (DMEM) supplemented with 10%
bovine ‘serum and penicillin and streptomycin (50 pug/mi each).
Soodopters frugiperda (S£9) cells (from M. Summers, Texas A&M,
TX)} were grown in Grace's medium supplemented with 10% fetal
bovine serum, 3.3 ¢/l yeastolate, 3 3 g/l lactalbumin
hydrolysate, and penlc*llln and streptomycln 50 ug/ml each.
Recombinant type B PDGF receptor and PDGF type B receptor AKT
mutant baculovirus vectors were prepared by stcnaard
procedures. Recombinant baculovirus was collected from
Superrnatant of Sf9 cells 48~60 hours after lﬂfectlon at a
multiplicity of infection (MOI) of 1.

Antibodies mitogens, and peptides
A type B PDGF receptor antibody (Ab77) directed
against a synthetic peptide (amino acids 425-446) located at

the extracellular region was used. PLC-q monoclcenal antibody
was Kindly crovided by S.G. Fhee; NIH, Bethesda, MD, and GAP
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Ser Ser Ile Leu Asp Leu Val Asp Asp H's Hs Ay Ser Thr Ay dy 415

420 425 _ 430 CAG ACG GIG AGG TGC ACA
" GCT GAA GGC ACG CCG CTT CCT CAT ATT GAD - 1466 GLn Thr Val Arg
Cys Thr Ala Au Ay Thr Pro Leu Pro Asp Ile Gu 435 440

445 TGG ATG ATA TGC AAA CAT ATT AAG AAA TGT AAT AAT GAA ACT TCC TSG

Trp Met Ile Cys Lys Asp Ile Lys Lys Cys Asn gsn Gu Thr Ser Trp 450 .

455 _ 460 ACT ATT TTG GCC AAC AAT GIC TCA AAC ATC ATC ACG
GAG ATC CAC TC@ntibodies wengmrotided by FeuMefermigk ASatwal CSep. Asn |le

Ile Thr Gu Il ed $Q1e46§alifornia. RecombxnéﬂE)BB-PDGF was providedthy CGA

GAC AGG AGT ACC CGI GIG ACT TTC GCC. AAA GIG GAG 1610
Arg Asp .Arg SerC<Fr N@EF"@?W“G 9% FhiFonTRPIPhERYVildeyafald fouga® -
485 PeptidesdBedAln AKe AKSoBatEdl XperitEntETee T AR ARTHETC -

EZI E;SS g;'; Ef‘%o&vent;on&?s;@eﬁfh & Hyrddh@ Ak au Yl Ard=phdrk Bie &4 A bt intn
(N-Boc~Tyr-0-{PO, Bzl ar Peninsula Laboratory, Belmont,
California) for the synth351s of tyrosxne phosphorylated
peptides.

Association Assavs .

' In vive associations were performed accerding to
Morrison et al. (1989) Cell 58:649-657. Serum starved cultures
of BALB ¢/373 cells (10’ cells) wére incubated in the presence
or absence of 2 nM PDGF. Cell lysates were immunoprecipitated
by using receptor antibody or phosphotyrosine antibodies,
Inmune complexes were used assayed for the presence of PI3
kinase activity and to determine the protein that associated
with the receptor. In Vit;o association experiments vere
performed according to Morrison et 2l (1989) or Morrison et al.
(1990) Mol. Cell. Biol. 10:2358-2386. Typically, baculovirus-
expressed type B PDGF receptor was collected from S£9 cells 48-
60 hours after infection (M0I:10) by immunoprecipitation using
feceptor antibodies. 3Infected ceclls 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 m
phenylmethylsulfonylfluoride (PMSF}, aprotinin (0.15 U/ml), 20
'uMlleupeptin, 1 m¥ sodium orthova;adate) at. 4°¢c for 20 min with
rocking. In most experiments (except where indicated in the
lagend of Fig. 3) the immunoprecipitated receptor was
autophosphorylated in vitro by incubating the immune complexes
in a buffer containing 20 mM Tris (pk 7.5}, 20 mM MnC), 100 Kl
ATP for 15 min at 25°C. Lysates werc cleared of insoluble _
naterial by centrifugation at 13,000 x g for 10 min. Lysaigs
were incubated with redeptor antibodies (1:800 dilution) for
4 h at 4°'C. Receptor-antiboedy complexes were precipitated
using Protein-2 scpharose (Sigma) and washed consecutively with
RIFA buffer (ly=is buffer with 0.1% $bS), wash buffer 1 {0.5%
NP-30, 0.5 M LiCl, 50 mM Tris (pi 7.4)) and with 10 mM Tris (oH
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495 500 505 : 505 AAC CGA~

GAG CTG AAG CTG GTG GCT CCC ACC CTG CGT TCT GAA CTC ACG 1706 Asn
Arg Qu Leu Lys Leu Val Ala Pro Thr Leu Arg Ser Qu Leu Thr 515

520 ' 525 GIG GCT GCA CTC CTIG GIG CTG TTG GIG ATT ATT GIG
ATC ATC TCA CIT 1754 Val Ala ALa Ala Val Leu Val Leu Leu Val . Ile
Val Ile Ile Ser Leu 530 8 535 _ 540 ATT
GTC CTG GIT GIC ATT TGC AAA CAG AAA OCGPAGG TAT GAA ATT CGC _ : 1802

Ile Val Leu MalsgyVal o . G aty 01,545

550 YAl Vel mhe %@%?%?éﬁ%@%#&i i deatdlldley o car
GAA TAT ATT FRfFubating the jmpebilized reqphorewablh BREB 1¢/8Weredlo Asp Gy
Hs Qu Tyr llysates 560 3 hours at 4°C. ThdGhmune complexes were570 GTG GAC

SSCG éTG |\C/QtG %SEQI“NAEF%Q,&‘}%“%‘%A%\J@ Fﬁ%gOT?%h% 07 25“:5 X %.ici@ﬁd val
cap @ me%rf%ggﬂy 7 8" In the expduigenenising Rapticer & BB GTC

TTG GGG TCT GFATEChyddles Ge¥e’MBeincubated W46 tAsppébyideasl M uMpuL&ty Arg
val Le'u Cy %EH m(flnYaé‘l x?'grberi%xy tlby%hggg’ncubation with the Pl?(,qp receptor .

605
protein expressed in the insect cell systenm.

In vitro kinase and PI3 kinase assavs

In vitro protein kinase assays were performed by
incubation of the immunoprecipitates in protein kinase buffer
(30 m¥ Tris (pH 7.4), 10 mM MnCl)) and 10 pCi [y-*?P)-ATP 3,000
Ci/mmol, at 25°C for 15 min., The reaction was terminatecd by
adding 4x Laemmli Jcading éel buffer. Samples were analyzed by
$Dhe-pelyacrylamicde gel clectrophoresis and autoradiography.
PIS kinase activity was assayed as described by Kaplan et al.
(1986) Proc. Nat'l Acad., Sci. USA 83:1362-~364.  Immune complexes
were incupated in P13 kinase buffer (30 mM Hepes (pH 7.4), 30
™M MgCl,, 200 pM adenosine, 40 uM ATP), 0.2 mg/ml of sonicated
phosphoinositol (PI), and 10 uci [4-°2P)~ATP (3,000 Ci/mmol) at
25°C for 10 minutes. Adenosine was added in the PI3 kinase
éssaysito inhibit any contaminating P14 kinase activity.
Reactions were terminated by the addition of 100 pl of HCI
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 fer 2-3 h.

Raceptor dephosphorviation ) _

Receptor immunoprecipitates were incubated for 30
ninutes at 30°C with 4 pg of potato acid phosphatase in the. .—-
presence or absence of 1 mM sodium orthovanadate, see Morrison
et al. (19€9). After RAP treatment the immunopracipitates were
washed three times with RIPA buffer containing 1 mM sodium
orthovanadate prior to the incubation with the 373 cell lysate.
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GTG GIT GAAA GGA ACA GCC TAT GGA TTA AGC CGG TCC CAA CCT GIC ATG
1994 Val Val Au Gy Thr Ala Tyr Gy Leu Ser Arg Ser A n Pro vVal Met 610

615 620 AAA GIT GCA GIG AAG ATG CTA AAA CCC ACG GCC AGA
TCC AGT AGT GAA AAA 2042 Lys Val Ala Val Lys Met Leu Lys Pro Thr Ala Arg
Ser Ser Gu Lys 625 630 635 CAA GCT CTC
ATG TCT GAA CTG AAG ATA ATG ACT CAC CTG G@5 CCA CAT 209-.0 Adn Al a

Leu Met Ser G u Leu L stIe VBt Thr Fﬂs L% dy ProAHls 640---

645 B ! BABEQS BETGC ACC  AAG
TCA GEC CCC ATT. c=1121§8atGUpfbMEinblerhhsfe#EHdIh@unuawoﬁhyIWAGséys
Thr Lys Ser

Bv0 The ATC AMRifhed &edR0anarvzen tor, preix afifPity ok lﬂﬁcdfﬁ?cﬂ%%
2186 Tyr |le the HBGF @egepioxChy Phebing theynhbpctelivlasengiempyane iQys
680 -t p_)abeled 3DEFA L AMRGHAAT W)&?ﬁﬁa&@cthanaﬁTﬁaﬁ@Qdoﬁgc%m

gAS Af‘ﬁscgf‘oAﬁ‘g b%,gdazazc?’éioviruléyeynresseog ch wase i‘n?nHmo rc::/:(iJ %&G

CTG GAT ATT ¥7am G $TG aalleCT Mmmnmm@@@ewere waghed and

labeled by auvtophospherylation as described above. Labeled
' receptor was sclubilized from the immunoprecipitates by

-3  repeated incubation of the immunoprecipitate in solubilization
buffer (0.4% SDS, 100 mM NaCl, 2 mM EDTA, 2 mM
B-mercaptoethanol, and 50 mM triethgﬁolamine, pH 7.4) at 100°'C
for 2 min. The extracts were pocled; diluted in solubilization
buffer without p-mercaptoethancl and brought to 10 mM

& iodoacetamide and 1% Triton X-100. Analysis of this material

" by Sbs—polyacrylamide electrophoresis followed by

radiocautography revealed the presénce of only the receptor

'-;.:.

band, BALB c¢/37T3 cells lysates were prepared and run on
SDS~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 Olubillaa»lon buffer cOﬁtaznxng 2% Triton X-100
without B-mercaptoethancl. For the pebt de competition
experiments the filters were incubated as described above with
the ¥p-Labeled rasceptor probe and 2.5 pM of the indicated
peptide, ' , |
All publications and patent applications herein are
incorporated by reférencc to the same extent as if each
individual publication or patent application was specifically
2 and individually indicated to be incorporated by reference.
The invention now being fully described, it will be apparent Lo
one of ordinary skill in the art that many changes and
modifications can. be made thereto without.departing from thé&
spirit or scope of the zppended claims. '
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Lys Gu Leu Asp Ile Phe Ay Leu Asn Pro Ala Asp A u Ser 'Thr Arp 705

710 715 99 AGC TAT GIT ATT TTA TCT TTT GAA AAC AAT GGT
GAC TAC ATG GAC ATG 2330 Ser Tyr -Val Ile Leu Ser Phe G u Asn Asn
Gy Asp Tyr Met Asp Met 720 725 _ 730 AAG

CAG GCT GAT ACT- ACA CAG TAT GTCCCCATG CTA GAA AGG AAA GAG i
2378 Lys A n Ala Asp Thr Thr Gln Tyr Val Pro t Leu GQu Arg Lys Qu.735

740 745 7 T TCT AAA  TAT 'TCC GAC
ATC CAG AGA TCA CTC TAT GAT CGT CCA GOC SEQUENCE Hszféi‘s Val Ser-Lys Tyr Ser
Asp Ile dn Arg Ser Leu Tyr Asp Arg Pro Ala 755 760

765 TCA TAT AAGIAAGNERA. TOORXATIGFA GAC TCA GAA GIC AAA AAC CTC CTT

2474 Ser Tyr Lys Ly(s“LA/ps.._“ Vel (i@ nASPa3@’r A U Val Lys Asn Leu Leu 770
775 TCA Godcotido ANCBECG GAA GBC CCTT ACT TTA TTG

GAT TTG TTG A TTQ‘ TITLE &S%gVEHTION: PLATEI.E.T-DERIVED 'GROWTH FACTOR R:.CEPTORS
(i) NUMBER OF SEQUENCES: &

(iv) CORRESPOMNDENCE ADDRESS:
(A} ADDRESSEZ: TOWHSERD and TOﬁhSEND
{B) STREET: Steuart Street Tower, 20th Floor
{(C! CITY: san Francisco
s {D). STATE: Galifornia
(E) COUNTRY: US
{(F) ZIP: 924105

(v) COMPUTER READABLE FORM:
{A} MEDIUM T!PL: Floppy disk -
{8} COMPUTEX: IBM PC conpatille
{C} OPERATIHSG SYS”EF: PC-DOS/MS~-DOS
(D} SOFTWARE: Patentln Release ¥1.25

{viy ZURRENT APPLICATION DATA!
{A}] APPLICATION NUMBER!
(8) FILING DATE:
(C} CLASSITICATION:

{vii) PRIOR APPLICATION DATA!
_ (A) APPLICATION NUMBER: US 07/151,141
(B) FILING DATE: 02—?53-1988

(vii)} PRIOR APPLICATION DATA:
(A} APPLICATION NUMBER: US 07/309,322
(B} FIIL.ING DATE: 10-FEB-198%

{viil) ATTORNEY/AGENT INFORMATION:
TA) HAME: Ching, Edwin P..
(8) REGISTRATION NUMBER: 34,090 _
{C) REFEREKCE/DOCKXET NUMBER: 2307U-267-2

TSLECOMMUNTCATION INFORMATION:
() TRELEPHONL: (415) 326-2400 ~
{B) TELEFAYX: (413) 326-2422

{2) INFORMATICN FOR SEQ ID NO:li:
{i) SEQUENCE CHARACTZRISTICS:_
{A) IENGTH: 5427 base pairs
(B) TYPZ: nucleic acid

{C) STRANDEDNESS: double
- (D) TOPOLOGY: -linear

(ii) MOLECULE TYPE: -cDMA to mRNA
(iii) HYPOTHETICAL: N
(iv) ANTI-SENSE: &
(vi} ORIGINAL SOURCL: : ]
(A) ORGANISN: Eonmo saplens
(B} STRAIM: lambda gtl?d
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Ser Asp Asp Asn Ser Qu Gy Leu Thr Leu Leu Asp Leu Leu Ser Phe 785

. 790 795 ACC TAT CAA GIT - GCC CGA GGA ATG GAG TTT TTG GCT
TCA AAA AAT TGT 2570 Thr Tyr dn Val Ala Arg Ay Met G u Phe Leu
Ala Ser Lys Asn Cys 800 805 810 GIC CAC
CGI' GAT CTC GCT GCT CGC AAC GIT CTC CTG GCA CAA GGA AAA 2618 Vval
Hs Arg Asp Leu Ala Ala Arg Asn Val Leu Leu Ala An dy Lys 815
820 _ 825 8830 ATT GIG AAG ATC TGT GAC TTT
GEC CTG GCC AGA «QA@:WTG CAT GAT 2666 Ile Val Lys Ile Cys Asp
Phe Gy Leu Al a Ar ASh) 1Y L 835 840
845 TCG AAC TAT GTGT “TTT CTG CCC GTG AAG TGG ATG
2714 Ser Asn Tyr Val Ser Lys Ser Thr Phe Leu Pro Val Lys Trp Met 850
855 i) SE gngc%aﬁpﬁfg’ é(% é TTT GAC AAC CTC TAC ACC ACA
CTG AGT GAT Grc't °i1’e Phe Asp Asn Leu Tyr Thr
Thr Leu Ser Asp;ﬁmbcﬁﬁsccc GCCTGCACC AQTELTGCCT GTCCTTCTAC TCAGCTETER TGG FET
TAT GGC ATT C'[Gc %é{'ﬁ@cgc il',..r ER gg_ %AGCEQFQ%G% aceacrreer 28148 p
Ser Tyr GIyIIe P Leu G
. AG..GSG’IS c'ﬂc'rc AGA GC C'“GuAACT GTGCCCACAC CAGAAGCCnT CAGCAGCAAG 180
SACACC ATG CGG CTT CCC GGT GCG ATS CCX GOT CTG GCC CTC AMA GGC 228
Met Arg Leu Pro cly Ala Met Pro Ala Liu Alsz Leu Lys Gly
: 0
GAG CTG €T3 TTG CTG TCT CTC CTG TTA CTT CTG GAA CCA CAG ATC TCT 276
Glu Leu Leu Leu Leu Sér Leu Leu Leu Leu Leu Glu Pro Gln Ile Ser
H : 20 _ 25 30
CAG GGT TG GTC GTC ACA COC €CG GGG OCA GAG CTT GTC CTC AAT GTC 324
5in Gly Leu Val Val Thr frc Fre Gly Prc Glu Leu Val Leu Asn Val
235 40 432
TC2 AGS AT TIC GTT CTC ACC 76T TCSG 65T TCA GCT CCG GTG GI6 TGG 372
Ser Ser Thr Pae VYal Leu Thr QOys Ser Gly Ser Ala Pro Val Val Trp
5¢C 55 60
GAA G5 ATG TCC CAG GAG CCS CCA CAG GAR.ATG GCT AAG GCC CAG GAT 520
Gilu Arg H:; Ser Giln Glu Pro ?;o Gln Gliu Met Ala Lys Ala Gln Asp
GGC ACC TTC TCC AGC GTCG CTC ACA CTG ACC AAC CTC ACT GGG CTA GA 468
Sly Thr Phe Ser Szr Val leu Thr Leu Thr Asn lau Thr Gly Leu Asp
80 &5 90
ACG GG GAA TAC TTT TGC ACC CAC AAT GAC TCC OGT GGA CTG GAS ACC 518
Thr Gly Glu Tyr Phe Cys Thr KHis Asn Asp Ser Arg Gly Leu Glu Thr '
85 ) 100 . 105 110
SAT GAG TG AAA CGG CTC TAC ATC TTY GTS CCA GAT CCC ACC GT§ GGT 5G4
Asp Glu Arg Lys Arg Leu Tyr ile Phe Val Pro Asp Preo Thr Vai Gly
115 120 ° 123
TTC CTC CTT AAT GAT GLC GAG GAA CTA TTC ATC TTT CTC ACG GAA ATA &12
?he Leu Pro Asn Asp Ala Glu Glu Leu Phe Ile Pne leu Thr Glu Ile
130 115 » 140
ACT GAG ATC ACC ATT CCA TGC CGA GTA ACA GAC CCA CAG CTG GTS GTG 660
Thr Giu Ii2 Thr Ile Proe Cys Arg Val Thr Asp Fro Gln Leu val val
145 150 155
ACA CT8 CAT GAG AAG XAA GGG GAC GTIT GCA CTG CCT GTC CCT TAT GAT 708
Thr leu His Glu Lys Lys Gly Asp val Ala lLeu Pro Val Preo Ty Asp -
160 165 - 170 :
CAC CAA CGT ©GC TTT TCY G3T ATC TTT GAG GAC AGA AGC TAC ATC TGC 758
His Gln Arg Gly Pne;Se" Gly Ile Phe Glu Asp Arg Ser Tyr Ile Cys .
178 180 - 185 . 190
AAM ACC ACC ATT GGG GAC AGG GAG GTS GAT TCT GAT. GCC TAC TAT GTC 804
Lys Ixr Tar Ile Gly Asp Arg Glu Val Asp Ser Asp Ala Tyr Tyr vai
195 200 202
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880 885 890 CCT TAC CCC GGC ATG ATG GTG

GAT TCT ACT TTC TAC AAT AAG ATC AAG 2858 Pro Tyr Pro Ay Mt Mt
Val Asp Ser Thr Phe Tyr Ash Lys Ile Lys 895 900
905 910 AGI GGG TAC CGG ATG GCC AAG CCT GAC CAC GCT ACC
AGI GAA GIC TAC 2906 Ser Gy Tyr Arg Met Ala Lys Pro Asp His Ala
Thr Ser Au Val Tyr 915 92@8 925 GAG ATC
ATG GIG AA TGEAG @GGA AAC 26T GRAGBCHETAS: AAG GAGATCICCTST BRC GTA STG Cf{?954 G
Ile Met Val Ly¥¥ &Fg Houps iﬁo‘sHaJSeie GFeF P A vaﬁy%“AVfgl PPB Q8r V3la6tn |
935 : 0 TTT TAC CACCT AGT GAG ATT GTG GAG AAT CTG CTG
CCT GGA CAA TATT GTG c'rc C?U@%"Fligé' gy‘ QHFS;\'{Ee&FCS%z: H@é‘gj gpge;*l agTCG'\lﬂcAsn L&go
Leu Pro Gy G'A* ¢ Ydsa=9 Sln Gly'clu 2en Ligogr 2‘3’5 1985 AAA AAG
AGT TAT GAA AAA ATT CACGCTG GAC TTC CTGr_AAG AGT G'Q\CC 305094I8_ys
G T G "T .

ohe & 1 Oty MR SR IR P e LR
965 240 9 TCA GAC AAT
CCA TAC ATT CGLe cas cre o6 %38 ccs are cac TTC CTC TTG GAT ATG CCT TAC 996

Gly Arg lsu Val Glu bro Val mn Asp Phe Leu Leu Asp Met fro TYr

255 260 268 : 270

CAC ATC CGZ TCC ATC CTG CAC ATC €CC AGT GCC GAG TTA GAM GAC TCG 1044

His Ile Arg Ser Ile Leu His Ile Pro Ser Ala Glu Leu Glu Aasp Ser

275 280 285
GGG ACC TAC ACC TEC AAT GTG ACG GAG AGT GTC T GAC CAT CAG GAT 1082
Gly Thr Tyr Thr Cys Asn Val Thr Glu Ser Val Asn Asp His &ln Asp
256 295 _ 300
Ghh ARG GCT ATC AAT ATC ACGC 6TC GTT GAG AGC GGC TAC CTG CGG CT2 11490
Giu Lys Ala Ile Asn Tle Thr Val val glu Sar Gly Tyr Val Arg Lsu
395 316 L5
CTG GGA GAG CTG GGC ACA CTA CAA TTT GCT GAG CTG CAT CGG AGC CGG 1188
Leu Gly Glu Val Gly Thr Leu Gln bhe Ala Glu Leu His Arg Ser Arg
320 1325 . 330

ACA CTG CAG GTA GTG TTC GAG GCC TAC CCA CCG CCC ACT GTC CTG TGS 1236

Thy leu Gln Val val Phe Glu Ala Tyr Pro Pro Pro Thr Val Lsu TrIp

335 ) 340 : 345 3s5¢

TTC ARA SAC AAC CGC ACC CTG GGC GAC TCC AGC GCT GGC GAA ATC GCC 1284

Phe Lys Asp Asn Arg Thr Leu Gly Asp Ser Ser Ala Gly Glu lle Ala

. 355 - 360 ) 385
CTS TCC ACG CGC ART GTS TCG GAG ACC CGG TAT GIG TCA GAG CTG ACA 1322
Lev Ser Thr Arg Asn Val Ser G¢lu Thr Arg Tyr Val Ser Glu Leu Thr
370 175 380
< TEG GTT CGC GYG AAG GTS CGCA GAG GLT GGC CAC TAC ACC ATG CGG GCC 13150
Leu Val Arg Val Lys Val Ala Glu Ala Gly Ris Tyr Thr Met Arg Ala
385 390 . * 395
TTC CAT GAG GAT-GCT GAG GTC CAG CTC TCC TTC CAG CTA. CAG ATC AAT 1428
Phe His Glu aAsp Ala Clu Val &ln Leu Ser ;he Gln L&u Gln Ile Asn
400 405 410

GTC CCT GTC CGA GTG CTG GAG CTA AGYT GAG AGC CAC CCT GAC AGT GGG 1475 .

Val Pro Val Arg Val Leu Glu Leu Ser Glu Ser His Pro Asp Ser Gly

415 420 425 4390

GAA CAG ACA GTC CGC "IGT CGT GGT €66 GGC ATG CCG CAG CCG AAC ATC 1524
Gilu Gln Thr Yal Arg Cys Arg Gly Arxy Giy Met Pro Gln Pro Asn Ile -
435 440 445
ATC TGG TCT GCC TGC ASA GAC CTC AMA AGC TGT CCA CGT GAG €TG CCC 1572
Ile Trp Ser xla Cys Arg Asp Leu Lys Arg Cys Pro Arg Glu Leu Pro o
. 459 : 455, i 460
~QCT ACS CTG £TG GGG AAL AGT TCC GAA GAZ GAG AGC CAG T7G GAG AIT yg2¢
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100 Pro Ala Val Ala Arg Met ArG Val Asp Ser Asp Asn Ala Tyr Ile Gy 975 - -
980 985 990 GIC ACC TAC AAC GAG GAA GAC

AAG CTG AAG GAC TGG GAG GGT GGT 3146 Val -Thr Tyr Lys Asn Qu
Gu Asp Lys Leu Lys Asp Trp Qu Gy Ay 995 | 000

1005 CTG GAT GAG CAG AGA CTG AGC CCT GAC ACT ,GGC TAC ATC ATT CCT CTG _
3194 Leu Asp Gu G n Arg Leu Ser Ala Asp Sef"Ay Tyr Ile Ile Pro Leu 1010
1015 Fro T MR GOCRIGRY ATT SACCHGRE: CoF HGLeNGIERB*GAC CTG
GGC AAG AGG AAC 3242 Pro Asp Ile Asp Pro Val Pro Qu Qu G u Asp

Leu Gy Lys Ar q\gﬁgic% TAC TGG GAG GAG GAG %?3 AG TTT GAG GTG GTG AGE(MS AGA (HE
AGC TCG CAG ACCFChRIGAR AT TR EES AT BACCREEreGRurty? Val Ser3lgg Arg Hi s
Ser Ser @ n Thr §ej; GQu Ser-Alalle Au Thr Gy Ser 1040 '

_ CTG CCT CFh £a ¢ A GEA T, CE/ QTG W36
1045 i x EBSAGIAGE M SR A1 amTmaaEonG
ATT GAA GAC ATOsg s 3338 SelsocSe%;§ er Thr "Pheaobl e~ Lys r'g 3‘:1‘&' Asp Gu
'{grml le Gu Asp.l By GTIG GGC CAG GAC Acc:.l(c)?co' AG GTC ATC GTIG GTG c1c96c5Ac 1764

Arg Asn Ala Val GlY Gln Asp Thr Gla Glu Val Ile Val Val Pro His
- 518 : S20 525

ICC TIG CCC TTT AAG GTG GIG GTG ATC TCA GCC ATC CTC GOC TS CTS . 1812
Ser Le¢ Pro ghe Lys va) val val é%g Ser Ala Ile Leu Alz Leu Val
30 S4¢

GTG CTC ACC ATC AT TCC €T AYC ATC CTC ATC ATG CTT TGS CAG AMG 18580
Val Leu Thr Ile Ile Ser Leu Ile Ile Lau Ile Met Leu Trp Gin
545 550 585

AAG CC..CGT TAC GAG ATC CGA TGG AAG GTG ATT GAG TCT GTG AGC TOT 1308
Lys Pro Arg Tyr Glu Ile Arg Trp Lys Val Ile Giu Ser Val Ser Ser
580 . 568 570

GAC G3T CAT GAG TAC ATC TAC CGTC GAC CCT ATG CAG CTS C22 ™AT GAD - .1956
43D Gly His Glu Tyr Ile Tyr Val Asp Pro Met. Gln Lsu Pro Tyr Asp
575 580 585 590
TCC ACG TGG GAG CTG CCCG CGS GAC CAG CTIT GTG CTG G3A CGC ACC CTC | 2004
Ser Thr Trp Glu La2u Pro Arg Asp Gln Leu Val Leu Gly Arg Thr Leu
. 595 600 . 605
GGC TCT GGG GCC TTT GGG CAG GTG GTG GAG GCC ACA GCT CAT GGT T3 2052
Gly Ser Gly Ala Phe Gly Gin 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 4CC 2100
Ser Kis Ser Gln 2la Thr Met Lys Val Ala Val Lys Met Leu Lys Ser
625 - _ 630 638
ACA GCC CGC AGC AGT GAG AAG CAA GOC.CTT ATG TCG GAG CT6 ARG aTe 148
Thr Ala Arg Ser Ser Glu Lys Gln Ala Leu Het Ser Glu Leu Lys Zle -
610 €45 630
ATG AGT CAC CTT GGG C€CC CAC CTG AAC GTG d%c AAC CTG TTG GG35 GLC 219¢
Het Ser His Leu Gly Pro His Leu Asn Val Val Asn Leu Leu Gly Ala
655 660 665 670
» .
TGC ATC AAR GGA GGA CCC ATC TAT ATC ATC ACT GAG TAC TGC CGC TAC 2244
Cys Thr Lys Gly Gly Pro Ile Tyr lle Ile Thr Glu Tyr Cys Arg Tyr
) 875 €8¢ 685 b
GGA GAC CTG GTG GAC TAC TG CAC CGC AAC AAR CAC ACC TTC CTG CAC 2252
Gly Asp Leu Val Asp Tyr Leu His Arg Asn Lys His Thr Phe Leu Gin
590 - 895 700 -
CAC TAC TCC GAC AAG CGC CGC CCG CCC AGC GCG GAG CTC TAC AGC AAT 2148
Rle His Sex Asp Lys Arg Arg Pro Pro Ser Ala Glu Leu Tyr Ser Asn
705 719 715

T TG ACC GGS 2388
er La&u Thy Gly

GCT {75 CCC STT GGG CTZ CCC CTG CCC AGC CAT GTC T
hlaz Leu Pro Val Gly Leu Pro Leou. Pro Ser His Val §
720 725 130
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TTCTGEEECC
ATTGCAATGC GGAGGTTGAG AGGAGGACTT
AGGCCTCGG GGAGCCTTTC TAAATATGAA
AGITTGCCT CTTGCAATGC CTCAGIACCA

TCGGATAAGGEG AAGRALAETGEe GACAISAAGKET ATG - G360 muemcamcm; G
GTCCAACAGA CAGIWAYTIT ATP ALY
GTAAATAACT CT.

AATACTACTA
4100 (2) | NFORMATLON E

RS

Pro Glu

4G TAC
Ser Tyr
800

GAS TTT
Glu Pha
81s%

~ Ll
o\ o\

Asn Va‘

cTG
Leu

fadsad
~e

Ala

b Y ored
AN

Thr

"~
-

T
leu T
8

GAs

+ L}os

SAG AGA
arc
$60

: Glu

TIG

GAG TTT

> CTG

Ser Asp Leu Val

A u Asp 1075

GAC ATG ATC GAC GAC GCC ATA GAC TCT TCA GAC CTG GIG GAA GAC
Asp Met Met Asp Asp Ile Ay Ile Asp Ser

3386

1085 AGC TTC CTG TAACTGCCGG ATTCGAGEEG TTCCTTTCCAC

Arg T
735

ATG
Met

TG
Leu

Phe

3435 Ser

Phe Leu ACCTCTGGAT CCCGITCAGA AAACCATTT
3496 GGTTGATGIT TAAAGAGAAG TTCCCAGCCA

3555 TGAATGCGAT ATTTTGAAAT CAACTTTGTC
3615 TCTEACTGGT GIGTAAGIT TGGAGATAGA

Hev Asp Mey7imy

HeAAEEALERY T

CGG CTGTGITIAG ATTGTATTAA
AAGAGACCAC TCANT CBATCE GAT GTACTTCACCFER
AACTTTTTTAA ABSASTGEAY ;
CATTTTGCTA TCTTTTTTAG TGTTAAAGAG ATAAAGAAT
AATTAGATTTG

‘C

AT RO ETIL:

770 TAATGCTAAA TGT

A C'SEQ ICP‘«

nr

GAC
Asp

Leu

Cys

F ool ad
vale

Leu

TCC .

Serx

TGT
Cvs

ATC
Ile

lie

GGC
Gly

AGG

Arg

TTC

Aru

GAN
Glu

2\\'1
Sar
880

CAT

N Ak Hu

Ala Thr
7%0

ans moe
Gl
s0b

Phe

s

cys

ANC
Asn

“\-

1y iys=

~A .
-2l \}!tc 7

T Arg Asp §

765

Txp }

TAT
Tyr

cCccC
Pro
850

i. TAC
™

CAC

Q
[4]
)
)
(¥4
[

-hw g

Leu

TGG

ccT

The Bro

CGG
AXG

GAG
Giu
815

LT

bhe

AAR
Lys

Cca

Pro

CGa

TAC
r TYr

A§E§H§MQEiaﬂNB&CEERk$IlCS

Ile

1
~
)

-3

1~ r]
on 0

GM
val

TICAATIGAGRATT GGHEAGA

gi&f‘?fﬁhThﬁjTAJ

5 CTATCTTCTT TGGACTTCTG
ATECTOGHERTG
PACY GGTACTATAG

3975

AAC
Asn

Asn. G

CAG

3“&%

4095 TGPAA

GTG

in val

a~be

AcA
Ara
835

ARG
tvs

[p]
[¢]
[$]

810

GAC
Asp

GGG
Gly
890

Clu

L T
&\

leu

TAC
Tyzr
870

CTIT
Leu

Ser
795

GCeC
Ala

CTS
Leu

TGT

: Cys

mper s

-l

Ser

ATC

r Ile

875

ATC
Ile

Pro

\ssm
Lkl

Asn

vVal

GSGC
Gly

C3T
Leu

GTG
val

Leu

s -
LYY

Met

AGS

Arg

TC TGS
: T

MAC
ASh
910

ccT

 thede)

GCC
ala
¢9C

mar
4 =

s Rme SAgEE CaTATeTTAT

2580

AQiv

3059
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(A) LENGTH: 1069 ami no acids (H) TYPE: amno acid (D) TOPOLOGY:
(ii) MOLECULA TYPE: protein (xi)
101 Met @y Thr Ser

5
Adn Leu Ser

Leu Pro Ser

10

30 Asn Gu Asn Qu Lys Va

40

Met Ser Qu Ju 5
Asp Val Qu lle A%é"&s?ﬁ

70

Ser

ok

Lau

gTC
Val

ATC CCT
Pro

TAT
TY>

CTG
Lsu

Val

ACT -GCC
1010

CceT
Pro

GAC

1025

GAG
Glu

GECT
Gly
104¢C
TCC TCA
Sex
1033

GAG

CCA
Glu P

GAA
Glu

Fad
CAG

Gln

TCC
Ser

ACC

Thr

GAG CCC
c Glu

TTG
Leou

L ualii o
& o e

Phe

saxr L

ATC TCC 7

GTS

Thr Ala Val

cee
Asp Pro

CTA
eu Ala

ST

Cys

Ile Leu Pro 20
d n Leu Asn Ser
45 Cys Phe Ay du Ser A val

EC Gl AR 8

A£¥DGAG
Asn Glu

CAG
Gln

lolad
-

Pro

AAA
LYys

cceT
Pro
1030
GCC AGC
Ser

1045

GAC AGC
Asp Ser

1060

1105

CGITGCLAGC
CCCTTATCAG
TGGSGCTSGE
GAGGCTAACST
TCGGAAMNGTT

C2TCAGTCTT

AGAATCTARA

TGTATTGGAC
CCITTCAALA
TCTAGAGTAT

ACCCAGCATC
cTGTCCCeTY
TTAGGAGCLA
GACTCTGAGS

_AGGCTTGATG
CeTECTGSES
AGETACCCCT
AAGAGACCCT
CTCATCCACA
AGCTGGTCTS
ACCCCCAGE
TGTGTCCOTS
AATCCATCCA
TCTGCCAGTS
CTGCTATGAG
RATGAATALS
CCAGSTGSTT
GGGGTCAGCT

T GAG CTC
Leu

Glu

TCCTESCCTS
CTGGAAGCTT
AGAARACTGC
CAGGCTTCCC
ACCCAGRATS
AACSATTCTTG
CAAGGAATCA

AGCCTCCCTS

TGCAGCCLTT

TCCTITAGGC

GCACATTTICGT

GGGCTLLTSS

GAG
Glu

TCC
Ser Thr

cee

SEQUENCE DESCRI PTI ON :
H s Pro Ala Phe Leu Val

SEQ

Leu Gy Cys Leu Leu Thr 1

15 Gy Leu Ser

Ser

Sar Pro

Yodoe U

GGT
1015 Gy
GTT
Val

GCT
Ala

CTG
Leu

(agye]
Leu

GAG

Pro Glu

Phe Ser

25

ASp

AAC
Asn

GAC

Asp

Leu Arg 35
Ser Trp A n Tyr
6

Thr

1005

TAT
Tyr

HNals
ile

1020

GAC
Asp

GAG
Glu
1028

GAA
Glu

AAT
Asn
1050

ccC
Pro

~s
o

Gln

logs

GTG
Val
1080

GAG
Glu

T ECG CoT
kla Pro

GCITGGCCae
TCTGCTCCTS
AGGGGCCOTE
CCAGGGAACT
TAGGATTCTC

GAGTTACTGA

TAGCTITCTIC

TCTOCTCCOT
GCAGTCTAAT
GCCCAGGGTA
CCATCAGTCE
GAAGGCCAGA
ACGTGTGTGT
AATCCCTCAC

* TANCTCTGAS

CCAGATGAAG
GAGATTCCAG

TGTCCCTGCCT

cCca
e

GAG CC

CGS
Arg

GCG G
Ala G
3

GAMGT

ACCEGCCCTC
CACTTTTCCC

TCCCTGGCYS

GAGETAGSST
ATGATGCCAG
TAATGCTGGA
CTTGGAGCAT
TGGGGCTTIT

CGGGLCeeGe

CAAGGCCATA

b
ATCACACATT

This is the replacement sheet
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GGC
Gly

GAC

Asp

Glu Pro Glu

GTC AAC ACC
val

GAG
10835
GCA

G
&la G
¢

i Talalelal
PR ~.C-

AGCCAGSCTG

ATATCTAAGE

GCCLTEELTT

CCTCAGTTIC

GCACTAACAT.

TACCCTARAL

ACACTLTCEE

“linear
1D NG 4:

Leu Ile Leu Cys

Pro

Qeer&’r Ser Ser_

33ac

339%¢

(=
FS
[ v
(K]
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Phe
90

Arg
120
du
I1e
150
Val

175
190
200
Leu
Ser

Val Thr Val

Asn A u Leu 100

Hs Ile Tyr

Asp Asp Asp 130

Ile Pro Cys Arg Thr Thr Asp Pro G u Thr

Val

Val

Lys Thr Val ATERGAAGAC cacc:?éaccr wrcAE'&,bc ccaccahic é%@cé’%ﬁrqus
Ay A u Thr Jlzesdéehs WahcchrraOrsadirarddatcd?iaencis NCASACTCCA

CGAGGTC

TCACCCACCA
. CCTAGA
GAGTCAGSST 1

GCTCAAC

Vo Lt
&

SCTA

Talalel
\-C\-

Leu A u Val

155

G

G

GCTSCCCCAT

AATATTTTTA
GTTAAGTTIIT
GCTTCTCACT

135

Pro Ala Ser Tyr Asp Ser Ars -G n 165
Gy Phe Asn GCYCARAX: PRATCERECTVAFCIGAGAAS SFRGEAMGT FIEHACAALY CAFaTGFh?" 180684
Lys Gy éﬁﬁé&'ﬂs){-x zk@G@"ﬂCATBECdJTQI'd:‘r tRARGoAS necWatachye o@rlcand...eu: 195:74,

Al'a Thr Ser

TCGAAGACA
T

GAATGGACAG
GGCTACCEC AAGAAGGATS
CCOTGAGGCA
CAGTGACAT CTCATTIGTCC CC

ACGCCCTCGT

GAGAGTGGGT
CACST

Pro Val

TGAGGACAQT TATGTCTTGT
TGAGAGS
GCGCTCCATG GGGGTATGGT
AGCCCAGT GGGCATTGGA
ACGGGGAGGS - TTGGGAAGGS
TGCAGGTTGG CACCTTACTT

CTCAATACG GTACCAAAGA
TAACTCACAT TTATACAGCA

Ser Ser Ala Ser Ala Ala His Thr Ay 85

95 Leu Tyr Thr cys Tyr Tyr Asn Hs Thr Gn Thr Qu
105 110 du Qy

Ile Tyr Val Pro Asp Pro Asp Val Al a Phe 115
125 Val Pro Leu Ay Met Thr Asp Tyr Lou Val Ile Val

140" &1~ A&
Thr 145 '
Leu Hi s Asn Ser Glu Gy

[ ff

GCACCT C 4864

AAAAGACAAG 4924

TGG GCGCTTTGGA GGTTTGCCCC 4584

TTTGTCACTS

"%044

GSTGECAGGG 5104

(2) INFTORMATION TOR SEQ ID NO:2:

Thr
Met

§5
Phe

Arg

Pro

(44) MOLECULE
(xi} SEQUENCE

Arg

leu

Val

Fhe
5%

Ser

Sex

ey
Leu

val
3s

Arg
115

AsSp

(1) SEQUENCE CHARACTERISTICS:

TTTTT TAAGGGAAAG

(A) LENGTH: 1106 amino acids

(B} TYPE: amino acid
(D) TOPOLOGY: linear
TYPE: protein
DESCRIPTION: SEQ ID

Ala Met Pro Ala Leu

10
Glu

Prs Gly
E

Ser Levu lLeu

20
Thr

Leu
25

Pro Glu u
40 »

eu Leu

Pro Gliy

Leu Cys Ser

Gly
55

. Ser

Glu Met

Val
Cys
100

Val
120

Ala FPhe Ile

leu Lys Gly

Glh Ile
Leu
val

&0

Ala » Thr

Gly

This is the raplacement sheet
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225 230 ' 235 240 GQ-u
Val Val Asp Leu @n Trp Thr Tyr Pro Ay GQu Val Lys Gy Lys 245

250 255 Ay Ile Thr Met Leu Gu Qu Ile Lys Val Pro Ser
Ile Lys Leu Val 260 265 270 Tyr Thr
Leu Thr Val Pro Au Ala Thr Val Lys Asp Ser @y Asp Tyr 275 N
280 285 Au Cys Ala Ala Arg n Ala Thr Arg Gu Val Lys
Gu Met Lys Lys 290444 138 295 140 300 Vval Thr
Ile Ser Val Hs Qu Lys Gy Phe Ile ulle Lys Pro Thr 305

310 Ile Thr 3je Fre Cys AE:; Val Thr Asp %

206 Eesial Mah TRulEY u Al a
Val Asn Leu Hs H% val Lys H s PHe val 325 i 336gs

335 Val du Val ®sgGl &vy4s Fﬂl?-éd Mo VEY éli\rlgulifgg Ber POy EY’:'_éGPL%% Am 340
345 _ 350 02 . -
Arzg G.y Phe Ser Gly Ile Fhe Glu Asp Arg Ser Tyr Ile Cys Lys Thr
133 18% 150

Tar Ile Gly Asp Arg Giu Val Asp Ser Asp Ala Tyr
19 . 200

ol
oy

Val Tyr Arg

Leu Gln Val 3sr Ser Ile Asn Val Ser Val Asn Ala Val Gln Thr val
210 215 220

val Arg €im i1+ Glu Asn Tle Thr Leu Met Cys Tle Val Ile Gly Asn
225 230 235 240

Asp val va. asn Phe Glu Try Thr Tyr Pro Arg Lys €lu Ser Gly Arg
: 245 250 2585

Leu Yzl Gi.. Pro Val Thr Asp Phe Leu Leu Asp Met Pro Ty
260 265 ’ 2
Arj Ser Ile leu #H:is Ile Pré Sar Ala Glu Leu Glu Asp Ser Gly Thr
273 280 285

Tyr Thr Cys asn ¥Yal “hr Glu Ser Val Asn Asp His Ginh Asp Glu jLvs
2%0 295 . 3OQ

Ala Ilz asn Ile Thr VYal Val Glu Ser Gly Tyr Val Arg Leu Leu Gly
305 310 : 315 320

Glu Val Gly Thr Lew G!n Phe Ala Giu Leu His Arg Ser Arg Thr Leu
325 330 335

Sln Val va. Phe Glu Ala Tyr Pro Pro Pro Thr Val Leu Tfp Phe Lys
340 345 350

ASp asn X:g Thr Leu Gly Asp.Ser Ser Ala Gly Glu. Ile Ala Leu Ser
15 360 - 365

Thr &7 Zza Val 8er Siu Thr Arg Tyr Val Ser leu Thr Leu vVal

377 375

[5X2]
(> B
oo

Arg Var Lys Val Ala Glu Ala Gly His Tyr Thr Met Arg Ala Phe His
ags 350 - 395 T 400

4

Gla asp Axa Glu Val Cln Leou Ser Phe Glm Leu ¢ln Ile Asn Val Pro
405 . 410

Val Arg Vel Leu Glu Leu Ser Glu Ser His Pro Asp Ser Gly Glu Gln
42 .

430

1y Hel Pro.Gln Pro Asn Ile Ile Trt
40 445

Ser Ala Cys Arg Asp Leu Lys Arg Cys Pr& Arg Glu Lau Pro Prec Thr
455 450

Leu Leu Gly Asn Ser Se
47

Led Gle Glu Glu Ser Gln Leu Glu Thr aspy Val - .-
et .

Thr Ty Trp Glu Glu GIu Gla Glu Phe Glu Val Val Ser Thy Leou Arg

This is the replacement sheet
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Asn Leu Thr Leu Ile Qu Asn Leu Thr Qu Ile Thr Thr Asp Val du 355

360 365 Lys Ile dn GQu Ile Arg Tyr Arg Ser Lys Leu Lys’
Leu Ile Arg Ala 370 375 380 Lys Gu du Asp
Ser Ay His Tyr Thr Ile Val Ala A n Asn u Asp 385 390
395 400 Ala val Lys Ser Tyr Thr Phe G u Leu-Leu Thr G n
Val Pro Ser Ser 405 : 410 415 Il e Leu -
Asp Leu Val Asp Asp H's Hs Ay Ser Thr Ay Gygd n Thr 420

425 430 Val Arg Cys Thr Ala u Ay Thr Pro Leu Pro Asp
le u Trp Met 435 485 440 490 438 |le Cys Lys
Asp lle Lys Lys;LysunPals AeD AGhUarthbreghu BeP vERradyl @,5469: Lew hzg Asn

455 460 5beu Al a Asn Asn s9al Ser Asn esSkbe Ile

H s Ser Arg Asp,A69.:1 ciy gin Agp Ths cin td Qa1 11e val val Pro His se47ti
480 Arg Ser Thr Val Gsuis Ay Arg Vat TheoPhe Ala Lys Vats Qu G u Thr 485

ilgg au Asn Ar gPo e Lys 31 |Jz& ANayals Arg, s LS u"fﬁl L %31 AR .}__e%u Leu Ay

530 838

Th> Ile Ile Ser Le: Ile Ile Leu Ile Met Leu Trp Gln Lye Lys Fro
545 550 555- 560

Arg Tyr Glu Ile Arg Trp Lys Val Ile Glu Ser Val Ser Ser Asp Gly
. _ : 565 570 ' 575

His Glu Tyr Ile Tyr Val Asp Pro Het Gln Leu Pro Tyr Asp Ser Thr
580 585 590

Trp Glu Leu Fro Arg Asp Gln Le
£0

Val leu Gly Arg Thr Leu Gly Ser
595

v
0 ! 805

S8ly Alz Fhe Gly Gln Vel Vval G6lu Ala Thr Ala His Gly Leu Ser His
310 6iS 620

Ser Gln Ales Thr Met Lya Val ila val Lys Metr Leu Lys Ser Thr Ala
62% 63C €33 640

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

His Leu Gly Pro His Leu Asn Val Val Asn Let Leu Gly Ala Cys Thr
660 565 670

Lys Gly Gly Pro Ile Tyr Ile Iie Thr Giu Tyr Cys Arg Tyr Gly Asp
675 680 68

‘Leu val Asp Tyr Leu His Arg Asn Lys Ris Thr Phe Leuw Gln His His
699 695 . %00

Sar Asp Lys Arg Arg Pro.?rc Ser Ala Gliu Leu Tyr-éer Aspn Ala lLeu
70% 710 : 715 72¢

Pro va) Gly Leu Pro Leu Pro Ser His Val Ser Leu ThY Gly Gilu Ser
725, 730 735

Asp Cly Gly Tyr Met Asap Mebt Ser Lys Asp Glu Ser Val Asp Tyr Val
740 745 P 750

Pro Met leu Asp Met Lys Gly Asp Val Lys Tyr Ala Asp lle Glu Ser
755 750 785

Ser Asn Ty¥r M2t Ala Pro Ty

¥ Asp Asn Tyr Val Pro Ser Ala Pro Glu
717G 77S

er Pro vVal Leu Ser Tyr
93 800

-9

(2541

Thr Cys Arg Ala Thr Leu Ile Asn Glu S
780 -7

T
(]
t
xr
in
Q
[y
1]
<

val g Ala Asn Gly Met Glu Phe

g Phe Ser Tyr &ln V
Leu Ala Ser Lys Asn Cvs Val His Arg Asp Leu Alz Ala Arg Asn Val
_ » 820 825 &30

jau Zle Cys Glu Glvy iws Leu Val Lys Ilc Cys Asp Phe Gly Leu Al2

This is the replacemernt sheet
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500
Pro
525
535
I'le
560
570

Val

605
615
du
640
650

505 510 G u Lau Lys Leu Val Ala
Thr Leu Ar Ser du Leu Thr Val Al a 515 520 '
Ala Ala Val Leu Val Leu Leu Val Ile Val Ile lle Ser Leu Ile Val 530

540 Leu Val Val - Ile Trp Lys An Lys Pro Arg Tyr Qu
Arg Trp Arg 545 550 555

Val Ile Gu Ser Ile Ser Pro Asp Ay His Ay.Tyr Ile Tyr Val Asp 565

575 Pro Met A n Leu Pro Tyr Asp Ser Ar 5Trp Gu Phe Pro Arg Asp
580 585 . - 590 Leu Val Leu Ay Arg
Leu Gy Ser Gy A &%he Ay Lys Val%i®val 595 845

600

GQu Ay Thr Akaadynifwse Ly R85 sbt GeheryrGite Bep Lyalclybsed y5r Waé 610
650 620 Ala Val _IBy8 Met Leu Lye PE® Thr Ala Arg Ser Ser

Lys G n Ala 625 sx6 reu rys Trp Met Ala 633 Gclu Ser Ile Phe Asn Ser B@d Tyr

Leu Met Ser @k Leu Lys Ile BB¥ Thr His Leud3®y Pro His. Leu?®A8n 645

Thr Thy Lgé‘réer Asp Val Trp Ser Phe Gly Ile Leu Leu Trp Glu Ile
: 88s 890 . 895

Phe Thr Leu Gly -Gly Thr Pro Tyr Pro Glu Leu Pro Met Asn Glu Glr
900 905 - 910

Pre Tyr Asn Ala Ile Lys Arg Gly Tyr Arg Met Ala Gln Pro Ala His
915 9290 925

Ala Ser Asp Glu Ile Tyr Glu Ile Met Gln Lys Cys Trp Glu Glu Lys
930 23 940

Pha Glu ile Arg Fro Pro Phe Sar Gln Leu Val Leu Leu Leu Glu ‘;

Let 'eu Gly Glu Gly %yr Lys Lys Lys Tyr Gln Gln Val Asp Glu Giu
965 g7Q 974

Phs l.eu Arg Ser Asp His Pro Ala Ile Leu Arg Ser Gln ala Avg Leu
989 $3% ’

Pre Giy Phe His Gly Leu Arg Ser Pro- Leu Asp Thr Ser Ser Val Leu
995 }000 1008

Ty- Thr Ala Val Gln Pro Asn Glu Gly Asp Asnh Asp Tyr l1le Ile Pro
1030 1015 1020

Leu Prc Asp Pro Lys Pro Glu vVal Ala Asp Glu Gly Pro Leu Glu G
1025 1Gl0 1035 1

Ser Pre Ser Lau Ala Ser Ser Thr Leu Asnh Glu Val Asn Thr Sar Ser
. 1045 105¢ 1055

Thr Ile Ser Cys Asp Ser Pro Leu Clu Pro Gln Asp Glu Pro Glu Pro
1060 - 108% 1079

Giv Pre Gln Leu Glu Leu Gln Val Glu Pro,Glu Pro Glu Leu Glu Gln
1073 icaQ 1085

lLet Pro AsSp Ser Gly Cys Pro Ala Pro Arg Ala Glu Ala Glu Asp Ser
- )09¢ ' 1098 ilo0

Phe Leu
1105
(2} INFORMATION FOR SEQ ID HO:3:
(i) SEQUENCE CHARACTERISTICS: )
(&) LENGTH: 4100 base pairs -
(B) TYPE: pnucleic azcid .
{C) STRANDEIDNESS: double
(D) TOPOLOGY: linear
1) HMOLECULE TYPI: cDHA to mRNA

{1ii; HYPOTHETICAL: N
{iv} ANTI-SEHSE: Y

This is the replacement sheet
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Ile Val Asn Leu Leu Ay Ala Cys Thr Lys Ser Ay Pro Ile Tyr Ile 660

665 670 Ile Thr u Tyr Cys Phe Tyr Ay Asp Leu Val Asn
Tyr Leu His Lys 675 - 680 685 Asn Arg
Asp Ser Phe Leu Ser H's Hs Pro Gu Lys Pro Lys Lye Gu 690 _

695 700 103 Leu Asp Ile Phe Gy Leu Asn Pro Ala Asp
G u Ser Thr Arg Ser Tyr 705 97,10 715
720 Val 1le Leu Ser Phe Au Asn Asn Ay Asp °Tyr: Met Asp Met Lys @ n 725.
730 735 Ala Asp Thr Thr @ n Tyr Val Pro Met Leu Qu Arg
LyS du Val Ser éﬁ ORIGINAL SOURCE: 745 . 750 LyS Tyr Ser
Asp Ile An Arg Ser Ley dgcanAsy: Mogo PepieAka Ser Tyr 755

760 . fvit) m&@?mlzy%&ﬁ’ci:'-ys Ser Met Lou Asp Ser du Val Lys Asn
Leu Leu Ser Asp (A} LIBRARY: lambda gti0

{ix) FEATURE:
(A) NAME/XEZY: CDS -
_ {B) LOCATiOM: 125..32385
(D) CTHER INFORMATION:

(xi} SEQUENCE DESCRIPTION: SEQ ID HO:3:

TTGGAGCTAC AGGGAGAGAA ACAGAGGAGS AGACTGCAAG AGATCATTIGG AGGCCGTGGS 60
CACGCTCTTT ACTCCATGTG TGGSACATTC ATTGCGGAAT AACATCGGAS GAGAAGTTTC 120
CCAGAGST ATG GGG ACT TCT CAT CCG GCG TTC CTG GTC TTA GSC TST CTV 172¢

Met Gly Thr Ser His Pro Ala Phe Leu Vié Leu Gly Cys leu
e P .

(]
[
"

GG8 CTS AGC CTA ATC Crf 78T CAG CTT TCA TTA CCC TIT ATC
Gly Leu Sex lfeu I U Cy¥s Gln Leu Ser Leu Pro Sev Ilc

1s 20 _ _ 25 _ 30

oTT CCA AAT GAA AAT GAA AAEL 87T GTS CAC CTS AAT.TCR.T:C T TCT 262
i.eu Pro Asn Glu Asn Glu Lys Vel val Gl% Leu Asn Ser Ser F?g Ser
35 40 3

CTG AGA TGS TTT GGG GAG AGT GAA GTC AGT TGG CAG TAC CCC ATC TCT 31{
Leu Arg Cys Phe Gly Glu Ser Glu Val Ser Trp Gln Tyr ng Met Ser
50 58

G bAA GAG AGC TCC GAT GTG GAMN ATC AGA AAT GAA GAXM AAC MAC AGC 362 .
Glu Glu Glu Ser Ser Asp Vai Glu Ila Arg Asn Glu G%g Asn Asn Ser
€5 : 70

.'@8¢ CTT TTT GTG ACS CTC TT5 GAA G76 AGC AGT GCC TECSG GCG GCC CAac 41¢
Gly Leu Phe Val Thr Val Leu Glu Val Ser Ser Ala Ser Ala Ala His
8

CA GGG T7G TAC ACT TGC TAT TAC AAC CAC ACT TAG ACA GAM GAT AAT
'nz Gily Leu Tyr Thr Cys Tyr Tyy Asn His Thr Gln Thr Glu Glu Asn
¢S 100 105~ 11

§5:2-

. GAG CTT GAA GGC AGG CAC ATT TAC ATC TAT GTG CCA GAC CCA GAT GTA 50¢
lu Leu Giu Gly Arg His Jle Tyr liez Tyr 2;1 #r0 Asp Pro Asp Val
115 120
ATG ACG GAT TAT TTA GTC ATC GTG GAG GAT 5hs
Phr ASp Tyr Leu Val Ile Val Glu asp
. 140

T T7T GTA CCT CTA GG
Alz Phe Val Prec Leu Gl
. 130 :

GAT GAT GCC ATT ATA €T TOT

¥
3
TCT £3C ACA ACT GA CC GAG ACT CCT 6CC
ASp Asp Scr Ala Jle Ile Pro Cys Arg
145 150

-thy ‘Thr Asp Pro Glu Tk lro e
: 155

€T TAC GAT AGCT 65L

GTS ACC TTA CAC AMC AGT GAG GG CIG GTA CCT _
&l Ser Tyr Asp Ser

GGG
val Tthr Lau His Asn Ser Slu Gly ¥al val Fre
16e 163

~3v ()
om0

% CAG.GGC TTT AAT
Arg Gin Gly Phe Asn

by s~~~
ACT TTC 22T &TA GGG

s Thy Pne “hr Val Géy

TAT ATC TGT GAC T H
Tyr lle Cys Giu

e a0

10
0 €

DO
0 1 ()
O~ &)

This is the replacement sheet
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770 775 780 Asp Asn Ser Au Gy Leu Thr

Leu Leu Asp Leu Leu Ser Phe Thr Tyr 785 790

795 800 A n vVal Ala Arg Gy Met du-Phe Leu Ala Ser Lys
Asn Cys Val H's 805 810 _ 815 Arg Asp Leu
Ala Ala Arg Asn Val Leu Leu Ala A n Ay Lys Ile Val 820

825 830 Lys Ile Cys Asp Phe Ay Leu Ala Arg Asp Ile Mt
H s Asp Ser Asn 835 840 87 - 845 Ty'r Val Ser
.Lys Ay ser Thr Phe Leu Pro Val Lys Trp Met Ala Pro 850

855 . ~pps u rydd L Rr hr Leyqper
Asp Val Trp Sefscobie uai %82 %‘?v é% iés ?’E?PIE& '?é?;%}ésﬁg ?:2 E)s/ﬁ 3-587%:F ¢

880 Tyr Gy Ile Leu Leu Trg%& u I1e Phe Serr%eu Gy Gy Thri%®ro Tyr 885

890 cT T7A AA8Qba RcR ﬁ'.yc%t*d\/l%ta \éah dapaetadleer Rire aakyr Asmskys
lle Lys Ser @ 3200¢0 Lys Ala Thr Ser 2lu Lew@gp Lau Glu Met Glu Ala Leg1@sTyr Ar  Met

Ala Lys Pro Asp H s Al a*thr ser du val yr Qu lle 915 %%°

920 . ACC GTG TADRABG TCA GG3 GAA AC"'.A"."T GTG GTC ACC TGT GCT GTT TT7 842
Tnr Val Tyr Lys Ser Giy Slu Thr'ile Val val Thr Cys Ala Val Phe
225 230 . 238
C AAT GAG GTG6 GTT GAC CTT CAA TGG ACT TAC CCT GGA GAA GTG AAA 590
Asn Asn Glu Val Val Asp Leu Gln TIrp Thr Tyr Pro Gly Glu Val Lys
N 240 24% 250
GGC AAA CGGC ATC ACA ATG CTG GAA GAA ATC AAX GTC CCA TCC ATC AAM 938
Giy lys Gly Iic Thr Met Leu Glu Glu Ile Lys Val Pro Ser Ile Lys
253 _ 260 265 270
TTG OTG TAZ ACT TTG ACS GTC CCC GAG GTT ACG GTG AAA GAC AGT GGA 586
ieu Ya) Tyr Thr Leu Tny Val Pro Gluv Ala Thr Val Lys Asp Ser Gly
275 280 285
GAT TAC GAA TST GOT GCOJ CGC CAG GOT ACC AGS GAG &TC AAA GAM ATG 1934
Asp Tyr Giluw Cys.Ala Ale Ara Gln Ala Thr Arg Glu val Lys Glu Me: .
: 250 295 30C .
AAG AAA GTC ACT ATT TCY 4TC CAT GAG ARA GGT TTC ATT GAA ATC 2an 1082
Lys Lys Val Thr Ila Ser Val His Glu Lys Gly Phe Ile Glu Ile Lys
- . 305 310 318
ofaled ACC TTC AGC CAG TTG GAA GCT GTC AAC TTG CAT GAA GTC AAA CAT 1130
Pro Thr Phe Ser Gln Léeu Glu Ala Val asnh Leu His Glu Val Lys His
320 3zs 310
T™IT & GTA GAC GTG CGG GCC TAC CCA CCT CCC AGG ATA TCC T6G CTG 1178
Phe Val Val Glu Val Arg Ala 1yr Pro Pro Pro Arg Ile Ser Trp leu
335 . 340 3435 350
AAA AAC AAT CTG ACT CTG ATT GAM ART CTC ACT GAG ATC AZC ACT GAT 1228
Lys Asn Asn Leu Thr Leu Ils Glu Asn Leu Thr Glu Ile Thr Thr Asp
asz 60 363
STE GAA RAG ATT CAG GAMN ATA AGG TAT CGA AGL AAMA TTA AAG CTS ATC 2278
Val Glu Lys lle Cln Giu ile Arg Tyr Arg Ser Lys Leu Lys lLeu Ile
17¢ . ' 375 380
CGT GCT AAG GAA GAA CGAC AGT GGC CAT TAT ﬂb ATT GTA GCT CAA AAT : 13z2
-Arz Ale Lys Glu Glu Asp Ser Gly His Tyr Thr Ile Val 3la Gln Asn
385 380 8%
GAE GAT GCT GTG XAG AGC TAT ACT T1IT GAA CTG TTA ACT CAA GT7T CCT 1370
- *Glu Asp Ala Val Lys Ser Tyr Thr Phe Glu Leu Leu Thr Gln Val ?ro
400 - 405° 410 _
TCA TCC ATT CTG GAC TIG GIC GAT GAT C@C'CAT GG TCA ACT GGS GG~ 1318
Ser Ser Ile Leu Asp Leu Yal Asp Asp His His Gly Ser Thr Gly Gly
413 420 ) 425 436
CAG ACS GTG AGG TGC ACA GCT GAA GGC ACG CCS CTZ CCT GAT ATT GAG Jaee
Glp Thr Val Arg Cys Thy Ala €lu Gly Thr Pro Leu Pro Asp Ile Glu
4358 440 445
TES ATS ATA TCC AMA GAT ATT AAG AAA TGT AAT AAT GAA ACT TCCT TSC 1514

This is_the repiacemerr't-'sheet
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Met Val Lys Cys Trp Asn Ser Gu Pro Qu Lys Arg Pro Ser Phe Tyr 930

935 : 940 His Leu Ser Qu Ile Val Qu Asn Leu Leu Pro Ay
G@n Tyr Lys Lys 945 - 950 955 :
960 Ser Tyr Qu Lys Ile His Leu Asp Phe Leu Lys Ser Asp His Pro Ala 965
970 975 Val Ala Arg Met Arg Val Asp Ser Asp Asn Ala Tyr
Ile Ay Val Thr 980 985 990 Tyr Lys Asn
"G u GQu Asp Lys Lcu Lys Asp Trp Au Ay Ay Leu Asp 995 '
1000 . 1005 Au An Arg Leu Segs Ala Asp Ser Ay Tyr lle lle.
Pro Leu Pro Asp 1010 1015 1020 Il e Asp
Pro Val Pro Qu Qu GQu Asp Leu Gy Lys Arg Asn Arg H s 1025
1030 1035 . 1040 Ser Ser A n Thr Ser Qu
GQu Ser Ala Ile Au Thr Ay Ser Ser Ser 1045 : 1050
1 . .
055 Trp Het Ile Cys Lvs Asp Ile Lys Lys Cy¥s Asn Asn Glu Thr Ser 7Tryp
450 455 460
ACT ATT TTG GTC AAC AAT OTC TCA AAC ATC ATC ACG GAG ATC CAT TCS 1562
-Thy Iie Leu Ala Asn Asn vVal Ser Asn Ile Ile Thr Glu Ile Has Ser
465 . 470 : 475
CGA GAC AGS AGT ACL GTG GAG GSC COT GTG ACT TTC GCC AAA GTG GAS i481¢
Arg ASp Arg Ser Thr Val Glu Gly Arg val Thr Phe Ala Lys Val Glu
o 480 485 490 :
GAG ACC ATC GCC GTG CGA TGC CTG GCT AAG AAT CTC CTT GGA GCT GAG 185€
Glu Thr Ile Ala Val Arc Cys l.au Ala Lys Asn Leu Leu Gly Ala Glu
495 500 508 51¢
AAC CGA SAG CTG AAG CTG GTG GCOT €CC ACC CTG CGT TET GAA CTC ACG 17068
Asn Arg Glu Leu Lys Leu Val jAls Pro Thr leu Arg Ser Glu Leu Thr
51% 820 525
6TG GIT 58T GCA GTC CTS GTC CTG TTG GIG ATT GIG ATC ATC TCA CTT 1754
Val Ala Ala Ala Va) lLeu val Leu Ley Val Ile Val lile Ile Ser Leu
: £30 . 515 ) 540
ATT G7C 276G GTT GTZ ATT TGC AAA CAG AAA CCG AGG TAT GAA ATY CGT 1802
Ile Val Leu Val Val Ile Trp Lys Gln Lys Pro Arg Tyr Glu Ile Arg
545 550 , 555
TGS AGS GTC ATT Gaa TCh ATC AGC CCA GAT GGA CAT GAM TAT ATT TaAT 1850
Trg Arg val lle Glu Ser Ile Ser ¥ro Asp Gly His Glu Tyr Iie Tyr
560 565 570
GTG GAC CCO ATG CAG CTS CCT TAT GAC TCR AGA TGS GAS T7T CCA AS 1898
Val Asp Pre Met Gln Leu Pro Tyyr Asp Ser Arg Trp Glu Phe Pro Ary
- 375 58C . 585 _ 586
CAT GGA CTA &G fT GGT CGS GTC TIG¢ GGG TCT GOA GCG TTT GGG AMG 1946
ASp Gly Leu ¥al Leu Gly Areg Val Leu Cly Ser Gly Ala Phe Gly Lys
- 595 600 603
»
6TG G7TT SAA GOA ACK GCCT TAT GGA TTA AGC CGS TCC CAA L2 GTT ATG 1994
Val Val &lu Gly Thr Als Tyr ¢ly Leu Ser Arg 5Ser Gla Pro Val Mec
610 €15 " 620
) ° »
225 CTT GCA GTG AAS ATG CTA ARN CCT ACT GCT AGH TET AST GAMN AMX 2042
Lys Val Ala Val Jys Met Leu Lys Pro Thr Ala Arg Secr Ser Glu Lys
625 630 €35
CAA GST CTC ATG TCT GAA CTG AAG ATA ATG ACT CAC CTG GGG CCh CAT 205¢
‘Gln Ala Leu Met 3er Glu Leu Lys 1le Mst Thr His Leu Gly Frc His
840 - 645 650 ‘ s
TTG ANC ATT GTA AAC TTG CTIG GGA GOC TGS ACC AAG TCA GSC COC ATT 3133
Leu Asn Ilc Val Asn Leu Leu Gly Ala Cys Thr Lys Ser Gly Prc 1le
§54 334 €63 876 —
TAC ATC ATC ACA GAC TAT TGO TTC TAY GGX GAT TTG 'GTC AAC TAT TTS 2186
Tyr Iie ile Thr Clu Tyr Cys Phe Tyr Gly Asp Leu Val isn Tyr Leu
675 650 . GES
CAT MAG AAT AGC GAT AGL TTC CTG AGC CAC CAC CCA GAG AAG CTA ARG 2334
{3s Lys &sn Ary Asp Ser Phe Leu Ser His His Pro ¥ Lys Pro Lvs
€30 635 7 -
ARY GAT TTS GAT ATC TTT GGA TIG ANC CCT GET GAT GAA ASID ACA 04T 2281
Lys Giu Leu Asp Ile Phe Sly Leu Ash Pro Ala ASD Glu Ser Thr Ars
708 710 7

This is the repiacement sheel
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104 Ser Thr Phe Ile Lys Arg Qu Asp Qu Thr Ile Qu Asp Ile Asp Met 1060
1065 1070 Met Asp Asp Ile Ay Ile Asp Ser Ser Asp Leu Val
G u Asp Ser Phe 1075 1080 1085 Leu (2)

| NFORVATI ON FOR SEQ I D NO 5: (i) SEQUENCE CHARACTERI SITICS: (A) LENGIH
6375 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: double (D)
TOPOLOGY: linear (ii) MOLECULE TYPE:: cDNA to?®RNA (iii) HYPOTHETI CAL: N
(iv) ANTI-SENSE: N (vi) ORIA NAL SOURCE: (A) ORGANI SM Honmp Sapiens (vii)
| MVEDI ATE SOURCE: (A) LIBRARY: |anbda gt10 -

AGC TAT GTT ATT TTA TCT TTT GAA AAC AAT GGT GAC TAC ATG GAC ATG 2330
Ser ;gr Val Ile Leu Ser $§§ Glu Asn Asnh Gly ;ip Tyr Met Asp Mct
o] 2 : ]

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 Het 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 Asp Ile Gln Arg Ser lLau Tyr Asp Arg ng Ala
755 760 7

TCA TAT AAG AAG AAA TCT ATG TTA GAC TCA GAA GTC AAA AAC CTC CIT 2474
Ser Tyr Lys g¥§ Lys Ser HMetr leu Asp Ser Glu Val Lys Asn lLeu Leu
. 775 780 .

TCA GAT GAT AAC TCA GAA GGT CTT ACT TTA TT5 GAT TTC TTG AGC TTC 2522
Ser Asp gsp Asn Ser Giu Gly Leu Thr Leu leu Asp Leg leu 5er Phe
85 730 79

ACC TAT CAA GTT GCC C3A GGA ATG GAG TTT T3G GCT TCA AAA AAT TCT 2570
Thr ggr Gln Val Ala Arg Gly Met Glu Phe Leu Ala Ser lys Asn Cys
o 805 810 .

GTC CAC CGT GAT CTC GLT GCT CGC AAC GTT CTC CTG GCA CAA GGA ARA 2618
vVal His Arg Asp Leuv Alz Ala Arg Asn Vel leu Leu Ala Gln Gly Lys
815 ., bao 825 830

ATT GIG AAG ATC TGT GAC TTT GGC CTG GCC AGA GAC ATC ATG CAT GAT 2666
1le Val Lys Ile ggg Asp Phe Gly lLeu Ala Arg Asp Ile Met gis Asp
. 840 5

TCG AACT TAT GTG TCG AAA GGC AGT ACC TIT CTG CCC GTG AAGC TGG ATG 2714
Ser Asn Tyr gg% Sar Lys Cly Ser Thr Phe Leu-Pro Val Lys Trp Met .
- . 855 - 860 oo

GCT CCT GAG AGC ATC T2T GAC AAC CTC TAC ACC ACA CTC AGT GAT GTIC 2762
Ala Pro Gég Ser Ile Phe Asp asn Lev Tyr Thr Thr Leu Ser Asp val
88! 870 875

TGG TCT TAT GGC ATT £T6 CTC 966G GAG ATC TTT TCC CTT GGT GGT acc 2810
" :gg Tyr Gly Ile Leu Le: Trp Glu Ile Php Ser Leu Gly Gly Thr
885 ' 880

CCT TAC CCC GGC ATG ATC GTS GAT TCT ACT £TC TAC AAT AAG ATC AAG 2458
Pro Tyr Pro Gly Mat Met Val Asp Ser Thr*Phe Tyr Asn Lys Ile Lys >
895 900 805 910

AGT GGG TAC CGG ATG GCC AAG CCT GAC CAC GCT ACC AGT GAA GTC TAC 2806
Ser Gly Tyr Arg Met Ala Lys Pro Asp His Ala Thr Ser Glu Val Tyr :
- 915 - 920 925 _
GAG ATC ATG GTG AAA TGC TGG AAC AGT GACG CCG GAG AAG AGA CCT TCC 2954
Glu Ils Met Val Lys Cys Trp Asn Ser Glu Pra Glu Lys Arg Pro Ser -
930 - 935 ] 540
TTT TAC CAC CTG AGT GAG ATT GTG GAG AAT CTG CTG CCT GGA CAA TAT 3002
Phe Tyr His Lau s&r Glu Ile Val Glu Asn Leu l2u Pro Gly GIn Tyr —
545 950 953

AAA AAG AGT TAT GAA AAA ATT CAC CTC GAC TTC CTG AAG AGT GAC CAT 3050
lys égg Ser Tyr Glu Lys Ile His Leu Asp Phe Leu Llys Ser Asp His

CCT GCT GTG GCA CGC ATG CGT GTG GAC TCA CAZ AAT GCA TAS ATT 65T aogy
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(i x) FEATURE: (A) NAME
| NFORVATI ON: / note= "nu
t he nucl eot.i de nunber -1
DESCRI PTI ON: SEQ | D NO
AGATCATTGG AGGCCGTGGEC
AACATCGGAC GAGAAGITTC
AGGCTGICTT CTCACAGGEC
TCCAAATGAA AATGAAAAGG
GGAGAGTGAA GTGACCTGGEC
CAGAAATGAA GAAAACAACA
GGCGGCCCAC ACAGEGTITGT
CCTTGAAGCC AGCCGAGARI Tval
AGGAATGACG GATTAETTAG

CACAACTGAT C£I¥§§
CTACGACAGC AGA T

KEY: CDS (B) LOCATION. 129..3395 (D) OTHER
cleotide nunber 1 of this sequence is identical to
of the previous 4100 | ong sequence."” (xi) SEQUENCE
5: TTGGAGCTAC AGGGAGAGAA ACAGAGGAGG AGACTGCAAG :
60 CACCCTCTTT ACTCCATGIG TGGGGCATTC ATTGCGGAAT
120 CCAGAGCTAT GGGGACTTCC CATCCGCECGT TCCTGGTCT.T
180 TGAGCCTAAT CCIQ¥GCCAG CTTTCATTAC CCTCTATCCT
240 TTGIGCAGCT GAATTCATCC TTTTCTCTGA GATGCTTTGG
300 AGTACCCCAT GICTGAAGAA GAGAGCCCCG ATGTGGAAAT
360 GCGECCTTTT TGTGACGGTC TTGGAAGTGA GCAGITGCCTC
420 ACACTTGCTA TTACAACCAC ACTCAGACAG AAGAGAATGA

,‘ABQr GAtTATEh SCAGAGEEAGATIGTAEOGTe ThGTACCTCT
SBCATCGTGGA GGAT@AFGAT TCTGCCATTASPACCTTGTCG

»&%Q@E%CTL&W CRGEIHA a0t Al T OCC T4

Glu Asp lys Leu Lys Asp Trp Glu le Gly
985 005

CTG GAT GAG CAG AGA CTG AGC GCT GAC ACT GGC TAC ATC'ATT CCT CT6 3&94
Leu Asp Glu Gln Arg lcu Ser Ala Asp Ser Gly Tyr Xle Ile Pro Leu

1010 1015 1020

CCT GAC ATT CAC CCT GTIC CLT GAG GAG GAG GAC CTIG GGC AAG AGG AAXC 3242
Pro Asp Iie Asp Pro Val Pre Glu Glu Glu asp Leu Gly Lys Arg Asn

102

5 1030 1035

AGA CAC AGC TCG CAG AC TCT GAA GAG AGT GCC ATT GAG ACG GGT TCC 2290
o)

Arg His Ser Ser Gln Thr Ssr Glu

1049

lu Ser Ala Ile Glu Thr Gly Ser
1045 1050

AGC AGT TCC ACC TTC ATC AAG AGA GAG GAC GAG ACC ATT GAA GAC ATC 1358
Ser Ser Ser Thr Phe ile Lys Arg Glu Asp Glu Th» Ile Glu Asp Ile

1055

los0 1065 107¢

GAC ATG ATG GAC GAC ATZ GSO ATA GAC TCT TCA GAC CTG GTG GAA GAC 33se

Asp Mat Met Asp Azp Ile Gilvy lle Asp Ser Ser Asp Leu Val Glu Asp

107s 1080 1085

AGC TTC CTG TAAQTGSOCTSS ATTLSAGGSS TTICTTCCAL TTCIGGGSCC 343%
Ser Phe Leu

ACCTCTGGAT

TGAATGGGAT

CCTGATGTCA
AAMAGSTACT
ATANTTANCC

CTTCABRGGAL ATIGGTSAGA GTCCAACAGA CACAATTTAT ALTGCGACAS
. »

CCCGTTCAGA AAACCAZTTT ATTGCAATGC GGAGGTTCAG AGGAGGACTT 349%
TAAAGAGAAG TTCCTAGCCA AGGGCCTCGS GGAGCCTTTC TAAATATSAM 3555
ATTTTGARAT CANCTTTGTC AGTCTTGCCT CTTGCAATGC CTCAGTAGCA 3615
GTGTGAAGTT TGGAGATACSH TCGATAAGGS AATAATAGGC CACAGAAGET 1678

4 TTGTAATTAT GTAMATAACT CTAACCACGSE CTGIGTTTAG ATTGTATTAA 2795

TGGACTTCTG RAGAGANLCAC TCAAT CA C CATGTACTTC LOTIITGAR 383%

e e

GCTGCTGTTG AACTTTITAA AGRAGT GCnT GAAMAAACCAT TTTTGALOTT = 3212
GGYACTATAS CATTTIGCTA TCITTTTTAG TOTTAAAGAG ATAAAGAATA 19732
MACCTTGTTT AARTLIATTIC GGTCATTTAG AAGCCTGACA

A
CTATGTTTAT ARTALSTACTA CTSTTATCAG TAATGCTAAA TGTGTAATAM .409%

{2) INFORMATION FOR &L(° D NO:4: : T

(i3

(il

{xi)

SIQUENQE CHMRALTERISTICS: .
(A) .E-JT-. 106% amino acids
(H}) TYF aarine acid
(M TO?GIOC?: linear

MOLECUL: TYFI: protein

SZQUENTI DRETRIPTION: SZQ 1D KOst
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TTAATGGGAC CTTCACTGTA GGGCCCTATA TCTGTGAGGC CACCGTCAAA  GGAAAGAAGT 720
TCCAGACCAT CCCATTTAAT GITTATGCTT TAAAAGCAAC ATCAGAGCTG GATCTAGAAA
780 105 TGGAAGCTCT TAAAACCGTG TATAAGTCAG GGGAAACGAT TGTGGTCACC

TGTGCTGITT
GGCAAAGGCA
TTGACGGTCC
GCTACCAGEB
ATTGAAATCA
TTTGTTGTAG
ACTCTGATTG
TATCGAAGCA
GTAGCTCAAA
TCATCCATTC
TGCACACGCTG
AAATGTAATA
GAGATCCACT

840 TTAACAATGA GGIGGITGAC. CTEGAATGGA CTTACCCTGG AGAAGTGAA
900 TCACAATGCCT GGAAGAAATC AAAGTCCCAT CCATCAAATT GGIGTACACT
960 CCGAGGECCAC GGTGAAAGAC AGTGGAGATT ACGAATGIGC TGCCCGCCAG
1020 AGGITCAAAGA AATGAAGAAA GICACTATTT CTGTCCATGA GAAAGGTTTC
1080 AACCCACCTT CABCCAGITG GAAGCTGTCA ACCTGCATGA AGTCAAACAT
1140 AGGTGCGEEC CTACCCACCT CCCAGGATAT CCTGGCTGAA AAACAATCTG

12081 MAATCTGAC 7 GARAT PACEAGLCARGTENs AAAAGATLEGASGAAATAAGG
1260 'AATTAAAGCS GATCCGTGCT AAGBAAGAAG ACAGTGGBSA TTATACTATT

20, ATGMGATGE TGTGA T, TAAGECAAGTTCCT
T AT L LA A TR S AATEE oA o e TR COBTCAGS

%;41491%0@99 GETTECTA T A REGAGEGA BRI CAAACATATTAAG
500 A CTTC CTGGACTE6 TTGGCAACCA AT&TCTCAAA CATCATCACG

é?SSGQhe Gly Glu Ser Glu Val Ser Trp Gln Tyr P§8 Met Ser Glu Glu
50 55 :

fu Ser Ser Asp val Glu Ile Arg Asn Glu Glu Asn Asn Ser Gly Leu
1] 70 75 80

Phe Val Thr val Leu Glu Val Ser Ser Ala Ser Ala Ala His Thr Cly

85 90 95

jeu Tyr Thy Cys Tyr Tyr Asn His Thr Gln Thr Glu Glu Asn Glu Leu '
- 100 105 : : 110

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

val Prc Leu Gly Met Thr Asp Tyr Leu Val Ile Val Glu Asp Asp Asp
130 135 . - 340

Ser Ala Il: Ile Pro Cys Arg Thr Thr Asp Pro Glu Thr Pro Vil Thr
148 150 155 160

Leu His As* Ser Glu Gly Val Val Pro Ala Ser Tyr Asp Ser Arg Glh
165 . 170 175

Giy Phe Asn Gly Thr Phe Thr Val Gly Pro Tyr Ile Cys Glu Ala Thr
180 - 185 1%0
val Lys Lys Lys Phe Gln Thr Ile Pro Phe Asn Val Tyr Ala Leu
200 208

Q0
LE

ivs Ala Th¥ Ser Glu Leu Asp Leu Glu Ket Glu Ala Leu Lys Thr Val
210 . 215 220

v Lye Ser Cly Glu Thr Ile Vval val Thr Cys Ala Val Phe Asn as
a2s 230 235 24

Glu val Val Asp Leu Gln Trp Thr 7yr Pro Gly Glu Val Lys Gly Lys
245 : 250 285

""Gly Ile Thr Met Leu Glu Glu Ile Lys val Pro Ser Ile Lys Leu Val

260 285 . 270

Tyr Thr Leu Thr val Iro Slu Ala Thr Val Lys Asp Ser Gly Asp Tyr
275 280 285

Clu Cvs ila Ala Arg Glnh Ala Thr Arg Glu Val Lys Glu Met Lys Lys
290 295 300

val Thr Ile Ser Val His Glu Lys Gly Fhe Ile GIu Ile Lys Prc Thr

305 210 315 . 329 -
Phe Ser Gln Leu Glu Ala val Asn leu His Slu Val Lys Hig Phe Val -

aas ’ 330 33%
val Giu val Arg Alya Tyvr Pro Pro Pro Arg Ile Ser Trp Leu Lvs Asn

340 - 34§ s

This i3 the rablatieme'm sheet
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CCCGAGACAC GAGTACCGTG GAGEGECCGTG TGACTTTCGC CAAAGTGGAG GAGACCATCG - 1620
CCGTGCGATG CCTGGECTAAG AATCTCCTTG GAGCTGAGAA CCGACAGCTG AAGCTGGIGG 1680
CTCCCACCCT GCGITCTGAA CTCACGGIGG CTGCGCAGT CCTGGTIGCTG TTGGTGATTG 1740
TGATCATCTC ACTTATTGIC CTCGITGICA TTTGGAAAGH2 GAAACCGAGG TATGAAATTC 1800
GCTCGAGCGT CATTGAATCA ATCACCCCAC ATGGACATGA ATATATTTAT GIGGACCCEA 1860
TGCACGTGCC TTATGACTCA AGATGGGAGT TTCCAAGAGA TGGACTAGTG CTTGGTCGGG 1920 -
TCTTGGGGIC TGGAGCGTTT GGGAAGGTGG TTGAAGGAAC AGCCTACGA TTAAGCCGGT 11980
CCCAACCTGT CATGAAAGTIT GCAGIGAAGA TGCTAAAACC CACGGECCAGA TCCAGTGAM 2040
AACAAGCTCT CATGICTGAA CTGAAGATAA TGACTCACCT GGGCGCCACAT  TTGAACATTG 2100

TCTATCoAGA TPPECHEARE TAT FHEAT A iy Aotk PACH T AACE 2220
coAccTATST TAMIATEY TTSRACE Rt GG e M 2ai0

ATACTACACA GTATGTCCCC ATGCTAGAAA GT TTCTAATAT TCOGAGATCC — "2400 .
AGAGATCACT %@h"‘cﬁ#‘ ﬁ&é@ﬁmﬂﬁr/‘-{)&mﬁ‘ °A,“|3¢T):%?G‘r’1% @A@E&@%}; 2460
TCAAAAACCT TCAGAT GATAACTCAG AAGGCCTTAC TTTATTGGAT TTGTTGA 2520
TCACCTATCA AGHPYCEYS AesT Prereredey gmA%*rfrEﬁi &r G 2580
ATCTGGCTGC TCGCAACGTT CT C AAGGAAAAAT "TGTGAAGATC T CTTTG 2640
SCCTGCCCAG  ABRCHRCASIGLE CABLATFOERY KACTAT GRETETGRISABECAST AGGRFTTCTCC

Val Arg Cys Thr Ala Glu Gly Thr Fro Leu Pro Asp Ile Glu Trp Met
435 . 44¢ 445

Ile Cys Lys Ahsp Ile Lys LyS Cys Asn Asn Glu Thr Ser Trp Thr Ile
450 455 - . 460 .

Leu Ala Asn Asn Vel Ser Asn Ile Ile Thr Glu Ile His Ser Arg Asp
485 470 475 480

Arg Ser Thr Val Glu €ly Arg Val Thr Phe Ala Lys Val Glu Glu Thr
488 490 493

Ile Ala Val Arg Cys Leu Ala Lys Asn Leu Leu Gly Ala Glu Asn Arg
500 508 510 !

Glu leu Lys Leu Val Ala Pre Thr Leu Arg Ser Glu Leu Thr val Ala
515 520 525

Alz Ala Val'Leu Val Leu Leu Val ile Val.Ile Ile Ser Leu
530 535 550

{ L}
=l
1]
<
~
b

Leu Va2l Val Iie Trp Lys Gln Lys Pro Arg Tyr Glu Ile aArg Trp Arg
545 550 558 560

val Ile Glu Ser Ile Ser Pro Asp Gly His Glu Tyr Ile Tyr Vel Asp
£65 S70 . 575

Pro Met Gln Leu Pro Tyr Asp Ser Ard Trp Glu Phe Pro Arg Asp Gly
580 535 590

Lou Val Leu Gly Arg Val Leu Gly Ser Gly Ala Phe Gly Lys val val
‘Glu Gly Thr Ala Tyr Gly Leu Ser Arg Ser Gln Pro Val He:t Lys Val
61G 815 . 620

Ala val Lys Met Leu Lye Pro Thr Ala Arg Ser Ser Glu Lys Gln Ala
625 630 635 840

Leu Met Ser Glu Leu Lys Ile Met Thr His Leu GlY.Pro His Leu Asn
545 650 - ’ 4855

Ile Val Asn Leu Leu Gly Ala Cys Thr Lys Ser Gly Pro Ile Tyr ile .
6§60 665 670 ST

Ile Thr Glu Tyr Cys Phe Ty» Gly Asp Leu Val Asn Ty
675 680 6

Asn Arg Asp Phe Leu Ser His Hig Pro Glu Lve Pro Lvs Lys Glu
690 6§95 700

0N
o
La g
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CCGTGAAGTG GATGGCTCCT — CAGAGCATCT TTGACAACCT CTACACCACA  CTGAGTGATG
2760 106 TCTGGICTTA TGGCATTCTG CTCTGCGGAGA TCTTTTCCCT TGGTGECACC

CCTTACCCCG 2820
ATGGCCAAGC 2880
- AGTGACCCGG 2940
CCTGGACAAT 3000
CCTCCTGIGG 3060
AACGAGGAAC 3120
GACAGTGCCT 3180
GGCAAGAGGA 3240
AGCAGTITCCA  L88@éer

GACATCGGCA 73360 TAGACTCTTC' BGACCTGGTG GAA

GCATGATGGT GGATTCTACT TCTACAATA ACATCAAGAG TGGGTACCGG
CTGACCACGC TACCAGTGAA GTCTACCAGA TCATGGTCAA ATGCTGAAAC
AGAAGAGACC CTCCTTTTAC CACCTGAGIG AGATTGTGGA GATCTGCTG
ATAAAAAGAC TATGAAAAA ATTCACCTGG ACTTCCTGAA GAGTGACCAT
CACOCATGCG TGTGGACTCA GACAATGCAT ACAGTGGTGT CACCTACAAA
ACAGCTGAA GGACTGGGAG GGTGCTCTGG ATGAGOCGAG ACTGAGCGCT
ACATCATTCC TCTCCCTGAC ATTGACCCTG TCCCTGAGGA GGAGGACCTG
ACAGACACAG CTCGCAGACC TCTGAAGAGA GTGOCATGA GACGGGTTCC
COY PEATOAALGAGATABEAE 2 G%ﬁc TRAGRSATOGEY CATGATGGAC
GCT TCCTGTAACT ” GBOGGATTCG

AGGGGTTCCT 34268 TGCAGT BeT GHeGEBCASE TG TBGATSRCEST @ﬁFTT¥¥FT(};_
AATGCGCGAGC 3480 TTGAGAGAG GACTTGGITG A*ﬁﬁTTAAAG AGAAGT AGCCAAGGGEC
CTCGGGGAGC ADD A6y Ghi Nt AGYRT T @QATMEEWTW‘FTQ GQ(AA%Q%GW(II’ ST CTCAGTGT

. 74 3 .

TGCCTCTTGC 3600
Lys .Tyr

Lys Lys
770

‘Asp Asn.

785
Gln val

Aryg Asp
Lys 1le

r Val
T 850

Glu Ser
Tyr Gly
Pro Giy
Tyr Arg

- Met Val
930

tiis Leu
- 945

Ser Tyr

Va) Ala

Tyr Lys

Glu Gln

1010 1015 1020

Ile Asp
1¢28

ser Ser

740

Ser Asp Ile Gln Arg Ser Leu Tyr Asp Arg Pro Ala Ser Tyr
755 . 760 765 - -, -

Lys Ser Met Leu Asp Ser Glu Val Lys égg leu leu Ser Asp
775 7

Ser Glu Gly Leu Thr Leu Leu Asp Leu Leu Ser Phe Thr Tyv
790 795 800

Ala Arg Gly Met Glu .Phe Leu Ala Ser Lys ‘Asn Cys Vel His
805 . 810 .

Leu Ala Ala Arg Asn Val Leu Leu Ala Gln Gly Lys Ile Val
820 _ 825 830

Cys Asp Phe Gly Leu Ala Arg Asp Ile Met His Asp Ser Asn
835 . 840 . 845

Ser Lys Gly Ser Thr Phe Leu Pro Val Lys Trp Met Ala Pro
855 860

Ile Phe Asp Asn Leu Tyr Thr Thr Leu Ser Asp Val Trp Ser
. 870 . 875 880

Ile Leﬁ Iau:Trp Glu Ile BPhé Sar leu Gly Gly Thr Pro Tyr
835 _ §90 885

Met Met Val Asp Ser Thr Phe Tyr Asn Lys Ile Lys Ser Gly
900 905 glo

Met Ala Lys Pro Asp His Ala Thr Ser Giuv Val Tyr Glu lie
. $20 925

Lys Cys Trp Asnh Ser Glu Pro Glu Lys*Arg Pro &er Phe TYr
835 ' 940

Ser Glu Ile Val Glu Asn Leu Leu Pro Gly Gln Tyr Lys Lys
950 . 55 _ 950

Glu Lys Tle His Leu Asp Phe Leu Lys Ser Asp His Pro Ala
965 970 _ 975

Arg Met Arg val Asp Ser Asp Asn Ala Tyr Ile Gly Vval Thr
980 885 990

Asn Glu Glu Asp Lys Leu Lys Asp Trp Gl Gly Gly Leu Asp
995 1000 1005

Arg Leu Ser Ala Asp Ser Gly Tyr Ile Ile Pro Leu Pro Asp
Pro Val Pro Glp Glu Glu Asp Leu Gly Lys Arg Aspn Arg Hi
1030 1035 LY

Gln 'Thr Ser Glu Glu Ser Ala Ile Glu Thr Gly_SerISer Ser
1045 : . 1050 1055
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AATGCCTCAG TACCATCTCA GTGGIGIGTG AAGITTGGAG ATACATGGAT AAGGGGAATAA

3660
TAGGCCACAG AAGGTGAACT TTCTGCTTCA AGGACATTGG TGAGAGTCCA ACAGACACAA 3720
TTATACTGC GACAGAACTT CAGCATTGTA ATTATGTAAA TAACTCTAAC CACCGGTGTG 2780
TTTAGATTGT ATTAACTATC TTCTTGGAC TTCTGAAGAG CTCAAT CCATCCATGT 3840
ACTTCCCTCT TGAAACCTGA TGTCAGCTGC TGTTGAACTT AAACAAG TGCATGAAAA 3900
ACCATTTTTG ACCTTAAAAG GTACTGGTAC TATAGCATTT TGCTATCTTT TTTAGIGITA 3960
AAGAGATAAA GAATMTATAAT TAACCAACGT TGTTTAATAG ATTTGGGTCA TTTAGAAGCC 4020
TGACAACTCA TTTCATATT GTAACTATG TTTATAATAC TACTACTGIT ATCAGTAATG 4080
CTAAATGTGT AATAATCTAA CATGATTTCC CTCCACACAA AGCACAATTT AAAACAATC 4140
CTTACTAAGT AGGTGATGAG TTTGTCACAGTT TTTGAATTT ATATTAAATA ACATGTTTCT 4200
CTATAAAGTA TGGFAATARSCIETH: 9 THGAECRFAGEP g 4260
AAAGTAGTGT TGTCCACGAA GAATTT TTAACTGTAC TGAATAGGTT- CCCCAATCCA 4320
TOGTATTAAA AAAGRATFRASETUCOSTCTE? AR T FRGAAACTL UAMINAREFE: 4380
TTAAGTCCTA AAAGTCTCA AGAGGC ATAAACCTGT GCTGAACATA ACTTCTCATG 4440

TATATTACCC AATGEAAAAT ATAATGATCA GCGCANAAAG ACTGGATTTG CAGAAGITI T 4500
TTTTTTTTTT' TCTTTTTGCC TGATGAAAGC TTTGGCGACC CCAATATATG TATTTTTTCA 4560
ATCTATCAAC CTGABARGREACANAGRYSECOCEAGACA TCAGCCCCT TCTTTCACCC 4620

CTTACCCCAA AGAGAAAQAC;%I%&@?&F%@ \TAA AGATATTCTT TAGTGGAGGG 4680
TGGAAGTGCA TTAGCCTGAT (a) Uz 5 »akdAAJIBECTG TGGCACCCAG GSTAGACTACT
4746 {E) TYPE: nucleic acid

(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

MOLECULE TYPE: cDNA to mRNA
HYPOTHETICAL: N
ANTI-SENSE: N

(ii;
(1id)
(iv)
ORIGINAL SCURCE:.

{A) ORGANISH: Homo Sapiens

IMMEDIATE SOURCE:
(A) LIBRARY! lambda qtl0

FEATURE:
(A) HAME/XEY: CDS
(B) LOCATION: 12%,.31395
(D) OTHER INFORMATION:

{vi)
{viiy
(ix)

/note= Ynucleotide number 1 6{ this
sequence is identical to the nuc)eotide
" number 1 ¢f the previous 4109 long
sequence."

(xi} SEQUENCE DESCRIPTION: SEQ ID KOLE:

TTGSAGCTAC
CACGCTCTIT

CCAGAGCTAT

. TGAGCCTAAT

TTGIGCAGCT
AGTACCCCAT
GCCSCCTTIT
ACACTIGCTA
ACATCTATGT
TCATCGTGGA
CTGTAALCTT
TIARTGGSAC

TCCAGACCAT

AGGGAGAGAX
ACTCCATGTG
GGGGACTTCC

ACAGAGGAGS
TGGUACATTC
CATCCGGCGT

CCTCTGCCAG
GAATTCATCC
GTCTGAAGAA
TGTGACGGTC
TTACAACCAC
GCCAGACCCA
GGATGATCAT
ACACAACAGT
CTTCACTCTA
COCATITAAT

AGACTGCAAG
ATTGCGGAAT

. »
TCLTGGTCTY

CITTCATTAC
TTTT&?CTGA
GAGAGCTCCG
TTGGAAGTGA
ACTCAGACAG
GATITAGCET
TCIGCCATTA
CAGGGGGTG

G3ICLCTATA

LuzLLAiECT
GATGZITITGG

ATGTGGAMAT

GCAGTGCCTS
AAGAGAATGA
TTGTACCTCT
TACCTTGTCG
TACCTGCCTE
TIT s

(S
-~ ~
-l ‘TUﬂG .

T TRAALGCAAS

AGATCATIGS
AACATCGGAG
AGCGCTGTCTT

'TCCAAATGAA

GGAGAGTGAA
CAGAAATGAA
GGCGGCECAL
GCTTGAAGGT

AGGAATGALSG Ga

CACAACTGAT
CTACGACAGC

CACCOTCAAAN

ATCAGARGITS G

AEGLCETIGRG

GAGAAGTTTC
CTLACAGSGGL
AATGAAARGG
GIGAGCTGGC

‘GAAAACAACH

ACAGGGTIGT
AGGCATATTT
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107 ACCTGGGITT CCATCCTTGA GATTCTGAAG TATGAAGTCT GAGGGAAACC AGAGTCTCTA
4800 TTTTTCTAAA CTCCCTCCCT GTTCTGATCG GOCAGGTSTC GGAAACACTG ACTTAGCTTT
4860 CAGGAAGTTG CCATGGGAAA CAAATAATTT GAACTTTGGA ACAGGUTTCT TAAGITGCTC
492C CGTCCTTCGG ATGAThAATT TAGGAACCGA AGTCCMATCA CTGTAAATTA ‘CGGTAGATCG
4980 ATCGTTAACG CTGGAAATTAA ATTGAAAGGT CAGAATERAC TCCGACTCTT TCGATTTCAA
5040 ACCAAAACTG TCCAAAACGT TTTCATTTCT ACGATGXAGG GTGACATACC CCCTCTAACT
5100 TGAAAGGGGC AGAGGGCAGA AGAGCGGAGG GTGAGGTATG GGGCGGTTCC TTTCOGTACA
5160 TGTTTTAAT ACGTTAAGIC ACAAGGTTCA GAGACACATT GGTCGAGTCA CAAAACCACC
5220 TTTTTTGTAA AATTCAAAAT GACTATTAAA CTCCAATCTA CCCTCCTACT TAACAGTGTA
5280 'GATAGGTGTG ACAGTTTGIC CAACCACACC CAAGTAACCG TAAGAAACGT TATGACGAAT
5340 TAACGACT AT S3BATHRCT R AT TIRGT AT ET GBRCRTST AT ACCTTARTGA SERARATAGOE 849
5400 GTCTACTACGALAGEST €T AETI I CELRRTART ATRTOAT: QEACTTRATLGGATGEGOACAT o6

5550 GOTCTVDCG FEHRATE FUET P RCCAC Tt LA AT GRS TR, FFCREIRCTT 50

5520
5580

5640

AGGTCAAAGA

TATGCAAACACATRAGKT CTTGAMGT LT CEIERCATIGIFAAGIIRC AR TASTCAGTC ATAGAGSGAAC. 029

AATGAAGAAA CTCACTATTYT CTGTCCATGA GAAAGGTTTC ATTGAAATCA 1030
AACCCACSTT CAGCCAGTTG GAAGCTSTCA ACCTGCATGA AGTCAAACAT TTTGTTGTAG 3140
ACETGTASGC CTACCEACCT COCAGSATAT CCTGGCTGAA AAACAATCTG ACTCIGATTS 12090
AMAATCTOAC TGAGATCACC ACTGATGTGS ABAAGATTCA GGAAATAAGG TATCGAAGCA 1260
AATTAAAGCT GATCCOGTGCT SAGGAAGAAG ACAGTGGCCA TTATACTATT GTAGCTCAAA 1320
“ATGANGATGC TSTGAAGAGC TATACTTTTS AACTGTTAAC TCAAGTTCCT TCATCCAIT 1380
TGGACTTGGT CGATGATCAC CATCGCTCAM CTGGGGéACA GACGSTSAGG TGCACAGCTS 14490
AAGGCACGCC GCTTCCTGAT ATTGAGTSGA TGATATGCAN AGATATTAAG AAATGTAATA 1506
ATGAAACTTC CTIGGACTATT TIGGCCAACA ATGTCTCAAA CATCATCACG GAGATCCACT 1560
COCGAGACAG GAGTACCGTG GAGGSCCATG TGACTTTCGS CAAAGTGGAG GAGACCATCS 1620
CCCTGTEATS CCTGGCTTAAG AATCTCCTTG GAGCTGAGAN CCGAGAGCTS AAGCTCGTGS 1680
STCCCACCCT GCGTTCTGAR CTCACGGTCS CTGCTGCAGT CCTGATGCIG TTGGTGATTS 317490
TSATCATCTC ACTTATTGTC CTGATTGTCA TTTCGAAACA GAARACCGAGG TATGAAATIC 1800
GTTCGAGEGT CATTGAATCA ATCAGCCCAS ATGGACATGA ATATATTTAT GTGGACCCGA 1869
TGCAGCTECS TTATGASTCA AGATGSGAGT TTCCAAGAGA TGGACTAGTG CTTGGTCGGH 182¢
TCTTSGEGTC, TOGAGCGITT GOOANGETOS TTGAAGSAAC AGCCTATGGA TTAAGCCSGT 1980
TCOAACSTGT CATGAAAGTT GCAGTGANCA TGCTAAAACC CACGGCCAGA TCCAGTGAAR -~ 204C
CAAGCTCT CATGTCYGAA CTGAAGATAL TGACTCACCT GGGGCCACAT TTGAACATIS 2102
TAAASTTGCT GGGAGTCTGS ACCAAGTCAG GCCCCRTTE& CATCATCACA GAGTATTGCT 2160
TOTATGGAGA TTTGGTCRAC TATTTGCATA Asaaraécsa TAGCTTCSTS AGCCACCACT 2220
CAGAGARGCL AAAGAMAAGAS CTSGAT&TCT TTGGATTGAA CCCIGCTGAT GAAMGCACRL 2288
GGAGCTATGT TATITTATCT TTTGAAMACA ATGGT&A”'A CATGGACATG AMNGCASGTIG 2348C
ATACTACACH GTATGTZCCT ATGCTAGAAL GGAMAGAGGT TTCTAAATA TCSGACATCS 240¢
AGAGATCACT CTATGATCSL CTAGCCTCAT ATAAGAAGAA ATCTATSTTA GACICAGARG 646G
TOAMMANCCT COTTTCAGAT GATAMACTCAG AAGGCCTTAC TITATTIGGAT TTGTTGAGCT 252¢
FCACSTATCA AGTTGCCIGA GIARTGGAGT TTITESCTTC ARAAMATTGT CTCCACCSIG - 258%
ATCTGGCTGC TCGCAACGTT CTCETSOCAS AMGGAAMAAT TGTGAAGATS TGTGACTTT 264¢
3CCTG3CCAG AGACATCATS SATINTTCSA ACTATGTGTC GARAGGCAGT ACCTTICTGE i70¢
ZCGTGAAGTS GATGGCTUDT CAGASCATST TTEACAACCT TTACACCACY CTGASTGAIS 2768
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ATGTCGGAAT AAAACAACCA CGAAACCTAA AACTATAACG ACACTCGGAA CGTACTGTAG

TACTCCCGGCC TACTTTGAAG AGTCAGGICG TCAAAGGTCA GCATTGITTA CGAGGGTGGA

CTTAAACATA TACTGACGTA AACACCCACA CACACACAAA AGICCTTTAA CGICTAACA
AAGGAAACC GGAGGCGTT TCAGAGGTCT TCTTTTTAAC GGTTAGAAAG GATGAAAGAT
AAAATACTA CTGITAGITT CGGCCGGACT CTTTGTCATA ARMGRCTGAAA AATTTGCTAA
TCACTACAGG AATTTTACAC CACACGATTA CACATGIGI ACCACGATAA AAACACTTCT.
CCCTGGATTC TATTTACTA CAATATGTAG TTATACATAT - ATACATAAAG ATATATCTGA
ACCTCTTATG ACGGTTTTGI AATACTGIT CCACATAGIG ACGGAAGCAA ATATAAAAAA

ATTGACACTA TTAGGCTGI CCGICTAATT CACAACGGA AAACTTACAG GITTTAATA
TAAAATCTTT ATTATTTTTC TTTCTATGAA TCTACAAGEC TTTGITACC ACACCACTTA

CACACTCTT TTGATGAACTTATCEEATATs CriTeAGSHAT TCTTTAGATARREES: GRFACEEERALCS

GTACAAAA . and
ACTACAAAR ACM DA Ler GERCRETIAG LCIAR Area b/ eE AT THEEETATA

108 CLAI MS 1.

STGAREASHR (TAFEAFTARY GTSBREHEA TFARSERBAN AR AR e T eI G°

" AGARAGAGACC

CCTTCATCAA
TAGACTCTTC
TCCACTTCTG
TTGAGAGCAG
CTTTCTAART
anTGecteas
TAGGCCACAG
TTTATACIGC
TTTAGATIGCT

ATTTCOLTCY

ACCATTTITG,

BAGAGATAAA
TGACAACTCA
CTAAATGTGT

. CITACTAAGT

CTATAAZGTA
ARAGTASTGT
TCOTATTA

TTRAGTCCTA

e e Al
rrboramadbes

ATCTATEAZC
CTTACCTCRA

—-—-— n Vv
WA A V-

CTCCTTTITAC

TTATGARANN

AGACTTIGETS

GGGETACCTS

GAZTTGITTS

9

ATGAATGAAT
TAGCATCTCA
AARGGTGAACT
GACRGAACTT
ATTAACTATC

o . -
-

AACCTSA

ACCTTAARAG ¢

GAATAARTAMNT
TTTTCATATIT

TGCTAATAGC
TGTCCAGGAR
AMACAATTAA

AMAGTICTCA

MTGGAAMNT

CACCTGAGTS
ATTCACCTGS

% GACAATGCAT

GAAGACAGCT
TEGATCCCGT
ATGTTTARANG

Y aa)
s o

GGGATAT
GTGETETCTC

TTCTGCTTCA

CAGCATTGTA,

TTCITTGGAC

TSTTASCIGE

TCTTOTTGCS TGATG

CTSARMAGES

AGAGAIAGAS

TTAGCITGAT -

AGATTGTGSGA
ACTTCCTGAA
ACATTGSTGT
ATGAGCAGAG

AAGACATCGA

pAmmAam

[oua
A wmmg WA A" TS

TCAGAAAACC

il aladad
&

GAAATGAACT

MAGTTTEGAS

AGAAG

AGGACATTGS
ATTATGTAAA
TTETGAAGAG
TETTGAACTT
TATAGCATTT
TGTTTAATAG
™TTATAATAC
CTCCACACAA

»
T TTTGACATTT
~ TARATTTAGT"

TTAACTGTAC
AAATAATGSG
ATAAACCTGT
GCGCANAARG
TTTGGCGACE
TGCCCAGACA
GAGACCATAA

CAAATGTSTS

GAATCTGCTG
GAGTGACCAT
CACCTACAAA
ACTEAGTGET

GGAGGACCTG

CATGATGGAS
GGCITGATTEG
ACTTTATICC
AGCCAAGGGE
TTCTCAGTGT
ATAGATGGAT
TGAGASTCCA
TAACTCTRAC
ACCACTCAAT

TACTACTGTIT
AGCACAATTT
ATATTAAATA

AGATATTCTT

TGGCAGCIAS

CCTGGACMAT
CCTGCTGTGG

TECCTCTTGL
AAGGGAATAA
ACAGACACAA
CACGGLTGTS
CCATCCATGT

TTTRGANGCE
ATCAGTAARTG
AAARACAATL

ACATGTTTCT

GAACAAMNGTR -

CCCCAATCCA

TATTITTTGA .

TCTTTCACCT
TAGTGSAGES

GTAGACTAST

5700
5760
5820
.5880
5940
6000
6060
6120

6180

6240
6800

282360

83
3000

3060

3680
3640
3600
1660
3720

2780
384C
1500 -
1960
1020
4080
4140s
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| ess than about 50 kbp conprising at |east about 24 contiguous
nucl eoti des which encode a human platelet- derived growh factor
receptor (hPDGF-R) pol ypeptide segnment consisting essentially of
extracel lul ar region of hPDG--R 2. A nucleic acid as cl ai ned
in claim 1, characterised in that sai@lo7segnent is a soluble
pol ypeptide. 3. A nucleic acid as clained in claim 1 or -2, .
characterised in that said segnent consists essentially of a full length
extracellular region of a B-type or an A-type hPDG- receptor, and further
has a sequence of a pol ypeptide in Table 2 or Table 3. 4. A nucleic
acid-as clained in Qua|n11 2 or 3, characterised in that the segnent is
| ess than aboufCF§ECTIR FRITEETIFS, CATTCTGANG TATRANGITER CASRIARACH; AGAGTC i n4&8p%
precedi ng cl ai mmhmcd:mccsmd:ml erticheiTes adcdasmgne stAsACEP abtmcofr™hi ndiseg
to PDGF. CAGGAAGTTG CCATGGGAAA CAAATAATTT GAACTTTGGA. ACAGGGTTCT TAAGTTGGTC 492¢
CGTCCTTCGG ATGATAAATT TAGGAACCGA AGTCCAATCA CTGTAAATTA CGGTAGATCG 4980
ATCGTTAACG CTGGAATTAA ATTGAAAGGT CAGAATCGAC TCCGACTCTT TCGATTTCAA 5040
ACCAMAACTG TCCAAANGGT TTTCATITCT ACGATGAAGG GTGACATACC CCCTCTAACT 5100
TGAAAGGGGC AGAGGGCAGA AGAGCSGAGG GTGAGGTATG GGGLEGTTCC TTTCSGTACA 5160
TCGTTTTTAAT ACGTTAAGTC ACAAGGTTCA GAGACACATT GGTCGAGTCA CAARACCACC — S220
TTTTTTOTAA AATTCAAAAT GACTATTAMA CTCCAATCTA CCCTCCTACT TAACAGTGTA 5280
GATAGGTGTG ACAGTTIGTC CAACCACACC CAAGTAACCS TAAGAAACGT TATGACGAAT 5340
TAACGACTAT GGTATACTTA CTTTGTACCC GACACTAATG ACGTTAGTGA CACGATAGCC 5400
GTCTACTACG AAACCTYCTA CGTCTTCGTT ATTATTICAT GAACTGATGS ATGACCACAT 5460
TAGAGTTACG TTCGGGGTTC AAAGRATAGG TTGAAAAAGT ATCATTCACG CTTCTSACTC 5520
GTCTAACCG GTTAATTTTT CTTTTGGACT GATCCAAGAC ATCTCGGTTA ATCTGRACTT 8580
TATGIAAACA CAAAGATCTT AGTGTCGAGT TCGTAAGACA AATAGCGAGT GAGAGGGAAC 5640
ATGTCGGAAT AAAACAACCA CGAAACGTAA AACTATAACS ACACTCGGAA CGTACTGTAG 5700
TACTCCGSCE TACTTTGAAG AGTCAGGTCG TCAAAGGTCA GGATTGTTTA CGAGGGTGGA 5760
CTTAAACATA TACTGACGTA AACACCCACA CACACACAAA AGTCGTTTAA GGTCTAAACE . 582¢
AAGGAMAACC GGAGGACGTT TCAGAGGTCT TCTTTTAARC GGTTAGAAAG GATGARAGAT 5880
AAMAATACTA CTGTTAGTTT CGGCCGGACT CTTTGTGATA AACACTGAAA AATTTGCTAA 5940
'TCACTACAGG AATTTTACAC CAGACGGTTA GACATGTTTT ACCAGGATAA ARACACTTCT 8000
CCCTGTATTS TATITTACTA CAATATGTAG TTATACATAT ATACATAAAG ATATATCTGA 6060
ACCTCTIATS ACGGTTTTCT AMATACTGTT CCACATAGTG ACGGAAGCAA ATATANARAA 6120
. ATTGACACTA TTAGGGCTGT CCGTGTAATT GACAACEIGA AAACTTACAG GTTTTAMATA - 6180
TABAATCTTT ATTATTTTIC TTTCTATGAA TGTACAAGSG TTTTGTTACC ACACCACTTA €240
CACACTCTIT TTGATTGAAC TATCCCAGAT GGTTATGTIT TACATAATGC TTACGGGGAC 6300
XAGTACAZAA ACARAATTIT GCACATTTAC TTCTAGAAAT ATAAAGTTAT TTACTATATA 6360
TTARATTTCS TTAAG ' - ' 375
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6. A nucleic acid as clained in any preceding claim characterised in
that said nucleotides encoding said segment are operably—++nked-to.a

pronoter. 7. A nucleic acid as clainmed in any preceding claim further
encodi ng a heterol ogous pol ypeptide which is fused to s§gi ﬁmmmﬂﬂ

8. A cell transfornmed wth a nucleic acid of any mr
claim and wherein said cell is a manmalian cell. 9. - A-cel'l #s tlal med

in claim8, further conprisi nﬂia gl ycosyl at®®n enzynme originating froma
non- f ungal spé@@és—l—}@g—L— ‘A’ substantially pure extracellular
hPDGF- R pol ypeptide fragnent of at |east about twenty am no acids having

pl gtel et - dﬂ' ved growt factgr 1@’ WP} ed DA G 1aERE Viddombihant nfcleic
substantially puref 9 gpghéé é%out & nﬁgé cgﬁ%rlslng at least about 24
contiguous nuclectides which encode a hunan 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, wherein said
segment consists essentially of a full length extracellular
region of a B type or an A type hPDGF receptor, and further has
a sequence of a polypeptide in Table 2 or Table 3.

4. A nucleic acid of Claim 1, wherein said
segnment comprises 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, vherein said
segment 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 bindin¢ te a PI3 kinase.

9. A cell transformed with a nucleic acid of
Claim 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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clainmed in claim210, characterised in that said pol ypeptide fragnment

sol ubl e. 12. An extracel | ul ar hPDG-- R fragnent hav?ﬁﬁ_ﬁFDGF‘FFbrndrng~
activity consisting essentially of ami no acids beginnin

endi ng at about 499 of a type B hPDGF-R, and is furtheﬁﬂﬂ‘ﬂm "@'ﬁﬂ#’,
2. 13. An extracel lul ar hPDG-- R fragnent having hP

activity consisting essentially of am no aé?%s beginnlng about 1 and endi ng
at about 501 of a type A hPDGF-R,_ and.i ah ble.3. 14.
A conposition conpritding aft ® qﬁﬁ@? ?ﬁﬁq gﬁéé é%ﬁ B EﬁéF
fragment. 15. nucleétddapoencod)m@ssaﬂdasaembmm aﬂmpnﬁzablbhhimderﬁoséd in

that said fragﬁgﬂ} ubstantially pure. 16. A conposi tion conprising
an extracellu aroﬁﬁ%GF R fragment, which exhibits a glycosylation pattern
whi ch is non-fungal and non-human, 17. A conposition as clainmed in

claim 16, wherein said fipagment if Rreieiti atiy dihelatnr acebhitiesr ragooingf - .
a type a heterologous polypeptide which is fused to said hPDGF-R
segnent. )

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-*nduced
rasponse in a cell of Claim ¢ wlthlthe response from 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 acids having platelet-
derived growth factor (PDGF) binding activity or tyrosine.
kinase activity. :

18.. A substantially pure polypeptide fragment
of Claim 14, wheérsin said polypeptide fragment -is soluble.

16. A hPDGF-R fragment having hPDGF-R binding
activity consisting essentially of fmino acids beginning at
about 1 and ending at about 499 of “a type B hPDGF-R, and is
further derived from Table 2.

17. 2 hPDGF-R fragment having hPDGF-R bindingn
activity consisting essentially cf "amino acids beginning about
1 and ending at about 501 of a type A& hPDGF-R, and is further

derived irom Table 3.

18. A composition comprising an unglycosylated
hPDGF-R fragment.
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B or a type A hPDGF-R 110 18. A conposition as clained in claim 17,
havi ng a sequence from Table 2, or Trom Table 3. 19. A conposi tion
conprising a conbl reconbi nant nucleic acid encoding a
human pl at el et - der;nmﬁmﬂ"" ﬂnﬂéﬁtr receptor polypeptide (hPDG- R) :
agnment as cl aine R amy enes l'aims 1 to 7; and b) a non-fungal
glycosylatlon enzyne capable of gl ycosyl at 1a9 sald fragnment when expressed

20. A method for introducing a hPDG--R-activity to a cell, said nethod
conprising the step of iMtroduci ny compesitien| ofi GFaivPder- Rhgreirisaid
fragment of at fg.ge,ﬁén@lpursugu-fgngyggffqmg}al tons to said cell. 21. A

met hod for assaying the presence of a.-l'igand for a PDGF receptor in a
sanpl e, conprising the steps of:
20. ~ "A composition comprising a hPDGF-R

fragmenz, which exhibits a glycosylation pattern which is non-
fungal and non-human.

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

22. A composition of Claim 20 having a sequence’
¢ from Table 2, or from Table 3. '

23. A composition 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.

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

258, A method for a;saying the presence cf a

ligand for a PDGF recceptor in a sample, comprising the steps
.of'y ' -

combining said s w;le with & hPDGF receptor ligand binding
site; and

detecting binding between said llgand and sald hPDGF
receptor ligand binding site.

26, An isolated peclypeptide of less than about
200 amino acids comprising a rcceptor Kinase insert region.
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conbining said sanple with a hPDGF bi nding site; and
detecting binding between said |liga E mm& Iﬁﬁﬁ receptor |igand
bi nding site. 22. An i sol at ed ess than about 200

am no acids conprising a receptor Kkinase insert reglon An
i sol ated pol ypeptide of claim 22, mhereln iihd polypeptlde has a
phosphorat ed am no acid residue. i sol at ed pol ypeptide of claim

22, wherein said pol ypept, de COW%&&M%%@%SP%&&@ et ERhiN f@mol ogous

to a kinase insert segnent of a cept or urtp has quence
from Tabl e 2 oFh ?EE&%&??id99°lypeptl¢ﬁlﬁ%?oPaPBﬁséhﬂﬁf d8m6?°c?%ﬁ

w th a pharnaceasidwly acceptable carrier. A net hod of
purifying, froma sanple, a protein capable of blndlng to a PDGF receptor
ki nase insert oo C . :

" 28. An isolated polypeptide of claim 28,
wherein said polypeptide comprises a sequence substantially
homologous to a kinase insert segment of a PDGF receptor, and

further has a sequence from Table 2 o6r Table 3.

N 29. An isolated polypeptide 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

a~

. region of a second protein, said method comprising a step of:
' 2dding to said first protein a peptide analogue of said
phosphorylated region, wherein said analogue is capable of
inhibiting 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
phoébhorylated 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 faid targét phosphorylated
polypeptide in the absence of said molecule in a second
analy51s' and
’ comparing said analyses to determine the effect of ea:d
melecule on said kinding..

32. A method of Claim 3*; wherein said -
contacting steps are performed in succession.

33, A method for modulating a P13 kinase
activity comprising the step of:
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segnent, conprising the step of: contacting said sanpl e -with-an-analogue of
a phosphorat ed pol ypeptide substantially honol ogous to a PDG- recept or

Sboar i ATy 1o Sard Dnosohor e pol voestide 2y ** ¢ ) llﬂﬂlﬂlllfﬂllﬂlﬁﬂl llll

I solating a nucleic acid encoding a protein capable of blndlng t'o
receptor, conprising the steps of: conbining2a |abeled and phosphorated
PDG- receptor kinase insert region polypeptide with cells expressing

vari ous proteins, tddskisgyal pbesphoryleowd FBEF sregamdicrekpnase inserthuegdon

acid to producg Pyﬂﬁ?:tﬁ'e”twﬂﬁﬁfﬂdb fnplsk sg p@g@,}:gw Qthgw@m;ygﬁmdirgf and

I sol ati ng those cell's ave een abel ed claim
27, wherein saPﬂt¥ﬁ%ﬁ(§aﬁdc§B&MPﬁpEﬁdQn4ﬂﬂ ﬁ@lﬁ ?ii}#ﬁnéééptor is PI3 kinase
or c-fns. Date:

34, A nethod of purifying, from a sample, a
protein capable of binding to a PDGF receptor 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
said protein to bind specifically to saxd pho;phorylateq
polypeptide.

35. A method of isolating a nucleic acid
encoding a protein capable of binding to a PDGF receptor,
conpr-51ng the steps of: .

combining a labeled and phosphorylated PDGF receptor
kinase insert region polypeptide with cells expressing various
proteins, thereby labeling those cells which express said
nucleic acid to produce a protein vwhich binds said
phosphorylated pOIVpeptide, and :

isolating those¢ cells vwhich have been labeled.

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

»
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113
ABSTRACT
HUMAN PLATELET-DERIVED GROWTH FACTOR RECEPTORS

DNA sequences encoding human platelet-derived growth factor receptors (hPDGF-R},
and expression constructs comprising sequences which encode a receptor that can be
secreted or incorporated into the membrane of a mammalian cell, Peptide fragments
with functions equivalent to the wild-type recebtor, conferring a PDGF-sensitive
mitogenic response on cells lacking that receptor are .provided. The constructs can be
used for enhancing PDGF response of cells, determining the regions involved
transducing the signal in response to PDGF binding, providing mutated analogs and
evaluating drugs for their physiologic activity._ Soluble fragments comprising PDGF
receptor sequences are also provided, including important intracellular kinase insert

sequences which interact with intracellular proteins.
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1. A purified and isolated recombinant nucleic acid of
less than =zbout S0 kbp comprising at least about 24
contiguous nucleotides which encode a human platelet-
derived growth factor receptor (hPDGF-R) polypeptide
segment consisting essentially of extracellular region of
hPDGF-R. |

2. b\ nucleic acid as claimed in claim 1,
characterised in that said segment. is a soluble
polypeptide.

3. A nucleic acid a5 claimed in eclaim 1 or 2,

characterised in that said segment consists essentially of
. a full'length extracellular region of a B-type or an A-type
hPDGF receptor, and further has a sequence of a polypeptide
in Table 2 or Table 3. o '

4. A nucleic acid as claimed in claim 1, 2 or 3,
characterised in that the segment is less than about 300
amino acids.

5. ‘A nucleic acid as claimed in any preceding claim,
characterised in that said segment is capable of binding to
PDGF.

6. A nucleic acid as claimed in any preceding claim,
characterised in that said nucleotides encoding said
segment are operably linked to a promoter. '

7. A nucleic acid as claimed in any preceding claim,
further encoding a heteroclogous polypeptide which is fused

to said hPDGF-R segment.

8. A cell transformed with a nucleic acid of 'any

W .. e
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preceding claim, and wherein said cell is a mammalian cell.

9. A cell as‘'claimed in claim 8, further comprising a
glycosylation enzyme originating from a non-fungal species.

10, A substantially pure extracellular hPDGF-R
- polypeptide fragment of at least about twénty amino acids
having platelet-derived. growth factorxr (?DGF) binding
activity. .

21, A substantially pure polypeptide fragment as
claimed in claim 10, characterised in that said polypeptide
fragment is soluble, ' '

12. " An extracellular hPDGF-R fragment having hPDGF-R
binding activity consisting essentially of amino =acids
beginning at about 1 and ending at about 459 of a typeiB
hPDGF-R,; and is further derived from Table 2.

13. An extracellular hPDGF-R fragment having hPDGF-R
binding  activity consisting essentially of amino acids
beginning about 1 =2nd ending at about 501 of a type A
hPDGF-R, and is further derived from Table 3.

14. A composition - comprising an = unglycosylated
extracellular hPDGF-R fragment. '

15. A composition as claimed in ciaim 14, characterised
in that said fragment is substantially pure.

16. A composition comprising'an extracelluclar hPDGF-R
fragment, which exhibits a glycosylation pattern which is
non-fungal and non-human. . '

17. A composition as claimed in claim 16, wherein said
fragment is essentially the extracellular region of a type
B or a type A hPDGF-R.
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18. A composition as claimed in claim 17, having a
sequence from Table 2, or from Table 3.

19. A composition comprisihg a combination of:

a) a recombinant nucleic acid encoding a human
- platelet-derived growth factor receptor polypeptide (hPDGF-
Ri fragment as claimed in any one of claims 1 to 7; and

b) a non-fungal ‘glycosylation enzyme capable of
glycosylating said fragment when expressed.

20. A method for introducing a hPDGF-R activity to a
cell, said method comprising the step of introducing an
extracellular hPDGF-R protein fragment of at least about
five hundred daltons to said cell.

21, A method for assaying the presence of a ligand for
a PDGF receptor in a sample, cémprising the steps of: _
combining said sample with a hPDGF receptor-ligénd
binding site; and | I _
‘' detecting binding between said 1ligand and said
hPDGF receptor ligand binding site.

22. An isolated polypeptide of less than about 200

amino acids comprising a receptor kinase insert region.

23. An isolated polypeptide of claim 22, wherein said

polypeptide has a phosphorated amino acid residue.

24, | An isolated polypeptide of claim 22, wherein said
polypeptide comprises a sequence substantially homologous
to a kinase insert segment of a PDGF receptor, and further

has a sequence from Table 2 or Table 3.

25. An isolated polypeptide of claim 22, with a

pharmaceutically acceptable carrier.
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26. ' A method of purifying, from a sample, a protein-
capable of binding to a PDGF receptor kinase insert
segment, comprising the step of: |

contacting said saﬁple with an analogue of a
phosphofated polypeptide substantially homologous to a PDGF
receptor kinase insert region polypeptide, thereby allowing
said protein to bind specifically to said phosphorated

polypeptide.

27. A method of isolating a nucleic acid encoding a
protein capable of binding to a PDGF receptor, comprising
the steps of: |

combining a labeled and phosphorated PDGF receptof
kinase insert region polypeptide with cells expressing
various proteins, thereby_labeling those cells which
express said nucleic acid fo produce a protein which binds
said phosphorated polypeptide, and

isolating those cells which have been labeled.

28. - ‘A method of claim 27, wherein said protein

capable of binding a PDGH receptor is PI3 kinase or c-fms.
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