
l ,. ,, 

' 
I 

PI . ·I· i:• 
. ' PCT/l!S92/00862 . 

1 

HUMAN PLATELET-DERIV~D GROWTH FACTOR RECEPTOR~ 

The present application· is a continuation-in~part 
application of commonly assigned patent application u.s.s.N. 
07/309,322, filed February 10, 1989, which is a c-r-P of 

•· 5 ··u.s.s.N. O?/l5l,4i4, filed February 2, 1988, both of which are ... 
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incorporated herein by r~fe:rence. 
The Government has.rights in this invention pursuant 

to Grant No. ROl HL-32S9B awarded by the National rnstitutes of 
Health. 

Field of the IPX§htion 
Tho present invention relates to the devel_oprncnt of 

diagnostic and therapeutic agents and, in particular, to 

compositions based on platelet-derived growth factor receptors. 

Bl1CKGROUNO OF THE I~EN'I'ION 

Platelet-dei~ived growth fa~tor (PDGF) is a major. 
rnitcgen for cells of :r.iesenchymal oriqin. The protein mitogen 
is usually a 32 kDa protein heterodimsr usually composed of two 

20 polypeptide chains, A and B, linked by disulfide bonds. Jn 

additio~ to the PDGF AB heterodirner, two homodimeric forms of 

PDGF, denoted AA and BB, have been identified. 
'l'he ·iirst event in PDGF .... mediated mitogenesis is the 

.binding of PfJGF to its receptor at the cell membrane. This · 
25 interactiort triggers a diversity of oarly cellular responses 

including activation or receptor tyrosine kinase, increased 
phosphatidylinositol tur.nover, enhanced e>!pression of a group 

of genes, activation of phospholipase A2, changes in cell 

shape, an increase in callular calcium concentration, changes 
30 in intracellular pH, and internalization and dagradatjon of • 

bound PDGF. '11he$e changes are: followed by an :increase in the 

rat·c of proliferation of the target receptor containing cells. 

The ability of a polypeptide to stinrulate growth of a 
particular cell type }._rj vitro does not prove that it se:t.-ves the 

35 same function jn ~vo, but the roles· or many growth factors on · 

cells are being studied to deterroine"the roles that the factors 

play in the whole organism. !n vitro, platelet-derived growth 

REPLACED SHEF.TS SG 
cells of facto:r is a major ...t).(;1-,1,-V.:yPEMea-t:$~t.:-i~Eiee-iim~i~·n in ST!? nm--·,for 

liZl Description : paged ... '... .. to paged .. .!~{ .. 1 

T.his':.'.lsllhlelleltl HllalsllBI lellelnllRI 101'1aced ffil1' Claim(s) : paged . .!~!.. to paged ··'~·····I II r;!1 Drawing(s) 'paged ... 'fl .. to paged ..... r. ... I 
It! Abstract : paged .. .l\3 .. to paged .:: ...... . 

DATE OF RECEIPT ................................. .. 
... _..-......... ----... ----·-· 



PCT /US92/00862 

2 

mesenchyroal origin such as fibroblasts, smooth muscle cells, 
and glial cells. In vivo, PDGF does not circulate freely in 
blood, but is storect in the a granules of circulating blood . . 
platelets. ouring blood clotting and platelet adhesion, the 

5 9ranule~ aro ro~cased, cfteri at sites of injured blood vessels, 
thus implicating PDGF in the repa~r of blood vessels. PDGF may 
stimulate migration of arterial smooth muscle cells f~om the 
medial to the intimal layer of the artery where the muscle 
cells may prolifeLate. This is likely to be an early response 

"' 10 to inj·ury. 
PDGF i::; being studied to determine how cell· 

proliferation is controlled in the body. The growth factor has 

been implicated in ~ound healing, in atherosclerosis, in 
myeloproliferative disease, and in stimulating genes associated 

15 with cancerous trE.11sformation of cells, particula;r..·ly c-myc and 
.c-fos. ·Therefore., PDGF aqoni~ts ~ay be useful in promotjng 
wound healing. PDGF antagonists may also be useful in 
preventing atherosclerosis, in ret~~ding blood vessel narrowing 
that occurs after cardiovascular intervention and in 

20 controlling cancerous proliferation. 

The interaction of PD~i:· with cells is mediated. in 

part, by~ receptor for the mitoqen.· ~he PDGF receptor is . 
therefore a very important component in mitogenic sti:roulati'on 
by the growth factor. However, the inability to characterize 

25 the direct interaction between the PDGF and its receptor and 
between the PDGF receptor. and intracellular components has 

hampe~ed the development of reagents needed in the diagnosis or 
treatment of physiologi.cal conditions or disorders 
characterized by abnormal or undesired PDGF responses. For 

30 these reasons, a dr.amati.c need exists to characterize the 
structural arid phy.siolocJic~l properties of PDGF receptors. 

SUM.MARY OF 'l'HE INVENTJON 

In a·ccordancc with the present invention, DN/, 

35 sequences encoding human platelot-derived growth factor 
receptor (hPDGF-R) polypeptides have been isolated and 
sequenced. ln one embodiment, expression constructs are 
provided comprising one or more sequences that encode 

·.·:-· .. ::· ... ·.· 
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PDGF-receptor.proteins that can be secreted or associated with 
the membrane Of a mammalian cell. The membrane associated 
receptor should ~e functionally similar to or equivalent to a 
wild-type recept~r thereby conferring a PDGF sensitiv~ 

rnitogenic response on cells lacking the receptor. ·The 
construct .can be used, inter alia, for produc,tng large amounts 

of the PDGF-receptor or fragments, for enhanc~ng PDGF response 
- . 

of cells, for de~ermininq the regions of the receptor 

polypeptides involved in transducing the mitogenic signal in. 
response to PDGF binding, for providing mutated analogs of the 
receptor, for evaluating drugs for th~ir physiologic aetivjty, 

and for probing the integrity of sequences nearby the 

chromosomal loci of the receptor genes. In particular, various 
soluble fragments of ti1c receptor are provided, many possessing 

~ 15 various ptoperties of c~ll associated hPDGF-R protein~~ Novel 

:methods utilizing these constructs are also p~ovided .. 
The present invention provides a purified and 

isolated recombinant nucleic acid of less than about 50 1'"...bp 
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 
polypeptide. In particular ·embodiments, the segment consists 

. . . 
essentially of a full length extracellular region of a B type 
or an A type hPDG?' receptor, e.g., a sequence of a polypept)de 

25 in Table 2 or 'l'ablc 3. In other embodiments, tha nucleic acid 

encodes a segment with a phosphorylation site. 
Usually, the encoded seqment is less than about 300 

amino acids, and will pr~fcrably be capable cf binding to PDGF, 
lo 

be a substrate for phosphorylation, or be capable of binding to 

30 a PI3 kinase. In other embodiments, the encoded segment lac)(s· 

a substantially complete intracellular region. 
'.l'he invention also ambraces a cell tra.nsfornicd with 

·the describ~d nucleic acids, typical~y where the cell js a 

r.:arn:nal ian cell. In pa:t'ticular elilbod~ments, the eel 1 further 

35 contains a gl ycos)•lation enzyme originating from a non-fungal 
species. 

Expression vectors are also provided, and jn certain 

et".bodiments, the nucleic acid nucleotides encoding the segment 
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are operably linked to a promoter. Recombinant nucleic acids 
are pr.~vided which further encode a heterologous polypeptide 
which is fuse•l to the_ hPDGF-R segment. 

As another ~spect of the inve.p.tion, methods are ·. 
provided fer evaluating the ability of a compound to function 
as a hPDGF~R agonist or antagonist, Utilizing the step of 
comparirn~ the fimount of a_'.PDGF-induced_ response from a control 
cell with that in a cell tr~nsformea with a hPDGF-R peptide 
fragrnen·; encuding nucleic acid. In various embodiments, the 
PDGF-)ndu~ed respc1nse is compared by measuring synthesis of DNA 

in the c2llF~ After contacting the cells with cell with PDGF. 

~~lypeptidc embodiments include a substantially pure 
hPDGr·-a polypeptide fragment of at least about twenty amino 
acids ha~inq p~atel~t-derivcd growth factor {PDGF) binding 

15 activi...:y r;~ tyi-osinc kinase activity. Typically, .the 

p~lypept~da fragment will be soluble. 

In other embodiments, hPDGF-~ fragments arc provided 

having ~PDCF-R binding activity consisting essentially of amino 
acids ~eg~nning at about 1 and endinq at about 499 of a type a 

20 hPDGF-~-:, e.g., derived from Table 2, or consisting essentially 

of ani; .. o acids bcg.:.nning about 1 and ending at a.bout 501 of a 

-tYPE' i-. t;l-'DGF-R,_E.<g._; deriyed from Table 3. The invention 

embraces compositions havin9 an u·nglycosylated hPDGF-R 

fragr..<:>.1t; preferably whet"e the fragment is su)?stantially pure . .... 
25 In :J"."_ner embodi.ments, the hPDGI-"-R fragment e.xhibi ts a 

glyco£:ylation patt:.orn which is non-fungal and non-human. 
Particularly useful compositions have a hPDGF-R polypeptide 

fragment which is essentially tho extracellular region of ~ 

t_-y:pe B or a type 1~ hPDGF-R, c.g., derived from sequences of 

30 Table 2 or Table ~~, i\n aadi tional embodiment is. a com,posi ticn 
comprising -a· combination of:· (a) a rec::oli'.binant nucleic acid 

encoding a human platelet-derived growth factor receptor 
polypeptide (hPDGF-R) fragment; and (b) a_ non-t·ungal 

glycosylation enzyme capable of glycosyla~in9 said fragment 
.35 when expressed. 

The proscnt invention provides various mothods for 
intr6ducing a hPDGF-R activity to a cell, comprising the ~tep 

of introducing 6 hPDGF-R proteih fragment of at least about 
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five hundred daltons to a cell. A method for assaying the 
presence of u ii9and for a PDGF receptor in a sample is also 
provided, compris~ng the st~ps of: (a) combining the sample 
with a hPPGF rece:ptor ligand binding site1 and (b) detecting 

5 binding between the li9and and the hPDGF receptor ligand · 
binding site. 

With respect ~o the intracellular region of the PDGF 
receptors, the present invention provides an isolated 
polypeptide of le.ss than about 2 00 amino acids comprising a 

10 · receptor kinase insert region.· In various embodiments, the 
polypaptido has a phosphcrylated amino acid residue, e.g., 
phosphotyrosine. Usually, the polypeptide has a sequence 
substantially homologous to a kinase insert segment of a PDGF 
receptor, a.g., a sequence from Table 2 or Table 3. The 

1~ i_nvention also provides ·a composition wi.th the polypepticle. and 
·a pharmaceutically acceptable carrier. 

Various methods are provided by the invention, 
including methods for modulating the biological activity of ~ 
f i::rst protein which binds to a phosphorylated region of a 

20 second protein, the method including a step or adding to the 
first protein a peptide analogue of the phosphorylated region, 
where the analogue is capable of inhibiting the bindin9 of the 

. . 
first prbtein to the second protein. -Other ~ethod~ are 

provided for selecting a molQCUle capable of inhibiting bindi.ng 
25 of a protein which binds to a target phosphorylated 

polypeptide. This method has steps of contacting t11e prote1 n 
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 

30 molecule in a second analysis; and ·comparing th~se analyses to 
. . 

determine the effect of the molecule on the binding. In 
particular embodiments, these contacting steps arc performed in . 
succession. 

Other methods for modulatin~ a PI3 kinase activity as 
35 provided, comprising the step of adding a phosphorylated l'DGF 

recepto~ kinase insert reqion polypeptid~ to the PI3 kinase, 
thereby allowing binding between the polypeptide and the PI3 
kinase. 



PCT/l!S92/00862 

6 
.. 

. The present invention provides methods for purifying, 

from a sample, a protein capable of_binding to a PDGF receptor 

kinase insert segmen~, co~prising the step of contacting the 

sample with an analo~uc of a phosphorylated polypeptide 

5 · substantially homologous to ~ PDGF receptor kina~e· insert 

region polypeptide, thereby allowing the protein to bind 

specifically to the phosph6rylated polypeptide • 

10 

. 
Methods. of isolating a nu~leic acid encoding a 

protein capable o.f binding to a PDGF receptor are provided, 

com?rising the steps of combining a labeled and phosphorylated 

PDGF receptor kina$e insert region polypeptide with calls 

expressing various prot~inr;, thereby labeling those cells which 

express tha ·nucleic acid to prciduc.e a protein which binds the 

phosphorylated polypeptide; and isolating those cells which 

15 have· been labeled. This ~eth~d is ~articularly useful to 

isolate nucleic acids encoding PI3 kinase or 

.ITh~1ii1 iii1i[1il1iliced 
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BRIEr· DESCRIPTION OF THE [IGUR~.S 

figure 1 illustrates.the association o! 85 kD/~I3 

kinase witll the type B PDGr" re:.ceptor. The association of 

phosphoprotein with the PDGF receptor (a. and b) and 
5 phosphatidylinositol 3' kinase (P!j kinase) activity (c and d) 

were studied in intaot c~lls (a and c) and in vitro (band d}. 
J:n the intact ce).l experiments PDGF-stimulated· (+) or control 
cells (-) ware solubilized and the receptor was 

immunoprecipitated using anti-receptor antibodies. The 
10 receptor-associated phosphoproteins were detected by incubating 

the receptor-associated protein complex with Mncl~ and ~32P-ATP 
followed by autoradiography o! an sos polyacrylamido gel. '!'he 

PDGF-stirnulat~d receptor associated with 85 kD and 110 kD 

phosphoproteins and PI3 kinase activity, but the unstimulated 
15 · :rece.pto:i; was n_ot. Equivalent amounts of .receptor were .. 

immun6precip3tated from the lysates from. stimulated and 
unstimulated ccJJs. 1P vitro associations were performed by 
incubating the .baculovirus-expressed receptor wi.th lysates frorn 
PPGF-stimulatcd (+) or unstimulated (-) cells. Recaptor-

20 associated phosphoproteins (b} and P!3 kinase activity {d) were 

detected. '!'he position of the 85 kD protein is indicated.by 
the arrows. 

Figure 2 illustrate$ the association of 85 kD protein 
and PI3 kinase activity wjth the wild type and kinase insert 

25 deletion mutant receptor :i~ vitro. Lysates from unstimulated 

3'1'3 cells were rni>'~cd with immunoprecipitated wild type PDGF 

type B receptor or kinase insert deletion mutant receptor that 

were prepared using a baculovirus expression systen. The 

irnrnunoprecipitates cont~ining receptor-associated proteins were 
3b. washed extensively. .In vitro protein kinase assays (panel ~) 

or PI3 kinase activity assays (panel b) were performed on th~ . . . 

proteins. The first lane of panel (a} shows the in vitro 
protein kinase assay of the baculovirous-e~ressed receptor 

that was not 1-r.ixed wi.th cell lysate. The top two bands of the 

Jb second and third lanes oi panel (a) a~e from the baculovirus­
expressed reccptqr (second lane) or the mutated receptor (third 
lane) and thejr respective precursors. The arrow jndicates the 

85 kD protein. 
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Figure 3 illustrates the need for requirement of 

receptor autophosphorylation for association with PI3 kinase 

activity and 85 kD protein. POGF receptors were 
immunoprecipitated ft:om Sf9 cells infected with the wil_d type 

. . . 

PDGF receptor recombinant baculovirus. Ill\l'l\unoprecipitates 
containing phosphorylated receptor. we.re incubated with 

.. 
solubilized 3T3 cell lysates. PI3 kinase assays {a and b) and - . 
i..n vitro kinase assays (c) were parformad. {a) Association of 

PI3 kinase actj.vi.ty with phosphorylatecl PPGF receptors were 

incubated with potato acid phosphatase· (PAP) or PAP pl.us 

orthovanadate. 
Figure 4 illustrates the use of peptides to block the 

association of the BS kD phosphoprotein and PI3 kinase activity 
with the receptor. T~1e peptides listed in Table l\! were 

-15 . preincunated with unstimulated 3T3 -cell· lys~tes prior to· 

incubation with irnmunoprecipitated receptor. The detection o"t' 
the receptor-associated phosphoproteins (panel a) and the 
receptor-associated PI3 kinase activity (panel b) were 
performed as in Fi9s. l and 2. The 85 kb protein is indicated 

20 by the arrow. 

Figure 5 illustrates the conccntration-dependance of 
the blocking activity of peptide Y719P .. ~series of 
concentrat.ions of peptide Y719P were tested for· the. ab{lity .to 

block the binding of proteins (panel a) or PI3 kinase activity 

2£> (panel b) to baculovirus-expressed irriniunopreci.pi.tated receptor. 

30 

The arrow points to the 85 kl> phosphoprotein. 'l'hc assays were 

performed as desc~ibed in Figs. 1, 2 and 3. 
ll'igure 6 illustrates that the ussociat.ion of PDGF 

-~eceptor with PLC-~ and GAP is not affected by preincubation of 
3T3 unstimulated ly$ates.with ieceptor phosphopeptidet Y719P. 

· Unstimul~ted 3T3 iy~ates·wer~ prei~cubated in the presence and 

absence of a receptor phosphopeptide (Y719P) prior to the 
association with the baculovirus-expressed receptor. The 

peptide/lysate mi){turc was incubated wi t11 the 

. 35 immunopreci pitatcd baculovirus-eY.pressed receptor at; described 

in Figs. l, 2 and 3. The presenco of PLC-~ and GAP in the 
receptor complex -Was determined.by immunoblot analysis using 

PLC-; and GAP antibodies as probes. In the lanQ marked 
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11 lysates 11 , crude lysates of JTJ cells were inununoblotted as 

controls to show the electrophoretic position of the PLC-1 and 

GAP. 
Figur.e ·7 illustrat.e.s the assooiat~on of soluble 

5 radiolabeled receptor with ixnniobilized 85 ko protein ( 11 receptor. 

blot 11 ). Ba<?ulovirus-axpressed PDGF receptors w_ere 

immunoprecipitated using recept~r antibodies_and the receptor 

was 32P-labelcd in vitro by autophosphorylation. The 

solubilized radiolabeled receptor was used to probe 

10 nitrocellulose filters containing sos-polyacrylarnida qel­

fracticnatcd lysates from control {lanes l, 3, 4 and 5) or PDGF 

stimulated (lane 2) cells. In the peptide competition 

experiments (lane 3, ,, and 5} the peptides were added to the 

nitrocellulose paper along with the radiolabeled receptor 

J5 probe. The arrow indicates the position of the 85 kD protein. 

20 

Figure a illustrates a strategy for oliqonucleotide 

directed in vitro production of a soluble,hPDGF-R extracellular 

region. The abbreviations used arc: 

PR = PDGFR: intact 
P = PDGFR; extracellular region 

TM £- transmembrane region 

K c:: kinase 

s ~ signal sequence 
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DETAILEP.DESCRIPTION OF THE PREFERRED EMBOOIMENTS 

Human platelet derived growth factor receptor (hPDGF­

R) compositions are P.rovided by the present invention. ·These 

compositions will be _full l_~n9~h natural forms, .. fragments of 

5 the natural ·forms, fusion .p:r:oteins witl1 thos;e ·fragments, 

modified forms of each,. and TC;Ulti.-protein complexes comprising 

them. In particular, s:olubie.polypeptides exh:lbiting hPDGF-R 
functions are made available, both extracellular and 

intracellular region fragments. 
lO Methods for producing protei~ compositions based upon 

hPDGF receptors are provided. Nucleic acid constructs which 

encode th~ various h?DGF-R protein compositions arc also 
disclosed. The nucleic acid constructs will be useful to 

transfect cells, providing an efficient and econo~ical means to 
15 produce co:mmercially ·usef\.ll. quantities of the protein· 

compositions. Th~sc cells, ancl others containinq hl3DGF 

receptors, will also be useful in diagnosis or for study of 

mechanisms of PDGF mitogenio 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 

· cells, providing mambranc-bound receptors that are functj onal·ly . . . . . 
equivalent to w;i ld-type receptors, ·and conferring a PDGF'-

sensitive mitagonic response on cells lacking rocoptors. The 

25 transfected calls can be used as a model for studying the PDGF~ 

induced response of cells, determining the regions involved in 

transducinq the signal in response to PDGF ligand binding, and 
evaluating drugs for their physiologic activities. Encoded 
~eceptors or their binding regions also find use in evaluating 
.. 

:30 PDGF analogues .. 

The receptor fragments aJi.d the fr analogues will find 

use in detcrrr.ininq :ccgions of: the re:;eptor polypeptides which 

are involved in signul transduction in r~sponse to PDGF 

binding. In particular, the ability to ~est various 

. 35 · combinations of structural features, e.g. , ligand binding 

determinants, will allow dissection of. receptor features tt1 

determine the irr.portance to ligar.d bindin9 affinity, ligand 

specificity, and physiological responses. 
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The hPDGF-R proteins will also find use in producing 

antibody reagents. These reagents should be capable of 

interfering with, or simulating, particular molecular 

in~eractions ~f t~e r~ceptor polypeptides. , 

5 Soluble ·proteins possessing PDGF binding capacity 

~ill be useful in blocking PDGF ~ction, as reagents for tho 
- . 

quantitation of PDGF in ·diagnostic samples, fo:i:· soluble testing 
. . 

of binding interactions between modified determinants for .. 

ligand binding and natural, modified, or derivatized ligands, 

" 10 and for screening for monoclonal antibodies aga:i.nst hPDGF-R 

polypeptides. They will also find therapeutic uses. 

The DNA sequences will also find use as probes to 

detect genetic abnormalities, e.g., deletions or rearrangements 
in the region of chromosome 5 where a number of growth-control 

15 . relat~d genes _are clustered, i~ th.e region of chromosome 4 near. 

tho c-kit oncogenes, or to detect other genes encoding. tyrosine 

kinases or homologous genes. 

Certain regions cf the cytoplasndc region of the PDGF 

receptor, among them the kinass 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 well as organic analoguo ~olecules, will find use in 

inhibiting the int.eraction between· the POGF receptor and other 

proteins, in identifying, screening for, and purifying proteins 

25 with which the PDGF receptor interacts, and in cloning genes 

encoding these proteins. These homologous peptides will also 

fjnd use in medical diagnosjs and in drug therapies, e.g., 

affecting PDGt receptor activities and raccptor interactions 

30. 

with other proteins. 

Moreover, the understanding of the role o! · 
. . . 

phosphoryla.ted residues to prob~in-protein interactions is 

·applicable to other r~ceptors and phosphorylated proteins. The 

phosphoryl~tion of sp~cif ic amino acids in particular 

polypeptide segment$ or substantially homologous segments, 

35 e.g., phosphorylation sites, ha~ special biological 

significance. Identification of the phosphorylation sites and 

regjons of ~~otcin interactions arc important in preparing 

reagents useful in jnhibiting such interactions, leading to a 



5 

10" 

15 

20 

25 

:fo 

35 

40 

45 

PCT/t:S92/00862 

12 

modulation of the function of such proteins. The peptide 

analogues will also be useful in identifying and purifying 
proteins which interact with phosphorylated residues and in 

isolating and cloriing. genes encoding these·pl:'oteins. 

OUTLINE 
I. General ·oescription 

A. ·PDGF-R 

II. 

III. 

IV. 

v. 
.vr. 

B. 

l. structural features 
a. extracellular region 

i. signal sequence 
ii. Ig donia.ins · 

b. transmembrane segment 
c. intracallular region 

i. tyrosine kinase 
ii. ·insert 

2. function 
a . bind PDG-F 
b. bind· to PDGF-R peptide 
c. tyrosine kinase activity. 

Physiologic·al Functions 
1. cellular 
2. tissue differentiation 
3. o:rganismal 

Polypeptides 
A. Soluble Fonns 
B. Truncated Forms 
c. Fusion Proteins 
o;· Genetic Variants (site-directed 

mutag·en i zed) 
E. Compositions Comprisin9 Proteins 
Nucleic Acids 

A. Isolated Nucleic Acids 
B. Recombinant Nucleic Acids 
c. Compositions·cornprising Nucleic Acids 
Methods for Making PDGF-R 
A. Protein Purification 

1. affinity with derivatized PDGF 
2. various ligands, same receptor 

B. Expression of Nucleic Acids 
Antibodies 
Methods for Use 
·A. · Dia9nostic 
.B. Therapeutic 

This Sheet Has Been Replaced 

I 1111111 f lllff 1111 f 111111 * * * * * 
I. General Description 

The isolated full-length human platelet-derived 
growth factor (hPDGF) receptor tnRNA encodes a single 

50 "hydrophobic ~olypeptide segment similar to a ~embrane-spanning 

segrr,~nt {designated the transrnembrane segment) . '11he segments 
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of a PDGF-){ amino proximal to the transmembrane segment n1akc up 
the extraci:Jluiar region, whil~ the segments carboxy proximal 

to the transmemb~anc segment are de$i9nated·the intracellular 

region. · From t,he.. :amino terminus, thil ext~acellular region has 

5. an NH
2
..;..terrr.ir1al hydrophobic puta:t.ive signal sequence, an· 

hn.munoglobulin-·like domain (designated I9I), and second, third, 

fourth, and fifth imrnunoglobulin-like domains (desi9nated IgII, 

IgIII, ·IgIV, and IgV, respectively). Altho~gh various 

structural f Gatures are identified in the external region of 

10 the hPPGF-R, the most important functional property which 

defines the region is tha binding to the receptor ligands, 

e.g., membcrA of the PDGF family and analogues thereof. 

The intracellular ragion is characterizod, in part, 

by the pr~sence of ~ split tyrosine kinase structural domain. 

15 ln the human t};pc B receptor polypeptide, this donain is about· 

244 residtics long ~nd has an insert of about 104 a~ino acids. 

See Table 2. In the human type A receptor polypeptide, the 

tyrosine kinase domain is also about 244 residues long with a 

kinase insert of about 103 amino acids. Sae Table 3. 

20 Functionally, this domain is defined, in part, by its tyrosine 

kinase activity, typically modulated by ligand binding to the 

c~tracellular region, and appears .to f.unction .in a dimer state. 

·The substrat(? for ·phosphorylation includes various tyrosine 
residues on the accompany irig recepto:r polypeptide chain, and 

25 other prot~ins which associate with the receptor. The tyro$ine 

kinase domain is also defined, ).n part, by its homology to 

similar domains in other tyrosine kinase activity containing 

proteins. Sec, e.g., Yarden et al. (1986) Nature 323: 226-. 

2 3 2. As such, tr1c actual boundaries, determined by horool 09y to 

30 othar similar don\ail'"l:s, may vary by a few amino acid residues, 

perhaps. as man~r as about 7 residues, but probably within about 

4 residues, and rnoro probably within about one or two residues. 

A protE:lin sub:.;tantially lacks a compl.ete intracellulai· region 

when it Jacks n prototypical intracel~ular region, particularly 

35 lacking a tyrosine kinase domain; a similar concept is provided 

with re~pect. t.o lack of a complete transmembrane regiorL 

A typical PDGF-R nucleic acid sequence encodes a 

transitory NH;i-terrd.nal hydrophobic sequence, which is usually 
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cleaved during the membrane translocation process. The 
cla$sical !unction of a signal sequence is to direct the 
nascent polypeptida chain to membrane bound ribosomes, thereby 
leading to membrane translocation and subsequent processing and 

5 targeting steps. since the signal sequenee is typically 
removed in the translocation process, the signal sequence is 
absent in a mature polypeptide. However, other features of th17_ 
amino proximal saquence of the mature protein may also be 

" important for expression or correct localization or targeting 
o of receptor fragments. 

-The putative boundaries of the different rQgions or 
the receptors are indicated in Table 1, derived, in part, by 
homology to the mouse PDGF receptor. In particular, a 
hydrophobic segment has been identif_ied and designated a. 

5 transmem.brane st19ment, ·due to its structural homology and 
physical properties characteristic of a membrane spanning 
segment. The seqmcnt divides the protein into an extracellular 
region and an intracellular rQgion. The intracellular region 
has homology to various other receptors believed 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 }~in~se segments. 

Thi• 1if ~il1 l1U1iil1lr 
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XR 

" TM 

10 

TKl 

KI 

15 

TK2 

15 

TABLE 1 

approximate segment boundarie& 

PCT/ lJS92/00862 

Type A 

leu (1) - lys (4_99) gln .(1) -· glu (501) 

val (500) -.trp (524) leu (502) - trp ( 52G) 

arg (572) .... his (662) leu ( 572) - his (664) 

arg (663) - leu (766) lys (665) - lou ("167) 

ser (767) - phe (919) thr (768) - phc (920) 
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The intracellular region of the receptor contains a 
tyrosino kinase activity. PDGF receptors have a characteristic 
split ~yrosine kina~e doma~n, with an insert segment of about_ 
103 or 104 amino acid&. ·This insert segment has re~tilatory and 

5 other properties which are described in q~eater detail below. 

10 

The present invention.provides isolated n~cleic acids 
and polypGptides 1·ela":.in9 to l?DG? receptors. An isolated 
molecule is one which is substantially separated from 
substances which naturally accompany the molecule when found i.n 
its natural form. For example, an isolated polypeptide is one 

· which is substantially pu~ified away from naturally 
accotnpanying human cell components, e.g., hmnan nucleic acids, 
lipids, and other· proteins. Of particular interest aro 
contiguous_ segments of polypeptide whicb mi9ht.be_sepa;cated by 

15 genetic recombination or deletion ·techniques. '.rhus, an 
expression product of an isolated and manipulated genetic 
sequence is an isolated polypeptide, as used herein, even if 
expressed in a bomologous cell type. synthetically made forms 
or molecules expressed by heterologous cells are inherently 

20 isolated molecules. 
Physiologically, the.receptor is responsible for 

initiat!n_g a number of r.ietabol.ic changes· in, e.g. , 
phosphatidylinositol levels, pH, calcium ion levels,. 
cytoskeletal structure, gene expression, c~.MP levels, and 

25 ligand receptor lo\1els. Many of these rnetabol i c changes are 

characteristic of a rnitogenic, e.9., ligand induced, rcsponsa. 
Thg type A and type B FDGF ~eceptor fonns, when 

combined in the various dimer combinations into functional 
·receptor complt~xes 1 also- have characteristic- binding aft:inities 

30 for the,various foi'"mi:: of PDGF's, e..:g·., f~r the M, AB and BB 
forms. For example, a type B isofonn receptor binds the BB 
isofo:cm PDGF at higll ~ffinity, the AB heterof.orm PDGF with 
lower affinity, and the AA isoform PDGF at low or no affinity. 
The type/A isoform roc0:ptor binds to the.AA isoforrn PDGF with 

35 hi9h affinity, and with the All heterodimer and OD isoforr.i 
PDGF's with lower affinity. 

The terr.-1 11 : igand 11 ;refers to molecules, usually 
members of the plat:~lct-derived growth factor family, that bind 
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the segments involved in tha growth factor binding. Also, a 
ligand is a molecule which serves either as a natural ligand to 
which the receptor, or an analogue of the receptor, binds, or a 
functional analogll:e of a natural· ligand. '11he functional 

s analogue may be a iigand with structural fuodifications, or may 
be a wholly unrelated molecule which has a molecular shapo 
which inter~cts with the appropriate ligand.binding - -determinants. The ligands may serve as agonists or 
antagonists, see, e.g. I Goodman ct al. (eds) (1990) Goodman .• §. 

10 Gilman•s: Tha Pharmacological nases of TherepGuti..cs (8th ed), 
Perqamon Press. 

II. PolypeP.tides 
'I'he PDGF receptor is believed to be a dimer of 

15. similar polypeptides. and the co·mponcnt polypeptides determine 
the dimerizad r~ce~tor binding affinity for ligand. 

The AA hornodimer l>DGF ligand· is preferentially bound 
with high affinity by one form of the hPDGF receptor, and this 
f.orr.i is correlated with a polypeptide chain referred to as the 

20 · A receptor, the a receptor, and, as usaa herein, the typa A 
receptor polypeptide (A-hPDGF-R}. The receptor dimer is 
apparently a hom9dirner of the· type A receptor pol.ypeptid.es. 

·Tho. DB hornodimer PDGF ligand is prefe.reritially bound 
with high affinity by two forms of the hPDGF-reccptor. Thc~e 

25 forms are correlated with a second polypeptide chain rcf~rred 
to as ~he E receptor, the p receptor, and, ~s used herein, the 
type B receptor polypeptide (B-hPDGF-R). Those two recepto:r 
dimer forms are apparently the hornodimer of the ll receptor 
polypeptides and the heterodimer type 13/type A form. 

30 

·-

35 

'.!'he designations type A and type n polypeptide~ are 
each intended to also cover all f~llc.ics of each respective 
j.soform. Thus, naturally occurring variantt.:; of each are 

· e:mbraced by the invention, as are othcq.· variants, analogues, 
and modified saquences. 

'i'he nucleotjde sequence of a cl>NA sequence encoding 
one B-hPDGF'-R allele is set forth in 'l'able 2 (See SEQ ID 
1) together with the deduced amino acid sequence of the 
receptor precursor. Tne following descriptions indicate 

No.: 

.. 
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presumed gross structural and functional characterizations 
based upon analogy to the mouse and other growth factor 

receptors and proteins. 
The sequenc:e beginning.at the amino.acid numbered l 

5 corresponds to .the putative amino terminus of a mature form of 
a human PDGF-R. .The first 32 ·amino acids (designated -32 to 

-1) encode.· the putatl.ve· s.ignal peptid~ sequence. The putative 

transmernbrane sequence corresponds to amino acid residues 

val(500) to trp(524). Potential N-glycosylation sites are at 

l.O positions corresponding to amipo acids asn(l3) - ser(l5); 

asn(57) - thr(50); asn{?l) - ser(73): asn(l83) - ser{l85); 

asn(l98} - thr(200); asn{260) - thr(262}; asn(275) - thr(277); 

asn(322) -· thr(324); asn(339) - ser(341); asn(436) - ser(438); 

and asn(447) - thr(44.9). The putative tyrosine kinase domain 

15 is interruptad by· an amino acid insertion between about 

arg(663) and lcu(76G), see Tabl~ 1. The putative 

polyadenylation sito is at thG 3 1 end of the given cDNA 

sequence. 

This Sheet Has Been Replaced 
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TABLE 2, panels A--? 

sequence of the type l3 hPDGF-R from 12416-14 disk, file Oltable 

both nucloic acid and polypeptide se~uence 
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The nucleotide sequence of a cDNA sequence encoding one 
all.ele of a type A hPOGF-R ·is set forth in Table 3 (See SEQ ID 
No. S), together with the deduced amino acid sequence of the 
receptor (See SEQ ID No. 3) .. The structural features, as. 

5 described,· are again based upon analogy to the mouse PDGF 

receptors and other growtn factor receptors and proteins. 
Th~ sequence beginning at xhe amino acid numbered_ l 

corresponds to the putative amino tenninus of a ·mature form of 
~ a human PDGF-R. The first 23 amino acids (designated -23 to 
lo -1) encode the pu.tati ve signal. peptide sequence. '!'he putative 

transme;nbrane scgucn~::e corresponds "to amino acid residues 

leu(502} to trp(526). Potential N-glycosylation sites are at 

positions corresponding tc amino acids asn{19) - ser(21); 

asn(53) ~ ser(5&); a~n(80) - thr(B~); asn(1~6) - thr(lSS);. 
15 asn(330) - thr(332): asn(336) - thr(33S); · asn(.435) - thr(437); 

and asn(445} ~ ser(447). The putative .tyrosine kinase domain 
is interrupte~ by an amino acid insertjon between about 

lys{665) and lou(167), seQ Table 1. 
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TABLE: 3, panel A 
sequence of tho type A hPDGF-~ from 12418-14 disk; file 02table 

"I 
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As seen in Tables 2 and J, the presumed intracellular 
tyrosine kinase. domait1 of the type A and type B receptors have 
about 80% identical -residues. The putative extracellular 
reg~oni of the type A and B receptors have about 34~35% 
identical r6sidue•, an additional 

0

14% of the"remaining residues 
be~n9 conservative substitutions, i.e., substitutions with 
amine acids having similar chemical 2roperties. · 'I'he designated 
transm~rnbrane 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 sequence~ have an amino acid insertion of about 103 or 
104 amino acids interrupting the putative tyrosine kinase 
region. The overall horr1ology between the two polypeptide 
sequences is about 44%. 

15 ·The term platelct•derived growth factor r.oceptor 
(PDGF-R) refers to a composition ·having properties 
characteristic of a PDGF-R. The native human PDGF receptors 
are exa~ples of the class of PDGF-~s, as are each of the 
polypeptides whose sequenees are disclosed in Tables 2 and 3, 

20 and allelic variants. The natural receptor is typically a 
membrane glycoprotein having a molecular weig~t of about 180 
kd. _ The receptor is nonnally found. i.n vascular smooth musc'le . . 
cell, fibroblasts, and glial cells, but not commonly observed 
in endothelial cells or on most hematopoietic cells. 

25 As indicated above, the l'DGF receptors hava three 
major identifiable regions. The first is an extracellular 
region which contains the ligand binding determinants for the 
PPGF, i.e., the ligand binding segments. The extracellular 
~~gion is also divided into lg-like domains with the . 

30 ch.aracteristics described above. · T~e second major· identiriable 
regioh is a transmembrane reqjon and the third is an 
intracellular region. The intracellular region contains a 
characteristic type of tyrosine·kinase domain, interrupted by a 
kinase insert (Kl) segment . 

. 35 'l'he description "human11 refers to the ori9in of the 
composition. In one use, it implies that the composition was 
found, at one point, within a human or human-derived cell or ~ 
minor variant from a naturally occurring human cell. With 
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respect to a r1rotein or nucl.eic acid or sequence, .1 t refers to 
a composition ~ncoded by a naturul human ~ene, or a closely 
related gene. Thus, the present jnvention includes protein$ 
and nucleic acids encoding such proteins. The nucleic acids 

5 fnclud~ RNA, cDNA, genomic DNA, synthetic forms, and mixed 
polymers, both sense and ahtisense strands. Thus, a protein 

·derived from the sequence. information disclos·ed, even if m~de 
synthetically, would be considered a human sequence!. 
Furthermore, different alleles of each isoforrn are each also 

10 considered a human FDGF-R. 

15 

Thus, for the purposes used herein, the term human 
PDGF-R, ~hen applied to a polypeptide, rrieans a protein or 
polypeptide, which is substantialiy homologous to the amino 
acid sequences d.epict.ed in Table 2 or 3 and any alleles cf 
thcE, or a fragment. there·or. ordinarily, hPDGF-R 's will be at· . . ·' . 

least ab6ut so percent homologous to the describ~d PDGF-R 
sequences, preferably in excess of about 90 percent· homology, 
and, more preferably, at least about 95 percent homology. The 
receptor will ordinarily also exhibit at least some biological 

20 activity in common with a hPPG!-'-R provided in the relevant 
sequences, e.g., PDGF binding, tyrosine kinase activity, 
phosphatidy~inositol 3 1 kinase (PI3 kinase) binding, or 

. . 
inmmnolcgic prope1-ties. The hPDGF receptor embraces forms of 
thi:: molecule which sl1a.re the primary structural sequence,. and 

2!'> is intended to encompass chemical and biochemical 
modifications, e.g., glycosylation, phosphorylation, 
ubiquinization, disulfide bonds, and oth~r minor al~crations in 
ihe basic primary sequence. 

In particular, glycosylation alterations arc 
30 included,. rnadc by modifying t~H~ -Jlycosylation patterns o.f' a 

polypeptide.during its Rynthesis and processin~, or in further 
processing steps. Particu!arly preferred means for 
accomplishing this are l~i cxposjn~J the po_lypeptide to 
glycosylating ~nzyrnes derived from cells ~hich normally provjde 

35 such precessing, e.q., marrunal3an glycesylation enzymes. Also 
embraced are ver~ions cf the same primary amino acid sequence 
which have tJho~phorylated amino acid r.esidues, e.g., ---------­
phospjotyrorine, phosphoserinc, or phosphothreonine. This Sheet Has Been Rep!ac=E-
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PCT /l1S92/00862 

The type B hPDGF-R is an isotype of a hPDGF-R 

polypnptide whose properties have. been described above, and 
inoludes all alleles ·of that sequence and minor modified 

sequences derivf:ad theretrom. Guner_ally, the term also is . 

5 · intended to include fragments of the protein, particularly 
those which are characteristic of the human type B isofo~m. 

corresponding meanirtg is intended in reference to the type A 
hPDGF-R. 

10 

In certain use·s, th'9 term applies to the functional 

receptor. As described, the functional form is believed to be 

a dimer complex of the type h receptor polypeptide, or o! tho 

typo B receptor polypo.ptide, or the hete:i::·odirner form. 

A hsterologous fusion protein is a fusion of proteins 

or segments whicl1 are naturall v not normally. fused in .the same 
~ . . . . . 

.15 ?:\anner. Thus, the f.uGion· product of an immunoglcbulih with a. 
hPDGF-R polypeptide j s a com:inuous protein mol.ecula having 

sequences fused in a typical peptide linl~age, typically mtlda as 

a single translntion product.and exhibiting both immunoglobulin 

and hPOGF-R polypsptide dependent propertis. A similar concept 
20 applies to heteralogous nucleic acid sequences. 

A po_lypeptide f ragmt:nt, or segment, is a stretch of . 

amino ac~d r~~jdues. of at least about 5 amino acids,· oft¢n at 

least about 7 amino acids, usually at least about 9 amino 

acids., more usual.J.y at least about 11 amino acids, typically at 

25 least about 13 amino acids, more typically at least about 15 

~mino acids, and, in various embodiments, at least about 17 or 

more amino acids. In a nucleic acid, a fragment or segment is 
a stretch of at least about 6 nucleotides, often at least about 

9 nucleotides, usually at least about 12 nucleotides, more . . - . 
30 usually at le~st ab~ut 15 nutlaotide$, .typically it least about 

. . . 
18 nucleotides, more typitally.at least about 21 nucleotides, 

and in various preferred erobodi~ents, at least about 24 or riorc 
nucleotides. 

A-polypeptide fragment is 11 physiologically active" 
15 when it substantially contributa~ to an activity characteristic 

of a natural polypeptide or fragment, e.g., a PDGF-R 

polypeptide. Typically, a hPDGF-R polypep~idc, wh~n associated 
into a functionul reccptox, has the set of activities performed 
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by the receptor in a biological context (e.g., in ~n organism 
or an in vitro biological context). In the case of the hPDGF­
R; a functional fragment has these physiological activities, or 
functional activitie~ characteristic of a hPDGF receptor, which 

5 incl~d~ PDGF binding; tyrosine kirtase activity and any of ·the 
~itogenic or bther cellular responses mediated by the receptor. 
However, the protein fragment may exhibit other specific or . . 

inherent functions, such as vital conformational constraints,· 
serving as a substrate site for glycosylation, contributing the 

10 signal sequence for cellular targeting, presenting 
characteristic epitopes absent in a mouse PDGF-R, or presently 
unrecognized functions possessed inhe7ently. 

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

15. polypept~de solubility, in~luding the temperature., the 
electrolyte environment, the size and molecular characteristics· 
of the polypaptide, 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 greater than about 1s•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 temperiiturc of comp.onents in the assay. Por 
therapeutic purposes, the tQmperaturo will usually be body 

25 temperature, typically about 37•c for humans, though under 
certain situations the temperature may be raised or lowered in 
situ or in vitro. 

The electrolytes will usually approximate in sjtu 
physiological conditions, but may be modified to higher or 

30 lower ionic strength wher:e advantageous. 1-'he actual ions may 
be modified to oonfOl"'"J!l to standard buffers U~Od .i,.n 
physiological or analytical contexts. 

The size and structure of the polypeptide should 
generally be in o substantially stable and globular state, and 

35 usually not in a denatured state. The poiypcptide may be 
associated with other polypeptides in a quaternary structure, 
e.g., to confer solubility. 

Thi• 111m1111n1~11iiiced 
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The solvont. will usually be a b_iologically compatible 

buffer, of a type used for preservation of biological 
activities, and will.usually approximate a physiologi6al 
solvent~ on some occ_asions, a dete:i;gent will be added, 

5 typically a mild non..;;denaturing one. 
Solubility is usually measured in Sv~dber9 units, 

·which are a measure of the sedimentation velocity of a molecule 
under particular cohditions. The determination of. the 

sedimentation velocity was classically performed in an 
10 analytical ul.tracer1trifuge, but is typically now performed jn a 

standard ultracentrifuge. See, frcifelder (1982) Physical 
Bioch~.!!d stry ( 2d cd. ) , W. H. Fr~e:man, and cantor and Schimmel 

(l.980) Bioohys_ical Chemjstry_, parts 1-3, w.H. Freeman & Co. I 

San Francisco, each of whlch is hereby incorporated herein b)' 

·15 reference. As· a crude de.termination, a sample containing a 
putatively soluble polypeptide is spun in a st~ndard full sized 

ultracentrifuge at about SOK rpm for about 10 minutes, and 
soluble molecules will remain in the supernatant. A soluble 
particle or polypeptide will typically be less than about 30S, 

20 more typically less than about l5S, usually less than about 

lOS, more usually less than about 6S, and, in particular 
embodimen~s~ ~referably less than about 4S, .and more preferably 

less than about- 3S. 
The PDGF receptors or the speciiic extrac¢llular 

25 regions of the rcc~ptors as provided herein may ba used to 
affinity purify respective PDGFs. The full length, or entire, 

extracellular region, comprises tha ligand-binding determinants 
of tlle type B receptor in Table 2, and extends from about i. 

leu(l) to ly${499). The full length, or entire, extracellular 
30 reqion comprising the ligand-binding detenninants of.the type A 

h.PDG'.F-'--R shown in Table 3 ·extends f°rom about gln(l) to glu (501}. 
The ligand-binding determinants vary with different.PDGF 

receptor alleles and may be anywhere fl:om.5% to all of the· 

extracellular region. The minimal amount pf protein sequence 
35 · essential for ligand binding may be determined by eY.cising 

various segments of the oxtraccllular region and measuring 
ligand binding. Studies of ligand-receptor interaction 
indicate that the ljgand-binding r~gion is located in the 
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extracellular region of the receptor. More sophisticated 
studies on the effects of various residues on the specificity 
of ligand binding are also made possible by the reagents of 
this in~ention. As used in t~is~~pplicatlon, PDGF receptor or 

5 PDGF-R ligand-binding activity: means h·aving the ability to bind 
a PDGF, a PDGF agonist or ~ntagonist, or. other specific ligand 
for a hPDGF receptor. Usually these ligands will be members of 
the PDGF family, typically a human form. Therefore the 
e~ternal region has utility in establishing whether an analogue 

10 is a PDGF agonist or antagonist. 
It is also likely that the PD~F-R, like many other 

growth factor r&ceptors, is found naturally in a multimeric 
protein complex, ~os~ likely in dimer form. Thus, other 
important r.:;9ions of a r.aceptor will be th~se se:grnG!nts, either 

15 · extracellular or oth~rwise, wl1ich a.re involved in dirneri.zatio.n 
o~ protein-protein interaction. 

Besides substantially full-length polypeptides, the 
present invention provides for biologically active fragments of 

the polypeptides, or analogues thereof, including organic 
20 molecules which sl.n1ulate the inte:::-actions of the peptides. 

Significant biological activities include ligand-bindingt . . 

,imrnunC?lo9ical properti~s, dimer association, ~erving as a 
kinasa substrate, intaracting with other mediators specific for 
binding to a PDGF-R protein, and othe~ biological activities 

25 characteristic of human PDGP receptor polypeptides. 
!1Tlliiunolo9icaj activities include both immunogenic function jn a 
target illk""nUne systam, sharing of immunological epitopes for 
binding, and serv.i,ng as either a competitor or substitute 
~ritigen for a human PDGP receptor epitopc. Assays for these 

30 irit.."Tlunological o.ctiv.ities are known in the art, see, c~g., below . . . . . 

in· the F.xpe:r.imcmta.l ~ection f Harlow and· I .. ane ( 1989) Antibggi~s: 
A......~Q.oratorv Mr.muaJ_, Cold Sp~ing Hdrbor Press, New York; and 
Escobedo et al. (1988) J. Biol_! .•. Chem~ 263: 1482-1487, which are 
¢ach hereby j nc:o;rporated herein by refei.·e-nce. For example, 

· 35 ligand-binding or other segments :nay oc "swapped" between 
diffe..rcnt new fusion polyp~ptides or fragments. Thus, new 
chimeric polypeptides e>=hibitjng new co?:"ibinations of 
specificities ~ill result from the functional linkage of 
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ligand-binding specificities and intracellular regions. For 
e~ampl~. the Ig domains from other related polypeptides may be 
added or substituted for other Ig-like domains of thQs~ 

receptors. The resulting px-otein will often have ··hybri~ 

5· function and ~roperties. 
For immunclogioal purposes, inununogens may be 

produced which tandemly repeat polypeptide segments, .thereby 

producing highly antigenic proteins. Alternatively, such 
polypeptides will. serve as highly efficient cornpetit:ors for 

i"o specific binding. Production of antibodies to hPDGF receptor 

polypeptides is described below. 
~·he present. invention also provides for other 

polypeptides comprising fragments of PDGF receptors and 

pol.ypeptides substantiall.y homologous th.ereto. ThE! receptor 

15 peptides o.~ th~- present inv~ntion will. generally exhibit at 

· least about 80% homology with naturally ·occurring sequences of 
hPDGF receptor, typically at least about 85% homology with a 

natural receptor sequence, more typically at least about 90% 
homology, usually at loast about 95% homology, and more usually 

20 at least ab~ut 97% homology. The length of comparison 

25 

sequences will generally be at least about 16 amino acjds, 

u~ually at least about 20 rcsidues,_mora usual~y a~·least_about 
24 .residues, typically at least about 28 residues, and· 

preferably more than about 35 residues. 

Homology, for polypeptides, is typically measured 
using sequence analysis software, see, e.;i., Sequence A.nalysis 

Software Package of the Genet.ics computer Group, Univers:i.ty of 

Wisconsin Biotechnology center, 1710 University Avenue, 

Madison, Wisconsin 53?05. Protein analysis software matcher.; 

30 ~~rn~lar sequences. using ~easure qf homology assigned to various 
sµbstitutions, deletions, s:.ibsti.tut.ions, and other 

modifications. conservative substitutions typically include 
subs ti tuticns within t!1e followin9 _group&:: glycine, alanine: 

Valine, isoleucine, leucin~; aspartic aci~, glutamic acid; 
35 asparagine·, glutn:i1ine: serine, threonine; lysine, arginine; und 

phenylalanine, tyrosine. 

Ftlf" l on pol ypept:id.et_; between the re:ceptors and oth<.n:· 

homologous 0r heterologous proteins are also provided. 
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Homologous polypeptides may be fusions between different growth 
factor. receptors, x·esulting in, for instance, a hybrid protein 

exhibiting ligand specificity of one receptor and the 
int.race).lular region of another, or a receptor which may have 

5 broadened or. weakened speciffcity of binding. Likewise, 
heterologous fusions may be constructed which would exhibit a 

·combination of properties.or activitie$ of the derivative 
proteins. Typical examples are fusio"i1s of a reporter 
polypeptide, e.g., luciferase, with a segment or domain of a 

JO receptor, e.g., a ligand-binding segment, so that the presence 

or location of a desired ligand may be easily detGrmined. R..~~' 

e.g., Dull et al., U.S. No. 4,859 1 609, which is hereby 
incorporated herein by reference. · Other gene fusion partners 
include bacterial p-galactosidase, trpE, Protein A, p-

15 lactarnas~,. al-ph:i. amylase, alcohol dehydrogenase,: and. yeast 

alpha mi:iting factor. SGe, e.q,., Godowski_ et al. (l.988) 

Scienc..f 241:8~2-816. 

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

20 sulfonat.io~·., biotinylation, or the addition of other moietie~, 

particulr...cly those which have molecular shapes similar to 

phosphaLe.groups. ln some embodiments, the modifications will 

be USCfU~ labeling reagents~ or .serve as purification taTgots, 

e.9., affinity ligands. 

2~ Fusion protQins will typically be made by either 

recombinan·.-:. nucleic ac:i.d methods or by synthetic polypeptide 

methoas. 'fechniqucs for nucleic· acid manipulation are 
desc:ribeJ generally, for example, in Sambrook t.:!t al. (19S9), .. 

Molec~1l.i"'r Cloning: A Laborat.ory Manual (2d ed.), Vols. J.-3, 

30 Cold Spring Harbor Laboratory, whic;:h are incorporated hereby l'>y 

re!erence. Techniques for synthesis· of polypeptides are 
described, for e~ample, in Merrifield (1963) !l.~ .1\mer. Chem. 

~ B5:2149-215Gt Merrifield (1986). Sg.ience 232: 341-347; and 

Atherton et al. ( 1989) Solid Phase Peptide. Syntl"1es!_s~ 
35 Pract:.i.cal AP.P.roach, IRL Press, Oxford; each of which is 

incorporated herein by reference. 
Fragments of an intact receptor are also er.tbraced 

herein. Various fragments include the transmembrane ~cgrnent, 
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which confers a 6ell surface attachment function. Various 
fragments deleting either intracellular or extracellular 
segm~nts will be prod_uced. For example, fragments comprising a 
transmembrane sa9ment, -either or a PDGF receptor or another 

5 protein, in co~inat·i~ri with· ligand binding determinants, will 
provide membrane a~sociated ligand binding regions. Similar 
con~tructs with intracellular regions may be prepared, 
producing, ·e.g.", membrane associated tyrosine kinase segments·.· 

In particular, solubl~ 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 an~ therapeutic purposes to block PDGF rnedia~ed 
responses. 

In another ernbodin\ent, intracellular fragments and 
15 analogues will_ be prepared·. ·The ki.nase ·insert region (KI) 

within the tyrosine kinase do~ains is a partic~larly useful 
fragment, as described below. 

A peptide analogue of a 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 posit±on of simil~r 
phosphoryiated residues in the phosphorylated region'of that 

7.5 

other protein. Where such a region has two or more 
phosphorylated residue£;, peptide analo9ues will, in certain 
embodiments, have only one such phosphorylated or similarily 
derjvatized residue. Such ~hosphorylated residues will 
generally include phosphotyrosine, phosphoserine, or 
phosphothreonin~. The peptide analogue will sometimes have one! 

30 or"more unnatural amino acids, including, e.9., residues 
chemically modified by biotiny.Jation·, phosphorylation, 
sulfonation, or glycosylation. It will generally be in monomer 
form or a mul timer of r~peated peptide uni.ts, and often will be 
joined to heterologous proteins or peptide. fragments. Such 

35 hcterologous proteins or peptides will often include segments 
derived from various proteinf.i, e.g., immunoglobulins, 13-
galactosidase, p-glucuronidase, luciferase, trpE, or Protain A. 
See, e.g., Godowski et al. (1998) Scienc~ 2~1: 812-816. Such 
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peptide analogues will generally be solublQ or coupled to a 
solid phase support, e.g., nitroccllulo$e, nylon, column 
packing materials (e .. g., Sepharose beads), magnetic beads, 
glass wool, . cells, ·.o:r; other substrates. 

5 ]\ phosphorylated region of a protein important. t"or 

10 

.normal protein function wi~l 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 enzyrnatic_"aotivity, or 
modification of other protein characteristics. Methods well 
known to those in the art are available to determine whether a 
peptide region is phosphorylated in vivo. See, e.g., 
Kazlauskas and Cooper {1989) Celi 58: 1121-1133; Williams 
(1989) Scicnc~ 243: 1564-1570: and Wahl et al. (1990) J. Biol 

l5 Chem. ";265: 39ftft. Direct structural determination, e.g.; x-ray 
~ . . . 

crystallographic or 2D-NMR, can be used to determine locations 
of interactions, which guide where modifications arc likely to 
affect interactions. both ligand and effector binding 
activitios. 

20 Fragments, in various extracellula~ region and 
intracellular region embodiments, will generally be at least 
about 1200 daltons, ofteri ba at lea~t about 2400 daltons, ~ 

typically at least about 3000 daltons, more typically at least 

about J600 daltons, and in some preferred embodiments, at least 
25 about 4200 daltons or more. 

Ill. Nucl~i£ Acids 
The nucle:ic acid compositions of this invention will 

9'.~nerally b~ in RNA or ONA forms, or even a mixed polymer. The 
30 . de~cribed DNA embodiment is usu~lly d~rived from genomi6 PNA or 

cDNA, prepared by f;ynthe.sie, or derived from combinations 
thereof. The DNA compositions generally include the complete 
coding region encoding hPDGf-R or fragments thereof, a.g., 
comprisin9 at least 8 codons (24 bp), usually at least 12 

.35 codons, rnore usually at least about 15 codons, typically at 
teast about 20 codons, more typically at least about 30 codons 
and preferably even more. one or more introns may be present. 
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The term hPDGF-R, when loosely applied to a nucleic 

acid, refers to a nucleic acid which encodes a hPDGF-R 

polypeptide, fragrnen_t, or va::-iant, including protein fusions or 

deletion variants. ~ nucleic acid encodes a polypeptide when a 

5 · corresponding message of a ssqu.encc, or its complement, is 

translated, as provided by a universal code of nucleotide 

tripl~ts into polypeptide primary structure. 

'I 

An "isolated" nucleic acid is a nucleic acid, e.g., 

an R!ll'~, DNA, or a :mixed polymer, which is substantially 

10 separatsd from other. DNA sequ~nces which naturally accompany a 

native human .se.quer.ce / e.g. , ribosomes, pciymerases, and rnany 

other hunan genome sequences~ T!"le term embraces a nucleic acid 

sequence which has been removed from its naturally occurring 

environment, and includes recombinant or cloned DNA isolates 

15 ·and· ~hern.ically synthesized analogues or. analogues biologically 

synthasized .Dy heterologous systems. /\ substantially pm:·e 

molecule includes 3solated forms of the molecule. 

An isolated nucleic acid will gene~ally be a 

homogonous composition of molecules, but will, in some 

20 ernbodi.r.ients, contain minor hetero9eneity. 'l'his heterogeneity 

is typically found at the polymer ends or portions not critical 

to a desired biological function or aQ.tivity. 

· The term "e.ncoding" refers gene.rally ·to the sequence 

informatio11 being present in a translatabie form, usunlly 

25 operabl/ linked to a promoter. A sequence is operably linked 

to a promoter when the functional promoter enhcllnces 

transcription or expression of that sequence. An anti-sense 
strand is considered to also encode th~ sequence, since the ~ 

samo. informational content is present in a readily accessiblE! 

30 form, especially when linked to a sequ.enca which promotes 

expression of the sense.strand. The information is convert;ible 

using ~he standard, or a modified, genetic cocto. See, e.g., 
Watson et al. { 1997) The Molcc~tJ.ar Biology o.t the Gene. (4th 

ed.) vols. 1&2, Benjamin, Menlo Park, California. 
35 The term 11 recornbinar~t 11 refers to a nucleic ac::id 

. . 

sequence which is :lot naturaJ.ly occurring, or is made by the! 

artificial combination of two otherwise separated segments of 

sequenc~. 'l'h.is artificial cor.ibination is often ~ccomplished by 
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either chemical synthesis means, or by the artiiicial 
manipulation of isolated segments of nucleic acj.ds, e.g., by 

genetic engineering techniques. such is usually done to 
replace a codon with a redundant codon encoding the same or a 

5 conservative amino acid,· while .typfcally introducing or 
removing a sequence recognition site. Alternatively, it is 

performed to join together nu~l~ic acid segments of desired 
functions to qenerato a single genetic entity comprising a 
desired combination of functions not found in the common 

10 natural forms. Restriction enzyme recognition sites are often 
the target or such artificial manipulations, but other site 
specific targets, e.g., promoters, DNA replication sites, 

regulation sequences, control sequences, or other useful 

features may be incorporated by design. A similar concept is 

15 intended for a rec6mbinant, ~.9., fusion, polypeptide. 

Homologous sequences, when compa.red, exhibit 

similari.ty. The standards for b·:.:1olo9y l.n 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 
batween tho corresponding human and mouse segments. Homology 

will be limited, in addition to any stated para~eters, by any 
similarity between the human and mouse sequences such that the 
stated homology specifically is limited by the conditions which 

2~ are suf ficicnt for the corresponding mouse segmant of the 
segment being comparad to match the stated human SC9Jllent. 

Substantial homology in the-nucleic acid context 
means either that the segments, or their complementary strands, 
when compared, are identical when optimally aligned, with 

30 appropriate nucleotide insertions or del~tions, in at least . . . . . 

abotit 60% of the residuesJ usually ~t least about 70%, ~ore 

usually at least about 80%, preferably at least about 90%, and 
more preferably at least about· 95 to 98% ?f the nucleotides. 
Alternatively, substantial homology e~ists when the segments 

35 will hybridiie under selective hybridization conditions, to a 
strand, or its complement, typically using a sequancc dcrjvad 

fro~ Table 2 or 3. Selectivity of hybridization exists when 
hybridization occurs which is more selective than tot~l lack of 
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specificity. Typically, selective hybridi~ation will occur 

when there is at ieast about 55% homology over a stretch of at 

least about 14 nucleotides, preferably at least about 65%, more 

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

5 about 90%. ~, Kanehisa (1964) Nuc. Acids Res. l2:203-2l3, 

which is incor~orate.d herei.n by rof erence. Tha ·length of 

homol.ogy comparison, as described, may be over longer · 

stretches, and in certain embodiments Will Often be over a 

st~etch of at loast about 17 nucleotides, usually at least 

10 about 20 nucleotides, moro usually at least about 24 

nucleotides, typically at least about 28 nucleotides, more 

typically at least about 32 nucleotides, and preferably at 

least about 36 or more nucleotides. 
Stringent conditions, in referring to homology, will 

15 be stringe~t combined conditions of salt,· temperature, organic 

solvents, and other parameters typically controlled in 

hybridization reactions. Stringent temperaturo conditions will 

generally include temperaturns in excess of 30° c, typically in 

excess of 37•, and preferably in e~cess of 45°. stringent salt 

20 conditions will ordinarily be less than 1000 mM, typically less 

than 500 m11, and preferably less than 2~0 mM. However, the 

combi~ation of paramotc;;?rs is much more imp_ortant than. the 

measure of any single parameter. See, e.g., WetmUT and 

Davidson (1968) J. Mol. Siol.. 31:349-370, which js hereby 

25 incorporated herein by reference. 
While the wild-type sequences of these alleles will 

generally be employed, in some situations one or more mutations 

or minor modifications may be introduced, such as deletions, ~ 

$Ubstitutions or insertions resulting in changes in the amino - . 
30 acid sequence, provi~ing silent mut~tions or ~odifying amino 

acid residues or anHno or c~rboxyl tern\inal groups~ There will 

be circumstances where gene fusions between a hl>DG1;· .... <R and 

another _protein ca~ be useful, o~ a fusion between the ~epar~te 

types A and B forms. The nucleic acid sequence, usually 

· 35 genomic, will often not exceed about 50 kb, rnorc of'ten will not 

exceed about 40 kb, typically will not exceed about JO kb, more 

typically will not exceed about 20 kb, usually will not exceed 

about 20 kb, and in various embodiments, preferably will not 
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exceed about 6 kbp. Such sequences lnay have any or all introns 

removed. 
l~ DNA fz·agm_ent encoding hPDGF-R finds use to isolate 

DNA encoding l>DGl:' re.captors. of other. species which .. share 

5 substantial homologie~ with hPDGF-R. Fragments.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, usu~lly at least about 20 

nucleotides, mo~e usually at least about 30 nucleotides, and 
" 10 fewer than about 6 knt (kilonuclcotides), usually fewer than 

about 0.5 knt, from a DNA sequence encoding a hPDGF-R find use 
as probes. The probes can be used to determine whether RNA 

encoding a liPDGF-R or a fragment thereof is present in a cell. 
Additionally, the type B human PDGF receptor gene is 

15 locat(!d at a. site 011 chromosome 5 where a number of growth 

control related genes ara clti~tercd. At least one genetic 

disease, 5q ~inus syndrome, has been shown to involve a 
deletion in this region. The type A receptor gene is located 
on chromosome 4 near the c-kit proto-oncogene. These 

20 sequences, often jntact genes, will find use in diagnosing the 
integrity of theso chrornosomal·regions. Fraqments of hPDGF-R 

9ene s_equences wi11· often b_e used as markers to probe t:he 

·structure of these important regions of·the genome and to 

diagnose gen~tic diseases associated with those areas of the 

25 geno~e. Alternatively, the sequences are useful to isolate 
other fragmentfi fo~ testing the integrity of the chromosom~ 
rcgionr;. 

The recombinant nucleic acid sequences used to 
produce fusion proteins of the present invention will often be 

30 derived from natu:("al or synthetic sequences. Many natural gene 

sequences a-re obtainable from various libraries, cDNA or, 
genomic, usin9 appropriate probes. $ee, GanBank™, National 

. It1st·3 tutes of Hearth. Typical probes for human PDGF receptors 

will be selectod from the sequences of Table 2 or 3 in 
35 accordance with standard procedures, or from alleles of them. 

'l1hc phosphoramiditc method descr.ibed by Beaucage and Carruthers 

(l~Sl} Tetra. Letts. 22:1859-1862, will produce suitable 

synthei:.ic Dl\1:-. fragments. 1, double stranded fragment will often 



5 

10 

15 

PCT /US92/00862 

36 

be obtained either by synthesizing the complementary strand and 

annealing the strand together under appropriate conditions or 

by adding the complementary strand using· DNA polylTl~:ras~ with an 

appropriate primer sequence. 

JV. Methods for_Making PDGF Receptor and Fragm~~'9i 

The novel nucleic acids pro'"~ided herein are useful 

for making PDGF receptor. The DNA fragment or portions thereof 
will be used to prepare an expression construct for a hPDGF-R. 

'!'he expression construct normalJ.y comprises one or more DUA 

sequences encoding a hPDGF-R under the transcriptional control 

of a native or other promoter. When rnora than one sequence 

encoding hPDGF-R is present in the construct, the sequences 

will encode the same or different fol'.1ns of the receptor, 

usually d~ffer6nt; Usually.the promoter will be a ~ukaryotic 
promoter for express.ion in a mal\\Jilalian cell, where the. 

mammalian cell may or may not lack PDGF receptors. The 

transcriptional regulatory sequences will typically include n 

heterologous enhancer or promoter which is recognized by the 

20 host. The selection of an appropriate promoter will depend 

upon the host, but promoters such as the trp, lac and phage 

_promqters, .tRNA pz:-omoters and glycolytic enzyme .promotars ar~ 
known. see, e.g., Sambrook et al. (19S9). Conveniently 
available expression vectors which include tho repljcation 

?.5 system and transcriptio~al and 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 .. 
~~e described in Sam.brook et al. (1989); see also, Metzger et 

3Q al. ( 1988), li,g,ture 334: 31-36, each ~f which is hereby· 

incorporated herein by refEfrence. In particular, non-"fungul 

promoters will be preferred whC?re expression occurs in notl~ 

fungal c~lls. Occasi6~ally, it might be useful_ to express the 

sequarices in other types of cells, and appropriate promoter~ 

·35 may be selected. And in some circumstances, an inducibla 

promoter may be prefarrod. In other circumstances, it will be 

dasired to cocxnress ~ glycosylation enzyme which will provide 
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a glycosylation pattern similar to that provided by a different 

cell type. 
In cases where one wishes to expand the DNA sequence 

or produce the recept'or protein or. fragments thereof in a 
5 prokaryotic. host, a preferred ~romoter is a prokaryotic 

promoter, e.g., trp, lac, and lambda, and see Sambrook et al. 
(1989) for other useful prokaryotic promoters. Usually a 
strong promoter wi"ll be employed to provide· for high level 
transcription and expression. 

lOr The expression construct will often ba contained in a 

vector capabl~ of stable extrachrornosomal mainte~ance in an 

appropriate cellular host or may be integrated into the host 

genome. The expression construct may be bordered by sequences 

which allow for insertion into a. host, such as transposon 

15 saqucmces,. lysogenic viral $_aquanccs, or the like. . N~rn\ally, 
markers ara provided with the expression c~nstruct ~hich. allow 
for selection of host cells containing the construct. The 

marker may be on the same or a different DNA molecule, 

preferab}y on the same DNA molecule. 
20 ln mammalian cells, the receptor gene itself will 

often provide a convenient marker. However, in prokaryot"ic 
cells, markers such as a resistance to.a cytotoxic agent, 

complementation of an auxotr~phic host to.prototrophy, 

production of a detectable product, etc., will be ·more 

25 convenient. 

30 

The expression construct can be joined to a 

replication system recognized by the intended host.cell. 
Various replication systems include viral replication systems 
such as retroviru5es, simian virus, bovine papilloma virus, or 
the like. In addition, the construct ~ay be joined to an 

amplifiable gene, e.g., DHFR gene, so that tnultiple copies of 
the desired ~PDGF-R gene may be m~de. S~e, e.g., Schimke, R. 

(19B4) Cell 37:705-713; and Kaufman e.t al. (1985) J1ol. celJ 
Bfol. 5:1750-3.759; each of which 1s hereby incorporated hercd.n 

35. by reference. 
~n particular, it will often bQ desired to express a 

receptor polypeptide in a system which provides a non-fungal 
glycosylation pat~crn. In this case, the usual pattern will be 
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that provided naturally by the expression system. However, the 
pattern will be modifiable by exposing the polypeptide, e.g., 
an unglycosylated form, to appropriate glycosylating proteins 
introduced into a heterologoU:s express~on ··system I For example, 

5 · the PDGF receptor gene n\ay.he co-transformed with one or more 
genes encoding mammalian or other glycosylating enz~es, 
preferably originating- from a non-funqal spec:i.es, and in some 
embodiments, non-human species._ Using this approach, certain 
mammalian glyccsylatj.on patterns will be achievabl~ in 

10 prokaryote or other. cells. 
'!'ha means of introduction of the expressioh construc.~t 

into a host cell will vary depending upon the particular 
construction and the target host. lntroduction can be achieved 
by any convenient ~eans, including fusion, conjugat~on, 

15 tr~·nsfection, trunsduction, elect:roporation, ·injection, or the 
like. See~ e.g., Sambrook, et ai. (1989) f'1olecu1ar Cloning: __ )\ 
L~boratorY. Guide, Vols 1-3, Cold Sprin~ Harbor Press, which is 
hereby incorporated herein by reference. Introduction of 
constructs P-ncoding different forms of the receptor into a 

20 single host cell is also ·contemplated. The host cells will 
normally be immortalized cells, i.a., cells that can be 
c9ntinuously passaged in culture. For the most part, these 
cells· will be convenient mazmnal:i.an cell lines which are able to 
express a hPDGF-R and, where desirable, process the polypeptide 

25 so as to provide an appropriate mature polypeptide. By 
processing is intended 9lycosylation 1 ubiquitination, disulfide 
bond for~ation, general post-~ranslational modification, or the 
like. Usually the host will be able to recognize the signal 
~~quence for insei~ting hPDGF-R into the rnem.brane of the cell. 

30 · lf secretion is desired, the· transme:mbrane sequence will ·. .· 
generally be deleted or mutatt:d to prevent mel:nbrana 
localization of tho protein. 

A wide variety of hosts will be employed for 
expression of the peptides, both prokaryotic and eukaryotic • 

. 35 Useful hosts includa bacteria, such as~. col~, yoast, 
filamentous rungi, insect cells, mammalian cGlls, typically 
inunortalized, e.g., various mouse. cell lines, monkey ca11 
lines, Chinese h~mster ovary cell lines, human cell lines, 
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derivatives of them, or the like. In some cases, _the cells 

will be derived from a neopla~tic host cell or wild-type cells 
will be transformed with oncogenes, tumor causing virusos or 

the like. 
s · Under some ·circumstan~es,· it will be desirable to 

transfect mammalian cells which lack a PDGF receptor, e.g., 

with a construct where a s·ignal sequence and transmembrane 

region direct the receptor peptide to the cell membrane. 

Progeny of transf ormcd or transfected cells are also intended 
1.o to ba encompassed. Lymphocyte~ and cardiac myocytes are 

examples of primary c~lls which lack a receptor. Chjnesc 
hamster ovary cells (CHO), epithelial cells lines, and a number 

of hu~an tumor cell lines also lack PDGF receptors. 

'l'he compositions and cells comprising hPDGF receptors 

15 and f~agments.can be used for diagnostic pu~pos,s and to study 
.and treat dis~ases or ~cdical conditions associated with PDGF 

receptors. Use of the soluble extracellular li9and binding 
fragments has already been described generally. In addition, 
various segments of the intracellular region include 

20 phosphorylated nmino acid residues. ~he sites of 

phosphorylation are important in interaction of segments with 

other polypeptj.des. '!'he nature and specificj.t:-Y of the 
·interactions arc~highly dependent upon the presence or absence 

of the phosphorylation, and fragments of the intact receptor, 
25 or related sequences, will be useful in modulating the 

interactions. Thus, intrncallular region fragments will also 

find important uses. 
Cells expressing cloning vehicles containing defined 

sequences can be used to define specific sites of a PDGF 
30 ·receptor necessary for ~ffecting a particular activity. 

. . . . 

Alternatively, these cells will be·useful to assess the ability 
of a selected receptor to bind different ligands (PDGFs and 
analogues) thereby providing a _powerful tool for evaluating the 

potential .of drugs for prornotjng or inhibiting specific PDGF-
35 induced cellular responses. 

Cells transfected, injected, infected or 

electroporated with DNA or mRNA containing a full length 
natural PDGF-R sequence will often express tho native or wild 
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type receptor and respond accordingly less than full length 
segments will orten have desired equivalent functions. 

specific concentrati-0ns of a purified receptor or a receptor 
polypeptide fra9rnerit. can be used to block the b.indin9 of the· 

5 ligand (PDGF} to· native PDGF receptors. Alternatively, 
antibodies to ~he receptor.or fragment can have· thP- same 
effect. ln particular, it has bean demonstrated herein that_. 
antibodies against epitopes of the extracellular region can 

"' 
10 

15 

block ligand-receptor binding. other antibodies will block 

dimerization of receptor 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._ In particular, antibodies 

against specific regions of the roceptor, e.g., the li9and­
bindin·g segments, will find use in diagnostic t~sting or 

therapeutics. The reagents PDGF-R, PDGF-R polypeptides, and 

antibodies to spcoif ic regions of the receptor can be used to 
study regulation of PDGF mediated activities. Intracellular 

20 fragments will also have important uses, especially, e.g., the 
kinase insert sagrnent. 

l:DGF has roles in tissue repair,. eli\bryogenesis, and 

likely is involved in atherosclerosis, myeloprolifcrative 

disease, and some carcihornas. Treatment of these conditions 

2b responds to attenuation by therapeutic administration of the 

soluble extracellular fragments or antibodies. For example, 
PDGl·' agonists stimulate cell proliferative development, an 

effect particularly beneficial in wound healing, muscle 
~~generation, and arteri~l wall proliferation. PDGF 

30 al_1tagonists ~ill be used, in some c_ases ,· to block excess 
response, or to modulate PbGF response. 

Compositions containing a soluble PDGF-R polypeptide 
having b.~tween about five and two hundred, preferably about 10 

or 15 to so, contiguous amino acids from a human PDGF-R 
· 35 extracallular region are described. In one embodiment, the 

pol)•peptidc contains at least abo\lt BO amino acids frorn 
resi<?u~s. :i. to 499 01:· a type B human PDGF receptor of Table 2, 
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or from residues l to 501 of a type A human receptor of 

Table 3. 

ln another embodiment, fragments of the intracellular 
region will find various uses. In particular, the KI re9ion, 
and fragments or analogues thereof, will find 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 c~llular responses. 
The hPDGF-R protein o~pressed by transf ected 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, tho pept)do will be 
typically be isolated from the expression host, a.g., from a 

l!> lysate. 'l'he peptide ·v;ill generally be isolated by co.rivenient 

techniqi..ies employing HPLC, electrophoresis, gradient 
centrifugation, affinity chromatography, e.9., using PDGF, 
column chromatography and othar methods of protein purification 
used in protein biochemistry to provide a substantially pure 

20 product, o.g., particularly ~ree of cell component 

contaminants. See, e.9., Jacoby (1984) ~ethods in LhZYJnology, 

· Vol. 104, Acade.mi c .Press, .New Yo~k; Scopes . ( 1987) Protein · 

~; ficat.ion: :princit>le~d Pr£..!=:Jice, (2nd Ed.) Springcr­

.vcrlaq, New York; Deutscher (ed.) (1990) s;qj.~~ to protel.n 

25 Purj ricatiori, Methods i.n EDZYJn.9.l.ooy, Vol. 102; 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 amjno terminal sequence or• 

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

30 sequence of the type A receptor, w~1ich form the entire . 
extracellular regions, and pLirticularly the PDGF ligand binding 

portions of the reccpto~ proteins, will find use to aff.i,nit.y · 

purify POGF'. 'l'hs extracellular reqion can also be used affi)Ced 

to a solid substrate or fre~ in solutio~ to determine drugs 
· 3 5 useful as PDGl"' agonistr. and antagonists. 

The intracellular re9ion of the protein, beginning at 
abo;;.t ·1al ( 500) through th~ carboxyl terminal amino acid of the 

typ~ B receptor, and about leu ( 502) through tho carbo>;yl 
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terminus of the type A receptor, also find use as tyrosine 
kinases for protein phosphorylatian in accordance with well 

known techr.iques. Additionally, amino acids rnet(-32) through 

gly (-1). of the amino. terminal seqti"ence of the. type B receptor, 

s· and from about mct(-23) through cys(~l) of· the type A receptor, 
comprise signal sequences ~hich direct the structural protein 
through the membrane of a transfected cell~ 'l'hese signal 

sequences will be used with a hPDGF-R, but also would be 

'I 

10 

15 

expected to find use with other proteins if fused to them. 
Human PPGF receptor polypeptide fragments will 

typically be generated either by direct expression of truncated 
nucleic acid sequences, or by standard protease treatment of a 

hPDGF receptor, preferably purified. Reagents are provided 

herein for either approach. 
As a diagnostic.use 1 these.reagents provide a method 

for measuring ci PDGr' or a PDGF :receptor in a target sample,· 

said inethod comprising the steps of: 
.combining said targat sample with a hPDGF receptor 

polypeptide segment; and 

20 detennini.ng the extent of binding between said 

polypeptide segment and said sample • 
. This invention also provides a tran~formed cell,. 

which is also includes progeny of the primary transforrnant, 
capable of expressing a polypeptide homologous to at least a 

25 segment of human PDGF receptor+ A preferred embodiment is 
where the cell e~presses a polypeptide homologous to 
substantially the entire extracellular region of a humah PPGF 

receptor, including soluble proteins. 

30 v. Antibodjes 

Polyclonnl and/or ~onoclonal antibodies to the 

various PDGF rcca~tors and peptide fragroents may al~o be 
prepared. Synthetic peptidQ fragments may be.preparod in a 

peptide synthesiier and coupled to a c~rrier molecule (e.g., 

.35 keyhole li:mpet hcrnocyanin) and injected into rabbits at 
selected times ovnr several months.· The rabb1t sera is t.~stcd 
for :trnmunoreactivity to the PDGF receptor protein or fragment. 

Monoclonal antibodies may be ~ade by injecting mice wi~h hPDGY-
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R protein, hPDGF-R polypeptides or mouse cells expressing high 
levels of the cloned PDGF receptor on its cell surface. 

Monoclonal antibodios will be screened by ELISA and tested for 
specific irnmunoroactivit_y with the PDGF receptor protein or 

5 polypeptides thereof. See, e.g.·, Harlow and Lane (l98B} 

~ntibodies: A Labo~atory M~nualt Cold Spring Harbor Press, New 
York, which is hereby incorporated ha;te"in by ·rafe:renca. These 
antibodi~s will ba useful in assays, or as pharmaceuticals. 

10 

once a sufficient quantity of the desired hPDG~ 
receptor polypeptide has been obtained, the protein will be 

used ior various purposes. A typical use is the production of 

antibodias specific for binding to these ~eceptors. These 
antibodies will usually be ·either polyclonal or monoclonal and 
will. usually he produced by in yitro or in vivo techniques, 

.1s c. g,, directed towards the goal of defining or recognizing 

particuiar antigsnic 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 

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 ilt!-munoqen. The apitopes of 

most interest will be those :Crom a signal segment: or . 

inununoglobulin domains found in the extrac~llular region, 
25 particularly those surrounding the PDGF ligand binding regions. 

However, other segm~nt=: will also be importMlt, including 

phosphorylation sitas in tha intracellular region, e.g., the 
kinasG insert segr:ient, phosphcrylated or not. 

For !=-reduction of polyclonal_ antibodies, a.n 
- . 

30 appropriate ~arget immune system is selected, typically a mouse 
. . . . 

or rabbit. Tho substantially purified antigen is presented to 
the immune ::.ystem in a fashion determined by methods 

. appropriate i'or the ani1nal and other ;.iarameters well known to 

imrnunoloc;ists. Typical sites for !.njection arc in the 

.35 footpar."~s, intra:rnuscularly, intrEtperi toneally, or j ntradermall y. 

Of cr..,urse, another species will sometimes be substituted for a 

mm:ise or. rabbit, incl \ldi:ng goat.s, sheep, cows, gu:i nea pigs, nnd 
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An immunological response is usually assayed with an 

i.nununoassay. Normally such inununoassa.ys involve sorno 

purification of a source of antigen, for example, produced by 
the same_ cells and. ~n the same fashion as the antigen.was 
produced. ·The immunoassay will, in some instances, be a 

radioinununoassay, an enzyme-linked assay (ELISA),.~ fluorescent 

assay, or any of many oth~r choices, _most of which are 
functionally equivalent but may exhibit advantages under 
specific conditions. 

Monoclonal antibodies with affinities of 108 M' 1 

preferably 109 to 1010
, or stronger will typically be made by 

standard procedures as described, e.g., in Harlow ~nd Lane, 
Antibodies_~ Laboratory Manug,l, CSH Laboratory (1988); or 

Goding (1986) Monoclongl Antibodi~s: Principles and l?ract.ic;-:§! 

.15 {2d cd) ~cad~mic Press, New York; each.of which is hereby 
. . 

incorporated herein by reference.. Briefly, appropriate animals 

will be solected and the desired immunization protocol 

followed. After the appropriate period o! time, the spleens of 

such animals are excised arid individual spleen calls fused, 
20 typically, to immortalized myeloma cells under appr.opriate 

selection conditions. Thereafter the cells are clonally 
separated and the supernatants of .. each clone are tested for 

their production . Of an appr.opriat~ ·antibody Sp(~Ci fi C. for the 

desired region of the antigen. 

25 Other suitable tachniques involve 1n vitro exposure 
ot lymphocytes to the antigenic polypeptides or alternatively 
to selection of libraries of antibodies in phage or similar 

vectors. §ee, Huse at al. (1989) 11Generation of a Large 

combinatorial Library of the Immunoglobulin Repertoire in Phase 

30 Lambdti, 11 Science. ~46:1275--1281, which is hereby_ incorp~ratcd 

herein by rGfercmce. Tha polypeptides. and ·antibodies of the 

present invention may be usnd with or without modification. 
. . 

Frequently, the polypeptides and antibodies ~_i11· bo labeled by 

joi?)ing, e:i ther covalently or non-covalently, a substance which 

35 provides for a detectable signal. h wide variety of labels ond 
conjugation techniques are known and are reported extensively 
in both the scientific and pato.nt li torature. Sui table la.belt.; 

includo radionuclides. enzymes, substrates, cofactors, 
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inhibitors, fluorescent moieties, chemiluminescent moieties, 
magnetic particles, and the like. Patents, teaching the use of 

such labels include ~.s. Patent Nos. 3,817,837: 3,850,752; 

3,919,350~ J,996,345; ·4,277,437; 4,275,149; ind 4,366,241. . . . . . 

5 Also, recombinant inununo9lobulins may be produced·, see Cabilly I 

" 

u.s. Patent No. 4,816,567~ 

Full length peptides or pox_:tions thereof will,· in 
particular em.bod ima:nts, be used fo:r: producin9 antibodies, 
either polyclonal or monoclonal. Antibodies arc produced by 

10 immur.izl.ng an appropriate vertebrate host, e.g., mouse, with 

tha peptide or fragment itsel!, or in conjunction with an 

adjuvant. Usually two or more immunizations will be involved, 

and the blood or spleen will be ~arvestcd a few days after the 

last injection. 
. . . 

1!:> For pclyclonal· antisera, the imnmnoglobulins may bE:! 
. . . 

precipitated,· isolat~d and purifiod, including affinity 
purification. ror monoclonal antibodies, the splenocytos 

normally will be fused with an immortaliied lymphocyte, e.g., u 

myeloid line, under selective conditions fo-r hybridomas, The 

20 hybridomas will generally then be cloned under limiting 
dilution conditions and their supernatants screened for 
antibodies having the desired specificity.· Techniques for 
producing anti.bodies a·:r~ well known in the li tarature, sec, 

e.g., Goding (1996} Konoclonal Antibodi~s: Princjpl~s and 

25 Practice ( 2d <.~d, I Academic Press, N. Y. , and Harl cw and Lane 

( 1988 j Antibodief: ! i\_ Laboratorv Manual., Cold Spring Harbor 

Laboratory, New 'iork, and are exemplified by u.s. Patent Nos. 

4,381,_29?., 4,451,570·and 4,618,577, which are each incorporated • 
herein by reference. The ~ntibodies generated therefrom may 

30 . h~ve· many uses j,n dissectin9 the portiC:>ns of the rec.eptor 

iesponsible fot various cellular·responses and in the general 
processing and Maturation of the receptor itself. Antibody 
agonists or ant~gonists might even be produced. 

Both proteins and fragments to serve a.s imrounogens, 
3b and as reagents to detit:1rn:ine:~ the specificity of bJnding, ar~ 

provided herein. 

,;-... 
y ..I.. Methods _'[:or _tse 
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Th~ present invention provides a human platolet 

derived growth r.actor receptor (hPDGF~R) purification method as 

well as a method for synthesizing PDGF recepto~s within cells. 

Also provided are: h<?mogeneous receptors produced by these_ 

5 methods, nucleic acid sequences encoding the receptcrs or 
portions of th~ r.eqeptors, expression vehicles containing these 
sequences, calls co~prisin·g the PDGF-i:-eceptors, an~ antibodies 

to the receptors. Of particular int~rest are £ra9ments of the 
receptors, which have functional bindinq sites which compete 

10 with receptors to bind particular ligands. See, e.g., 
orchansky c.t al. (1988) 11 Phosphatidylinositol Linkage of a 
Truncated Fo:r:rn of the l>latolet-derived Growth Factor Receptor" 

J, Biol. Chem~ 263:15159-1536~. which provides evidence that an 
extracellular region of the l'DGF receptor can bind to the PDGF 

15 · ligands.· Also provided are phosph6rylated fragmerits or sites 
. . 

for phosphorylation which interact with other proteins 

important in cellular .response to ligand binding-. In 
particular, soluble extracellular region segments are provided. 

Transfected cells find use as a model for studying 
20 csllular responses to Poca~. r·or controlled investigation, 

mammalian cells which lack a PDGF'receptor can be transfected 

with an expression ·constr.uct comprisins a DNA ·sequence encoding 
. . . . 

a. hPDGF-R. Calls are produced that oncode a receptor that is 

often functionally equivalent to the wild-type· recaptor and 

25 confer a PDGr·~·snnsi tive r.\itogenic response on the cell. In 

this way, the binding properties of the naturally-occurring 
l:>DGF will be analyz.cd, as well as· fragments oi· synthetic 

compounds, both proteinaceous and non-proteinaceous. As 
demonstrated in the Experimental section, transfected cells 

30 were '.lsed to determine: that the AA. form of PDGF -~ct.ivates the 
' . 

type B receptor tyrosi.n~·kinase .. The presence of the type A 

and type B roceptor polypeptides in a single cell will 

fe:cilitat~. the study of receptor binding .properties and perhap!; 

even rEfceptor interactions. 

35 In addition to studying PDGF-mediated mito9enosis, 
the transfectcd cells can be used to evaluate a drug's ability 

to function as n PDGF agonist or antagonist. In particular, 

transf~cted cells can De contacted with the test drug, and the 
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amount of response determined, e.g., ~eceptor tyrosine kinase 
activation· or the rate 'of DNA synthesis, as compared to control 
cells in the presence or absence of PDGF or analogs ·thereof • .. 
Alternatively, in a .. non-~he;i::-apeutic environment, . a_ method is 

5 provided !°or inhibitlng binding bat~een a PDGF analogue and a 

PDGF receptor present in a solution. '!_'his method will contain 
a step of adding a PDGF receptor peptide, e.g., a peptide 

homologous to a sequence described.in-Table 2 or Tabla 3 to the 

solution, or a mutation or modification of o_ne. Binding 
10 affinity to variants of the ~DGF will also be evaluated by such 

cells. The inhibJtion of binding will usually occur by 

competition or by interfering with bindin9, on either the 

receptor Qr tha ligand, The assay will often make use of 

comparisons with and without test ligand, or by a displacement 

15 assay, where the displac:ing ligand is added afte·r bin.ding 

occurs. 
. However, as indicated above, the POGF receptor likely 

functions in a dimer state. The soluble forins of the receptor 

may interfere with the dimerization and, in some embodiments, 
20 will be effective in blocking signal transduction by a 

differGnt mechanism from competitjve affinity for the PDGF 

ligands. The soluble,· or intr~cellular or transmembrane 
fragments of the vari~us ·receptor f~nns.wotild interfere with 

dimer formation and thus blocks at least some types of, or some 
25 fraction o!, signal transduction. 

This observation provides a .method for modifying in 

vivo. n PDGF receptor modulated activity comprisinc;1 
administering to a patient an amount of a PDG~ receptor 

blocking agent effective to inhibit PDGF binding to PPGF 

30 receptors.. Sometimes, tne blockage wil occur at tl:ie level of 

_ligand ~indin~, by blocking the fun6tional asse~bly oi the· 
receptor complex, or P)' blocking- further interaction of the 

receptor with other proteins important in effcctin9 cellular 
response, e.g., phosphotyrosine binding interactions. As 

35 discussed above, the PDGF family of proteins have a significant 

rolo in regulating many important physiological processes. The 

soluble PDGF-R polypeptides will generaly be e!fcctive in 
nodifying the extent of PDGF modulation of these processes. 
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For this reason, the soluble forms of the receptors are useful 

as competitive binding sites for PDGF~ Likewise, truncated 

PDGF binding sites o~ binding sites which have been mutated, 
-· particularly those from the human forms 'describod, will . . . .. . . 

5 ·sometimes l::>e equally effective as natural· form~, but at a · 

lesser cos~, both in monetary terms of and in terms of medical 
sids-effects, upon administration. 

." 

The reagents provided herein will also find use in 
tha quantitative detactioh or diagnosis of PDGF analogues, or 

10 PDGF-like ligands for the receptors, or for PDGF receptor~ 

polypeptide production. Various medical conditions are 

indicated by an abnormal level of production of either. of these 
proteins, including, e.g., various tumor cond.itions. Thus, 
diagnostic tests dependent upon these re~gcnts_are now 

. . 

15. availablo .. : 

With the different PDGF types, combining 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, distfnctions 
20 between various patterns and receptor types will be found, 

specific for various tissue types. Thus, tissue m~rkers based 

upon differences in ~,DGF receptor expression would becomo: 
available. 

Soluble fragments containing various regions ot· the 

25 extracellular region o( the human PDGF receptor have been shown 

to retain high affinity specific binding as in the intact type 

B PDGF receptor. The extracell\llar region of the human 

30 

recaptor has been expressed at high levels in CHO cells and 

secreted into the medium. In the presence of ligand, the 

s"O°iuble extracellular fragment~ bloc.!C the ability of BS-PDGF to 

initiate responses characteriGtic of a physiological mitogen 
response. The soluble fragments also retairi high specificity 

in binding to only.the BB POGP, riot altering the mitogenic 
effect by the AA PDGF. Additional experiments using the human 

~5 extracellular region have shown that the fragments may be used 
f.tS binding segments to assay, o. g. , by compoti ti.on, !or tho 

presenc~ of ligands. These results su99ost the possibility of 

treating various conditions which excessively x.·~spond to PDGr 



:.l 

'I 

PCl./US92/00862 

49 

such as atherosclerosis, osteosarcoma, and glioblastoma. The 

mitogenic responsj ~ay be attenuated through use of the soluble 

extracellular fragmaots. 
The blocki~g of physiological response to PDGF 

results fiftom the inhibition. of binding of the ligand to the 

receptor, likely through competitive inhibition. Thus, in 
vitrp assays of the present. invention. will generally use 

soluble fragment$ comprising the ligand binding segments of 

these receptors, or fragments attached to solid phase 

10 substrates. 'l'hese assays will also ~!low for. the _diagnostic 

determination of the effects of either bindhHi s'e~~-e-nt· 
mutations and modifications, or ligand mutations and 
modifications, e.9., ligand analogues. 

The soluble fragments will also find use in testing 

15 · · int~ra6tion of the rec~ptor with moditied-ligands, e.g., 

biotinylated AA isoform or other PDGF forms. Another means for 
blocking ligand ~--=i:.ion will be to interfere with proper multi­

protein recept0r association, e.g., dimerization, or 

intracellular region interactions with other proteins. In 
20 particula:;;.;, it is demonstrated that particular phospho:-ylation 

events cont~ol interactions wJth other protein which mediate 
other c~ll~lar functions. Various a~say~ for ~his are well . 

known to those skilled in the art, and see below, 

R~oeptor components may be substituted by equivalent 
25 or corresponding soiuble fragments from the other type 

polypeptide, e.g., exchanging fragments from the type A and 
type B ~~lypeptide forms, or from other related polypeptides, 

e.g. , mo1.1~f.i! receptors, or other rel a tad :r:iaceptors. 
Moreover, because the type /l. llomodimer binds all 

30 three ~:r.:.rms of PDGF, the typt'.: A bjnding fragments ~xhibit 
. . 

substu·.~ial generality of .ligand binding. The type A binding 

frag1ne11ts are useful for preparing general PDGF' binding 

rear1cmts. 

~he quanti~ies of reagents nece~sary for effective 
35 ~herapy will depend upon rn~ny different factors, including 

means of administration, tar9et site, physiological state of 
the patient, and othc! medicant~ administered. Thus, treatment 

dosages should be titrated to optimi2e safety and efficacy. 
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Typieally,.dosage~ uoed in vitro may provide useful guidance in 

the amounts useful for in situ administration of theso 

reagents. Animal testing of effective doses for treatmGnt of 

·particular dJso.cders· will provide further .predictive indi.cation 

5 ·of human dosage. Various considerations are driscribcd, e.9., 
in Gilman et al. {eds) (1990) Goodman and Gilnan's: The 

Fharmacologi.@l. Bases_of TheraP.eutic_a·, 8th Ed., Pergamon FrE;\ss; 

and Remincrton 1 s_.12h.armacautical Sciences, 17th ed. {1990), Mack 

Publishing Co., Easton, Penn.; each of which is hereby 

10 incorporated h~reir. by reference. Methods for administration 
arc discussed therein, e.g., for oral, intravenous, 

ir.tratJE.ritonc.a:L, or intramuscular administration, transderir.al 

diffusion, and others. Pharmaceutically acceptable carriers 
will include: water~ saline,. buffers, and CJt~er comp.ounds : . 

·15 ·described, 2.g. 1 in the Me~ck Index, Merck & co., Rahway, New 

Jersey. Because of the hiqh affinity binding betwean PDGF and 

its receptor~. low dosages of th~se reagents would ba initially 
expected tc be effective, Thus, dosage ran9es would ordinarily 

be expect""·.i to ba in amounts lower than 1 i:nM concentrations, 

20 typicall·:.· less than about ·10 .UM concel!trations, usually less 
than about 100 nM, preferably_ less than about 10 pM 

(piccmolar), and most preferably loss than about) fM 
(f@mtomolar), with an appropriate carriar. Slow release 

~onnulations, or slow ::-elcase apparaiius will often be. utili2.ed 

25 for continuous administration. The intracellular segmcnt.s of 

the receptors, both thQ PDGF receptor and related receptors 
will find additional uses as descri~ed jn detail below. 

Tl1c pharmaceutical. compositions will be administe:r~d 

bY parenteral, topical, ~ral, or local administration, such as 
30 by· aerosol or transdermally, for prophylactic and/or 

therapeutic treatment. · 'l'he pharmaceutical compositlons can be 

administered in a varjety of unit dosage forms depending upon 

the method of admirdstraticm. For example, unit dosage: forms 

suitable for oral administration jncludo powd~r, tablets, 

· 35 pills, capsules and dragees. 

'!'he pharmaceutical compositions will often be 

administered intravenously. 'l'l1us, this i nvcntion p:rovicles 

compositions for intravenous ndrr.inistration wnich comprise a 
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solution of the· compound dissolved or suspended in an 
acceptable carri~rj preferably an aqueous carrier. A variety 
of aqueous carriers may be used, e.9., water, buffered water, 
0.4i saline, and the like. These compositions will sometimes 

5. be .sterilized by conventional, well known sterilization 
techniques, or may be st~rile filtered. The rasultinq aqueous 
solutions may be packaged for use as is, or lyophilized, the 
ly_ophilized preparation being combin~d with a ·sterile aqueous 
solution prior to administration. The compositions may contain 

1~ pharmaceutically acceptable auxiliary substances as required to 
approximate physiological conditions, such as pH adjusting and 
buffering agents, tonicity adjusting agents, WGtting agents and 
the like, for example, sodium acetate, sodium lactate, sodium 
chloride, pota~sium chloride, calcium chloride, sorbitan 

15 ·t\<;molaurat.e, trj othanolamine ol~ate, etc. 

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

·grades of mannitol, lactose, starch, ma9nesiurn stearate, sodium 
saccharin·, talcum, celluloso, glucose, sucrose, magnesium 

20 carbonate, and the likG. For oral administration, a 
pharmaceutically acceptable nontoxic composition is formed by 
incqrporating any of the norm.ally employed excipients, such as 
those carriers previously listed, an~ generally 10-~5% of 
act.ive ingredient, preferably about 20% (see, Remiugton's, 

2 5 §.YP.l'.'<l) • 

For aerosol administration, the compounds are 
pi:oferably suppliad 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 Rcprescntat~ve of _such agents are the esters or partial esters 
of fatty acids containing froin 6. to ·22 carbon· a.toms, such as 
caproic, octanoic, lauric, palmitic, stearic, linoleic, 
linolenic, olestoric and oleic acids with.an aliphatic 
polyhydric alcohol or its cyclic anhydride.. such as, ror 

35 example, ethylene glycol, glycerol, erythritol, arabitol, 

mannitol, sorbitol, the hexitol anhydrides derived frorn 
so:rbitol, and the polyoxyethylene and polyoxypropylene 

derivatives or these esters. Often mixed esters, ~~~h n~ 



PCT/US92/00862 

52 

mixed or natural glycerides will be employed. The surfactant, 
in some embodiments, will constitute 0.1%-20·% by \:/eight of the 

composition, prefer~bly 0.25-5%. The balance of the 

composition is ordinarily propellant. Liquefied· propellants 
·5 are· typically gases at ambient conditions,· and are condensect 

under pressure.. Among suitable liquefied propellants are the 

lower alkanes containing up to 5 car~ons, such as butane and 

propane~ and preferably fluorinated or fluorochlorinated 
alkanes. Mixtu~es of the above will someti~es also be 

lb employed. ln producing the aerosol, a container equipped with 
a suitable valve is f~lled with tho appropriate propellant, 
containin9 the finely divided compounds and surfactant. c:l.'he 
ingredients are thus maintained at an elevated pressure ~ntil 
released by action of the valve. 

1
, . 

. ;;) · .The comp_osi tions containing the compounds. can be 

administered ror prophylactic and/or therapeutic treatments. 
In therapeutic applications, compositions are administered to a 
patiant already suffering from a disease, as described above, 
in an amount sufficient to cure or at least partially arrest 

20 the symptoms of the disease and its oomplications. An amount 
adequate to accomplish this is defined as "therapeutically 

effective dose. 11 An1ounts effective for ·this use will depend· ·cm 

the severity of the disease and the weight and general stat~ 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 hprophylactically effective 

dose. 11 In this use, the precise amounts again depend on 'the 
30 patient's. state of health-and weight. 

In a particularly important aspect of the present 

invention, it was recognized that many growth factors mediate 

their pleiotropic actions· by binding to and activating call 
surface receptors with. an intrinsic protein tyrosine kinase 

35 activity. Growth factor receptors with tyrosine kinase 

activity, or receptor tyrosine kinases, typically possess 

similarities in molecular topology. For example, they posses$ 
a largo extracellular ligand binding region, ~ hydrophobic 
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transmenlhrane region, ar1d a cytoplasmic, i.e., intracellular, 
region that contains a tyrosine kinase catalytic domain. 
Receptor tyrosine kinases typically have a topology dictating 

that the ligand bincHn9 segmonts and protein tyrosine kinase 

5 activity are separated by the plasma membrane. . Therefc;>re /. 

receptor activation due to extracellular ligand binding is 
translated across the me~~ran~ barrier int~· activation of 

intracellular :reg3on functions. 
The present invention takes advantage of the . 

~O discovery that phosphorylation o! particular amino acid 

residues in a polypeptide segment is important in certain 
protein-protein interactions. The p~osphorylation state of 

residues within the regions of interaction, or coupling 

regions, modulat:C? the interactions. In the case of the PPGF' 

15 re.ceptor and phosphatidylinositol 3 1 kinase (P.I3 kinase) 

interactions, the presence of ·a phosphotyrosi"ne :in tlle defined 

kinase insert sequence is important in the interacting b~tween, 

e.g., binding between, the receptor and the PI3_ kina~o, thereby 
activating the Pl3 kinase enzyme. An unphosphorylated KI 

20 segment !ails to bind a PI3 kinase .. activity. These 

observations will be generally applicable to the interaction of 

phosphorylated segments with·other b~nding proteins. With the 
elucidation of th0 naturQ and specificity of thes·e 

interactions, analogues, e.g., organic molecules, are prepared 
25 which serve as analogues to the peptides or phosphorylated 

peptides. 

Tyrosine kinases can be broadly classified into two 
groups, the transmembranc receptor kinaees and the cytoplasmic 
non-receptor )d.nascs, with most of the members of the second 

30 gr.oup be!.onging to the so-called src fB:mily of tyros.ine 

kinases. 'l'hc receptor kinases genes~ including the PDGF. 
receptor, share C{!'.l:"tain structm~al features, e.g. , an aliiino­

terninal signal peptide which is ~ha:.r.;:1cteristic of membrane 
. . . 

glycoproteins and a transmernbr.ane segment Which defines and . 
·35 soparates the cxtr&cellular and the intracellular regions of 

the receptor protein. 'l'he amino-terminal portion of the 
receptor p:rote.in l:\akcs up the extracellular reg3on which 
contains 'the ligf.lnd binding sites. 'l'he carboxy-terminal 
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portion of the protein makes up the intracellular region of the 
receptor, on which the kinase activity is located. Receptor 
kinases are responsible for transducin9 a signal provided by 
ligand binding to the ex~racellular region into the 

5 intracellular compartrner.t, and through cytoplasmic second 
messages, ulti:nately to th¢ nucleu·s. 

10 

Detailed comparison of established receptor tyrosi?e 
k:inase {R'l'!<) primary sequences has lad to the identification of 
both shared and unique structural subdo:mains, or segments, 
which permit classification of the RTK family into distinct 
groups, see, e.g., Yarden and Ullrich (1988) AnD.:-J<ev. BiociJ.e& 
57?443-47S; and Ullrich and schlessi~ger (1990) cel.l 61:203-
212: each of which is incorporated herein by reference. 

'l•he PDGF receptor is a member of one such subclass. 
. . 

15 These receptor£;, inclu.ding macrophage growth factor (CSF.:..1-R) 

and the putative receptor c-kit share at least two distinct 
structural features. They lack cystaine-rich repeat clusters 
within their extracellular regions, and they possess another 
conserved repeat structure that includes five irnmunoglobulin-

20 like repgats, suggesting a common architecture for tha ligand­
binding re9ions of the members of this receptor subclass. 

Fu~ther.more, when compared with RTKs of other -
subclasses, the catalytic domains of members of this group are 

interrupted by long, structurally unique, hydrophilic, proline~ 
2S rich insertion sequences of about ~7-107 amino acid residues. 

This "kinase insert'' (KI), also referred to as a kinase insert 
region, divides the catalytic dcmain into two segments and is 
dofined by homology to other tyrosine kinase domains. These KI ~ 

~~quences ~re highly divergent, even within each receptor 
30 subfamily, but are stron9ly cons.er~od. between evolutionarp.y 

distant species, such as chickens, cats and.humans. Members of' 
a related ~uhclo.ss, including the FGF receptor, flg, and b~k, 
similarly have immunoglobulin-like· repeats in their 
extracellular region, although only three in numbar, and kinase 

· 35 insert sequences of 10-19 residuas located in the corresponding 
position of the tyrcsine kinase-segments. 

RTK lJ9ands induce pleiotropic cellular responses, 
wh!ch in many cell typos culminat~ in cell cycle progression, 
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DNA synthesis, and cellulax- roplication. Upon ligand J:>inding, 
numerous responsive membrane events are initiated, including 
stimulation of ion transport, glucose transport, membrane . 
kinasos, pinocyto~is, membrane ruffling, and other cytoskeletal .· 
and morphological changes. Those events ara par·all.ele~. by 
activat~on o~ a number of cytoplasmic pathways, including 
glyco~ysis, ·polyarnine synthesi~, and ribosomal protein S6 

phosphorylation. Alterations in the.pattern of specific gene 
transcription (e.g., c-myc and c-fQ.a) are detectable within 

to 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 prote~n kinase A, through production 

15· of type E pros~a9lanqjn .. 
The· irnport.ance of the correct regulation of receptor 

function is emphasized by the !act that a large variety of 
structural alterations found in reooptor-derived oncogene 
products lead to .constitutive activation andt consequently, 

20 subversion of molecular cohtrol mechanisms and alteration of 
receptor signals. The most common cellular lesion found in 
human cancers involves autocrine activation in conjunction wit.h 
recep.tor overexpression. Many tumors and ·tumor cell lines have 
been found to coexpress growth factors and thei:r. r~ceptors, 

25 including PDGF-A chain, PDGF-B chain, and PDGP receptor 
polypeptides. Autocrine receptor activation represents ohe 
scenario of subversion of normal growth control. ln principle, 
avery receptor with tyrosine kinase activity has oncogenic 
potential. Many more types of activating mutations, as well as 

30 s~ecific insta~ces of recop~or tyrosine kinase overexpression, 
. . 

would b~ anticipated, to be detected in animal and hum~n tumors. 
The understanding and control. of such defects in nornal 
cellular metabolism and signal transduct~on will play an 
important role in the diagnosis and thar~py of oncogencsis. 

35 When activated by ligand, the PDGF p-reccptor becomes 
phosphorylatcd on tyrosine residues. See, e.g., Ek and Beldin 
(1982) 3. Riol. Chem. 257: 10486; Frackelton et al. (1984) iL. 
Hiol. Chem. 259: 7909; Kazlauskas and cooper (1989) Cell SB: 
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1121: and Yarden at al. (1986) Nature 323: 226-232. The 

mechanism of this hautophosphorylation 11 rea~tion appears to 

depend on ligand-induced formation of receptor dimers.and a 

transphosphoryl.ation. reaction in w~~ch each of the two 
5 polypeptide chains of the dimer phosphorylates the other chain. 

10 

The major sites of POGF stimulated receptor phosphorylation are 
located in the carboxyl terminal portion of the tyrosine kinase 
domain, about tyr{B25) in both the human and mou.se type B 

receptor, and in the kinase insert region, about tyr(719) in 
both the human and mouse type B, that splits the kinase codjn9 
sequences into two parts. It is likely that additional site~ 

of autophosphorylation have not yet been identified. 
One of the consequences of ligand-induced receptor 

autophosphorylation appears t.o be a changa in conformation of 
. . . . .. ; 

· 15 the intracelluar. rogion of the receptor. In i.ts activated 
state tha receptor can physically interact with several 
cytoplasmic molecules that are likely to be important in signal 
transduction. 

Activation js also accompanied by complex formation 
20 with, and tyrosine phosphorylation of, a variety 6f protein~. 

The first to be described was a protein of 85 kt>, which is a 
putative PI kihase· and: :l.dentical to .. a protein referred to as· 

p81, see Kaplan et al. (1~87) Cell 50:1021. Subsequently, a 

number of other proteins have be.en shown to complex with PDGl~ 

25 receptors and to become: phosphorylatad on tyrosine fol lowing 

PDGF stimulation, 'l1hesn include the sei-ine/threonine kinase 

Raf-l, which becomes activated in the co:mpla~; see, 0.9., 

Morrison et a.l. (1989) c~ll 58: 649-657; and phospholipase C-'J, 

$ee, e.g., Morrison et a~. (1990) .Mol. Cell. Biol. 10: 2359-

30 2366: and Gli.F, the G~'Pas~ · activatin.g protein involved in the· 

. control of ras activity, see, ·e.g. I Kaplan et al. (1990) C~ll 

58: 1121-1133. . POGF' treatment also enhances the kinase 

activities of some of theso proteins. 

Recently, trahsient complex formation also has been 

·35 shown to occur between three~~ family tyrosine kinases (pp60-

c-src, p59-fyn, and pp62-c-yos), p81, and PDGF receptors. ln 

addition, PDGl~ treatment stimulates the tyrosine kinase 
activatas of these proteins, su99esting that src family kinasas 
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may play a role in the response to PDGF. Phosphorylation on 
tyrosine residues likely activates the mitogenic potential of 
the target protein either by enhancinq its enzymatic activity 
or by altering its interabtion~ with other cellular proteins. 

5 The SH2 system provides possible guidance to 

10 

particular mechanisms and properties which cquld be applicable 
to the FDGF receptors. some non-r.eceptor tyrosine kinase~. 
share a conserved noncatalytic.region of approximately 100 

amino acids called the src homology region 2 (SH2) domain. The 
SH2 domains of the· Fps and s·rc tyrosine kinases are thought to 
possibly interact with and regulate the adjacent kinase domain 
and _may. also fonn ~inding sites for proteins phosphoryl ated by 
the kinase domain. 

~ Phospholipase C-7 (PLC~?) and p2~-ras GTPase- .. 
15 acti vatihg · protein (GAP} each contain two ·adjacent SH2 domains. 

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 phospho~ylated ligands. The 
relevance of these results to the PDGF-R was, until now, 

20 unclear. ln the PDGF receptor embodiments, ligand-activated 
PDGF receptor induces the fonnation of a complex oi signaling 
molecules inc1udjng PLC-1, Raf-1, and the 85 kDa P.I-3 kinase. 

One of the first of the signaling molecules to be 
identified as a receptor-associated protein was phosphatidyl-

25 inositol-3 1 kinase (l'I3 kinasa) . This enzyme was originally 

found to be a kinase that co-immunoprecipitutod with the 
cornple>: cf polyoma middle T antigen and the c-src protein, and 
with transforming v-src proteins. P!3 kinase activity was al~o 
found in phosphotyJ~osine or receptor immuncprecipitates of 

30 · . lysates from .PDGF;..stintulated eel.ls. The specific role of PI3 
kinase in mediating cell proliferation has not been determined. 
However, the enzyme is regulated ~y a number of growth factors 
and growth factor-treated cells contain increased levels of 

phosphoinositides and inositol phosphates phosphorylatcd on the 
35 3 position of the inositol ring. Mutants or middle T antigen 

or the PDGf' rec~ptor that do not associate with PJ3 kinase arc 
dofective in their mitogenic activities. The protoin 
responsible for the ?13 kinase ~ctivity has not baen well 
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characterizad. ttcwever the close correlation of the enzymatic 
activity with the presence of an 81-85 kb protein in 

co-immunoprecipitat~on experiments with the middle T/c-§1;.Q 
complex and with th~ PDGF receptor has strongly_ suggested that 

5 the 85 kD prot~.in is either the PI3 kinase ·or an important 

subunit of .the kinase. 
Definable regions of the PDGF receptor were· capable 

of mediating the interaction with Pl3 kinase, as evidenced by 
an analysis of a mutated type B PDGF receptor havj.ng a deletion 

10 of the kinase insert (KI) region. This receptor mutant (AKI) 

was defective in stimula~ing cell proliferation and in binding 
PI3 kinase, even thou0n it had tyrosine kinase activity and 

stimulated several ~thcr responses to PDGF binding, including 

phospholipase c-~ediated PI hydrolysis. Recent studies have 

15 shown.that the ligand-activated 6Kl mut~nt receptor f~ils to 
bind ·pr.3 kihi_,se, but binds as much ·PLC-; and the c-Raf-l 

proteins a"="• the wild type receptor. · However, the mutant 

receptor j r_, unable to phosphorylate c-Ra!-1 on tyrosine 

residua:; and the binding of l;\LC-; required tyrosine 

20 phosr.-:1orylation of the receptor. A mutant of the human type R 

PDCF receptor that had one of the phosphorylation sitas in the 

kinase in~ert domain, tyr (719) iri both .th_e hunlan t.ypc ~ 

recieptor, convert~d to phenylalariine was also defective in 
binding PlJ kinase. These e~periments indicate that either the 

25 ~13 kinase binds directly to a portion of the kinase insert 

region containing tyr(719) or that the binding interaction 

involves other portions 6f the receptor that are 

conformationally dependent on sequences in the kinai:-;a insert: 
region. 

30 1'o :-lirectly stl.tdy the interaction betwee:n the type 13 

PDGF re~eptor and PI3 kinase, an in vitro system was 

established. With this system, it was p~ssible to test the 

·ability ·of synthetic polypeptides derived from receptor 
seguenc~s in the kinase insert domain to.block interaction of 

35 the P!3 kinast!! with the~ l'DGF receptor. The interaction could 

be blocked by a tyrosine-phosphorylated peptide repre~enting a 
hi9hly conserved. region of the kir.ase insert domain that 
included tyr(71~). However the peptide blocked PIJ kinase 
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binding to the PDGF receptor only when the peptide was 
p!1osphorylated on tyrosine. Scrambled versions of the peptide, 
even when phosphorylated on tyrosine, had no blocking activity. 
These studies show that phosphotyrosine in a specific sequence 

5 cont'..ext serves as. a recog'nition site for the binaing "of Cl 

cytoplasm~c signalinq molecule. 
An in vitro system was used to st.ud¥ the interaction 

of PDGF receptors and PI3 kinase. - The association of 
phosphoproteins with.:the PDGF receptor is demonstrated by 

" 10 stimulating 3T3 cells with PDGF, inununoprecipitating cel.l 
lysates with type B PDGF receptor antibodies and by exarnini.ng 
the immunoprec.ipi tatas for the presence of receptor-associated 
proteins that can be phosphorylated in the immunoprecipitates. 
see Fig. la 11 + 11 ) anes. These phosphoproteins include the 85 

15 kDa_prot~in ~nd a 110 kDa_protein that have recen~iy been 
correlated with PI3 kinase activity. see Fig. 16. In in vitro 
experiments, the type B PDGF receptor was expressed in an 
insect cell expression sys~em, ~artially purified, and 
immobilized using anti-receptor antibodies and protein A 

2.0. Sepharose. The receptor was allowed to autophosphorylatc _iJJ. 
vitro, so that it would be in a conformation that mimicked the 
ligand-activate~ state of the receptor. Cytoplasmic cell 
lysates from dansity-arrested SALB/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 rcccptor­
associated phosphoproteins were detected by an jn vitro kinase 
assay using 32P-ATP. see Fig. lb 11 - 11 lane. At least four • 
receptor-associated proteins with apparent molecular weight~ of 

30· · 140 kO, 120/110 kD (somet~mcs a.doublet), 85 kD a,nd 74 kl> were 
radiolabeled (the bands at 160 kD and 150 kD are the 
baculovirus-expressed receptor and its precursor, 
l;"espectively). The 140 kD band has be.en previous) y ;identified 
as PLC-~ and the band at 74 kD includes the raf-1 kinase and 

35 probably anothe~ molecule as well. Tha 85 kD protein 
co-migrated with the 85 kD band, previously considered to be 
PI3 kinase, in anti-phosphotyrosine imm·Lmoprecipitates of cell 
lysates prepared from PDGF-stimulated cells. The associatiot1 
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of 85 and 110 kD proteins with.the baculovirus~expressed 

receptor was also observed by silver stain analysis. When call 
lysate was incubat~d with immobilized kinase insert deletion 
mutant of tha PDGF !ecepto~ there was no associated PI3 kinase 

5 activity, and :the. 110 ·ko and 85 kO phosphoproteins did not 

associate with the mutant receptor. See Fig. 2a and A2b. This 
in v1tro result is consistent with l?revious indications that 

this receptor mutant does not associate with PI3 kinase in 
intact cells. 

10 

i5 

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 fn vitro (Fig. ld) and a concomitant reduction in the 

association of the 85 kD and 110 kD phosphoproteins with the 
receptor (F"ig. lb 11 +11 lane). 

. . •I . . . f 

Although the explanation of this 
phenomenon is not entirely 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-raqulated processes. 
20 When the autophosphorylated !JDGF receptor was 

dephosphorylated 1.n._.yjtro using ~otato acid phosphates (?AF) it 

. lost the abil.ity ·~o assqciate with PI3 kinase activity or .. B4 kb 
. . 

protein derived from the BALD/c 3T3 cell lysates (Fig. 3b 

and c). This finding indicates that phosphorylation of the 
25 POCH' receptor was required for these p:rotein interactions t:o 

occur. 

To identify the site of interaction between the 

receptor and the PI3 kinase, phosphorylated synthetic paptides • 

were prepared to compete for the binding of the S5 kD protein 

30 and t~e P:t3 kina~e activity to the. receptor· in v.ij;ro. Previo11s 
data suggested that the kinase ·1nsert reqion was involved in 
the. association of the PI3 kinase activity with the PDGF 
receptor. In scanning sequences from the kinase insart regions 
of the mouse and human PDGF type B and type A receptors, a 20 

35 amino acid region of p~rticularly high sequence homology (8 out 

of 20 identities for tho lrnman and mouse PDGF type a receptol· 

compared to 12% identity ror the entire kinase insert region} 
was found. A peptido (Y719) containing amino acids 705 to ~/2•i 
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of the mouse type B PDGF receptor sequence was synthesized, 
This peptide sequence contained two tyrosine residues, Y70S and 

Y7l9. The tyrosine.at positio!l 719 of the mouse sequence also 

corresponds to tyr (7.l9)·. in the human type B l?D(;F receptor, a 
5 known autophosphorylation site of the receptor. 

'I 

To determine the ability of a series of synthetic 
.poptides derived from this sequence ~o block tho interaction 
bet~een the r~ceptor and the 85 kD/PIJ kinase activity, 3T3 
lysates were incubated with the different peptides prior to 

10 mixing with immobilized receptor. The results of these 

expe~irnents are shown in Fi9. 4. The first lane of Fig. 4a 

shows phosphorylated proteins that associated with the wild 

type receptor in the absence of peptides. The arrow indicates 

the position of the 85 kD protein that co-purified.with the PI3 

15 kinase activity. The oth~r· lanes show the proteins that 

associated with the receptor in the presence of derivatives of 

the Y719 peptide. See Table 4. No change in the pattern o! 
receptor-associated protein was seen when the unphosphorylated 
719 peptide {Y719} was preincubated with the 3T3 lysate prior 

20 to the association with the receptor. By contrast when a 

derivative of this peptide that was phosphorylated_at position 
719 (Y719P) was added to the inqubation. it blockod the binding 

of the 85 kD pl'~osphoprotein (Fig. 4a) and inhibited the 
association of PI3 kinase activity (Fig. 4b) with the receptor. 

2~ A scrambled version of this peptide that contained 
phosphotyrosjne at a posifion corresponding to 719 but had a 

rearranged primary sequenca failed to block binding of the 65 
kD protein and did not prevent the associ~tion cf PI3 kinase 

activity with the receptor. 
30 



Peptides. 

5 

Y7J.9 

10 Y719P 
" 

Y708P 

15 
Y7l9P short 

· -¥70SP short 
20 

Y708P/F719 

25 Y708/Y7l9P 

Y70BP/Y719P 

30 
Y ·119 P scrambl cd 

62 

TABLE 4 
PDGF Receptor Synthetic Peptides 

·seguence 

GGYMDMSKDESIDYVPMLDM 

* GGYMOMSKDESIDYVPMLDM 

* GGYMDMSKOESIDYVPMLDM 

* MDMSKDES!DYVPMLDM 

* GGYMDMSKDESID 

* GGYMDMSKDESIDFVPMLDM 

* GGFMDMS~DESIDYVPMLDM 

* * GGYMDMSKDESIDYVPMLDM 

* .. 
MMDil\'-IPMDEYMSOYSDLGG 

PCT/liS92100862 

35 Tho asterisks (*) indicate the position of a phosphate group 
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A shorter version of peptide Y7l9P that includes only 
14 amino acids (Y719P short) and lacked tyrosine 708 also 

blocked binding or the as kD protein (Fig. 4a, lane 4) and . . 
inhibited tha association of PI3 kinase· activity with the 

5 receptor. Surprisingly-, a peptide that inc~udes tyrosine at 

position 719 and phosphotyrosine at position 7qa blocked the 

interaction of Pl3 X.inase with the recepto:t (Fig. 4 ,· lane 6). 

This finding suggests the possibility that tyrosine 708 is on~ 
of the ~utophosphorylation sites of the receptor that has not 

io yet been mapped. A peptide that includea phosphotyrosine at 
both positions 708 and 719 (Y708P/Y719P) also biocked bind:ing 

of the 85 kD protein (Fig. 4, lane 8). Short for.ms of Y7081> 

and Y719P also had blocking activity (Fig. 4 lanes 4 ·and 9). 

To determine the a.mount of peptide necessary to block 

15- tho association of the 85 kD and the PI3 kinase activity to the 

receptor, the 3T3 lys~tes wore preincubated with· a range of 
concentrations of phosphorylatcd peptide (Y719P). As shown in 
Fig. 5, approximately 5 µM of Y719P was· sufficient to block 

more than 50% of the association of the 85 kD protein (Fig. sa) 

~O and PI3 kinase activity (Fig. 6B) with the receptor. 
concentrations of up to 100 µM of unphosphorylated peptide did 
not affect association between the: receptor and the ~I3 kinase. 

. . . 
Thus the coincident blocking of ·95 kD and PI3 kinase. activjty 

associatjon with the recaptor by peptide Y719P supports the 

25 hypothesis that the as kD protein is a subunit of the PI3 

kl.nase enzyme. 
Naxt, the ability or peptides to block the 

association of other signaling molecules with the receptor was 
assassed. Lysatcs from 3T3 cells were incubated in the absence 

30 ·or the prosonce of peptide '!l719P p:ri·or to association with the 

receptor iirimunoprecipJ.tate:s. 'l1hf;! association of J:>Lc-,. and GAP 

with the receptoL was determined by immunoblot analysis us~ng 
·specjfic antibodies (Fig. 6), ·confirm~ng prevjous studies that . . 
thase molecules specifically associate with autophosphorylated 

35 receptors. The association of these proteins with the receptor 
was not affGCted by the addition of the phosphorylated peptide, 
Y719P. Thus the Y7l9P peptide specifically blocked association 
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of 85 kD/PI3 kinase activity with the receptor ancl did not 

affect the interaction of the receptor with GAP or PLC-1. 

To determine the nature of the intcracti.on of the 
receptor 'r:lith the 85_ kD prot~in, a modification of Western . 

5 blotting method6logy was used~· · PDGF re6eptor from Sf~ cells 
infected 'With PDGF receptor baculovirus was immuno prec-ipitated · 

with receptor antibodies, iabeled wi~h 32P i~ vitro, and used as 
a probe to bind proteins from 3T3 cell ly-satcs that had been 

separated electrophoretically and transferred to 

io nitrocellulose. Th~ radiolabeled PDGF receptor bound directly 
to an 85 kDa protein in unstimulated 3T3 cell. lysate (Fig. 7, 
lane 1). Cell lysates from PDGF-trea~ed 3T3 cells did not show 
any binding when incubated with the radiolabelcd PDGF receptor, 
(Fig. 7, lane 2) consistent with the finding that the 85 kD 

15 protein from P.DGF-stimulated lysates was not c:ivailablc fo.t 

. association with ·the immobilized PDGF receptor (f'ig. J.h). When 

the nitrooollul.ose paper that contained cell lysate proteins 

was pre-incubated with peptide Y719P, the radiolabeled recepto~ 
failed to associ.ate with the 85 kD protGin (Fig. 7, lane 4) . 

20 The unphosphorylated peptide (Y719) or the scrambled peptide 
(Y719P scrambled} did not interfere with the association of the 
rece.p_tor with the a·s k.O protein ·cFi9~ 7, lanes 3 a_nd 5)_ ~ Thi~ 

experiment showed that the 85 kD protein (Fig. 7, lanes 3 and 

5). This experiment showed that the as kD protein bind$ 

25 directly to the PDGF receptor and does hot require the presence 

of other rnolacules. The direct binding interaction appears to 

involve the 20 amino acid segment in the kinase insert region 
containing tyrosine 719, and tyrosine phosphorylation of this 
segment appears to be necessary for the interaction. 

30 These results indicate that the in~racelluiar region 
of the type B PDGF receptor.intetacis with molecules ~hat'aro 
likely to play a role in signal transduction. TJ1c physical 

association between-the receptor and signaling molecules such 

as PI3 kinase, PLc-1 , GAP, and raf-1 only.occurs wllan tho 
35 receptor is phosphorylated on tyrosine. see Fig. la. A region 

of the receptor that is involved in _the binding of the receptor 
to the PI3 kinase ha5 been defined. Short peptides were used 
to bloc}~ the in vj tro associa't.ion of PJJ kinase w:i.th tho 
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phosphorylatcd receptor. The most likely e~planation for the 
ability of the peptides to block the association is that they 

mimic the receptor and bind directly to the PI3 kinase. ln 

this way they e:1ct as _competitive antagonists. •rhe· observation 
5 that only tyros:ine-phosphorylated peptides had ·this blocking 

activity suggests that phosphotyrosine is d~rectly involved in 

the binding of th~ receptb'r :to I>I3 kinase~ Hc>wever 

phos.photyrosine alone is not sufficient.for binding, since·· 
scramble~ peptides containin9 phosphotyrosine did not interact 

io with tha PIJ kinase. Therefore the primary sequence of this 
portion of the. receptor has essential structural information 
that is required for tho binding of the receptor to PI3 kinase. 
It is somewhat sur}?rising that peptides as short as 13 amino 

acids contained enough structural information to mimic the 
15 . native rece:ptcn· ;-egion that nqrmaliy binds to the l?I3· kinase 

(Table 4) • 

'l'yrosinc 719 of the type B PDGF' receptor is one of 

the autophosphorylation sites of the receptor in intact cells 

as well as in yjtro. Thus, it appears that the portion of the 

20 KI domain around tyrosine 719 is directly involved in the 

association or 1;~3 kinase with the receptor .in_vivq. The data 

presented herein indicate that peptjde derivatives of Y719 

containing en~ cf the two tyrosine.residues phosphorylated 

{Y708P or Y719P) off iciently prevented the association of the 
25 receptor with the PI3 kinase in in vitro assay. Similar 

sequences ahd .:i.ntcractions are subject to blockage by the 

appropriate fragment sequences. In particular, sequences ~~nown 

to be phosphorylation sites will be used to select for 

analogues which block interactjon with other mediating 
30 prot~ins. The PI3. tinase is known to associat~ with the c-fmr-; 

pr~tein and with the middle T anii~eri,.and b6th of these 

proteir;s arc phospho2.'ylated on tyrosine in vivq. 1\ 

phosphorylation sita.of the middle T antigen (tyrosine 315) is 

in a seguenco sor:\ewhat homoloqous. ( 5 out of 10 amino acids are . 
35 ident;ical) to the peptide Y7J9P used in our experiments. '.!'here 

is no obvious homology of peptide Y719~ to any of the tyrosine 

phosphorylation s;itas on the c-fms protein. However peptjdc 
Y'719P b!.ccked associaticm of ·p13 kinase with the c-fms protein 
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in vitro. Thus an autophosphorylation site of the c-fms 
protein is in a region that has a secondary structure that js 
similar to the corr~sponding domain of the PDGF receptor. 

These f ~nqit19s indicate that signalinq molecules 

5 recognize phosphotyrosine in .a specific sequence context. The 

pattern of interactions o~ the kinase insert deletion mutant 
with GAP, PLC-1, and c-~-1 and the_ lack of ability of the 

peptides used in th.ls report to block GAP and PLC-; associat.i.ori 

10 

with the receptor s.hows that different regio.ns of the recoptor, 

possibly containing diffGrent autophosphorylation sites, are 
involved in the binding of specific signaling molecules. The 

binding of these molecules to the receptor localize th~ 
signaling mol~cules and regulate their activities. Tyrosine 

phosphorylation of other cellular proteins by the receptor 
15 kinase targets them as ·proteins for binding signaling molecules 

and the present. invent'ion provides the methods and materials 

for g~nerating reagents which will successfully mimic or 
interfere with natural signals. For example, fragmcmts from 

the hPDGF-receptor, or related tyrosine kinase proteins, will 

20 be useful to block the natural interactions between them and 

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

Science ~43: . · 1564-.1570: Yarden ct al. {1996) Na.tur~ 323: 226-
. . 

232; and GenBar.k"', for other sequences and proteins whicll show 

homology, both structural and functional, wltll the 

25 phosphcrylated inserts described herein. 
This discovery leads the way to the production of 

analogues of the KI segme;nts. For example, short peptides 
having non-hydroly2able moieties will often ha produced with, 

.~.g., sulfonated moieties substituted for phosphorylated 

30 moieties. Alterr1ative1y", other organic molecules exhibiting 

sufficient· structura1 ho~1ology wili often· be selected for their 

functional interaction with the P!3 kinese or other function 
me.diatin9 proteins. In addition, chimeric analogues, pQrtions 

of which are peptide, or modified peptide, and other portions 
. 35 of which are orga11ic molecules which have similar structural 

features which arc important for interaction, will be 
constructed. Thus, molecule~ exhibiting particular interacting 
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!eatures become available, including both natural or 

synthetically generated compounds. 

The invention will bettor be understood by reference 

to the following illustrative examples. The following examples 

5 are offered by way of· illustrati_on and not by way of 

limitation. 
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EXP~RIMENTAL 

In general, standard techniques of recombinant DNA 
technology are described in various publications, e.g., 
Sanibrook et al. ( 19.89) Molecular Clonj.ng: A. Laboratory Manuat, 

. 5 Cold spring Harbor Laboratory; Ausubel, et al. (1987) current 

Protocols in M0,lecular Biology, vols. 1 and 2 and supplements; 

and Wu and Grossman (eds.) (1987) ·Methods in t:nzymology Vol .•. 53 

(Recombinant DNA Part D); each of which is incorporated herein 

by referenca. Variations, if any, on those rnGthods hav~ 
10 generally been minor. 

I. screening of Human Kidney >.GTlJ... cDNA r.ibranr. and. 
£.Iuman Pl_acenta ..\G1:r10 cDNA Lib;rarv 

A full~length DNA sequence encoding the mouse PDGF 

15 receptor (mPDGF-R) pro~ein w~s· tised as a p~ob~- to scre~n 

250;000 plaques of a human kidney cDNA library. N1ck 
translation was used to prepare a probe with 5pecific activity 
of 12 x 108 cpm per µg. ThG filters were incubated with the 

probs (105 cpm per ml} in hybridization buffer containing 30% 
20 fo::rmamide, lX Denhardt's solution, sx SSC, 0.02 M sodium 

phosphate pH 6.S, and 500 µg per ml of salmon sperm DNA. After 

14 h of hybridization at 40°C, the filters . .were washed four 
. . 

ti~es at 55°c· with o.2x SSC and 0.1% sos and· two additional 

times at 65°C with o.2x ssc. The !ilte~s were then air dried 
25 and exposed for 16 h. 

Ten positive clones were obtained which were 
rescreened with the full-length mPDGF-F. probe. Individual 
clones were isol~ted and analyzed by restriction analysis using ~ 

~RI endonuclease. rhe clone containing the largest insert 

30 ·. (2. 3 kb} / d~signated clone. HK-6, was further characterized and 

·sequenced using dideoxy terminators·. Clone HK-6 contained the 

receptor s;eguence rrom nucleotide 3554 to nucleotide 5691 plus 

nine bases from the poly-A tail. 
.. 

A nick-translated probe, prepa~ed from the 2.3 kb HK-

35 6 DNA, was used to screen 250,000 plaques of a human placenta 

cDNA library. This screening was performed at high 
hybridization stringency ( 50% f:orrnamide :i.n the hybridization 

buffer described above). The filte~s were incubated withs x 
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105 cpm per ~l of probe for 14-16 h at 42"C. The filters wera 
than ~ashed at 65•c in 0.1% SSC and 0.1% SOS four times. 

After secondary screening with the HK-6 probe, seven 
cl.ones were selected and analyzed by restriction di°gestion wlt.h 

5 ~coRI endonuclease. A clo21e (HP-7) that contained a 4.5 kb 
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}. 

i"o II. ccn~tructic;m of Expression V~_tru: 
The 4.5 kb DNA fragment containing the complete 

coding sequence for t~e type B human PDGF receptor was isolated 
from the HP-7 clone by EQQRI digestion. The gel purified 
fragment was cloned into the ~coRI site in the polylinker 

15 region of sv·4~ e>:prcssi.on vector. PSV7C. The pSV7d ~xpression 
vector, obtained from P. Luoiw, at the University of 
California, Davis, was a pMI, derivative containing tha SV40 
early promoter region (SV40 nucleotides 5190-5270), a synthetic 
polylinker with restriction sites for EcoRI, SlnQI, XbaI, and 

2·0 SalI followed by thrae translation tarminator- codons (TAA) and 
the SV40 polyadenylation signal (SV40 nucleotides 2556-2770) 
('I'ruett et al. {1984) ~NA :.i.:333-349}. The EcQR! fra.cpnent 
containing the cDNA sequence obtained from the HP-/ clone was 
inserted at the ;g_coRI site of the pSV7cl. . In tha resulting 

25 expression vector, the B-hPDGF-rcceptor gene was under 
transcriptional control of the SV40 promoter. 

To ensure the proper orientation of the PDGV receptor 
insert (4.5 kb) with respect to the SV40 promoter, the positive •. 
clones were digo.sted "'ith Smar endonucloase which cuts at 

JO ~~sition 573 of the receptor .sequence and in the· pclylinkcr 
region of. t_he e:>:pression vecto.r. 

Clones containing the receptor in the proper 
transcriptional orientation talcase.d .a li!O kb insert in 
addition to the 3.2 kb fragment containi~g the expression 

35 vector plus 573 base p~irs cf the 5 1 end of the receptor. This 
plasmid, PSVRH5 was used to co-transfect cell~; with PSV2 neo 
plas~id th~t confers resistanco to tha ~ntibiotic naocycin. 
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III. ~..il~U.ure and Transfection of CHO Cell_~ 

CHO cell clone KI, obtained from the U.C.S.F. Tissue 
Culture Facility, were grown in Ham's F-12 media supplemented 
with 10% FCS (UCSF Tissu~ Culture Facility) and penicillin and 

· 5 streptoniyci.n at 3·7°c ·in 5.% C<\/95% air. 
pSVRH5 plasmid ~NA {10 µg) and pSV2 ne9 (1 µg) were. 

used to co-transfect l ~ 10~ CHO cells by the .calcium 
precipitation technique of Van der l!.:b- et al. ( 1980), Methods -.Jn 
Enzymology (1980) 65:826-839, with the addition of 10 119 

10 chloroquir1one diphosphate {CDP) to prevent degradation of the 
transfected DNA. After 12 h of exposure to the DNA, the cellf..; 
were trypsinizod and replatcd at 1:5 dilution. Twenty-four 
hours laterj the antibiotic G41B (GIBCO), an analog of 
neomycin, was added to the cultures at a concentration of 400 

15 JJ.9/rnl. 

After two week~ under selection, independent colonies 
wera picked and transferred to 24-wcll plates. Confluent 
cultures were assayed for the presence of PDGF receptor by 
immunoblot using anti-receptor antibodies. Colonies that were 

20 positive by ·this assay were single-cell cloned by end-limiting 
dilution. 

stable transfected cl9nes were tested for the 
expressJ.on of the type B ·PDGF receptor message 1neasurcd by RNA 
protection assay~ and for the presence of PDGF-stirnulated 

'-S receptor protein detected by anti-phosphotyrosine antibodies. 

IV, Expression_Qf._.B-hPOGF"-R cONA i.n CHO Cetl§i. 

CHO cells tr:ansfected with plasmid DNA containing the 
human receptor cDNA under the transcriptional control of the 

30 SV40 early promoter (CHO-HR5) and CHO cells tra.nsfected with a 
sifuilar .Plasmid containing the mous~ receptor cDNA (CHO-R18) 
·were ~ol.ubilized as previously described by Escobedo et al. 
(1988j J~ Biol. Chem.~ 263:14B~-14S7. Ext~acts were analyzed by 
Western blot ~nalysis using an antibody t~at specifically 

35 recc·~n:i zes sequences in the receptor carboxyl-te:rminal region 
as previously described by Escobedo·et al. (1988) J. Biol. 
Cherri_._; and Keating et aL (19S#I) J. Biol. Chem. 262:7932-7937. 

Th~1ii1 lli1iil1llr 
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The 195 kDa protein is the mature receptor and the 160 kDa 
protein is the receptor precursor. 

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

5 recognize an .intracellular ::;equence in the receptor. The clone 
that had the highest level of human receptor expression was 
chosen for further study.·· This transfectant had receptors that 

were labeled with i~~I-PDGl:o as shown by the competitive binding 
studies described below. 

i.O 
v. ~~.:ti!:jve Binding of the Differen.U...QI'ms pf PDGF _!:Q 

the Type B ~eceptor 

The ability of the human recombinant AA and BB 
homodimers to compete for t_he type B receptor sites- and 

15 displace 12~!-labaled PDGF {prepared as described below) was 
studied. Bach:hom~dimor was produced selectively by a yeast 
.~xpression syste~ and.was purified from yeast media that )s 
devoid of other mesenchymal cell growth factors, thus avoiding 
the artifact of contamination by_ factors that mi9ht be present 

20 in mammalian e~pression systems. 

BALB/c 3'1'3 cells and CHO transfectants (CHO-HRS) were 
incubated with lZb!-PDGF in· the presence of increasin9 
conc,entrations of AA or BB. Binding was carried out at 37°C 
for 45- min in whole.cell. suspe~siori. ·unbo~nd, radidlabelcd 

25 PDGI~ was removed by centrifugat:;!..on on a Ficoll gradient Non­

specific binding, determined by incubating CHO cells with 125I­
PDGF, accounted for 25 percent of the bound radioactivity. 

The binding study demonstrated that the transf ected 
cells can be used as a model to study the interaction of hPDGP ~ 

30 with its receptor. r.n particular, this study demonstruted that 
·the transfected type 13 human receptor was function~lly 
equivalent to the native :mouse rec-epto~ as indic~ted·by_the 
following results. Both AA and BD forms of PDGF co:mpeted for 
the 125!..:.PDGF labeled sites in the human_receptor. transfectants. 

35 For the transfcctcd type B human receptor as well as the nativa 
mo~se receptor, the RB form was of higher affinity than the 11.A 
form. When eY.pressed in yeast, the AA form of. PDGF :may be 
processed aberrantly, giving it a lower affinity than the BB 

form for both the trcinsfectad calls and :mouse 3T3 cell~. Tho 
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consistency of the pattern of competition shows that the AA 

form interacts with the transfected type B human receptor in 
the same way as it does with the native mouse receptor and 

demonstrates that these receptors are functionally equivalent . 

VI. Actiyation of the PDGF Receptor Tyrosine Kinase 
The. ability of recombinant ~ and BB·hornodirners and 

of human partially purified AS PDG~ to activate t~e type B 
receptor tyrosine kinase was studied. The yeast-derived AA and 

10 BS homodimeric forms and the platelet-derived AB form 
stimulated autophosphor.ylatj_on of the transfected human 
receptor. 

BALB/c 3T3 cells and CHO ce1ls transfected with the 
human PDGF receptor cONA (CHO-HR5) were incubated with 

15 · increasing amounts of the different forms of PDGF (AA, BB and 
AB). Following polyacrylamide-SDS electrophoresi~, the 

phosphorylated receptor was identified by Western blot us).ng an 

anti-phosphotyrosinc antibody • . 
The receptor protein co-miqrated with the 200 kDa 

2 O molecular weight marker. The concentration of each form that 
was effective in sti~ulating autophosphorylation of the 

· trans.fected humar1 receptor was equivalent to the concentration. 

that gave a s.imilar autophosphorylation to the native mouse 3'f3 

receptor or the transiected mouse receptor. 
25 These results showed for tho. first time that the AA 

form of PDGF activates the receptor tyrosine kinase or the type 
B receptor. Prior to use of the transfected cells, there was 
no demonstration that the AA form had hPDGF activity or that a 

single receptor, the type B receptor, was capable of 
30 recognizing all th~ee forms of PDGl-:.. •. Further'· the results 

demonstrate that the human cDNA encode? a type B receptor· that 

is fuI)ctiona.lly equivalent to the wild-type receptor that is 
responsible for PDGF-stimulated tyrosine kinase activity in 
niouse .3T3 cells. 

35 Thus, the transfected cells are useful models for 

studying PDGF-induced mitogenic responses. 

VII. Hate of DNA Synthesis_J,n CHO 41."ransfected Cells 

.. 
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BALD/c 3T3 cells and CHO cells transfected with the 
type B human PDGr· receptor cDNA (CHO-HRS) were inouba ted with 
saturating concent~ations of the three forms of PDGF. 
Untroatea cells and. cells treated with fetal calf·seruin (FCS) 

5 were used as·negative and positive controls, respectively. The 
level of 3H-thymidine inc~rporation into DUA was determined by 
measuring the radioactivity of the ~cid-pr~cipitable material .. 
as previously described. 

Transfection of CHO cells with either type B human or 
10 mouse PDGF receptor conferred a PPGF-sensitive mito9enic 

response. All fOl:ns cf PDGl:- stimulated DNJ\ synthesis in both 

the type B h~man receptor transf ectan~ and the mouse cells 
bearing the native receptor. 

These data showed that the A chain homodimer and the 
15 · B chain· homodimeri like the AB_ ·platelet-derived form,. were 

mitogens that can act through the receptor enqoded by the typo 
13 human cDNA sequence. Tho rnitogenic action of these forms of 
PDGF on mouse 3T3 cells and CHO cells containing the 
transfected type B human receptor demonstrate that the 

20 responses wer_e mediated by functionally equivalent receptors. 

VIII. l.s.Qlation an1:l Expression of th~ Tvpe A PDGF ~epepto1-

The type '"' receptor was isolated as described for the 
2 5 type B receptor. 1 above, except that different probes were used 

and hybridization and screening were performed under low 
stringQncy conditions, as described below. In particular, (t 

reg ion in the type~ n. receptor tyrosine kinase sequence having a 
high degree of homology to published tyrosine kinase amino acid 

30 .s.equences was identified_ a_nd had the amino acid sequenca~ 
~RDLAARN. Oligonucleotide. probes encoding the tyrosine kinase 
consensus SQ.qUence were prepared having the following 
sequences: 

G'r'.r (G/C) CGXGCXGCCAGXTC (G/C) CGX'l'G, 

35 where G/c indicates either G or C was used and X indicates any 

or A, T, ·c or G was used. The human placenta.AGTlO cDNA 
library was scl"eene.d as described above but with low stringency 
conditions using a buffer with 6X SSC 0.1% sos and 5X 
Denhardt 1 s solution at 42•c as follows. Filters were screennu 

~ 
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by washing at s2·c in 2X SSC. ~ clone encoding the type A 

receptor was isolated and sequenced by the procedure described 

for the type B receptor gene. 

The DNA sequence of the gene encoding the type A 

5 receptor (A-hPOGF-R). togother· with the deduced amino acid 

sequence are shown in •rable 3, above. 

The clone encoding A-hPbGF-R was digested, gel 
. . 

purified and inserted into the SV40 expression vector, psv16; 

as described for the type B receptor clone. 

!O That vector is used to transf ect cno cells as 

15 

described above for thQ type B receptor. With expression of 

tha vector coding sequence, transfected CHO cells produce a 

functional receptor that binds all three hPDGF forms, 
preferentially binding the AA homodimer. 

IX. f:>!trac~J lulq,r Muri.ne PDGF...:R Fragments construction of 

pSV-SRXJ.d ~xpre.ssj on v~ctor and Transf.ectiqn of DUl<X­

Bll Cel.1,_~ With a Murine Extracellular Region 

To express the secreted extracellular region (XR) of 

20 PDGF type B receptor (type B PDG:P-R) , a cDNA clone of the 
murine POGF-R was mutagenized to introduce a Stu I restriction 

site between codons 500 and 501, changing codon soo from valino. 
to arginine. The J.,7· kb EcoRI-Stu I fragment was inserted into 

pIBI-25 (IBI) which added an in-fram~ proline codon followed by 

25 a stop codon at the c-terminus. 'l'he 1. 7 kb Eco ia-xba l 

f ragrnent was transferred to pSV-7DHFR in which the XR 

oxpression was driven by the SV-40 early promoter and the 

amplifiable marker, a d1hydrofolate reductase (dhfr) 
transcriptional. unit, wag driven by an Ji.denovirus major late 

30 proxnote_r. The complete plasmid encodes the signal sequence and 

the first· 499 arr.ino ilcids (tne extr·acellular region) of the 

PDGr'-R, followed by arginine, proline and stop codons. 

The cDNA was expressed in dh!r~deficicnt CHO mutant 

cells, DUKX-Bll. DUKX .... Bll cells were transfectea·· to 10-cm 

35 tissue culture plates with 5 µg of pSV-SRXld plasmid and 

selected for e~pre~sion with nucleoside-free MEM-a (Gibco) 
supplemented with 10% dialyzed calf serum, 200 µg/ml praline, 
100 !J/ml penicillin, and 100 µg/ml streptomycin. Colonies wert:: 
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picked and screened by analyzing the conditioned media by sos.­
PAGE and Western blotting with a polyclonal PDGF-R antibody 
directad against the extracellular region of the receptor 
(Ab77). 

Amplification ot.murine extracellular reaion expression by 
methotrexate 

Positive transfectants were treated sequentially with -
increasing concentrations of mathotrexato starting at 1, 2, 5, 

fo and 10 ~M. Colonins trom the highest concentrations were then 
treated with 10 fold higher concentrations of rnethotrexate (20, 
50, f(nd 100 nM). Colonies from the highest concentrations were 
again picked and treated with increasing concentrations of 
methotrexate. Tho conditioned media from colonies at each 

15 · sta9a w~.re analyzed by SDS-Pl\GE and Western blotting with an 
anti-PDGF-R Ab. {Ab77) for expression of the extracellular 
region.·p::otein. Methotrexate-rcsistant (5 µM) cell.s that 

secreted highest amount of the extracellular region protein 
were named DPXR {DUK-P.OGF-R extracellular region) cells. 

20 Enzym~tic treatments of the e~tracellular region 
protein with O-glycanase (Genzyme co.) and N-glycanase (Gen.2:yme 
Co.) were perform.-ed. Briefly, extracellular region protein 
partially purified with wheat germ agglutinin (WGA) affinity 
chromatography (50 nM, in 20 mM $Odium phosphate, pH 7.4} was 

25 incubated with N-glycanase (10 U/ml) overnight at 37°C and then 
with o-glycanasc (2 mU/ml) for an additional 2 h. The sample 
was then boiled tor 5 min and analyzed with sos-PAGE and 
Western blotting with Ah77. 

30 Cdnditioned media 
DPXR cells at 95% confluence were washed.twice with 

serum-free DME H21. medium. Four ml of DME H21 m~diurn 
.supplemented with 10% protein-free Serum Substituto (UCSF Cell 
Culture Facility) was added to each lO-cm.culture plate. 

35 Conditioned media containing rnurine extracellulqr region 
polypeptide which were used for various assays were collected 
from DPXR cBlls over 48 h unless· otherwise mentioned. 
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preparation of 12!:.I:-BB-PDGl;. 

2B-PDGF (gift from Chiron corporation) was iodinated. 
Briefly, 2.5 µg of BB-PDGF were rotary-evaporated in a 
silanized polypropylene tube. BB""'.PDGF was resuspended in 10 µi 

5 of O.l M ~odium bor~te (PH 8,5). 1~I-mono-i6do Bolton Hunter 

reagent (500 µCi: ~mershan\) was dried under nitrogen. - The BB­

PDGF was addea to the dry Bolton Hunte~ reagent a~d-incubated 
- . 

for 15 min at 4•c. Fifty µl of quench solution (O.l M sodium 
boratG! 0.2 M glycine, pH 8.5) was added to the reaction 

'!l.0 mixture, which was incubated for an additional 10 rnin at 4 •·c. 

15 

Tha entire reaction mixture was loaded on a PD-10 column 
(Pharmacia) equilibrated with o.i M acetic acid containing 
1 mg/ml BSA (ICN Biochemicals), and eluted with the same 
buffer. 

x. Binding Assqy,c; 

Of relevance to the production of soluble fraqments 
of PDGF receptor polypeptides, and assays for their use, are 
techniques and results reported in Kimball and Wa~ren (1984) 

20 Bioghim. Bioohvs. Actp. 771: B2-8B: van der Schaal et al. (1984} 

Anal. Biochem. 140:48-55; van Dri~l et al, (1989) J, Biol~ 

Chem.:.. 264:9533-9538; Helqin et al. (1988~ ~MB9 iL.. 7:_1387-1~93; 
Willia~~ et al. {1982) froc. Nat 1 1 Acad. sci. USA 79:5867-5870; 

Williams et al. (1984) J. Biol. Chem. 259:5287-5294; and 
25 particularly, Orchansky et al. (J.98S) 11 Phosphatidy1inositol 

Linkage of a '!'runcated Form of tha Platelet-derived Growth 

:r·actor Receptor" J. Bj_ol. Chem. 263: 15159-15165 J each of which 

is hereby incorporated herein by reference. In particular, the 
Orchansky publication provides evidence that a whole 

30 extracellular region of a .PPGr~ receptor, when separate:d from 
the 'l'M and ~ntracellular regions,. still is capable of binding 

to PDGF' ligands. 

In whole cell binding assays, 2.x 104 Rl8 .cells (PDGF 
type B receptor transfectant CHO cells) d~tached with PBS/EOTA 

. 35 (2 mM} were incubated with 10 µl of platelet-poor. plasma, and 
Pl3S/Hepes (25 r..M final, pH 7. 4). Conditioned medi~, 12. 5 µl .. _to 
200 /.il, from DPXR cells (collected as described above), which 

contain the extrilcallular rc.gicn proteir., were added to the 
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binding mixtures in a final volume of 250 µl to form 20 to 1.25 
fold dilutions, The mixtures-were shaken overnight at 4•c and 

spun through 75C Jll of Ficoll gradient (2S.5% Ficoll-Paque 

f Phannacia) in PBS) at •PC. The supernatants were aspirated 

5 and the radioactivity in the cell pellets was d"etermined with a 
9am.'lla-counter. 

To r.ieas1.,1re its a·ffinity for BB-PDGF, e~tracellular 

region protein was immobilized by adsol:'ption onto a plastic·· 
surface. 50 µl cf WGA affinity chromatography purified 

1.0 extracellular region (approximately 80 nM, estimated by silver 

straining) was diluted in 10 rnl of 25 nu\1 Tris Cl; 75 mM NaCl, 
20 l'r.M NH

4
HC0

3
, pH 7.5, and 100 JLl aliquots were plated in each 

well cf 96-well ELlS.A microtiter plates (Dynatech Products 

co.). After overnight incubation at.. 4 111 C, the plate was washed 
J5 once and blocked with o:5% gelatin fn 100 ·ln.M NaCl, i5 tnM Hepes, 

pH 7.35, for 3 h at 4°C~ The pl~te was then washad twice with 
binding buff.Gr {0.3% gelatin, 100 mM NaCl, 25 mM Hepes, 

pH 7.35). 12&r-BB-PDGF and/or unlabeled BB-PDGF were added to 

the wells in a final volume of 100 µl and the plate was 
20 incubated at 4•c for 16 h for st~ady ~tate bindin9. The plate 

was washed three times again with binding buffer and stripped 
with 200 J.tl ci:· 1% SDS, 0.5%·BSA for counting in a gamma­

counter. 

2~ Cr~sslinking cxp~.r~ment~ 

Extracellular region polypeptide partially purified 

by WGA chromatography (25 ul, -so nM) was incubated with 
0.2 µCf of 125I-BB-PDGF (2 nM final concentration) and various 

concentrations of unlabeled BB-1?DGF in a f inaJ volume of 100 1.ll 

30 ·a·t 4 •c fer 3 h. The extracellular _region protoin was then. 

c~osslinked to tho l_iqand by 1 mM bis (sulfosuccinbnidyl) 

suberate {BS3
) (cat. ~21579, Pierce Chemicals, Rockford, 

Illinois) at roClm te.mper.ature for 30 min. The reaction was. 
stopped by 25 tn.M Tris bttffer, pH 7.4, for 5 min. The 

3!J extracellular region protein was then i.mmunoprecipitated w)th a 

receptor antibody (Ab77) and analyzed by SDS-PAGB. 

i\utophosohorvlation assay 



PCT /l!S92100862 

Conditioned media containing the axtracellular region 
protein (1 ml) were incubated with BB-PDGF for 3 h at .1 •c. The 

mixtures were then added to the 6-well Falcon tissue culture 
plates ( 1 ml/well} which contai-ned monolayers of quiescent 

5 human PDGF A-reccpt~r transfectant CHO cells or SALB/c JT3 

cells. The cells were incubated with the mixtures for 10 min 

at 37 °C and then washed wfth serum-free DME 111!.!ldium and lysed· 

with Ripand lysis buffer. Cell lysates wera analyzed by SDS~ 
PAGE and Western blotting with an anti-phosphotyrosine mAb. 

!o 
Mitogenesis ass~y 

BALa;c 3'.I'3 calls were plated in ~6-well tissue 

culture plates for 3 days and made quiescent with Q-media (DMf;M 

with 1 mg/ml insulin, 2 µg/ml tran~ferrin and o.s mg/ml DSA) 

15 for 24 h. Conditioned media containing the extracellular · 
.. 

%egion protein was diluted in 2-fold serial dilutions with 

fresh DME H2l inadjurn, preincubated with 2 nM BB-PDGF fo:r 3 h at. 

4 6 C and then added to BALB/c 3T3 cells (200 µl/well). The 

cells were incubated for 16 h at 37"C. One µCi ( 3HJ-thymidine 
20 (in 50 µl) was tl1sn added to each well for 4 h. The celJ.s were 

washed twice with cold PBS and fixed with cold tric:hlorac:::atjc 
aci~ (TCA, 5%}. Precipitated cell debris ~ere. th~n washed 

exfensiveiy with cold ~'CA {5%) and dissolved in o. 25 N NaOH fo:r 

scintillation counting. 

25 

XI. Human :t;;~t:racitl.l.Ylar Region 
Equivalent tachniques for construction, expressjon, 

and determination of the physiological effect of truncation or • 
deletion analogues of the soluble extracellular receptor 

30 fragments from the·. human ·receptor may be p~rforrned using the 

nucleic acid, polypeptida~ and othcl:- rea9ents provided horcin. 

35 1'DGF-~.CONSTRUCTS 

The 3. 9 kb l.~coRl-Hind III cDNA fragment of the human 

type B hPDGF-R was subcloned into the !coRI-Hind !II site of 

Ml3 MplB to produce ~ ve~tor MplBPR. For technique~, see 
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Maniatis et al., Molecular Cloning: A.Laboratory Manual (1982), 
Cold Spring Harbor, N.Y., which is incorporated herein by 
reference, Verific:ation of subcloning was performed by 

restriction enzyme digestion analysis and dideoxy chain 
5 termination sequencing, as described by Sanger et ai. (1977) 

Proc. Nat 1 1 Acad. Sci ·~.JI.SA ·14: 5463, · Oliqonucleotide d·irected 

in vitro mutag~nesis was performed ~ccording to the method 
described by Kunkel et al. ( 1987) Methods io Enzymol., 154: 367. 

The strategy for oligonucleatide directed in vitro deletion 
~ 

10 mutagenesis of Mpl8PR is outlined in Fig. 8. In brief, an 
oligonuclaotidc was designed to create a soluble type B hPDGF 

receptor extracellular region by deletion mutagenesis. A 

mutagenic oligonucleotide aligned with the appropriate region 
of the humat1 PDGF receptor can be used to generate deletions. 

· 15 The antisense strand was used for mutagenesis throug~out". 

Mutagcnesis, of P61 utiljzcd Mpl8PR as the template. PAl, a 41 
bp oligom~r, introduced a TAG stop codon after Lysinc

499 
(K

499
) 

of D5 and removed the transrn~:rnbrane (TM) as well as the entire 

intracellular kinase domain (K}, producin9 an Mpl8 PAl. P6l 

20 codes for 530 148 precursor proteins. 
aa ua 

The human PDGF receptor constructs were subsequently 
subcloned into tlle EcoRI-Hind III site of pB.11 a derivation of . . ., . . . 

pCDL-SRa296, as uescriued· in Takabe et al. (1980) Moleo. ·c~+J. 
l3iol..!.. 8:4G6, and·co-transfecte.d with pSV2NEO, as described by 

25 Southern and Berg (1982) (j. Mol. A};l..t>l. Gen., l: 327, into 
Chinese hamster ovary cells {CHO). 

Function of the construct was demonstrated as 

follows: 

A sample of 0.33 nM PDGF BB ligand is preincubatcd 

30 -~or J hr at .4°C under t~c following con~itions: 

35 

1. a polyclonal antibody to human ~O_GF (this antibody· 

recogn:i zef:; human PDGF AA, PDGF' l3'a and PDGF AB) ; 

2. 18 nM (60 fold molar excess to. PDGF BB) human type n 

PDGF racGptor; 
3. phosphate buffered saline solution that the receptor 

and ~ntibody are in: or · 
4 . no ~ddjtjons but the ligand itself. 
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In a duplicate set of experiments; O. 33 ~ PDGF AA i!• 

incubated with three of the above preincubation conditions, 
e.g., 2, 3, and 4 a~ove. The human type B PDGF receptor docs 

.not appreciably rec~qnize PDGF AA but this .ligand will still 
5 · activate cell._associated human _type A PDGF receptor from Nlll3T3 

cells and so is a control for human type B PDGF receptor 
specificity and PDGF BB-dependent activation.versus.non-

-
specific gensral cellular effect, e.9., cytotoxicity. 

'l1he preincubated l:l\aterials were in a final voluma of 

io 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} NIH3T3 cells which were chilled to 4°C. The cells 
and incubation mixtu~es were agitated, e.g., rocked, at 4~c for 

2 h. They were then washed twice with 4~c phosphate buffered 

15 saline. r·or~-y p.l of 125 mM 'rris(hydroxyrnethyl).amino methane 

(Tris), pH 6.a, 20% (v/v) glycerol, 2% (w/v) sodium dodecyl 
sulfate (SDS), 2% (v/v) 2-mercaptoethanol, and 0.001% 

bromphenol blue, (known as sos sample buffer), was added per 

rnicrotiter well followed by 40 µl of 100 mM Tris, pH s.o, 30 l'nM 

20 sodium pyrosphoshate, 50 tnM sodium fluoride, s mM 

ethylenediaminetetraacetic acid. (EDTA), 5 mM 

ethylenebis{o~yethylenenitrilio)te~raacetic acid, 1% {w/v) sos,· 
100 mM di thiothrei tol, 2 rnM phenylrnethylsuifonylfluoridc · 
(PMSF), and 200 µM sodium vanadate was added to the calls. The 

25 cells were solubilized and 40 µl additional sos sample buffer 
was added to the solubiliza~e. This material was boiled 5 

minutes and loaded onto a single gel sample well of a 7.5% 
sodium dodecyl sulf~te polyacrylamide gel. Cellular proteins 
were separated by electrophoresis. 

30 The separated proteins were transfer.red to 

nitrocellulose by electrotransfe~ ~rid the resulting "Western 

blot" was incubated with 3 changes of o.5% (w/v} sodium 
chloride, 5 mg/ml bovine serum alburoin, ~o mM Tris, pH 7.5, 
(designated blocking buffer) for 20 minut~s each at room 

35 temperature. A 1/1000 dilution of PY20 (a commercially 
available monoclonal nntibody to phosphotyrosine [ICN)) in 
blocking buffer was incubated with the blot overnight at 4~c. 

The blot was washed 3 times for 20 minutes each at room 
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temperature in blocking buffer.. The blot was incubated ·with 4 
µCi/40 ml of 125I-Protoin A [Am~rsham) in blocking buffer for l 
hour at room temperature and washed 3 times for 20 minutes each 
at room temperature· in blocking buffer. .The blot was exposed 

s to X-ray film for 40 h wit~ one intensifying screen at -1o·c 
and developed with standard reagents. 

XII. PDGF Plate Assay 
Polystyrene mic:rot.iter plates (Inunulon, Dynatech 

IO Laboratories) were coated with the extracellular region 
fragment of th~ type B human PDGF receptor (described above) by 
incubating approximately J0-100 ng of this protein per well in 
100 µ.l of25 mM ·rris, 75 rnM NaCl, pH 7.35 for 12 to 18 hat 
4°C. The prot:cin was expressed in transfected CHO cells and 

15 . collected ih seru::n-free r~;cdia. (Gibcc MEMa) at a. concentration. 
of o. 2 ~ 1. µg/ml, with a total protein con"centration of 
150 - 3 oo /.tg/ml. 

'!'he huF.tan type B l'DG1" receptor extracellular region 
fragment was concentrated and partially purified by passing the 

20 mecHa over wheat germ-aggl.utinin-sepharose at 4 •c (at 48 ml/h) 
in the presence of i·mM PMSJ:". After e~tensive washing, the 
protein was Qlutad in 0.3 M N-acctyl-glucosamine, 2s·mM Hepe~, 

100 mM Nac·1, l mM PMSF, pH 7. 4. ·This fraction was then· appiied 
to Sephacryl S-2 00 li!< {Pharmacia) equilibrated in 0 .15 M 

25 ammonium bicarbona~e pH 7.9. The fractions containing receptor 
{3 - ·~o ng/µl} were detected by SDS-PAGE and Western blotting 
with a polyclonal rabbit ant.ibody against a pc.ptide from the 
receptor external region. These fractions {3 - 10 hg/µl) were 
used to coat tho microtiter wells as described above. The 

30 wells were then drained,- rinsdd once with 200 µl ~ach of 0.5% 
gelatin {Bio·...;Raa, E!}i. 9~ade), · 25 mM Hepes,., lOO mM NaCl, pH 7.4, 
and incubated for 3 h at 4•c with 150 µ1 of this same solution. 
The wells were drained and rinsed twice with 0.3% gelatin, 25 
mM Hepes, 100 mM NaCl·, pH 'i. 4 ( 150 µl each) , i:L'he plate we.£.:; put: 

35 on ice a!ld 90 1d of the O. 3% gelatin sohition was pu~ in each 
well (well~ used to test nonspecific binding received just so 
µl and then 10 JL~ of O.JJ. ng/ml non-labeled PDGF in the 0.3% 
gela~in solution). PDGF 88 (Amgen) ~as iodinated at 4•c to 
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52,000 CPM/ng with di-ioao Bolton-Hunter reagent· (Amersham) and 
approximately 40,000 CPM was added per well in 10 µl, 
containing 0.024% B$A, 0.4% gelatin, _20 mM Hepes, so mM NaCl, 

70 mM acetic acid, pH 7. 4·. The plate was incubated for 4 h at 
5 4·c~ ~fter which wells ~ere washed three times with 150 ·µl each 

with 0.3~ gelatjn, 25 mM H!"5pes, 100 ~.M NaCl, pH 7:4 at 4•c. 

10 

The pound radioactivity remaining wa~ solubilized from the 
wells in 200 µl 1% sos, 0.05% BSA, and counted in a gamma­
counter. The nonspecific: binding was determined in the 
presence oi a 150-fold excess of ur1labeled PDGF BB (l\.m9en) and 

was about 7% of the total b~und 12~!-PDGF. 

These studies were made possible by the availability 
.of growth factor preparations devoid of contamination with 
oth~r growth factors and by the use of a receptor expression 

15 ·system in which all of .the measure.d PDGl-' responses could be 

·attributed to this single transfected receptor cDNA. 

20 

XIII. lntracellular Reaion 
Cell Culture and recombinant baculovirµ~. 
BALll-c/3TJ cells clone A31 from c.o. Scher, 

Children's Hospital." of Philadelp~ia, PA., were cultured in 
Dulbecco Modified.Eagle's medium (D~EM) $Upplement~d with 10% 
bovine seru:r:1 and penicillih and streptomycin ( 50 /tg/ml each) . 

fil;>p_doptera frugioerda (Sf9) cells (from M. Sununers, '!'exas A&M, 

25 TX) were grown in Grace's medium supplemented with 10% fetal 
bovl.ne serurn, 3.3 g/l yeastolate, 3.3 g/l lactalbum)n 
hydrolysate, and penicillin and streptomycin 50 µg/ml each. 
Recombinant type B l'DGF receptor and PDGF type. 13 receptor .6.KI 
~utant baculovirus vectors were prepared by standard 

- . 
· 30 procedures. Recombinant ba~ulovirus was coll~cted from 

suparnatant of Sf9 cells 48-60 hciurs after infection at a 
multiplicity of infection (MOI) of 1 . 

.. 
AntiQpdies. mjtogens, and oeotide!:! 

. 35 A type B PDGF receptor antibody (Ab77) directed 
against a synthetic peptide (amino acids 425-446) located at 
the extracellular region was used. PLC-7 monoclonnl antibody 
was kindly Frovided by S.G. Rhee, NIH, Bethesdn, MD, and GAP 
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antibodies were provided by f. McCormick, Cetus corp., 

Emeryville, California. Recombinant BB-PDGF was provided by 
c.G. Nascimento from Chiron Corp. Emeryville, Californja. 
Peptides used ln th~ ass~ciation experiments war~ p:repared by 

5 conventional peptide synthesis using . phosphoryl.ated tyrosine 

(N-Boc-Tyr-O-{P0
3
Bz1

2
), Peninsula Laboratory, Belmont, 

California) fo_r the synthes~s of tyrosine phosphorylated 
peptides. 

lo Assgciation hssays 

In vjvo associations were performed according·tc 

Morrison et al. (l.989) cell 58: 649-657. serum starved cultures 
of BALB c/3T3 cells (10 7 c~lls) were incubated in the presence 
or absence of 2 r1M PDGF. cell lysates were immunoprecipitatc~d 

15 by usin9 receptor ~ntibody or phosphotyrosine antibodi~$. 

Immune.complexes were used assayed for the·presence of PI3 

kinase activity and to determine the protein that associated 
with the receptor. I.n vitro association experiments were 

performed according to Morrisoh et al (1989) or Morrison et al. 
20 (1990) Mel. Cell. Biol: 10:2359-2366. Typically, baculovirus­

expressed type B PDGF receptor was collected from Sf9 cells 49-
60 hour~ after infect,ion (MOI: 10) by immunoprec:ipi tation us~ng 

receptor antibodies,· Infected.cells ware washed twice with 

cold PBS and lys~d in 1 ml of Jysis buffer (1% NP-40, 20 rr~ 

25 Tris (pH 8.0), J.73 mM NaCl, 10% glycerol, 2 mM ED~'A, 1 mM 

phenylmethylsulfonylfluoride (PMSF), aprotinin (0.15 U/ml), 20 

/tM leupeptin, l m..l'vI sodium orthovanadate} at 4 'C for 20 1nin wjth 

rocking. In most experiments (except where indicated in the • 

legend of Fig. 3) the immunoprecipitated· receptor was 
30 autoph~sphorylated in· vj tro by incubating the immune complc.Y.es 

in a. buffer containing· 20 mM Tris (pH 7. 5), 20. mM MnCl., 100 µ11 

ATP for 15 rnl.n at 25"C. Lysates were cleared of insoluble 

material by centrifugation at 13,000 x·g .for 10 min. Lysates 
were incubated with receptor antibodies (_l:Boo dilution) for 

35 4 hat 4•c. Receptor-antibody complexes were precipitated 

using Protein-A sopharose (sigma) and washed consecutively with 

HIPA ~u!fer (lysis buffer with 0.1% SOS), wash buffer l (0.5% 

NP-40, 0.5 t1 LiCJ, 50 rnM Tris (p!J 7.~)} and wjth JO tnM 'rris (pH 
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7.4). The PI3 kinase association assay was performed by 
incubatin9 the immobilized receptor· with BALB c/3'1'3 cel.l 
lysates for 3 hours.at 4'C. The immune complexes were 
consecutively washed: with cotd PB_S; O. 5% »P-4 O, O. 5 M LiCl and 

5 50 mM Tris {pH ·1. 4) . In the experiment ·using peptides; the BALE 

_c/3T3 lysates were preincu~atcd with the peptides {50 µM) for 

30 min. at 4 11 C prior t.o the incubation with ~he PDG1" receptor. 
protein expressed ih the insect cell system. 

"! 

10 1n ~itro kinase and PI3 kinase ~ssays 
ln vitro protein kinase assays were performed by 

incubation of the irnmunoprecipitates in protein kinase buffer 
(30 mM Tris (pH 7.4), 10 mM MnC1

2
) anci 10 µCi [1-32P)-ATP 3,000 

Ci/nu~ol, at 25°C tor 15 min. The reaction was terminated by 

15 adding·4x Laemmli loadin9 gel. bUffot. samples ~e~e analyzed by 
sos-polyacrylamide gel ciectrophoresis and autoradiography. 
P!l kinase activity was assayed as described by Kaplan et al. 
(1986} Proc. Nat'l Acad. Sci. Y~A a3:362-364. Immune complexes 
were incubatGd in Pl3 kinase buffer (30 mM Hepes (pH 7. 4) ,_ 30 

20 mM MgCl~, 200 1.&M adenosine, 40 µ.M ATP), 0.2 mg/ml of sonicatcd 

phosphoinositol (Pl)t and 10 µci [~-32PJ-ATP (J,OOO ci/nunol) at 
is•c for 10 minutes. Adenosine was added in the Pl3 kinase 
assays to inhibit any contaminating P14. kinase activjty. 
Reactions were tsnninatad by the addition of lOO µ1 of HCl 

25 ac3d. 'l'he products of the react.ion were extracted with 
cbloroforr.i and separated by thin layer chromatography. 'l'he 

conversion of PI into PIP was datermined by exposing the TLC 
plato to an X-ray film for 2-3 h . 

. . 
30 Raceptor dephospJlorvlation 

Receptor in1munoprocipitates were incubated for JO 
minutes at 30'C with 4 µg of potato aeid phosphatase in the 
px·asence or absence of l rnM ·sodium orthovanadate, see Morrison 
et al. {19B9). After ~P 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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"Blotting" of 85 kD protein with PDGF receptor probe 
Cell lysate proteins transferrea to nitrocellulose 

membranes were analyzed for their ability to bind directly to 
the FDGF receptor b~ probing the nitrocellulose membrane with 

5 · 32P-labeled POGF recept~r. To prepare the radiolabeled receptor 
probe, baoulovirus-expressed receptor was .immunoprecipitatcd 
from 106 Sf9 cells. The immune comp~exes were washed and 
labeled by autophosphorylation as described above. Labeled 

·receptor was solubilized from the i~.munoprecipitates by 

fO repeated incubation of the immunoprecipitate in solubilization 
buffer (0.4% SOS, 100 1nA1'1 NaCl., 2 mM EDTA, 2 mM 

P-mercaptoethanol, and 50 m.~ triethanolamine, pH 7.4) at ioo•c 
for ~ min. The e~tracts were pooled, diluted in solubilization 
buffer without P-rnercaptoethanol and .bi·ought to J.O mM 

15 iodo~cetamide and J.% 'rr1ton x;,.;·100; Analysis Of th~s material 

by SDS-poiya.crylamide electrophoresis followed by 

radioauto9raphy revealed the presence of only the receptor 

band. BALB c/3T3 calls lysates were prepared and run on 
SDS-PAGE. Proteins were transferred onto nitrocellulose filter 

20 by electroblotting in the absence of sos. Filte~s were 
incubated with radiolabeled PDGF r~oeptor for 12 h nt 4•c, and 
washed in the solubilization buffer containing 2% Triton X~lOQ . . . 

without .B-mercaptoc.;ithanol. Fol" the peptide cornpet:i tio11 
axperiments the f iltors were incubated as described above with 

25 th¢ 32P-Labcled receptor probe and 2.5 µM of the indicated 
peptide, 

All pubJications and patent applicat~ons herein al:."e 
incorporated by reference to the same extent as ii each 
individual _publication or patent application was specifically 

30 £i1id individual.ly :i.ndicated to be incorporated by· reference. 
Tho invention now bei~g fully described, it Will be a~parent to 
one or ordinary skill in the art that many changes and 
modifications can be made thereto without.departing Crom the 

spirit or scope of tho appended claims. 
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SEQUENCE LISTI?tG 

( l) GEUERJ..L !NFOID-'.ATIOU: 
' 

(i) Ai?Pi...l:CAlfT: Williams, Lewis T. 
Escobndo, Jaima A . 

. (iii ·TIT!...Z Or' INVF.H'rION: P!..ATEU:T-DERIVED GROWTH Fli.CTOR ~CEPTORS 

(iii) hv'MBER OF SEQUENCES: 5. 

(iv) 

(V) 

CO!UU:SPOHDENCE ADDRESS: 
(~) ADDRESSEE: TOWNSEND and TOWNSEND 
(B) STREET: Steuar~ Stree~ Tower, 20th Floor 
(C) CITY: san Francisco 
(0) STATE: California 
( E) COUN'I'Ri': US 
(fl ZI~: 94105 

COMPUTF-R READABLE FORM: 
(A) MEDIUM Ti'Pt: Floppy disk 
{B) COMPUTER: IBM PC coi:tpatible 
{C) OPERATlltG S'fSTEM: PC•DOS/MS•OOS 
(DJ SOFTWARE: Patentln Release ~l.24 

~URR£l~'l' >i.PPtl'Ci\TION IJAl!'A: 
(A.} APPLICATION · NUMD}:R: 
( B) FILING DATE: 
CC) CLASSIFICATION: 

(vii) PR!OR APPLICATION DATA: 
(A) APPLICATION NUMBER: US 07/151,141 
(D) FILING DATE: 02--FEB-1968 

(vii) PRIOR APPLICATION PATA: 
(A) APP~lCATION NUMBER: US 07/309,322 
(ll) FILING DATE: l0-FEB-l9S9 

(viii} ATTORNEY/AGEN~ INFORMATION: 
"(A) NAME: Ching, Edwin P. _ 
CB) RLGl$TlU1TION NUMBER: 3~,090 
{C) REFERENCE/DOCKET h'lJKBER: 2307U~267~2 

(ix i TEl.tCOMMUN! C.i\'.i'lON 1Nr"ORM1''"TION: 
CA) TELEPUON!:.: (415) 326-2400 
(B) TELEFAX: (415) 326-2422 

{2) INfORMATICN FOR SEQ ro NO:l; 

( i) SLQUl::NCE Cl-t.APJ\CTER!ST!CS: 
(A) r..ENGTH: 5427 base pairs 
(B) TYPE: nucleic acid 
(C} STRANDEDNESS: double 
(D) .TOPOLOGY: linear 

(ii) MOLECtJLl:": Ti' PE: cDNA to r.iRNll · 

(iii) HYl-10THETICAL: u 

CiV) /4.N'!l-SENS:t:: t: 

(Vi) ORlGINAL SOURCL: 
(A) ORGANIS!~! Homo sapians 
(8) STRAIN: lambda gtHI 
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(iX) FSATURE: 

(A) HAM.E/Kt'i: CDS 
(El) LOCATION: 18i •• J504 
( D) O'l'HZR lNF,ORMATION: 

(~!) SEQUEUCE OESCRIP'l'lON: SEO .ID NO: l: · 

TGTTCTCCTu .\GC'CTTCACG AGCCTGCACC ~QTCCTGCCT GTCCTTCTAC TCAGCTGTTA &CJ 

:CCACTCTGG GACCAGCAGT CTTTCTGATA.ACTGGGAGAG G:iC.\GTAAGG AGGACTTCCT l 20 
. 

~:~GC.GCGTC> ~C~GTCCAGA GCCTGGAJ>.CT GTGCCCACAC CAGAAGCCA'J' CAGC,?,.GCMG . lBO 

GACACC 1'.TG CGG CTT CCC GGT GCG ATG.CCA CCT CTQ CCC CTC AA:.. GGC <.2S 

" Me-:. Arg Leu Pro Gly Ala Met Pro Ala Leu Ala Leu Lys Gly 
l s 10 

GAG CTG C"'" ""' TTG CTG· 'l'Ct C"T'" .... CTG TTl\ C"'.., J. .. CTG GA.A. CCA CAG ATC TCT 276 
Gl\.l Leu Leu Leu Leu Set Leu Leu Leu Leu Leu Glu Pro Gln Ile Ser 

15 20 25 JO 

CAG G'"" ....... C"' .. +U CTC G'I'C AC/\ C""' '-'- CCG G"" uu cc.~ GAG C"'"' .. . GTC C'l'C M":' G'I'C 32~ 
:Jlh Gl}' Leu Val Val. 'l'ht- Pro Pro Gly Pro GI II ·- Leu Val Leu Asn Val .., ~ 

~;;> 40 .. :: ..... 
......... A~~ ,.,, ..... 

"'"'" GTT··.CTC :..c:c ........ TCC GCT Tr" GCT CCG GTG GTG T,..,.. .... .... ,.. . .__ ...... ... ..... .......... _,.. ... .... .J ' -
Ser Ser "'" ..... Phe Val Leu Thr Cys Sar Gly ser Ala Pro Val Val Trp ..... 

so 55 60 

GAA CGG /'.TG Tee CAG GAG C"'"' _._ CCA C""" t\\;r GAi\· ATG G,..,.. ...... AAG GCC: CAG G>."I'" 4i0 
Gl 1J Arg He.t Ser Gln Glu Pro Pro Gln Olu Met Ala Lys Ala Gln Aap 

65 70 75 

GGC ,.,,.. ... ,.. .... TTC TCC t~GC GTG ,.,..,,,.. 
'1.-lw ACA CTG Ace AAC CTC ACT GGG CTA G1\C 466 

:;1y Thr Phe Ser Se!l::'" Val L-eu Thr Leu Thr Asn Leu Tnr Gly Leu Asp 
80 E5 90 

.M~G CGA GA.A TAC TTT 'rGC .\CC CAC J.AT GAC "l'CC CGT GGA CTG G',.. ,... .... ACC 516 
Thr c~" Glu ~·yr Phe cys Thr His Asn Asp Ser Arg ¥1Y Leu Cle Thr ., 

95 100 105 no 
:;~1· G:,~ 

_ .. ,. 
Ahl\ c,..- c,,. ..... TJ..C i\TC '1"'"'' GTQ cc.-:.. G.\t C" ... ACC CtTG GGC SG-\ '-._,,""r ....... ...... -... ... .... 

Asp G ~ 1l Arg Lys Aro Leu T .. ,.. lle Phe Val ~ro Asp Pro Thr \'al Glj' . ... 1 • 
115 120 12!:. 

... .,..,., 
! • ._ CTC CCT MT GAT GCC GAG GAA CTA TTC ATC '!TT CTC 1~CG GA.:.. A'l'A 612 
Phe Leu Pro /\sn Asp Ala Glu Glu Leu Pha Ile l?ha Le.u '!'hr Glu Ile 

130 135 140 

~ ,...,.. GAG ATC ACC A.TT CCl\ TGC cc;~ G'I'A ACA GAC CCA Cl\G CTG G"'" C'l"'' 660 ,._. ...... . ... .. 
Tnr· Glu Ile Thr J:le Pro cys Arq Val Thr Asp Pro Gln Leu Val Val 

HS lSO 155 
.. 
ACA C"',. .. ~ CAC GAG MG AJ..J... GGG "GAC GTT GCA CTG CCT GTC CCC T}..T GA'!' 70$ 
Thr Leu Uis Glu Lys Lys Gly Asp Val Ala .Leu Pro Val Pro T}'r Asp 

150 1G5 170 

CAC CA.!.. CG'!' GGC TTT '!'C'l' GGT ATC 'rTT GAG GAC A.GA ACC TliC ATC ... ,.,.. .. ,., .... ·1% 
His Gln l\rq Gly Phe Ser Gly I.le Phc Glu As'!!r At'g Ser 'tyr Ile Cys 
!75 180 185 lSiO 

/..AA A,..,. ...... .!.CC Arro"' A 4 GGG GJ,C ACG GAG .GTG GAT TCT Gl,T. GCC TAC """'" &h• GTC so~ 
Lys T~r 'l·~r Ile Gly Asp A"'" Glu Val J\.5p Ser 1..sp hla 'l)'r T)·~ Val . "' 

195 200 205 
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TAC AGA CTC CAG GTG TCA TCC ATC AAC GT·C 'l'CT GTG MC GCA GTCi CAG 8ti:i! 
l'yr Ar9 Leu Gln Val Se~ ser Ile Asn Val. Ser Val Asn Ala Val Glr. 

210 215 220 

AC'l' GTG CTC CGC CAG GGT GAG 1..AC .\TC Ace CTC ATG TGC ~TT GTG ATC 900 
Thr \.'al Val A:rg Gln Gly'Glu >.sn Ile Thr- Leu Met cys Ile Val Ile 

225 230 2l5 

GCG ;..AT GAT GTG GTC MC TTC GAG·'l'GG ACA TAC CCC CGC AAA GA.A 1'.GT 948 
Gly Asn Asp Val Val Asn !?he Glu '!·rp Th.r 'fyr Pro Arq Lys Glu Ser 

240 245 2.50 

GGG CGG CTG CTG GAG CCG CTG ACT GAC 'l'TC C'l'C TTG GAT ATG CCT 'tAC 996 
Gly Arg Leu Val Glu Pro Val Thr Asp J?he I.AIU Leu Asp Met Pro Tyr 
255 260 265 270 

"I CAC ATC CGC TCC ATC CTG CAC 1\TC CCC AGt CCC GAG TTA GAA GAC TCG 104~ 

His !le Arq ser Ile 1,cu His Ile Pro Ser A.la Glu Leu Glu Aso Ser 
275 280 265 

GCG ACC TAC Ace TGC: MT GTG ACG GAG AGT GTG AAT CAC CAT CAG G",,.. 1\.1. 1092 
Gl}' Thr Tyr 'l'hr Cys /\Sn Val Th:r Glu ser Val Asn Asp His (;ln Asp 

290 :?Sl?> 300 

GAA AAG GCC ATC AAC hi'C Ace C'!'C CTT G .. ,... AGC GGC TAC OT'G CGG c ...... ~ lHO .... u 

Glu Lys Ala Ile Asn !le Th:- Val u-' Glu ser Gly Tyr Val Ar-9 Le~ ' ... _ 
.305 310 315 

.. 
CTG GGA. GAG G'" .. J.U- GGC ACl\ CTJ'\ CAA TT1' GCT GAG CTG CA'l' CGG AGC CGG 1188 
Leu Gly Glu Val Gly Thr Leu Gln Vhe Ala Glu Leu Uis Arq·ser An; 

320 325 330 

ACA CTC CAG GTA GTG TTC GAG GCC TAC CC11. CCG CCC ACT GTC C'l'G TCG l2J6 
Th:r Leu Glh Val Val Phe Glu Ala 'l'yr Pro Pro Pro Thr Val Leu Trp 
335 340 345 350 

T'l'C AAA GAC AAC CGC ACC CTG GGC GAC TCC AGC GC'r GC:C GM ATC GCC 1284. 
Phe Lys Asp Asn />..r9 Th:t Leu Gly Asp Ser ser Ala cay Glu Ile Ala 

355 360 365 

CTG '!'CC ACG CGC MC· G'!G TCG GAG ACC. CGG TAT GTG TCA GAC> CTG AC'A 1332 
Leu ser Thr Arg Asn Val Ser Glu Tnr Arr; . T~·r Va1 Ser Glu Leu Tt:-

370 375 380 

CTG GT'r C"'"' \.l'w GTG MG GTG GCA GAG CCT CCC c~c 'l'AC ACC J\TG CGG G"'" .... _ 1380 
Leu Val Ar9 Val l.,y~ \'al l;.la Gll.1 >.la Gly His T~·r Thr Met Arg 1~1a 

385 390 395 

TTC CAT GAG GAT Gr"'· _;. Gl\G GTC CAG CTC TCC TTC CAG CTA CAG ATC AAT 141.S 
Phc His Glu Aap 1'.la Glu Val G!n L-eu Ser Phe Gln Leu Gln Ile Asn 

400 405 410 

GTC CCT GTC CGA GTG CTG GAG CTA AG'I' GAG 1.GC CAC CCT GAC AGT GGG 14 7o • 
Va.l J?ro Val Ar~ Va.l Leu Glu Lau ser Glu Ser Ris J?ro Asp Ser Gl \' 
415 420 425 430 

GAA CAG ~.CA GTC c,...,.. 
"''- '.!'G'r CGT GGC CC;C GGC ATG CCG CAG CCG ·AAc AT~ 152~ 

Glu Gln Thr Val Arg cys Arg Gly Arg Gly·Met Pro Gln Pro Asn Ile 
435 440 445 

ATC TGG '!'Cl' GCC 'l"GC ~GA CAC etc AM 1.CG T""' u .. CCA CGT GAG CTG CCG 3572 
Ile Trp Ser Ale. Cy$ J>rq Ai;p Leu. Lys Arg Cys P:ro Arq Glu Leu Pre 

450 455 460 

CCC >.CG CTG CTG G .... ,.. 
"'" lv\C AGT '!'CC G~A GA3 GAG AC>C CAG C'l'G GAG 'A'"~ ... " l 620 
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Pro T!".:- Leu Leu Gly Asn Ser Ser Glu Glu Glu Ser Gln l.e1.1 Glu 'l'hr 

465 470 475 

AAC GTG ~CG TAC TGG GAG GAG GAG CAG GAG TT'!' GAG GTG GTG -AGC ACA 1660 
Asn Val Th~ Tyr T:-p Glu CilU Glu Gln Glu Pha Glu Val Val Ser Thr 

460 485 490 

CTG CCT "'"'"' CAG CAC CTG·GAT CGG CCA C'l'G TCO GTG CGC 'l'GC 1\C:G CTG 1716 ..... u 

Leu Arg Leu Gln His Val· Asp Ar9· Pro Leu Ser .Val Ar9 _cys Thr Leu 
495 500 505 510 

CCC A.AC GC'r GTG G'"'" '"''- C.l!lG GAC ACG.CAG GAG GTC ATC GTG GTG CCA CAC l764 Arq A~n .Ala Val Gly Gln A!~p ·Tht" Gln .Glu Val lle Val Val Pro His 
515 520 525 

TCC TTG CCC TTT AAG GTG GTG GTG ATC TC.A GCC ATC C:TQ GCC CTC. GTC. lal.2 Ser Leu Pro Phe l.ys Val Val Val lle Ser Al.a Ile Leu Ala Leu Val 
530 535 540 ., 

GTG C"''"' .... ACC ATC A"N' ·- TCC C:'I''r ATC ATC CTC ATC ATG CTT TGG CAG AAG 1860 val !.Qu Thr Ile ·Ile Sei· IA.u Ile Ile Leu Ile Met Leu 'l:rp Gln Lys 
545 550 SSS 

AAG C:::A C'"'"' "'· 'l.'AC Gl\G A'.i'C CGA TGG MG ·CTG AT'l' G~G r,-,,.,, ........ GTG AGC T~T 2908 Lys Pro Arg 'l"yr Glu Ile Arg 'l'rp Lys Val lle Glu Ser Val Ser Ser 
5&0 565 570 

CAC GG~ CAT GAG 'I'l\C 1\TC TAC.GTG GAC: C'"'"' ...... ATG CAG C"'" .u C"'" TAT GA::- 1956 
Asp Gly -His GlU T}'r Ile T~·r. Val Asp 7:1 ro Me't Gln Leu Pro '!'}'::- Asp 575 sao 585 . 590 

TCC .ACG "rGG GAG CTG CCG CCG Cl\C CAG CTT GTG CTG GGA CGC ACC CTC 2004 
Ser Th!' 'l'rp Glu Urn Pro Arq Asp Gln Leu Val Leu Gly Ai-g Th:- L~u 

595 600 605 

GGC TCT GGG GCC TTT GGG CAG GTG GTG GAG GCC ACA GC'l' CAT GGT c""~ ... .., 2052 Gly Sar Gly Ala Phc Gly Cln Val Val Glu Ala 'l'hr Ala His Gly Leu 
610 613 620 

AGC '" .... '-•~"' TCT CAG GCC ACG ATG AJ...A GTG GCC OTC· AAG ATG CTT MA TCC 2100 Ser His sei: Gln J..l a Thr Met Lys Val Ala Val Lys Met Leu Lys se.r 
625 630 635 

1;.c1. G'"" ...... CGC AGC AGT GAG MG CAA GCC CTT ATC TCG GAG CTG AAG ' ...... n..a. .... ~HS Th:r Ala Arg Ser Ser Glu I..ys Gln Ala Leu Met ser Glu Leu Lys -· J..l.~ 
640 645 . 650 

.~TG ACT CAC CT'I· G'"" ''"~ 
r- ... ,... ......... CAC CTG AAC GTG GTC AAC C':'G 'I'TG GGG CCC 2196 Met Ser His Leu Gly Pro ii is Leu Asn Va.l Val Asn Leu Leu Cly Ala 655 660 665 670 

TGC ACC MJ.. GGA GGA CCC ATC TAT 1,Tc ATC ACT GAG TAC TCC CGC TAC 224~ cys T!lr Lys Gly Gly Pro Ile 'Iyr Ile lle Thr Glu 'lyr Cys Arg Tyr 
675 680 685 .. 

GGA G.~C CTG G'I'G GAC TAC CTG CAC C"'"' WI\. MC le.A];.. CAC J..CC TTC CTG CAG 225i2 Gly Asp Lau Val Asp 'l'yr Leu His Arg A~tl Ly5l His '!hr Phe Leu Glr. 
690 695 ioo 

c1,c cJ.c TCC GAC A.AG CGC CCC CCG CCC AGC GCG GAG CTC TAC AGC AJi.T 2340 His nis Ser .Asp t.ys Arq Arg Pro Pro Ser Ala Qlu Leu Tyr ser Asn 
705 710 715 

GCT .... ~,. 
._ .. '3 CCC "'"l"'T• ..... GGG C"''"' .. ... CCC CTG CCC AGC CAT ·GTG -rec 'X'TG Ace Ge>~ 2386 Ala Leu Pr~ Val Gly Leu Pi-o Leu Pro Ser His Val ser Leu 'rhr Gly 
i20 725 "'730 

This Sheet Has Been Replaced 
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GAC AGC GAC GGT G~C TAC ATG GAC ATG AGC A.AG GAC Gn~ TCG GTG GAC 2436 
Glu Sar Asp Cly cay Tyr Me~ Asp Met S~r Lyi; ~sp cau Ser \'?ol Asp 
735 740 745 750 

TAT GTG CCC ATC CTG GAC ATG i.>.A GG~ GAC GTC AAA TAT CCA GAC ATC 248~ 

'rY"r Val Pro Met Leu Asp ·Met Lys Cly Asp Val Lys Tyr Ala 1,sp I le 
75$ 'HiO 765 

G.AG TCC: TCC MC TAC ATG GCC: CCT TAC GAT AAC TAC GTT CCC TCT GCC 2532 
Glu Ser Ser Asn 'lyr Met Ala l-'~o Tyr Asp Asn Ty't Val Pro Ser I.la 

.770 7'5 780 

ccr GAG AGG ACC TGC CGk GCA ACT TTG ATC IJ>.C GAG TCT CCA GTG CIA 2580 
P~o Glu Arq Thr cys ~r~ Al~ Thr L~u Ile Asn.Clu Ser P~o Val Leu 

785 790 i95 

AGC TAC ATG GAC c~c GTG a~c TTC AGC TAC CAG GTG GCC AJ..T GGC ATC 
se~ Tyr Met Asp Leu Val Gly Phe Ser Tyr Gln Val Ala Asn Gly Met 

aoo so~ a10 

i.628 

GAG T'l"!' CTG GCC TCC AAG lJ\C TGC GTC CAC AGA GAC CT~ GCG GCt AGG 2676 
Glu Phe l..eu hla Ser L'./'S Asn Cys Val His Arc Asp Le.u Ala Ala }I.re 
Bl~ s2o S2S 830 

A>.C. GTG CTC ATC 
Asn Val Leu !le 

TGT GAA GGC A..~G CTG G~C A.AG ATC TGT G~C ~TT GGC 
cvs Cl\; Gly t.ys Lau Val t.ys !le Cys Asp Plle Gly 
a35 a4o s.t:. 

CTG GCT ··CGA GAC ATC NiG c:~c Gl'~c •re:; 'k?...T T.1\C ATC ·TCC AAA GGC nGC ;:;772 

Leu Ala At"(J Asp rle ~et Arq Asp Sel· Asn Tyr Ile Ser I.ys Gl~· Ser 
sso 855 860 

ACC 'J'TT T'l'G ccr TTA P.AC TG3 ATG GCT CCG G~G AGC ATC 'lTC AAC AGC 2820 
Thr Phe Leu Pro Leu L~·s; 'l'rp Met Al a l>ro Glt.: Ser Ile Phe Asn sar 

865 870 875 

CTC TAC ACC ~cc CTG AGC GAC GTC TGG TCC '!'TC GGG ATC CTG CTC TGG 2868 
Leu Tyr Thr Thr Leu Ser Asp Val Trp Ser Phe Gly Ile Leu Leu T~p 

sao se!i e90 

GAG ATC ~TC ACC TTG GCT GGC ACC CCT TAC cc~ GAG CTG CCC ATC 'A.AC 2916 
Glu lle Phe 'l'hr Leu Gly Gly Thr Pro T)'r Pro clu. Leu Pro Me'C. Asn 

·S9S 900 905 910 

GhG CI\G ~TC TAC AAT GCC ;,Tc .'!...AJ>. CGG GG1' '!'AC C-JC A'l'G GCC c~c CC'!' 2964 
Glu can Phe 'l'y.r 1\sn ;..la Ile Lys Arg G11' Ty:: A.rg Mat ~la Gll' Jlro 

915 920 925 

GCC CAT GCC TCC GAC CAG A~C TAT GAG ATC ATG CAG AAG TGC TGG GA!, JOlt. 
Ala His Ala Ser Asp Glu lle Tyr Glu ~le Met Gln Lys Cy$ Trp Glu 

930 935 940 

GkG AAG TTT G~G ATT CG~ CCC CCC 'I'TC TCC CAG CTG GTG CTG CTT CTC 
Glu L>'s Phe Glu J:le hrg Pro Pro ~he Ser Gln J.eu val Leu Leu Leu 

945 950 955 

3050 

. ·aAG AGA CTG T'!'G GGC G1u\ G~~ T~C AAA A~G AAG TAC CAG CAG GTG G~T 3108 

Glu Arg Leu Leu Gly Clu Gly Tyr Lys Lys Lys T}'r Gln Gln Val Asp 
960 965 970 

GAG GAG TTT CTG AGG AGT GAC CAC cc~ GCC ATC CTT CGG TCC CAG c~r 3l~G 

Glu Glu Phe Leu Arg S~r Asp His Pro Ala ll~ Leu Ar9 Ser Cln Ala 
975 980 985 99C 

c~c 'I'TG CC'l' OGG 'l'TC CAT GGC .......... . '-. CCC c·rc GAC /\CC 1.GC 

IThis Sheet Has Been Replaced 
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Arg Leu Pro Gly Phe His Gly Leu Ar9 Se~ Pro Leu Asp Thr Ser Ser 
$195 1000 1005 

GTC CT: TAT ACT GCC GTG CAG CCC AAT GAG GGT GAC A.AC GAC TAT A~C 325~ 
Val Leu Tyr Th:r Ua Val Gln Pro Asn Glu Gly Asp /\Sn Asp Tyr :ue 

lOlO · 1015 1020 

ATC CCC CTG CCT CAC CCC AAA CCT GAG GTT GCT GAC GAG GGC CCA CTG 330C 
!le l,ro Leu Pro Asp Pro Lys Pro Glu Val Ala A$p Glu Gly Pro Le~ 

1025 1030 10'35 

GAG GGT TCC CCC AGC CTA GCC AGC rec ACC CTG AAT GAA GTC AAC ACC 334E 
Glu Gly Ser Pro Ser Leu Ala Ser Ser Th~ Leu Asn Glu Val Asn Thr 

1040 1045 1050 

TCC !CA ACC ATC TCC TGT GAC AGC CCC CTG GAG CCC CAG GAC GAi\ CCA 
Ser Ser 'l'h:::· Ile Ser cys ASP Ser Pro Leu Glu Pro Gln Asp Clu Pro 
lOS~ 1060 1065 1070 

339E 

GAG CCA GAG CCC CAG C~T GAG CTC CAG GTG GAG CCG CAG CCG GAG CT~ J44~ 
Clu Pre Glu l,ro Gln Leu Glu LQu·Gln Val Glu Pro Glu Pro Glu Leu 

1075 1080 lOS5 

¢AA CAG TTG CCG GhT TCG GGG TGC CCT GCG CCT CGG GCG GAA GCA G~G ~492 
Glu Gln Leu Pro Asp Ser Gl y Cys Pro J..la Pro Arr; Ala Gl u Alli Gh: 

1090 1095 l.l.00 

c;.T }!.GC TTC CTG Ti\GGGGGCTC GCC::CTA.c::::: TGCCCTGC~'!' GAAGCTCCc·:: 
Asp Ser Phe Leu 

1105 

251.:. 

CGCTGCCi\GC ACCCAGCATC 'l'C:CTGGCCTG GCC::TGGCCGG GCTTCCTG'.rC i\GCCJ.GGCTG 360.i: 

CCCT?ATCAG CTGTCCCC'!'T CTGGAAGCTT TC!GCTCCTQ ACGTGTTGTG CCCCAAACCC 366~ 

TGCGGCTGGC TTAGGAGCC.A AGAAAACTGC AGGGGCCGTG ACCAGCCCTC ~GCCTCCAGG 372~ 

GAGGCCAACT GACTCTGAGC CACGGTTCCC CCAGGGAACT CAGTTTTCCC ~TATCTA.~CA ~iS~ 

TC~GAAACT''r AGGCTTGATG ACCC~GAATC TAGGATTCTC TCCCTGGC'l"G ~CAG=>TG!;;G~ 38H 

AGACCGAATC CC'l'c:cTGGG AACA'l'"t'CT'!'G GAGTTACTGl, GGTGCTMAT· 'l'AAC'.:!"'!"'!''!"'!'~· 390~ 

CT5TTC.AGCC ACCTACCCCT CAAGGA>.TCA TAGCTCTCT: CTCGCACTTT TATCCACC:h 396~ 

G~:OCCT~GG~ AAGAGi\CCCT AGCC'l'CCC'!'G CCTGCTGGCT GACC:TAGGG::: C'l'AGC::':"-:G~ ~ 02:. 

GCAG'l'GTTGC CTCATCCAG~ AGAJ'u\GCCAG TCTeCTCCCT ATG,t..TGCC/~G TCCCTGCG"r';" 4 ca:. 
CCCTGGCCCG AGCTGCTCTG GGGCCATT~G GCAGCCTAAT TA.i'.TGCTGGA cc=TGAGCCh 4141. 

hGTACAGGAC ACCCCCAGCC TGCAGCCC~T GCCCAGGGCA CTTGGAOCAC ACGC~GCCAT ~20t. 

AGCAAG!GCC TGTGTCCCTQ TCCTTCAGGC CCATCACTCC TGGGGCTTTT TCTTTATCAC 

C~T~AGTCTT AATCCATCCA ~CAGACTCTh GAAGGCCAGA CG~GCCCCGC ATCTGTGATG 

AGAATGTAAA TG?GCCAGTG·TGC~GTGGCC .ACGTGTGTGT GCCAQATATG GCCCTGGC~~ 

TGCATTGCAC CTGCTATGAG GCTTTGGAGG AATCCCTCAC CC'!'CTC~GGG CCTCAGTTTC 

CCC'!:TCAAhA J!..ATGIJ.TAAG TCGGACTTAT TMCTCTGAG TCCC'?'l'GCCi\ GC1.CTAACl.T 

TCTAGAGTAT CCAGGTGGTT GCACATTTGT CCAGATGAAG CAAGGCCATA TACCCTAJ../\(: 

·15.0·· 

456· 

TTC::::ATCCTG GGGGTC:..GCT GGGCTC:CTC.C. GAGATTCCJ..G A'l'CACl\Cl\T:: i\CAC'!'CTCCG 4 62: 

.. _l_ -
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GACTCAGGAA CCATGCCCCT TCCCCACQCC CCCAGCAAGT CTCAAGAACA CAGCTGCACA 

GGCC'I"l'GACT TAGAGTGACA GCCGGTGTCC TGGAA.AGCCC CCAGCAGCTG CCCCAG~GAC 

ATGGGAAGAC·C:ACGGGACCT CTT'.l'CACTAC CCACGATGAC CTCCGGGGG'I' A'l'CCTGGGCi\ 

AAAGGGACM AGAGGGCAAA TGAGATCA.CC TCCTGCAGCC CACCACTCCA GCACCTGTC:C 

CGAGGTCT~C CTCGAAGACA GAATGGACAG 'I'GAGGACA~T TATGTCT'l'GT lJJ..AGACAAG 

AAGCTTCAGA tGGCTACCCC AAGAAGGATG TGAGAGGTGG GCGCT'l'TGGA GGTTTGCCCC 

TCACCCACCA GCTCCCCCAT CCCTGAGCCA GCGCTCCATG GGGCTA~GGT TTTGTCACTG 

CCCAGACCTA GCAG~GACAT CTCAT'rCTCC CCAGCCCAGT GCGCATI'GGA GGTGCCAGGG 

~684 

4804 

4864 

4924 

~984 

5104 

GAGTCAGGGT r.G~AGCCAAG ACGCCCCCGC ACGGGGAGGG -'I"'l'GOGAAGGG GGTGC~GGl.J\ Sl64 

GCTCAACCCC TCTGGGCACC AACCCTGCAT TGCAGGTTGG CACCTTACTT CCCTGG~ATC 5Z24 

CCACAGTTGG TCC}.AGGAGG GAGAGTGGGT TCTCAATACG GTACCAAAGA TATA.\TCACC 52S4 

TAGGTTTACA AATATTTTTA GGACTCACGT TAACTCACAT Tl'ATACAGCA GAAATGCTA7 534~ 

TAMC::c:':'GGT GCT'l'C:TCAt;'r Ci\C 

(i} INFOJU.'.ATION FO~ SEQ ID N0:2: 

( i) SEQUENCE CHARACTE~ISTICS: 
(A) UNGl'H: l.106 alllino aciaa 
{B) TYPE: amino aeid 
(D) TOP.Ot.OG'i: linear 

(ii) MOLtCUI..E TYPEt protein 

(xi) S~QUENCE DESCRIPTION: SEQ IO N0:2~ 

Met Arq Leu Pro Gly Ala Me't Pro Ala Leu Ala Leu Lys Gly Glu Leu 
1 ·s io· 15 

Leu i.c:.u Leu Ser Le\J J ... eu Leu Leu Le\l Glu Pro Gln Ile Sor Gl::-, Gly 
20 25 JO 

Leu Va~ Val Thr Pro Pro CJ.y Pro Glu Leu Val Leu Asn Val Ser Ser 
35 40 45 

Thr Phe Val Leu Thr cys Ser Gly Ser Ala Pl:'O val Val Trp Glu Arg 
50 SS 60 

Met Ser Gln Glu Pro Pro Gln Clu M2t Ala Lys Ala_ Gln Asp Gly Thr 
65 70 7~ 80 

-
Phe Se.r Ser Val Leu 'l'hr Leu Thr Asn Leu Thr Cly Leu Asp Thr Gly 

85 90 . 95 

Glu Tyr Phe Cys Thr His Asn Asp ser Arq Gly Leu Glu Thr Asp Glt: 
100 105 lJ.~ 

Arg L;•s Arq Leu T·yr !le l>ha 'Jal Pro Asp .Prb Thr Val Gly Phe r.eu 
llS 120 12!",, 

l•ro Asn Asp Al~ Clu Gll.: i.eu Phe Ile Phe Leu Thr Glu llc Th:: c;~u· 
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llO 140 

!le Thr Il.e r·co cys Atg Val Thr ASP Pro Gln Leti Val Val° Tht" Leu 
145 150 155 160 

His GlU L~:s I.ys Gl v Ai;?· Val Ala Leu Pro V~l Pro Tyr Asp His Gln 
165 170 175 

Ar9 r.:y Phe Se>· Gly !le Phe Cau ~sp Ar9 Ser Tyr !le Cys Lys Th:r 
180 18& 190 

Thr Ile cl y A~p Arq G ·~ u Val Aso ser Asp Al a Tyr Tyt val 'ryr Arg 
19S 200 205 

J.,eu Gln val .:>er $er !le Asn Val ser Val Asn Ala Val Gln Thr Val 
210 215 220 

VAl A~g Gln Glt Glu Asn Ile Thr Leu Met Cys Ile Val Ile Gly Asn 
225 ;?30 235 240 

Asp val 

Leu •.;c; l 

·:a.:. .:..sn Phe G!.u 'l'rp 'I'hr Tyr Pro Arq Lys Clu Ser Gly Arg 
245 250 255 

r· ""·-·· Pro v:11 
260 

i:·~:- Asp Phe Leu Leu Asp MQt Pro T~·r His !le 
265 270 

J..r~ Set- ::.:.a J.eu H!s 
275 

!le P~O Se~ Ala Glu Leu Glu Asp Ser Cly Th~ 
280 28S 

Tyr Th= cys Asn Val Thr Glu.Scr Val Asn Asp Hi~ Gln Asp Glu l~s 
290 295 300 

Ala Ila ;,sn rl e Tht' V"l Val 
305 310 

Glu Ser Gly Tyr Val Ar~ Leu ~u Gly 
3lS 320 

Glu V~l Gly Thr Leu Gln PhQ Ala Glu Leu His Arq Ser Arg Tht" Leu 
325 330 335 

Gln Val va·. l't"le Glu Ala Tyr Pro Pro Pro Th:" Val Leu Trp Phe Lys 
340 345 350 

Asp Mn ~.:::; 'I'.hr Leu Gl y Asp Ser Ser Ala Gly Glu. Ile .Ala Lou Ser 
: :!:5 360 365 

Th:r Arn l.s.-i Vttl Se?· G~ u T?ii- Arq Trr Val Ser Glu 1-eu Thr Leu Val 
37•; 375 380 

l'lrg 'h: Lys Val Ala Glu Ala Gly His '!'yr Thr Me't Arq Ah Phc Hi~ 
:IS~ 390 395 400 

G3 u 1..:.p 1 ... rn Glu Val Cl:"i Leu Ser Phc Glh Leu Cln Ile Asn Val J,ro 
405 410 4l5 

Val Ar9 V~J Leu Glu Leu Ser Glu ser His Pro Asp Ser Gly Glu Gln 
420 42S 430 

· • T>-;;· Val Arg c:ys Arg Gly Arg Gly Met Pro Gln Pro Asn Ile Ile Trp 
o.s . 440 445 

Ser Ala· Cys Ar9 Asp Leu Lvs Arq q•s Pro Arq Glu Leu Pro P2·0 Thr 
450 4SS 460 

Leu Leu Gl~· l\SI'\ Set .. Ser G!.u Glu Glu Ser' Gln LC?U Glu 'I'hr II.Sn Val 
465 ~70 . 475 480 

'J'hr T;":: 'l'rp Glu Gl';J Gl1..1 Gln Glu l1hc Glu Val \!td Se'!:" Thr Leu Ar; 

Thi• iii \1ii1imniii 
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485 490 495 

Leu Gln His Val As~ Ar9 Pro Leu Ser Val Arg cys 'l'hr Leu Arg Asn 
500 505 510 

Ala Val Gly Gln Asp Thr Gln Glu Val ·Ile Val Val Pro His Ser i.eu 
515 . 520 525 

Pro Phe J..ys Val •.Jal Val Ile Ser Ala Ile Leu 'Al.a Leu Val Val ·Leu 
530 535 540 

Th~· Ile Ile Ser Lel.l Ile Ile Leu Ile Met Leu Trp Clln Lyp Lys l1ro 
54~ 550 555- 560 

Arg Tyr Glu Ile Arg Trp Lys Val !le Glu Ser Val Ser Ser Asp Gly 
56b 570 575 

His Glu Tyr Ile Tyr Val Asp Pro Met Gln Leu Pro Tyr ~sp Ser Thr 
580 585 590 

Trp Glu Lau Pro Arg Asp Gln Leu Val Leu Gly Arq Thr Lau Gly Ser 
595 600 605 

Cly Ala Phe. Cly Gln Val Val Clu Ala 'l'h:r Ala His Gly Leu Set' His 
610 615 620 

s·er Gln Ala ·Thr Met Ly~. \lal. Ala Val. Lys Met Leu Lys Ser 'l'hr Ala 
625 63(' . 635 640 

Arg Ser Se~ Glu Lvs Gln Al~ Leu Met Ser Glu Leu Lys !le Met Ser 
G4S 650 65~ 

His J.,eu Qly Pro His Leu Asn Val Val Asn Leu Leu Gly Ala cys Tnr 
6~0 665 670 

Lys Gly Gly Pro Ile Tyr !le Ile Thr Glu Tyr cys ~rq Tyr Gly Asp 
675 680 685 

·Leu v~~ Asp Tyr Leu His Arq Asn Lys His thr Phe Leu Gln His His 
690 695 iOO 

· . Ser Asp Lys 1..r9 .Arg P!.""o Pro ser Ala Glu Leu T}'l'"· Ser Asn Ala. Leu 
70!1 . 7l 0 715 720 

Pro Val Gly Leu Pro Leu Vro Ser Hi~ Val Ser Lc!U Thr Gly Glu Ser 
72b. . 730 735 

i\sp Gly Gly Tyr Met. Asp Met Ser Lys 1,sp Glu Ser Val Asp '!'yr Val 
740 74~ 750 

Pro M.ct l,,eu 1~sp Me.t Lys. Gly Asp Val Lys Tyr Ala Asn !le Glu s~r 
75~ 760 765 

ser Asn Tyr Mat Ala l'ro 'l'yr As~ Aan T~·r Val Pro Ser Ala Pro Glu 
770 ?75 780 

Ar9 Thr cy~ Arg Ala Ttr Leu Ile Asn G1u Ser Pro val Leu ser Tyr 
785 790 . 795 soo 

Met Asp Leu \'al Gly Phe Sc:- Tyr Gln Val Al.!:i Asn Gly Met Glu Phe 
805 610 815 

4_eu Ala Se:- Lys 1\st"l cys Val Hit. Arg Asp Leu· Al-a Ala Arq AGh Val 
• 820 82!> 830 

. 
l..cu :Z.lc Cys Glu G!y l.ys Leu Val J.yt. !le q•s A.sp Phe Gly Leu Ala 

IThisl iilil iii1l1~il1illaced 
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93S 840 845 

Arq Asp Ile !-!ct Arg Asp Ser Mm Tyr Ile ser Lys Gly Ser: Th'.r Phc 
850 ass 860 

Leu Pre> ~!!U Lys 'I' J:"P Met l\la Pro Glu ser Ile Phe A.sn Ser Leu Tyr 
865 S?O· 875 880 

'!'h::- Thr Leu Ser As}:> Val '!'rp Ser Phe Gly Ile Le:u Leu Trp Glu Ile 
885 890 89!> 

Phe Thr Leu Gly ·cay Thr Pro Tyr Pro Glu Leu Pro Met .Asn Glu Gln 
900 905 910 

Phe Tyr Asn Ala Ile Lys Arq Gly T~·r Arq Me't .Ala Gln J?ro Ala His 
'I 

ns 920 925 

Ala Ser Asp GlU Ile Tyl" Gll.! Ile Met Gln Lys cys 'l'rp Glu Glu Lys 
930 935 940 

Phe Glu lle Arg Pro Pro Phe ser Gln Leu Val Leu Leu Leu Glu A:rg 
945 950 9SS 960 

Leu Leu Gly Qlu Glv "!'yr Lys Lys Lys ~·~,rr Gln Gln Val Asp (;) u ~lu 
965 970 97:. 

Phe Leu Arg Ser Asp His Pro Ala !.le i..eu A:r~ ser Gln Ala Arg Leu. 
980 98~ 990 

Pro Gly Phe His Gl }' I.eu Arr; Ser Pro Lau AS~ 'l'hr Ser Ser Val Leu 
995 1000 lOOS 

'ry:: Thr Ala Val Cln Pt"o li.sm Glu Gly Asp ASl'I Asp Tyr !le Ile Pro 
lOlO 1015' 1020 

Leu YJ:"O Asp PJ:"O Lys P::ro Glu Val >.la Asp Glu Gly PJ:'O Leu Glu Gly 
l025 1030 1035 1040 

ser Pro Ser Leu Ala Ser Ser Thr Le~1 .h.sn Glu Val Asn 'I'h:r Ser ser 
l045 1050 1055 

....... .... ,~ Ile ser Cys Asp Ser Pro Leu Glu l>ro Gln Asp Glu Pro Glu Pro 
1060 l06b 1070 

~lu Pro Gln Leu Glu Lau Gln Val Glu Pro GlU l':ro Glli Le\1 c;lu Glr. 
107.S 1080 1oas 

Leu Pro Asp se:r Cly Cys J>ro Ala Pro A'.rg Ala Glu Ala Glu Asp Ser 
).090 1095 l.).00 

Phe Leu 
1105 

(2} rnFORMl\TION FOR SEO ID NO:J: 

(i) SEQUENCE C:HARACT!5U$'l'J:CS: 
(A) ·LENGTP.: 4100 b~sc pnjr~ 
(B) TY.PE: nucleic ac:id 
(C) STAANDEDNESS: double 
(D) TOPOLOGY: linear 

(i~) MOLECULE TYPE: COJ:h to JT.RNA 

(iii} H'iPOTHI:TlCAl.! u 

{ i \') ANTI-SENS{::: ll 
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(Vi) ORIGINAL SOURCE: 
(A) ORGANISM: Homo sapiens 

<vii> IHMEDI1.TE SOURCE: 
(,\) LIBmV: 1a.ll'.bda qtlO 

(iX) FEATURE: 
{A) NAME/KEY: cos 
(B} LOCATlON: 129. I JJS>S 
(D) OTHER INFORMATION: 

(xi l SEQUENCE DESCiU PTION: SEQ ;rn liO:J: 

" TTGGAGCT1.C:: A CG GAGA GM ACAGAGGAGG AGAC1GCAAO AGATCATTCC AGGCCGTGGG 60 

CACGCTC':''!'T ACTCCATGTG TGGGAC:~TTC ATTGC:QCAAT AACATCGGAG GAGA.i\GTT'!'C l20 

CCAGi\GC~ ATG G_ ... 
'"""" 

,..,.. ... _,. TCC CAT C:CG GCG T'l'C: CTG CTC TTA GGC: TG~ CT':' l?C 
Met Cly Thr ser His Pro Ala Phc Leu Val Leu Cly Cys teu 

l s 10 
,.. ... ,, ACA G .... - cTc; AGC C'!i; ~·re C'' . .,.. TGC CAG C~ ':CA TTA cl"'- .,.,._ 

ATC :'!H -· .... u..:. ·- -- .. \... ... 
Leu .,. ..... Gly Leu Se~: 1.cu Ilt> Le'J cys Gln Leu ser .L.eu Pro Se?' '.::le-....... 
, = _ _. 

20 25 30 
,.. ...... CCA Ml' GAA MT GAA A:i.C. CT'!' GTG CAG CTc; AAT TCl, "'"'"" T"'"' '!'CT 26£ ..... .. ._,_ .. .. 
i.eu Pro Asn Gl \l Asn Glu L)'s Vul Val Gln Leu Asn Ser Ser Fhe Si::r 

JS 40 4!1 

CTG AGA TGC 'rT'l' GGG GAG AGT GM GTG AGC TGG CAG TAC CCC ATG TCT 31~ 
Leu Arg Cy~ Pha Gly Gl\l Ser Glu val ser Trp Gln Tyr Pro Met Ser 

50 55 60 

GAA GM Gi\G AQC TCC GAT GTG GM ATC A.GA MT GM GAA MC MC l .. GC :l62 
GlU Glu Glu Ser ser As;;p Val Glu Ile Arr; Asn Clu Glu Aan A$n Se:· 

65 '7 0 15 

. ·a~::: c:sr. '!'TT GTG 1'.Cd C"""' ..... TTG GM G1C AGC AO'l' GCC TCG G""" '"" GCC ,.. .. ,.. _,... __ 
4H-

Cly z..eu Phe Val· Th::- Val Leu Glu Val Se:' Set' Ala Ser Ala Ala His 
80 85 90 

..... G"'"' 
,..,.,,. 

T~C ;..r~ ·.rec T""' Ti\C J..A.C CAC ACT CAG 1'.C:A G~\ GMi Al\! t;~:. n'-" '1"7 ••"' I\£ -· 1''"~ 
,..,., Leu ~'1·:· ,,..."_ Cyo '!'i'~ 'I'!tr Asn His Th:- Gln Thr Glu Gl~ Asn ··- u' 'I ...... 

(I= 100 l.05 110 pJ 

GAG C'::'T GM GGC 11.GG C/..C: 1-.'!'T· ':AC ATC n:; GTC cc1, GAC CCA GNl· CTA 50(, 
Glu }Jell Glu Gly Ar9 His ;i'lc T}·: lle· '!'V'T: Val ~-ro Asp Pro >.sp Va.l 

115 l2_o 125 

GCC TTT Gt A CC':' CT/\ GGA A'rG /'.CC GAT TAT TTA uTC ATC G'l'G G .. - Gl..T s:,~ ,... .... .. 
Ala Phe Val Pro 'Leu Gly Met Thr Asp 'l'yr Leu Val Ile Val Gl\l Asp 

130 l.35 140 

GAT GAT 'l'CT.GCC 1'~TT A"tA CC:T TGT cc;·c AC/, ACT GAT c:ec GAG ACT er'!" ..... r,c:: 
Asp. AE>p Ser /\la !lo Ile Pro _cys 1>.rg Thr ·'l'nr ASp P:t"o Glu Th~' I•ro 

145 ).SO 155 

GT~ 1\CC •'T''T91!. - .n CAC AAC /,GT GAG GGG CTG CTA CCT GCC TCC TAC Gi\~ AGC 65t 
Val 'l'hr Leu His Asn Ser Glu Gly Val Val Fro Ala Ser Tyr Asp ser 

160 HS 170 

AGA Cl,G GGC .,...,....,... 
AAT GGG ;,cc TTC ;..c:T ..... GTA G"'"" U\l\' cc~ TA'l' ,_,TC '!"G1' GAG 69/.: 

Ara Glt: Cly Phe As;n c:, .. ..-1.. .. Phc !'f\\.o.i..- Val Gly Pro Tyr !le cys Glu . .. ~ -1 ....... ...... 
.. I:, 180 185 190 
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CCC ACC GTC 'AAA GGA A.AG AAG TTC CAG ACC ATC CCA TTT Al\T GTT TAT 746 
Ala Th~ Val Lysi. Gl v t.ys Ly!- l'he Gln Thr lle Pro Phe Asn Val 'j'y-: 

195 200 205 
; 

. GCT 'l"l'A AAA GCA ACA TCA G;.C CTG. GAT CTA .GAA ATC GM"·GC'l' CTT AAA 794 
Ala Leu 1.ys Ala Thr Ser -:ilu Leu Asp Lau Gl\.l Met Glu Ala Leu Lys 

210 215 220 

ACC GTC 1AT .\AG TC~ OG3 GAA ACO ATT GTG GTC ACC TGT CCT GTT TT~ 842 
tnr Val Ty~ Lys Se~ Gly Clu Thr·11e Val Val Thr cys Ala Val Phe 

225 230 23$ 

AAC 'A.AT GAG G~G CTT 3AC CTT CAA TGG ACT TAC CCT GGA GA.A GTG 'AJ..~ 
Asn Asn Glu Val Val Asp Leu Gln Trp ThT Tyr Pro GlY, Glu Val Lys 

240 24S 250 

GGC AAA GGC ATC ACA ATG CTG GAA ~AA ATC AAA GTC CCA TCC ATC A.1-.J.. 
Gly l.ys Gly Ile 'l'hr Met Leu Glu cau Ile Lys Val Pro Ser lle Lys 
255 260 265 270 

~TG GTG ~AC ACT TTG ACG GTC CCC GAG GCC A~~ GTG /:.>.>. GAC AGT GGh 
Leu Val !}'r Th:- Leu Tht' Val Pre Gli.: Ala Th::;- Val Lys Asp Ser Cly 

275 280 285 

GAT TliC GAA '!'GT GCT GCC CGC CAG GCT Ace J,.GG GliC GTC MJi . GM ATG 
Asp 'l');r Glu C}·s ~Ala Ala Arg Gln Ala· Thr Ar9 Glu Val J,y!;_ Glu Meo;· 

290 295 JOO 

1'1-.G AAA GTC /;.C:T ATT TC'l' GTC CAT G.\G AAA GGT T'l"C: ATT GA1'. ATC AAJ.. 
L.ys Lys Val Thr Ue Ser 'Jal His Glu Lys Gly Phe Ile Ctlu Ile l.ys 

305 310 315 

CCC ACC tTC AGC C.\G TTG GM GCT GTC AAC C'l'G CAT GAA G'l'C AAA CAT 
Pro Thr Phe Ser Cln Leu Glu Ala Val Ash Leu His Gl~ Val Lys His 

J20 325 330 

TTT G'M' GTA GAG GTG CGO GCC TAC CCh cct CCC AGG ATA TCC TCC CTG 
Phc- Val Val Glu \'al At"q Ala l'J.'yr Pro Pro l1 ro Arr; Ile Ser Trp J,cu 
335 340 345 350 

AM AAC MT CTG 1~c-r c'l'C -~TT GAA A'A'r C'TC ACT GAG ATC ACC AC~ GAi" 
l..ys /\sn .~sn L~u 'fhr Leu lle cau Asn Leu 1'hr Glu Ile '!'hr Thr Asp 

355 360 365 

::rra cu J..AG AT-r CAG CAA l.TA l\Gu TAT CGA ;.cc l\:AA ";"TA MG CTD ;.:re 
Val Gb Lys lle Cln Glu ll~ Arg 'I'Vr Arg Ser LYS Leu Lyf.: J.el.! Ile 

370 37~ 380 

CCT GCT MG GAA G;.J, G/\C hG'i" CGC Cf..T TA'I' ACT A'TT GT.i\ GCT CA:. 1-.J.:r. 
At"r:t Ala L}'s Glu Glu Asp Ser Gly His '!'}'r Thr Ile Val Ala Gln Mm 

385 390 395 

GA/\ Gf,T CCT GTG MG i\GC TA'r AC'l' '!'TT GM CTG TTh AC:T CAA G"'"' 
· ·Glu 1'1!;p Ala Val I.yr. Se::- 'l'yr Thr Phe C>lu Leu Leu 'l'h1=" Gln \la! 

. 400 405. 410 

938 

986 

lOJ~ 

1082 

1130 

ll"JS 

.)226 

lJ22 

1370 

TCA TCC ATT C~G GAC TTG GtC GAT GAT CAC.CAT GGC TCA ACT GG~ Gun 1418 
Ser Ser Ile L.eu Asp Leu Val Asp Asp Hi~ His Gly Ser Thr Gly Glv 
415 420 425 430 

CAG AC~ G'!'G 1.GG TGC: ACJ. GCT GAA GGC ACG CCC CT'!' CCT CAT '/,T"'.' Gi\G l <l66 
Gln Thr Val Arg cys Thr Ala Qlu ·Gly ThJ:" Pro Leu Pro Asp !le Gl\.: 

435 440 445 

TGC AJ'.J.. C..!.T AT':' AAG hJ.1-. TG1' MT AJ.\.T GM ~C'!' J s1.; 
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Trp Met Ile CV& Lys Asp Ile Lys Lys Cys Asn Asn GlU Thr Ser '!'rt-
t&o 455 460 

AC'I' 1..T'!' '!'TG G:::c 1-.AC AA'l' CTC 'I'CA· MC ATC ATC ACG GAG ATC CAC TC: ~562 
·Th~ IlEt Leu Ala Asn ·AM Val Se:r Asn l.le lle Thr Glu Ile His Ser 

465 470 475 

CC.A GAC AGG AGT ACC GTG GAG GGC CGT GTG ACT TTC OCC 1..AA GTG G~~ 
Ar9 Asp Arq Ser Thr Val GlU Gly Arg Val ~hr Phe Ala Lys Val Glu 

480 485 490 

l 6 l (l 

GAG ACC ATC ace GTG CGA TGC CTG GCT AAG AAT CTC CTT GGA GCT GAG 16~8 
Glu Thr Ile Ala Val Arc cy~ l~u Ala Lys Asn Lau Leu Cly Ala Gl~ 
49:> so6 sos ~10 

AAC CGA GAG CTG AJ..G C'l'G GTG GCT cct >.cc CTG CG'l' TC'I' GAA CTC AC:G :n Oc 
Asn Arg Glu Leu Lys Leu Val Ala Pro Thr Leu Arq Ser Glu Leu Th~ 

51::0 520 525 

o:r:; a::! 3CT GCA G'!'C CT~ GTC CTG 1''rG ·GTG 1' .. TT GTG 1~Tc ATC. 'l'Ch CT;" ::. 1:5.; 
Val Ala J.la Ala val t.eu val Leu Lru-1 ·val !le Val Ile !le Ser Le~ 

530 535 540 

A'r:r G'l'C ::'G GTT GTC ATT TGG J..Al-. CAG 1~ CCG AGG TAT GAA A't't CGC 1802 
Ile Val L~u Va1 Vai Il ~ 1•rp Lys Gln J.ys l>ro Arg Tyr Glu !le :Arq 

545 550 SSS 

TGG AGG GT: ATT GA.A TCA A'l'C AGC CCA GAT GGA CAT GA.A T~'I' ATT TA:' 1850 
Trp Arg Val lle cau Ser Ile Se?' }1ro A~!;) Gly His GlU Tyr !le 'l'yr 

560 565 570 

GTG GhC CCC A'l'G CAC C:T::; CC'r TAT GAC 'l'CA AGA 'l"CC GAG '!'TT cc;\ l·GA l89B 
Val >.sp Pro Met. Glt1 ·Leu Pro 'l'yr Asp Ser Arq Trp Glu Phe Pro Ar-:1 
~iS 580 SSS 590 

GA.T GGA CTh C>'l'G CT'l' GGT CGG GTC T'tG GGG 'X'C1' GG>i. GCG T'!-'!' GCG 1\~G l 9' G 
Asp Gly Leu Val Leu Cly Arr; Val Leu Gly Sar Gly .i\.la Iiha Gl~· Ly!.' 

C'tG G':'~· 3M 
Val \'al Gl"u 

,,,. ... 
U\Jll\ 

Gly 
GlO 

595 600 &oe; 

r,o, GC: '1'1• • .'l" GGi\ '!'TA AGC CGG TC: CA.A C~'!' 
'l'h.r Alli Tyr Gly Leu Ser Arq Ser Gln Pro 

Gl5 620 

G':': 1\TG 
Val Met: 

)._'i;),. GTT GC,\ G'l"G "/..J..G ATG CT.A /;.,.,).. cc~ 
Lys Val J..la Vai l.yfl ~et Leu Lys J>ro 

G25 C>JO 

Ge: AGfi •rec MiT GlJ.. AA~. 
Ala Arg Ser Ser Glu Ly~ 

635 

199.; 

CAA GC'l" CTC /',TG TCT GAA CTG MG AT}. J..TG ACT c1,c CTG GGG CCh CAT 209G 
·G·ln Ala Leu Met Ser Glu Leu i ... ys lle Met. 'l'hr His Leu Gly Pre His 

640 645 650 

TTG Al\C AT'!' G';'A AJ..C 'I''I"G CTG r;c;,A GCC TG~ /I.CC MG TCA GGC c:: AT': 2130 
Le~ Asn Ile Val Asn Leu Leu Cly Al~ cys ~hr Ly6 Ser Gly Fro Ile 
65b 660 665 670 

TJ1C J..TC 1.:r·c AC1'. G~C T)..'f TGC '!";'C '!'A'l' CG.\ GAT TTG ·GTC MC TA"t '!'T::; 218(: 
Tyr Ile Ile Thr Clu Tyr Cy.: Phc Tyr Gly Asi:> Leu \'al Asn 'l'Y~ L~\: 

67~ 680 685 

Cl\T lJ,G l,J.T J,GG G~T AG~ TTC CTG AGC CJ.C CllC CCA GAG AA~; CC.'; AJ..~; n:J.: 
His I.ys r.sn Arg Asp Ser Phe Leu Ser His His Pro Glu L·.;s Pr~ L)'$ 

1'N-. Gh~ 
t.ys Glu 

690 6% 700 

CT5 c;,•._7 
Leu t.sp 
'705 

l\:': ':'!''! t.G~. T'I3 11.1"\C CCT GCT O>.'J' GM A3C AC).. 
llc ?he Cly Leu Ash Pro Ala Aso Glu Ser '!°!:!" 

710 . 715 

cc::; . -­,,.\,.:,. ,, 
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AGC TAT GT'l' AT'I' 'l'TA TCT TTT GAA AAC AAT GGT·QAC: TAC ATG GAC ATG 2330 
ser Ty-:: val lle Leu Ser Phe Glu Asn Asn Gly A$p Tyr Me~ Asp Met 

720 725 730 

AAG CAG GCT GAT ACT ACA CAG TAT GTC CCC ATG C'l'A G'4.A AGG AAA GAG 2376 
1.ys Gln Ala Asp Thr Thr Gln 'I'yr Val Pro Mei Leu Glu Ar9 Lys Glu 
735 740 745 750 

'I GTT 'l'CT AAA TAT TCC G~C ATC CAG AGA TCA CTC TAT CAT car CCA GCC 2426 
Val Se~ Lys Tyr Ser Asp lie Gln Arg Ser i..eu Tyr Asp Arg Pro Ala 

755 760 765 

TCA TAT A.AG MG AM TC'!' ATG 'rTA GAC TCA GM GTC AAA MC CTC CTT 2474 
Ser Tyr Lys Ly~ Lys Ser Met ! . ..Cu Asp ser Glu Val Lys A?n Leu Leu 

770 775 780 

TCA GAT GAT >.AC TCA GM Gr"' "''" CTT ACT TTA TT~ GAT TTO TTG AGC TTC f!522 
Ser Ai;p Asp Asn Ser Glu Gly Leu Th:r Leu J..eu Asp Leu Leu ser Ph& 

785 790 79$ 

ACC 'l'AT"CAA GTT (;C:C c:;;;.. GGA 11.TG GAG '!Tr TTG GCT 'rCA·AAA AAT TGT .2570 
Thr Tyr Gln Val 1~1a Arg Gly Met Glu Phe Leu Ala ser 1.ys Asn cys 

800 805 810 

CTC CAC CGT GAT CTG GCT CCT CGC AAC GTT CTC CTG GCA CAA GGA A.1\A 26lS 
Val His. Ar9 Asp Leu 1'.la Ala Arg Ash Val J.,eU Leu Ala Gln Glf Lys 
815 620 825 SlO 

AT".r Ci''"" ...... AAG A'l'C TGT GAC: TTT GGC CTG GCC AGA GAC ATC ATG CAT CAT 2666 
lle Val l.ys Ile cys /\sp Phe Gly Leu Al~ Arq Asp Ile Met. His Asp 

835 840 845 

TCG AAC TAT G'rci TCG AAA GGC ACT ACC 'I'TT CTG CCC GTG AAG TGC. ATG 2714 
Ser Asn 'r'/r Val. Ser Lys Cly Ser Thr Phe Leu·Pro Val Lys 'l'rp Met 

BSO 855. 860 

GCT CC!' GAG AGC A'I"C ITT (;AC AAC C'l'C: TAC 1'.CC >.CA CTC AG'r GAT GTC 2762 
Ala Pro Glu ser Ile Phc Asp Asn Leu 'l'yr Thr 'l'hr Leu Ser A!ilp Val 

86_S 870 875 

TGG TCT TAT GGC A'I'T CTG ere 'l'GG GAG ATC TTT TCC CTT GGT GGC i".CC ?.SlO 
Trp s~r Tyr Gly Ile Le\1 Leu Trp Glu !le Pho ser Leu Gly Gly 'l'hr 

880 BBS 890 

CCT 'l"l•C CCC GGC' ATG A'l'G GTG GAT TCT ACT TTC TAC MT MG ATC AAG ].!:!58 
Pro Tyr Pro Cly Met Met Val A~p Set' 'l'hr Phe '!-yr ~Sh l.ys !le Lys i. 

895 . 900 905 910 

.AGT GGG 'rl..C C:GG· ATG ~cc AAG CC'l' Gl,C CAC GCT ACC AGT GM OTC TAC 7,906 
Ser Gly Tyr Arg Met /\1 ri · Lys Pro Asp His Ala 1'hr Ser qlu val T)'r 

9lf. 920 925 

GAG ATC ATG G'l'G Al'\A 'l'G C TGG AAC AGT CAG CCC GAG MG AGA t"~ ~ ... rec 7.95~ 

Glu Ile Met Vai.Lys Cy6 Trp Asn ser Glu l'ro Glu i.ys ]>..rq Pro Set" 
930 935 940 

TT'I' Tl,C CAC CTG AG'!' G1.G At'I' GTG GAG MT CTG C:TG CCT GGA CM 'rAT 3002 
Phe Tyr Hi5 Leu SGr Clu Ile Val Glu Asn Le\l L~U Pro Gly Gln Tyr 

945 5)50 955 

AM MG 1,GT 'rAT GM J...AJ.. ATT CAC CTG GAC 'M'C CTG MG AGT GAC CAT 3050 
l.yi; Lys Ser Tyr Glu Lys !le His J..eu Asp Phe Leu Lys Ser Asp Hu:; 

960 96S 970 

C.CT GCT GTG GC/, CGC :.-ra C~T C"""' J.U GAC 'TCl\ i;•,.. 
~- AAT GC1\ T•"' ......... J\~ GGl' 3C198 
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Pro Ala Val Ala Arg Met: Ar9 Vo.l /\Sp Ser Asp Asn Ala Ty:- Ile Cly 
975 980 985 990 

-GTC ACC . TAC MA 1'1.C c·,. GAA CAC AAG CTO AAG GAC TGG GAG GGT GG'I" ,..~ 

Val Thr Tyr Lya _Asn Glu G.lu Asp Lys Le_u Lys Asp Trp Glu Gl~· Gly 
S>~S .1000 1005 

CTC GAT GAC CAG AC~ CTG AGC' GCT GAC AGT GGC TAC 1'.TC ATT ccr CTG 
Leu Asp Glu Gln Ari;:J Leu Se::- Ala Asi:> Ser Gly '!'yr Ile Ile Pro Leu 

1010 1015 1020 

CCT GAC A'tT GAC CCT GTC C:"'"' '-- GAG CAGr CAG GAC CTG GGC AAG 
Pro Asp !le Aap Pro Val F:rc Glu Glu GlU Asp Leu Gly Lys 

1025 1030 1035 

AGA CAC f,GC TCG CAG ACC .,..,..'"T' ......... GAA G1"1C A.GT GCC ATT GAG ACG 
Arq His Ser Ser Gln Th:: Ser Glu Glu Ser Ala Ila Glu 'l'hr 

1040 1045 1050 

AGC: .1<.GT 'rCC ACC T'!'C ATC i\AG 1.GA ...... ~ 
Ul\\.1 GAC OMi ACC ATT GA.A 

Ser .ser Ser Thr Phc ll e ·1.ys At:g Glu Asp: Glu .Thr J:le Glu 
1055 1060. t065 

G>.C! ATG ~TC GAC GAC 1"\rc G-"" ....... ATA Gl\C TCT TC:A GAC CTG GTG 
Asp Met Met Asp Asp !le: G.ly llc .\sp Ser Ser Asp Leu Va.l 

1075 1080 

AGC TTC: C::TG TAACTGGCGu h~Tt~~GG~~ ~TCCTTCCAC ~TCTGGGGCC 
Ser ?he Leu 

ACCTCTGGA'l' CC:CGTTCAGA AA.l~CCh~tTT ATTGCAATCC GGAGGT'I'GAG 

GGTTCA!l':;TT TM.AGl~GAAG TTCC:AGCC>. >.GGGCCTCGG SGAGCCTT'l'C 

TGMTGGGAT A'l"TTTGAM'l' GAAC':'T~,G';"t 1.GTGTTGCCT c:TTGCMTGC 

TC'l'C:ACTGGT GTGTG11AG"l'':' TGGAGhTAC.~A TGGATAAGGG AATAA'I'AGQC 

GAACTTTCTC CTTCAl.GGAC: ,·\ 'I-:'GG"!"U AC,\ GTCCMCACA CACM 'r'l''.t' AT 

AACTTCAGCA 'l'TGT1~1"1"f~ T GTAAJ-.. Tl\~~C':' CTAACCACGG CTGTG'l''l'TAC 

CT~TCTTCTT TGGAC"l"!'CTG AAG:...~l...~~c: ... c TCAATCCATC CATCTACTTC 

CCTG~TGTCA GCTCCTG'l"l'G AA~T'"::T'l'hA AG1'_.l\.GTGCAT GAAAAACCA'l' 

AAAAGGTACT GG')'J>.CT.l\TAG C::/,T'!''L'GCT~ 'l'C:'ITTTT'l' AG 'l'CTTAAAGAC 

ATA.-\.TTAACC MC.CTTGTT':'. AAT,: .. ::J'..'I'TTG GG'l'C;..TTTAG AAGCCTGACl1 

· J.TA'l"l'GTAAT CTA'rGTTTJ,':' AA7.~.:.T~.CT,, CTGTTATCAG 't/i.ATGCTMA 

TGTAA 

( 2) INFO"P.MATl ON FOR n:.c· :; 0 HO: ~ : 

( l • 
•I 

(ii) 

Sl:QUEUCr. Cl!J~PJ,C1'EH! ST!CS :· 
(A) t.E1rnn:: lOS!i a::11no acids 
(B) TYP~: ~~ino acid 
(Dl T01'C•l.OC'i'; linear 

(xi) SEQUENC~ !If:!;. ~?.IPTio~:: SE·~ 1 D HO:~: 

AGG MC 
Arg Aan 

GG'!' 'I'CC 
G'" •1 Ser 

Gl\C M'C 
Asp Ile 

10/C 

GAA GAC 
Glu Asp 
lOS$ 

AGGAGGAC'!'~ 

TJ...AATATG;..:., 

C:TCAGTAGC~ 

CACl-.GAAC~~ 

1,cTGCCAc;,::; 

:t...T':GTATT1u'\ 

CC':~TTGA;..:,.. 

'I"!'TTGl-.C:C:'T 

ATAAAG'AATJ; 

ACTCl'~TTr:;-:: 

TGTGTli.ATA~ 

J146 

j 29() 

:349:1 

J55.5 

3Gl5 

367~; 

:n:?:. 

'.3795 

:iss:: 

391:, 

3975 

4 03!: 

a09!'· 

4100 

• 
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Met Gly Thr Srt.r His Pro Ala Phe Leu Val Leu Gly Cys Leu· Leu Thr 
1 5 10 15 

Gly Leu Ser !...e\1 ll·~ Leu cys Gln Leu Ser Leu P:r:o Ser Ile J:..eu Pro 
20 25 30 

Asn Glu Asn Glu iJys Val Val Gln t.eu Asn Ser Ser Phe Ser Leu A~9 
35 40 45 

Cy$ f'he Gly Glu Ser CHI.! Val Ser Trp Gln 'l'yr Pro Met Ser Glu Glu 
so 55 60 

Glu Ser Ser A~p val Glu lle Arg Asn Glu Glu Asn Asn Ser Gly Leu 
E~ 70 75 80 

Phe- Val 'I'hr ·-1al Leu Glu Val Ser Ser Ala Ser Ala Ala His 'rhr Cly 
85 90 95 . 

1..eu Tyr Thr :;ys Tyr 'J'yr Asn His Thr Gln Thr Glu Gl\1 Asn Glu r..au 
100 . lOS. · l.10 

Glu Gly Arg His l~.c: Tyr !le 'l'Yr 'Jal Pro Asp ·Pro Asp Val Ala Ph"e 
115 120 125 

\'al )?ro Let: Gl y Met Th:::- Asp Tyr Leu Val Ile Val Glti Asp Asp Asp 
1:10 l.35 140 

ser Ala :Ch lle l>~o cys Ari; 'I'hr 'I'hr Asp Pro Glu Thr Pro Val Thr 
145 150 ).55 160 

Leu His A~·· Ser Glu Cly Val Val Pro Alo. Ser Tyr Asp Ser Arg Gln 
l.65 170 175 

Gly ~n~ As~ Gly ~hr Phe ~hr Val Gly Pro 'ryr Ile cys Glu Ala T~r· 
180 . 185 190 

va:i. Lys Gly l.ys Lys Phe Gln Thr Ile Pro Phc Asn Val '!'yr Ala Leu 
195 200 205 

LY~ hla Thr Sar Glu Leu A~p Leu Glu Met Glu Ala Leu Lys Thr val 
210 215 220 

'!~. r Lys Ser Gly Glu Thr Ile Val Val 'l'hr Cys Ala Val Ph~ Asn Asn 
:.;2.s 230 235 l40 

GlU Val Val Asp Leu Gln Trp Thr '.l·~·r Pro Gly Glu Val Lys Gly Lys 
245 250 255 

Gl:,.· IJ.c Thr Met Leu Glu Gl.tJ ·!le Lys Val l>~o Ser Ile Lys i..eu Val 
260 UiS 270 

T)'r Th:- Le\l Thr val ! 1ro· Qlu Ala Thr Val Lys Asp Ser Cly Asp 'l'yr 
275 280 285 

Glu C\1 $ Ale Ala Arg Glh Ala Thr Arq Glu Val Lys Glu Me.t l.ys Lj'S 
290 295 300 

Val TM." Ile Ser Val Hiz Glu Lys. Gly Phe Ile Glu Ila Lys Pro Thr 
:los :no ns no 
Phe Ser Cln Leu Glu Ala val Asn l~u His Glu Val Lys His ~he Val 

325 330 335 

·:al t.lu V~l ,b..rg Ala •1y1- Pro Pro Pro ArC;J !le se:- Trp Leu L~·s Asn 
340 3~5 3Ml 
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l lllllll llllll llll lll llll 

. Asn Leu 'I'hr Le·.i Ile Glu Asn Leu Thr Glu Ile Th:r Tht' ASP}) Val Gl~ 
355 360 J65 

Ly~ Ile Gln Glu Ile Arg Tyr Artj Ser Lys u=u Lys Leu !le Ar9 Ala 
370 375 380 

Lys Glu Glu Asp Ser Gl)' His Tyr Thr l.1£? Val Ala G"ln Asn Glu As;> 
385 390 395 400 

Ala Val Lys Ser Tyr Thr Phe Glu Leu Leu Th~ Gln Val Pro Ser Ser 
405 410 415 

!le Leu Asp Leu Val Asp Asp His His Gly Ser 'l'hr Gly cay Glh '!'hr 
420 425 430 

Val Ar9 Cys 'Ihr Ala GlU Gly Thr Pro Leu l'rO Asp :Ile GlU Trp Met 
435 440 445 

Ile: cys Lys Asp Ile Lys t.ys Cys Ai::n Asn Glu 'l'hr Ser 'l'rp Th:r Ile 
450 45& 460 

Leu Al~ Asn Asn Val Ser Asn Ile !l~ Thr Glu Ile His Ser Arg Asp 
465 470 475 ~ao 

Arq Ser Thr Val Glu Cly Arg Val Thr Phe Ala Lys Val GlU Glu Thr 
485 490 49.S 

Ile Ala Val Ara Cys Leu Ah Lys Asn Leu Leu cay Ala Glu Asn M:g 
so6 sos sio 

Glu Leu Lys L.au Val Ala Pro Thr Leu Arg sen· Glu Leu Thr val Ala 
515 520 $25 

Ala Ala Val Leu Val Leu Leu Val lle Val -lle Ile $$r Leu Ile _Val 
. 530 535 540 

Leu Val Val Ile Trp I~ys Gln Lys Pro Arq 'tyr Glu Ile Ar(3 Trp Arg 
545 550 555 560 

Val lle Glu Ser lle Sar Pro Asp Gly lUa Glu fyr Ile '!yr Val Asp 
565 570 575 

Pro Met Gln Leu Pro Tyr Asp S~r 1'.r9 Trp Glu Phc P::o Arg Asp Cly 
sao ss:> S96 

~u Val Leu Gly Ar~ Val Leu Cly Ser Cly Ala Phe Gly Lys Val Val 
595 600 605 

·c;11.1 Gly Thr Ala 'l'yr Gly Leu Ser 1'rq Set" Gln ~\ro. Val Met Lys Val. 
610 615 6~0 

Ua. Val Lys Met Leu Ly£. Pro Thr Ala Ar9 Ser ser Glu Lys Gln >.la 
625 6lO 635 640 

Leu Met Ser Glu Leu Lys Ile Met Thr His Leu Gly.Pro His Leu Asn 
645 650 655 

Ile Vc.l A!m Leu Leu Cl~· 1\.la cys Tht" Lys Ser Gl.y P?"o Ile 'ry::- lle 
660 665 670 

· 11e 'l'hr Glu 'l'yr Cys Phe Ty:r Gly Asp Leu Val Asn T)'r I.,Qu His Lys 
67.5 680 685 

Asn Arq Asp ser Phe Leu Se.r His His Pro Glu Lys Pro Lys Lys Glu 
690 69S 700 
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Leu Asp !lo Phe Gly l,,eu Mm J>ro Ala Asp Glu Ser Thr Arc;r Ser Tyl" 

. 705 710 715 720 

Val Ile L~u Ser Phe Glu Asn Asn Gly Asp TY~ Met Asp Met Lys Gln 
725 730 735 

Ala Asp Thr Thr Gln Tyr val Pro Met Leu Glu Arq Lys Glu Val Se~ 
740 745 750 

Lys 'J'yr Ser Asp Ile ci"n Arg Ser Leu Tyr Asp Ar; Pro Ala Ser 'fyr 
755 760 765 

Lys Lys Lys Ser M~t Leu A~p Ser Glu Val Lys Asn Leu I,,eu Ser Asp 
770 775 780 

·Asp Asn Ser Glu Gly Leu Thr Leu Leu Asp i..eu Leu Ser Phe Thr 'l'yr 
785 790 795 800 

Gll'l Val Ala A~Q Gly Met Glu .Ph·e Leu Ala Ser t..ys Asn cys Val Hb 
8~5 . 810 81& 

Arg Asp Leu Ala Ala Ar9 Asn Val Leu Leu Ala Gll'l Gly Lys Ile Val 
820 825 S30 

l .. ys Ile cvs Asp Phe Gly Leu Ala Ar; Asp Ile Met Hb A$p Seu· Asn 
SJS 840 845 

Tyr Val Ser Lys Gly Ser Thr Phe Leu Pro Val Lys T~ Met Ala Pro 
850 855 860 

Glu Ser lle Phe Asp Asn Leu Tyr Thr Thr Leu Ser Asp Val Trp Ser 
s65 a10 s1s sao 

T'fr Cly Ile Le.u IP-u ·Tr~ GlU Ile Phe Ser Leu Gly Gly Thr ~rP Tyr 
SSS 890 S95 

Pl"O Gly Met Met Val Asp Ser Thr Phe ·Tyr Asn LYS Ile Lys Ser Gly 
900 905 910 

Tyr Arg Met Ala Ly~ l'YO Asp His Ala Thr Ser Clu Val Tyr Glu Ilt? 
9lf> 920 925 

Met val Lys cys 'l·rp Asn Ser Clu Pro Glu Lys Arq PJ:'o Ser l,h~ Tyr 
930 935 940 

His Leu Ser Glu Ile Val Glu Asn Leu Leu Pro Gly Gln Tyr Lys Lys 
. •945 950 955 960 

s~r '1'yi- Glu Lys n c His Leu Asp Phe Leu. Lys ser Asp His. l•ro Ala 
965 970 975 

Val Ala Arq Met Ar9· Val Asp Ser Asp Asn Ala 'l'YT Ile Gly Val 'l'hr 
980 985 990 

Tyr Lys Aan Clu Glu Asp Ly!:l Leu Lyf; Asp '!'rp Clu Cly Cly Leu Asp 
995 1000 1005 

Glu Gln Arg Leu Se:- Ala Asp Ser Gly Tyr Ile Ile Pro Leu Pro ~sp 
1010 l015 1020 

Ile Asp Pro Val I•ro Glu. Glu Glu Asp Leu Gly t.ys Arg Asn >.r9 His 
1025 lOJO lOJS 1040 

Ser Ser Gln.Thr s~r Glu Glu Se~ Ala Ile Glu Thr Gly ser Ser Ser 
1045 1050 10~5 
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Ser Thr Phe Ile Lys ~rg Glu Asp Glu Thr Ile Glu Asp !le A$p Met 
1060 1065 1070 

Met Asp Asp lle Gly Ile Asp Ser Ser Asp Le~ Val Glu APP Ser·Pha 
1075 1080 1085 

l..eu 

(2) IN70ru.'.ATION FOR SEQ ID NOt5: 

( j ) 

(iii 

(iii) 

(iV) 

{vi) 

(Vii} 

(ixl 

SEQUENCt CUARACTERISTICS: 
(A) LENGTH: 6375 base pairs 
CB) TYPE: nucleic: acid 
( c) S'!'RANDEONESS: doublo 
( D) TOPOl.OGY: linear 

MOLECULE Ti'Pl-:: cDNA to -:.:.RNA 

HYPOTHETI CAl.: N 

ANTl-SENSE: N 

ORlGINAL SOURCE: 
(A) ORGANISM: Homo Sapiens 

IMMEDIATE SOURCE: 
(A) LIBRARY: lat\bda gtl.0 

FEATURE: 
HAME/KEY: CDS 
LOCATION: 129,,3395 

(A) 
(B) 
( t>) OTHER INFORMATIOll: /note= 11nucleotidc nUlnbEU" l of this 

sequence is identical to ~he nucleotide 
number l of ~he previous ·HOO long 
s;equence. 11 

(Ki} S~QUEUCE DESCR!l"'r!O~J: SEQ ID N01S: 

'ITGGAGCTAC AGGGAGAGAA ACAGAGGAGG AGACTGCA.~G AGATCATTGG AGGCCG'IGGG 60 

CACGCTC:''!'T ACTCCATGTG TGGGACATTC ATTGCGGA1i.T MCATCGGl>.G GAGMGT':'TC l20 

CCAGACCTAT GGGGACTTCC CATCCGGCGT TCCTGG'l'CTT AGGCTGTCTT CTC:ACl,GGGC.: lSO • 

.. TGAGCC'!'MT CCTttGCCAG CTTTCATTAC CCTCtATCCT TCC.AAATGAJ\ AA'l"(;lV.J-.J.GG 240 

TTGTGCAGCT GAATTCATCC ";'l''l".l'CTC:TGA . GATGCTTTGG · GGAGACTGM GTGAGCTGGC 300 

1-GTACCCCAT GTCTGMGA~ GAGAaC'l'CCG ATG'.rGGi\AAT CACMATGAA GAMA CAA CA 3 (,() 

GCGGCCT"'!'"!"l' TCTGACGGTC TTGGAAGTGA GCAGTGCC'l'~ GGCGGCCCAC ,\CAGGCT1'G1' 420 

ACACTTGCT}.. TTACAACCAC ACTCAGACAG AAGAGAATq,... GCTTGAAGGC J.GGCAC.?i'!'TT 4BO 

ACA'rCTATGT GCCAGACCCA GATGTAGCCT 'l"l'GTACCTC';' AGGMTCACC GATT.r;TTTJ\.G ~)4 (l 

TCATCGTGCA G3ATGATGF\'r TC'rGCCATTJ. TACCTTGTCG CACAACTGAT CCCGAGAC:TC 600 

CTGTAACC'rT ACACA1\CAGT GAGGGGGT.GG TACCTGCCTC CTACG.i\CAGC AGACAGGGC'!' G6u 

'!"1'AhTG::;G1,c CITCACTGTA GGG CCCT.Z.':'.!;, T=TGTCAGCiC CACCOTCiVJ, Ge; ~AASJ..ACT 72C 

TCCAG~CCAT CCCA'!ITAJ..T CTTTATGC:-';' TAAAAGCAA: )\ 'l'CAG1=.C ::-re G;~:-c·:i.~r.:;..: .. i!.lO 
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TGGAAGCTC'!' TAAAACCGTG ':'hTA.\GT:!AG GGGAAACGAT T(iTGGTCACC TQTGCTGTTT 84C1 

-::TAACAAT31\ GGTGGTTGll.C C'!'TCA.ATGGA CTTACCCTGG AGAAGTGAAA GGCAAAGGCA 90C 

rc.a.cA}:rCCT GGAAGAAATC AAA~'l·CCCAT CCATCAA>.'n GGTGTACAC'f TTG.ACGGtCC 960 

CCGAGGC~l .. C GGTGAAAGi\C .~GTG:'.>,\GAT7" ACGAATGTGC TGCCCGCCAG GCTACCAGGG 1020 

" AGGTC.\.AAGA ~Z\ TGAAGAM C!'CAC'TATT'J' CTGTCCATGA GAAAGGTTTC A T'l'GAl\A 'l'CA 1080 

t~cc:c1,c:T1' cAaccAGTTG GAAGCTGTCA ACCTGCA'rG;. /,GTCAAACAT '!'TTGTTGTJ\G ll4ti 

AGGTGC~~uC CTACCCACCT ccc;,G~ATA'I· CCTGGCTGAA AMCAATCTG ACTCTGATTG 1200 

;...AAJ,.TC'!'CAC TC>.GA 'l'CACC i-.CTGn '.!'G'I'GG AAAAGl.TTCA GGAMTMCG TA'rCGAAGCJ. l260 

MTT'AAAtJC": G.\TCCCTGCT r . .?.GGAAGAAG ~CAGTGGCCA TTATACTAT'!' G"r.\GCTCAAA 13:?.C 

J!,tGAAGt.TGC 'l"QTGAAGAGC T);.T.AC'!'Tl'TG AACTGTTMC '!'C.\J\GTTCC'!' TCATCCl.TTC ;, :380 

TGGA~'r'TCGT CGATGA'l'CAC CATCCCTCAA CTGGGCGACA GACGGTGAGG TGCACAGCTG H~O 

AAGGCliCGCC C CTTCC:"l"GJ, '!' ,\'!'TGAGTGGA TGATATGCAA AGATA'l'TAAG 1>JJ,TGTh.'1:t.Tl~ 1500 

ATGAAACTTC CTGCACTATT ~TGGCC.i\ACA ATGTCTCMA CATCATCACG CAGATCCAC'!' 1&60 

:;CCGAGAChCi G/,GTAC:CGTG G~GGUCCCTG 'ICACTTTCGC CM1i.GTGG~C GAGACCATCG 16?0 

:CCTGCCATG CCTGGC'fAJ,G AATCTCCTTC GAGCTGAG.V. CCGACA.GCTG AAGC'I'CGTGG 1680 

:'!'CCCAC:CC't GCGT'l'C'l'GM CTCACGG"rGG CTGCTGCAGT CCTGGTGCTG TTGGtGATTG )740 

TCATCATCTC ~CTTA'l'TCTC CTCGTTG'l'CJ.. TT'l'GGA.MCh GAAACCGJ,GG TATGAAATTC lBOO 

GC'l'CGi\~~GT ChTTGAATC;. /,TCAGCCC~~- ATGGACATGh ATAtrATTTl1T GTGG~CCCGA lS60 

'l"GCAGCTGC~ ·~:TATGll::::'l'C:. ;-,GATCGGAG"!' TTCCAAGAGi\ TGGll.CT:i.GTG C'!'TGGTCGGG J92{1 

""~., .... ,.._""''"" .. ,., .... ~\'1\.1'-11"'"' . ':GC1t.CCG1.'';"!" GGU~J\GCTGt; TTG1J\Gi'.:AAC AC CCTA'!'GG;, TTAAGt(::GG':' 195\; 

:::ccri.ACCTGT Cl~TGJ\AAGT7· GC;..GTGA~GA l'GCTAAAACC CACQGCCAGA TCC,\GTGAM 2or. c. 
MCAAGCTCT CATGTC'l'GAJ, Cl'GAAGl\'r/,.A TGACTC1,CCT CGGGCCACNl' TTGAACATTG 210::: 

TAAA:'!'TQCT GGGAGCC'.t'G~ ACCl;J.CiTCJ.G GCCCC:~TTTJ.. CATCAtCACA GAG'I'A'l'TGC7 2HC 
io 

'!'CT;..l"GG.\GA TTTGGTCh~C TATTTGCATA AGAATA.GGG;\ 'l'~GCTTCCTG AGCCACCACC 7.22 Ci 
-

CAGM;A.~\iCC MAGA/\AGn:; CTG'7ATATC'!" TTGGhT'?'CAA CC:C:TGCTG:.T .G.v..AGCACAC nee 
GQAGc·rATGT TATT'!''l'A'l'CT TTTGMMC~ ATGGTGACTA CATGG.i\CATG MGC,\:.;CCTG .234C 

'A TAC'I'1.C1\C1. C:TATGTCCC: ATGCTAGl.J.A GGAAAGAGGT TTCT A.'bJI. T ;, T TC:GACA':C: 240G 

AGAGATCAC1' CTATGATCo~·ccAGCCTCAT ATAAGMGAA A'l'CTATG'!"l'A Gl-CI'CAGAJ,G ;...; 6C 

':'CA.~AA.t"\CC"!"' CCTTTCA.GJ. T GATMCTCAG AACGCCTTAC T,TTATTGGAT TTCl'TG,\GC'!' · :? 52 c. 
·i·CACC':'~TCJ. AGTTCcc:.;;;.:.. C!Zii.li TCGAG:' T'!'TTCGCTTC AAAAAATTGT C'l'CCACC~TC; .2 SSC· 

ATCTC:GCTGC 'l'CGCl~CCT':: CTCCTCCc~: i\~CGAAA.Al, T TGT.GAAG.;T~ TGTGliCTTTG 26-'C 
_ .. _,... ______ ,,...., -
'""""'\,. # \JJ""' \-.lh.:r ;.a1.c;;rc:;;r: C'.~~J.,TTC~;, ACl'l\TCTG'!'C GAAAGCCM;T ;;::CTTTCTGC 270C 

:'.:CGTGAAGTG GATGGC:'~::'7 Q;,GAGCA 7C'!' TTC:i\CMC:CT =tACl.CCi\CA CTGhGTGATG ~76~ 
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TCTGGTCTJ'i\ TGGCATTC'rG CTCTGGGAGA 'XC'tTT'l'CCC'!' 'tGGTCGCAC:C CCTTACCCCG 2820 

ac:.TGATG~T GGATTCTAC': ':TCTACAATA ACATCAAGAG TGGGTACCGG ·ATOGCCAAGC 2880 

CTGACCACCC TACCAGTGAA GTCTACGAGll. TCATGGTGM ATC:CTGGMC AGTGAGCCGG 2940 

AGMGAGAC:C CTCCTTTTAC CACCTGAGTG AGATTGTCGA GAATCTGCTG CCTGGAtMT lOOO 

1'.TAAAAAG.\G TT1'.TGMJ..JJ.. ATTCACCTGG ACTTCCTGAA GAGTGACCAT ccTaC:TGTGG JOGO 

CACGCATG::::::; TGTG:G).CTC.\ GACMTGCJ..T ACA'tTGGTGT CACCTACMA MCGJ..GGA~G 312C 

i\CAAGC'I'Gi'.A GGACTGGG;iG GGTGGTCTGG 1'1TGAGCAGAG AC:'GAGCGCT GAC'.'AGTGGC'!· HBO 

ACATCATTCC 'l'CTCCCTGJ..~ i\TTGl.CC:TG 'I'CC:CTGAGG.A GCAGGACCTG GGCAliGAGGA 3240 

ACAGAC.M;Ac; CTCGCAGi~c: ':'~TGAAG1>GA GTGCCATTC:.. GACCGGTTCC ACiCAGTTCCh 3'.!00 

CCTTCATCM GAGAGAGGl'>C CAG11CCATTCi · AAGACATCGJ. CATQATGGlt.C .CACATCGGC.; 3360 

TAGACTCTTC AGACC'l'GGT.:; GAAGACAGCT TCC'!'GTA.ACT GGCGGA.T'I'CG AGGGGTTCC': 34l0 

'l'CCACT'l'CTG GGGCCACC':C TuGATCCCG'l" TC1 .. GAAMCC ACT':TATTGC AA':rc:GGAGC: HBO 

T'!'GAGAGCAG GACTTGGTT:; l.TGTTTAAAG AGAAGTTcC::: AGCCAAGGGC C'rCGGGGAGC 3540 

C'!'TTCTAA.AT ATGAATGAAT GUGATA'l .. TT~ GAMTGAACT TTG'l'CAGTG'r 'l'GCC'!'CT'l'GC 3GOO 

A.\TGCC'l'CAG T AGCl.'Z'CTCJ. GTGGTG'J'GTG /i.AGTT'l'GGA~ ATAGATGG.;T MGGGAATA.:!i.. 3660 

T~GGCCACAG AAGCTGAAC~· '!'TCTGCT'l'CA J\GGACATTGG TGAGAGTCCA ACAGACACAA :1720 

TTTATACTGC GAC1.GMC::'~ CAGCJ,'!'TGTA ATTA~GTAAI\ T?Ji.CTCTMC CACGGCTGTG ;i"iSO 

'!'"!".L'AGAT'l'G'I' ATTAJ..CTA'!'C TTC!l'~'GGAC TTCTCAAGAG ACC:J..CTCAAT ccr~TCCATGT 384C 

Ao. TTCCC7C'l' ':'GI\AACCTGI\ ':.'OTC1>.GCTGC TCTTGAACT'!" '!'TT.ti.MG.A.AG '.l'GCATGM.AA '.!900 

ACC}..TTTTTG ACCTTAAAAG ~ 'l'~C:TCGTl,C: 'rATAGCl>.TT:' TGCT>. TC'!"l'T '!''!'TAG TG';T ;~ :?960 . 
MG AGATA.A..\ GAl"\T~.'rAl,T TMCCAACC':' 'I'CiTT"l'AA 1'/\G l'l.T'!'TGGGTCA 'r'I'T~G/J'\GCC ·~ 020 

TGA.CAAC!C.t. TTTTCATAT": GT.MTCTATG ':'TTA1'M'.£"AC 'IACl'ACTGTT ATCAGTAJ'.TG 40SC 

CTAMTCTGT MTM'l'GTA.\ CATG1.TTTCC CTCCACAC~ AGCAC.r..ATTT AAMACAATt lil40o. 

CTTACTMGT .\GGTGA'l'G~G T'!'TGAC:AGTT TTTGACATTT ATATTAMTl. ACATGTTTCT ~200 
. 

CTATAAAGT'A TGGTMTl\GC T'!'T1.GTG1\A T TAl.ATTTAGl' TGAGC1,TAGi\ GAACAAAGTA .;260 

AAAGTA::iTG~ TGTCC>.GGA;, OTCAGAATTT ':"l'AAC?GT1.C TGMTAGGTT ecccAJ,TCCA .;:)20 

TCGTAT'l'AAA AAACMT1.'l1..\ CIGCCCTC!G A.r..ATAATGCiC ATTAG~CA Al"\CAAAJ,C':'C 4380 

'ITAAGTCCTA AMOTT CT Ch ~'fGTA:'.tAGGC ATAAACCTGT GCTGAAC1\T1'.. ACTTCTC~TG 4 44 () 

7ATATTACC:; MTGGAAAAT ;.:rAA'l"GATCli G~GCA.~AAJ.G A"CT'GGATTTG CAGl.J:GT":?;T ~!)QC) 

T: ;. .. !'TT':T'!'T 'tCTTCT'l"GC~ 'rGA'rGAAAGC T'!'TGuCGAC:C CCAATATATG '.t'A TT'!.'TT"J'Gl. 4560 

ATCTATGAl\C CTGAJ..J;.AGGG TCACAAAGGA TGCCCAGACA TCl.GCCTCC'!' TCTT'!'CAcc::: 462C 

C'!":'J..CC~C/...A /..Gi.GJ..J..J.G).~ '!'l'tCU.AACT::: GAGACCATAJ .. AGATATTCT!' TAGTG~AGGC t.6SC 

:·~~MG~WC.t. TT.l1GCC-:'G;. -;· ,."',...._.,_"" ... ,..'"r\ ......... _,,v• • '- ... C~TGTQTC TGGCAC:CCAG· G'I'AC!l',CT~GT ~.,.~t 
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ACCTGGGTTT CCATCCTTGA GATTCTGAAG TATGAAGTCT GAGGGAAACC AGAGTCTCTA 

TTTTTCTAAI' CTCCCTCGCT GTTCTGATCG GCCAGGTTTC GGAAACACTG ACTTAG~TTT 

CAGGAAGTTG CCATGGGAA.A C>.Jti,ATAATTT GAACTTTGGA-ACAGGGTTCT TAAGTTGCTC 

CGTCCTTCGG ATGATAAATT TAGGAACCGA AGTCCAATCA CTGTAAATTA CGGTAGATCG 

ATCGTTAACG CTGG.hATTAJ.. A!'TGAAAGG~ CAGAATCGAC TCCGACTCTl' TCQhTTTCAA 

ACCAAAAC!G TCCAAAAOGT TTTCATTTC'l' ACGATGAAGG GTGACA~ACC CCCTCTAACT 

TGAAAGGGGC AGAGGGCAGA AGAGCGGAGG CTCAGGTATG GGGCCGTTCC TTTCCGT~CA 

TG'I'TT't'TAAT ACGTTAAGTC ACAAGGTTCA GAGACACATT GQTCGAGTCA CAAAJ\.CC~CC 

TT:'TTTGTAA Ji.ATTCAAA.AT GACTATTAAI>. CTCCAATC'I'A CCCTCCTACT TAAC~GTGTA 

GATAG.GTGTG ACAGTTTGTC CAACCACACC CAAGTMCCG TAAGAAACGT TATGACGAAT. 

TAACGAC~AT GGTATACTTA CTTTGTACCC GACACTAJi.TG ACCTTAG1C~ CACGATAGCC 

GTCTACTACG 1-.AACCTTCTA CGTC'fTCGTT ~TT~TTTCAT GAACtG~TGG ATGACCACAT 

TAGAGT1ACG TTCGGGGTTG AAAGAA~AGG TTGAAAAAGT ~TCATTCACG CTTCTGACTC 

GGTCTAACCG GTTAATTTTT C'l"TTTGGACT GATCCAAGAC ATCTCGGTTA ATCTGJ.ACTT 

TATG=AAACA CAAAGATCTT ~GTGTCGAGT 1CGTAAGAC~ AATAGCGAGT GAGAGGGAAC 

ATGTCGGAA':t' A.AAACAACCA CGAAAC:GTM M.CTATAACC. ACACTCGGAA CGTACTGTAG 

TACTCCGGCC TACT'l'TGAAG ~GTCAGGTCG TCAAAGGTCA GGATTGT'!'TA CGAGGGTGGA 

CTTl~CATA TACTGACGTA IJ\CACCCACA CACACACAAA AGTCCTTTAA GGTCTAAACA 

,l\.AGGAAAAC:C GGAGGACGTT TCAGAGGTCT 'l'CTT'I'TA11AC GGTTAGAAAG GATGAMGAT 

AAAAJ.TACTA CTGTTAGTT~ CGGCCGGACT CTTTGTCATA A.ACACTGAAA i\:\TTTCCTAl\ 

TCACTACAGC 1.ATTTTACAC C~GACGGTT~ GACATGTT'!'T ACCAGGATAA l\J..ACACTTCT 

CCCTGT1-.TT::: TATTTTACTl> CM'l'ATGT1\G 'tTAThCATA'l' ATACATJ..MG /;.TATATCTCJ:... 

ACCTCTTArG ~CGGT'I'TTCT AAA?ACTGTT CGACATAGTG ACGGAAGCAA ATATAJ\AJJ..A 

A'l"l'GACACTA '!"I'AGGGCTGT CCGTGT~TT GACAACGTGA AAACT'l'ACAG GTTTTAAATA 

TMMTCTTT A'rTATTTn·c· TTTCTATGAA TGTACAAGGG .TTTTGTTACC l\CACCACTTA 

CACACTCTTT 'I'TGATTCAAC TATCCCAGAT GCTTATGT'I'T TACATAATGC TTACGGGGAC 

AAGTACl...r.AA ACl\AAAT1:T'f GCACl\TTTAC TTC'l'AGMAT ATAAAGTTJl.T TTACTATA'l'A 

':'TAAA'!TTC: TTMG 

.......... 

4BOO 

4860 

492Q 

4980 

5040 

5100 

5160 

5220 

5280 

5340 

5400 

5460 

55~0 

5580 

~640 

5'100 

5760 

5820 

5880 

5940 

6000 

6060 

6120 

61$0 

6240 

.6300 

6360 

63?5 

• 
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1. A purified and isolated recombinant nucleic 

acid of less than about 50 k.bp comprising at least a};>out 24 

5 contiguous nucleotides which .encode a human platelet-derived. 

growth factor r·eceptor (hPDGF-R) polypeptide segment. 

"I 

10 

15 

20 

25 

30. 

-
2. A nucleic acid of Claim l, wherein said -· 

segment is a solubl~ 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 

a sequence of a polypeptide in Table 2 or Table 3. 

4. A nucleic acid of, Claim l, wherein said 

segment comprises a phosphorylation site. 

5. A nucleic acid of Claim 1, wherein the 

segment is less than about 300 amino acids. 

6. A 
, I nuc ... e.J.c acid of Claim 1, wherein said 

.. 
segment is capable of binding to PDGF. 

7. i\ nucleic acid of Claim 1, wherein said 

segment is a substrate !or phosphorylation. 

8. A nucleic acid of Claim 1, wherein said 

segment is capable of bindin~ ·to a PI3 kinase. 

has 

9. A c~ll transformed with a nucleic acid of 

Claim Xl, and whereir-. said cell is a mammalian coll. 

10. A cell of Claim 9, further comprising a 

35 glycosylation enzyme originating from a non~fungal specios. 
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11. A nucleic acid of Claim l, wherein -said 

nucleotides encoding said segment are operably linked to a 

promoter. 

S 12. A nucleic abid of Claim·~, further eri6oding 

"I 

a heterologous polypeptide which is fused to said hPDGF-R 

segment. 

13. A mathod for evaluating the ability of a 

10 compound to function as a hPDGF-R agonist or antagonist 

comprising the step of comparing the amount of a PDGF' .. induced 

r2sponse in a ce:J. of Claim 9 with the response frorr. 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 PPGF. : 

14. A. substantially pure hPDGF-~ polypeptide 

fraglllent of at least about twenty amino acids having platele_t­

derived growth factor (PDGF) binding activity or tyrosine 

20 kinase activity. 

25 

30 

35 

15. A substantially pure polyP.eptide fragment 

of Claim l~, wherein said poiypeptide fragment -is soluble. 

lG. A hPDGF-R fragment having hPDGF-R binding 

activity consisting essentially or amino acids beginning at 

·about 1 and ending at about 499 of a type B hPDGF-R, and is 

further deriyed from Table 2. 

17 •. A hPDGF-R fragment having }JPDGF-R bindin.g 
activity consisting ess.entially of: amino· acids beginning· about 

1 and ending at about 501 of a type A hPDGF-R, and is further 

derived from Table 3. 

18. 

hPDGF-R fragment. 
A composition comprising an ungl.ycosylateci 
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19. A composition of Claim 18, wherein said 

fragment i.s substantially pure. 

20. A composition comprising a .hPDGF-R 

5 fragment, which exhibits a glycosylation pattern which is non­

fungal and non-human. 

'f 

10 

21. A composition of claim 20, \ilherein sa.id 

fragment is essentially the e~tracellular 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 '!'a.bl e 3. 

15 23. A composition comprising a combination of: 

a) a r~combinant nucleic acid encoding a human platelet­

deri ved gro~th factor receptor polypeptide (hPDGF-R) fragment; 

and 

b) a non-fungal glycosylation eniyme capable or 

20 9lycosylating said fragment when expressed. 

?.4. A. ·method for introducing a hPDGF-R activj ty 

to a cell, said method comprising the stap Of introducing o 

hPDGF-1{ protein fragment of at least about five hundred daltons 

25 t.o said coll. 

25. A m~thod for assaying the presence cf a 

ligand for a PDGF receptor in a sample, comprising ·the steps 

. pf: 

30 combining said sample with a _hPDGF. receptor ligand pinding· 

35 

site; and 

detecting binding between said ligand arid said hPDGF 

receptor ligand binding site. 

26. An isolated polypeptide of less than about 

200 amino acids comprising a receptor kinase insert region. 
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27. An isolated polypeptide of claim 26, 

wherein said polypeptide has a phosphorylated amino acid 

residue. 

5 2-B. An isolated· polypeptide of claim 26, 

" 10 

wherein said pol.ypeptide co~priscs a sequcm_ce substantially 
homologous to a kinase insert segment of a PDGF _receptor, and 

'further has a sequence from Table 2 or Table 3. 

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 phosphorylatcd 
15 region of a second pro_tcin, ::?aid method compris_ing a· step of: 

20 

adding to said first pr-oteh1 a peptide analo9ue of sajd 

phosphorylated region, wherein said analogue is capable of 

inhibiting the binding of soid first protein to said second 
protein. 

31. A method of selecting a molecule capable of 

inh~biting binding of a protein w~ich binds to· a target 
phosphorylated polypeptide; comprising the steps ·of: -

contacting said protein with said target phosphorylatcd 
25 polypeptide in the presence of said molecule in a first 

analysis: 
contacting said protein with said target ph?sphoryl?ted 

polypeptide in the absence of said molecule in a second 
analysis; and 

30 comparing said arrn-l:yses to determine the effect of sajd 

molecule .on said bi.nding. 

·32. A method of Claim 31, wherein said 

contacting steps are pc:irformed in succession. 
35 

33. A method for modulating a Pl3 kinase 
activity comprising the step of: 
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adding a phosphorylatcd POGF receptor kinase insert region 
polypeptide to said PI3 kinase, thereby allowing binding 
between said polypeptide and said PI3 kinase. 

. . 

34. A method of purifying·, from a sample, a 
protein .capable of binding to a PDGF receptor kinase insert 

. . 
segment, comprising the step of: 

contacting sa_id sample with an analogue of a 
phosphorylated polypeptide substantially homologous to a PDGF 
receptor kinase insert region polypeptide, thereby allowing 
said protoin to bind specifically to said phosphorylated 
polypeptide. 

35. A method of isolating a nucleic acid 
. . . 

encoding a protein c"apable "of binding to a POGF l'.eceptor I 

comprising the steps of: 
combining a lubelcd and phosphorylatad PDGF receptor 

kinase insert ragion polypeptide with cells expressing various 
proteins, thereby labeling those cells which express said 

20 nucleic acid to produce a protein which binds said 
phosphorylated polypeptide, and 

isolating those~ cells wh_ich ~ave been labeled. 

36. A method of Claim 35, wherein said protein 

25 capable of binding c. l)DGF receptor is PIJ kinase or c-:Crns. 
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