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TECHNICAL FIELD

The present invention relates to the field of bone formation and
development. Specifically, the present invention relates to a bone morphogenetic
protein receptor and a DNA sequence coding for said receptor.

BACKGROUND

Humans and other warm-blooded animals can be afflicted by a number of
bone-related disorders. Such disorders range from bone fractures, to debilitating
diseases such as osteoporosis. While in healthy individuals, bone growth
generally proceeds normally and fractures heal without the need for
pharmacological intervention, in certain instances bones may become weakened
or may fail to heal properly. For example, healing may proceed slowly in the
elderly and in patients undergoing treatment with corticosteroids (e.g., transplant
patients). Osteoporosis is a condition in which bone hard tissue is lost
disproportionately to the development of new hard tissue. Osteoporosis can
generally be defined as the reduction in the quantity of bone, or the atrophy of
skeletal tissue: marrow and bone spaces become larger, fibrous binding
decreases, and compact bone becomes fragile. Another bone related disorder is
osteoarthritis, which is a disorder of the movable joints characterized by
deterioration and abrasion of articular cartilage, as well as by formation of new
bone at the joint surface.

While a variety of treatments are available for such bone-related disorders.
none of the treatments provide optimum results. One of the difficulties facing
individuals who treat bone-related disorders is a iack of complete understanding
of bone metabolism and of the bone-related disorders. A key to such
understanding is identifying and characterizing each of the components involved
in bone growth. Bone morphogenetic proteins (BMPs) have been demonstrated
to play a role in bone formation and development (Wozney, JM., Molec.
Reproduct. and Develop., 32: 160-167 (1992)).

Furthermore, the role of BMPs may not be limited to their role in bone. The
finding that the BMPs are found at significant concentrations in other tissues such
as brain and kidney (Wall, N.A., Blessing. M., Wright, C.V.E.. and Hogan. B.L.M..
J. Cell Biol., 120: 493-502 (1993); Ozkaynak, E., Schnegelsberg, P.N.J., Jin, D.F..
Clifford, G.M., Warren, F.D., Drier, E.A., and Oppermann, H., J. Biol. Chem.. 267:
25220-25227 (1992); Lyons, K.M., Jones, C.M., and Hogan, B.L.M., Trends in
Genetics, 7: 408-412 (1991)) suggests that they may play additional roles in

_____ This Sheet Has Been Rep

EREEE )

RRss



generally proceeds normally and fractures heal w thout ‘the need for

phar macol ogi cal intervention, in certain instances bones may become
weakened or may fail to heal properly. For exanple, healing may proceed
slowy in the elderly and in patients undergoing treatnent with
corticosteroids (e.g., transplant patients): Osteoporosis is a condition in
whi ch bone hard tissue is |ost disproportionately to the devel opnent of new
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(1992)). bone-urt hernore, the role of BMPs may not be limted to their
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concentrations_in other tissues such T _
BMP receptor compositions will be useful in diagnostic assays for BMPs, as well
as in raising antibodies to the BMP receptor for use in diagnosis and therapy. In
addition, purified BMP receptor compositions may be used directly in therapy to
bind or scavenge BMPs. thereby providing a means for regulating the bone
formation and development activities of BMPs. In order to study the structural and
biological characteristics of BMP receptors and the role played by BMPs in the
responses of various cell populations to BMPs during bone growth/formation
stimulation, or to use a BMP receptor effectively in therapy, diagnosis, or assay,
purified compositions of BMP receptor are needed. Such compositions, however,
are obtainable in practical yields only by cloning and expressing genes encoding
the receptors using recombinant DNA technology. Efforts to purify BMP receptors
for use in biochemical analysis or to clone and express mammalian genes
encoding BMP receptors have been impeded by lack of a suitable source of
receptor protein or mRNA. Prior to the present invention, no cell lines were
known to express high levels of BMP receptor constitutively and continuously,
which precluded purification of the receptor for protein sequencing or construction
of genetic libraries for direct expression cloning. Availability of the BMP receptor
sequence will make it possible to generate cell lines with high levels of
recombinant BMP receptor for biochemical analysis and use in screening
' experiments.
Based on the foregoing, there is a need for a BMP receptor DNA sequence
and an isolated BMP receptor protein encoded by this sequence.
Obijects of the Present invention
It is an object of the present invention to provide an isolated BMP receptor

kinase protein.
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as brain and kidney (Wall,” NA Blessing. M. Wight, C V.E . and Hogan.
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It is also an object of the present invention to provide a recombinant
expression vector encoding a BMP receptor kinase protein.

It is also an object of the present invention to provide a host cell comprising
a recombinant expression vector encoding a BMP receptor kinase pratein.

It is also an object of the present invention to provide a method for
producing a BMP receptor kinase protein.

it is also an object of the present invention to provide a method for
identifying compounds capable of binding to a BMP receptor kinase protein.

It is also an object of the present invention to provide a method for
determining the amount of a compound capable of binding a BMP receptor kinase
protein in a sampie.

it is also an object of the present invention to provide antibodies specific for
the BMP receptor protein and a method for producing them.

SUMMARY

The present invention relates to an isolated BMP receptor kinase protein or
soluble fragment thereof, a DNA sequence coding for said BMP receptor kinase
protein or said soluble fragment thereof, a recombinant expression vector
comprising said DNA sequence, a host cell comprising said recombinant
expression vector, a method of expressing said BMP receptor kinase protein or
soluble fragment thereof, a method for identifying compounds capable of binding
to said receptor kinase protein, a method for determining the amount of such
compounds in a sample, and antibodies to the said BMP receptor kinase protein
or soluble fragment thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the DNA sequence of the degenerate oligonucleotide
primers used in the PCR amplification of BRK-1. The nucleotide bases adenine,
thymine, cytosine, guanine, and inosine are represented by the single letter codes
A T, C, G, and |, respectively. ACT1A and ACT1B refer to the set of degenerate
3' PCR primers. ACT2A and ACT2B refer to the set of degenerate 5' PCR
primers.

Figure 2 is an alignment of protein sequences comparing the kinase
domains of t-BRK-1 and BRK-1 with other members of the TGF-R receptor famuiy.
DAF1, the Daf-1 receptor kinase from C. elegans (Georgi,. L.L., Albert, P.S., and
Riddie, D.L.. Cell. 61: 635-645 (1990)); MACT, mouse activin receptor type I
(Mathews. L.S. and Vale, W.W., Cell. 65. 973-982 (1991)); RTGFBR2. rat TGF-i
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and Yamada, T.. Cell, 73: 687-702 (1993): Paralkar, V.M. Weks. B.S.. Yu. .
Y.M- Kleinman. H K. . and Reddi, A H, J. Cell Biol., 119: 1721-1728

(1992)).. A BMP initiates its biological effect on cells by binding to
a specific BWP receptor expressed on the plasma nenbrane of a
BMP-responsive cell. A receptor is a proteimn, usually spanning the cell
menbrane, which binds to a ligand fromoutside the cell, and as a result of
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mammal i an gened7, promoter region from the T7 bacteriophage; poly A, region from the SV40
virus directing polyadenylation of the message; SV40 ORI, origin of replication
from the SV40 virus; Amp, ampicillin resistance gene for selection in E. coli.

Figure 4 shows the construct pJT6-J159T, used to express t-BRK-1 in
mammalian cells. Abbreviations are the same as those in Figure 3.

Figure 5 shows binding of [125]}-BMP-4 to COS-7 cells transfected with the
cDNA for BRK-1, using the construct pJT4-J159F. The concentration of [129]}-
BMP-4 is 100 pM.

Figure 6 shows crosslinking of radiolabelled BMPs to COS-7 celis
transfected with the cDNA for BRK-1. Figure 6A, crosslinking of [1251)}-BMP-4 to
BRK-1. Lanes on the left, COS-7 celis transfected with the.cDNA for BRK-1,
using the construct pJT4-J159F; crosslinking in the absence (-) or presence (+) of
10 nM unlabeled BMP-2. Lanes on the right, mock transfected COS-7 cells:
crosslinking in thé absence (-) or presence (+) of 10 nM unlabeled BMP-2. Figure
6B, crosslinking of [125]}-DR-BMP-2 to BRK-1. Lanes on the left, COS-7 cells
transfected with the cDNA for BRK-1, using the construct pJT4-J159F;
crosslinking in the absence (-) or presence (+) of 10 nM unlabeled BMP-2.

Figure 7 shows immunoprecipitation of BRK-1 expressed in COS-7 cells
and crosslinked to [1251-BMP-4. Lanes designated "+", COS-7 cells transfected
with the cDNA for BRK-1, using the construct pJT4-J159F. Lanes designated "-
" mock-transfected COS-7 cells. After transfection, ceills were crosslinked to
[1251)-BMP-4, then subjected to immunoprecipitation using the indicated antisera.
Lanes on the left, antiserum 1351, specific for the extraceilular domain (ECD):
lanes on the right, antisera 1378, 1379, and 1380, all specific for the kinase
domain.
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encodi ng BVWP receptors have been inpeded by |lack of a suitable...source of
receptor protein or MRNA. Prior to the present invention, no cell |ines
were known to express high levels of BMP receptor constitutively and
continuously, which precluded purification of the receptor for protein
sequenci ng or construction of genetic libraries for direct expression
cloning. Availability of the BMP receptor sequence wll make it possible to
generate cell lines with high | evel s oDESSRIFRGIGNNt BMP receptor for
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| nvention to pr %\Ueﬂge aan hbgtOI Ef compnsmg sgl%ptegémb#wan?exprgssmn vector, a method of
expressing said BMP receptor kinase protein, and antibodies to said BMP
receptor kinase protein.

As used herein, "BMP receptor kinase protein-1" or "BRK-1" means a
protein having the amino acid sequence SEQ ID NO:4, as well as proteins having
amino acid sequences substantially similar to SEQ ID NO:4 and which are
biologically active in that they are capable of binding BMP-2 and/or BMP-4, or
transducing a biological signal initiated by a BMP-2 or BMP-4 molecule binding to
a cell, or crossreacting with anti-BRK-1 antibodies raised against BRK-1.

As used herein, "truncated BMP receptor kinase protein” or "t-BRK-1"
means a protein having amino acid sequence SEQ ID NO:2.

As used herein, "substantially similar” when used to define either amino
acid or nucleic acid sequences, means that a particular subject sequence, for
example, a sequence altered by mutagenesis, varies from a reference sequence
by one or more substitutions, deletions, or additions, the net effect of which is to
retain biological activity of the BRK-1 protein. Alternatively, nucleic acid subunits
and analogs are "substantially similar" to the specific DNA sequence disclosed
herein if the DNA sequences, as a result of degeneracy in the genetic code,
encode an amino acid sequence substantially similar to the reference amino acid
sequence.

As used herein, "biologically active" means that a particular molecule
shares sufficient amino acid sequence similarity with the embodiments of the
present invention disclosed herein to be capable of binding detectable quantities
of BMP-2 or BMP-4, or transmitting a BMP-2 or BMP-4 stimulus to a cell, for
example, as a component of a hybrid receptor construct. Preferably, biologically
active BRK-1 or t-BRK-1 within the scope of the present invention is capable of
binding [125]]-BMP-4 with nanomolar or subnanomolar affinity (Kq approximately
equal to 10-9M). Preferably, the affinity is from about 1x10-10M to about 1x8-9M,
more preferably about 5x10-10 M, as per the saturation binding analysis method
disclosed in Example 10, below.

As used herein, "soluble fragment” refers to an amino acid sequence
corresponding to the extracellular region of BRK-1 or t-BRK-1. Soluble fragments
include truncated proteins wherein regions of the receptor molecule not required
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It is also an object of the present invention to provide a DNA sequence
encodi ng a BMP receptor kinase protein. It is also an object of the
present invention to provide a reconbi nant expression vector encoding a BW
receptor kinase protein. It is also an object of the present

I nvention to provide a host cell conprising a reconbi nant expression vector
encodi ng a BMP receptor kinase protein. It is also an object of the
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SUMVARY SEQ ID NO:3.

As used herein, "digit-removed BMP-2" and "DR-BMP-2" refer to a
fragment of BMP-2 protein wherein the amino terminus of mature BMP-2 has been
removed by mild trypsin digestion.

As used herein, "isolated", in reference to the receptor protein of the
present invention or DNA sequences encoding said protein, means that the
protein or DNA sequence is removed from the complex cellular milieu in which it
naturally occurs, and said protein is expressible from said DNA sequence in a cell
that does not naturally express it when operably linked to the appropriate
regulatory sequences.

As used herein, "operably linked" refers to a condition in which portions of
a linear DNA sequence are capable of influencing the activity of other portions of
the same linear DNA sequence. For example, DNA for a signal peptide (secretory
leader) is operably linked to DNA for a polypeptide if it is expressed as a
precursor which participates in the secretion of the polypeptide; a promoter is
operably linked to a coding sequence if it controls the transcription of the
sequence; or a ribosome binding site is operably linked to a coding sequence if it
Is positioned so as to permit translation. Generally, operably linked means
contiguous and, in the case of secretory leaders, contiguous in reading frame.

As used herein, "ATCC" means American Type Culture Collection,
Rockville, Maryland.

As used herein, "bone morphogenetic protein 2" or "BMP-2" means a
peptide encoded by a DNA sequence contained in ATCC No. 40345 (see
ATCC/NIH ReposiToRY CATALOGUE OF HUMAN AND Moust DNA PROBES AND
LIBRARIES, sixth Edition, 1992, p. 57, hereinafter "ATCC/NIH REPOSITORY
CATALOGUE"). Isolation of BMP is disclosed in US Patent No. 5,013,649, Wang,
Wozney and Rosen, issued May 7. 1991, US Patent No. 5,166,058, Wang.
Wozney and Rosen, issued November 24, 1992; and US Patent No. 5.168.050.
Hammonds and Mason, issued December 1, 1992; each of which is incorporated
herein by reference. '

As used herein, "bone morphogenetic protein 4" or "BMP-4" means a
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The present invention relates to an isolated BMP receptor kinase protein or
sol ubl e fragnent thereof, a DNA sequence coding for said BMP receptor

ki nase protein or said soluble fragnent thereof, a recomnmbi nant expression
vector conprising said DNA sequence, a host cell conprising said

reconbi nant expression vector, a nethod of expressing said BMP receptor

ki nase protein or soluble fragnment thereof, a nethod for identifying
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(1991)): RTGF8BRingr wdctdrGFSLet skquences are preferably provided in the form of an open

reading frame uninterrupted by internal nontranslated sequences (introns) which
are typically present in eukaryotic genes. Genomic DNA containing the relevant
sequences could also be used. Sequences of non-transiated DNA may be
present 5' or 3' from the open reading frame, where the same do not interfere with
manipulation or expression of the coding regions. DNA sequences encoding the
proteins provided by this invention can be assembled from cDNA fragments and
short oligonucleotide linkers, or from a series of oligonucleotides, to provide a
synthetic gene which is capable of being expressed in a recombinant
transcriptional unit.

As used herein, "recombinant” means that a protein is derived from a DNA
sequence which has been manipulated in vitro and introduced into a host
organism.

As used herein, "microbial" refers to recombinant proteins made in
bacterial or fungal (e.g., yeast) expression systems.

As used herein, "recombinant expression vector” refers to a DNA construct
used to express DNA which encodes BRK-1 or t-BRK-1 and which includes a
transcriptional subunit comprising an assembly of 1) genetic elements having a
regulatory role in gene expression, for exampie, promoters and enhancers, 2) a
structural or coding sequence which is transcribed into mMRNA and translated into
protein, and 3) appropriate transcription and translation initiation and termination
sequences. Structural elements intended for use in eukaryotic expression
systems (e.g. yeast, insect or mammalian cells) preferably include a signal
sequence at the N-terminus of the protein enabling transport to the membrane or
extracellular secretion of a translated protein by a host cell. Alternatively, where
recombinant protein is expressed without a signal sequence, for expression inside
the cell. it may include an N-terminal methionine residue. This residue may
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4 receptor type Il (Tsuchida K. Lewis. KA. Mithews. L.S . and Vale WW
Bi ochem * Bi ophys. Res. Commun., 191: 790-795 (1993)); MACTRL. nouse activin
receptor type | (Ebner. R, Chen. R -H , Shum L.. Lawer, S., Z oncheck.
T.F., Lee. A . Lopez, AR, and Derynck. R, Science. 260: 1344-1348
(1993)): R3 R2, and R4, type | receptors frgmrat, Iigand unknown (He,
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region for ki naggvsxdg\n at Hnacloggr%ldﬁg:te ll(J]sPn%;srene Oorch%liongsy' well known in the art. recombinant
expression vectors of the present invention can be constructed. Possible vectors
for use in the present invention include, but are not limited to: for mammalian
cells, pJT4 (discussed further below), pcDNA-1 (Invitrogen, San Diego, Ca) and
pSV-SPORT 1 (Gibco-BRL, Gaithersburg, MD); for insect cells, pBiueBac I or
pBiueBacHis baculovirus vectors (Invitrogen, San Diego, CA); and for bacterial
cells, pET-3 (Novagen, Madison, WI). The DNA sequence coding for BRK-1 or t-
BRK-1 can be present in the vector operably linked to regulatory elements. in
one embodiment of the present invention, mammalian host celis are preferably
transfected with the plasmid construct pJT4-J159F, thereby resulting in
expression of BRK-1. In another embodiment of the present invention,
mammalian host cells are preferably transfected with the plasmid construct pJT6-
J159T, thereby resulting in expression of t-BRK-1. Transfection with the
recombinant moiecules can be effected using methods well known in the art.

As used herein, "host cell" means a cell comprising a recombinant
expression vector of the present invention. Host cells may be stably transfected
or transiently transfected within a recombinant expression plasmid or infected by
a recombinant virus vector. The host cells include prokaryotic cells, such as
Eschenichia coli, fungal systems such as Saccharomyces cerevisiae, permanent
cell lines derived from insects such as SF-9 and SF-21, and permanent
mammalian cell lines such as Chinese hamster ovary (CHO) and SVA40-
transformed African green monkey kidney cells (COS).

in one embodiment, the present invention relates to a BMP receptor kinase
protein, or soluble fragment thereof. Preferably, the BRK-1 protein has amino
acid sequence SEQ ID NO:4. Preferably, the soluble fragment has amino acid
sequence SEQ ID. NO:6; preferably the soluble fragment is encoded by nucleic
acid sequence SEQ ID NO:5.

In another embodiment, the present invention relates to a DNA sequence
coding for the BRK-1 protein. The DNA sequence can be genomic DNA or cDNA.
Preferably the DNA sequence is SEQ ID NO:3.

In another embodiment, the present invention relates to a recombinant
expression vector comprising a DNA sequence coding for the BRK-1 protein.
Preferably the recombinant expression vector is a plasmid having all of the
identifying characteristics of the pJT4-J159F plasmid construct contained in
ATCC No. 68457.

In another embodiment, the present invention relates to host celis
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Fi.gure 3 shows the construct pJT4-J159F, used to express BRK-1 in manmalian
cells. CW, cytonegalovirus early pronoter/enhancer; R the R' elenent from
the long term nal repeat of human T-cell |eukem a virus-1; SP, an intron
splice site fromthe SvV40 virus; T3, pronoter fromthe T3 bacteriophage:

T7, pronoter region fromthe T7 bacteri ophage; poly A region fromthe SV40
virus directing pol yadenyl ati on of the nessage; SV40 ORI, origin of
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COs-7 cells nsfected with the cDNA for BRK- 1, using the construct
pJT4-J159F: crosslinrdnotger entbwelirabstenthe dresemr inveasemeelates t®fa I0cambinant

g;”p‘?gglsgg :Br'\]/P _r%ss(i:oeq Y%ctg} Q%Sri;inaréofﬂﬁ/\' %@RB@ %SaiR'gth‘rt '('-QQK(-){ : B%é}ably the
recombinant expression vector is a plasmid having all of the identifying
characteristics of the pJT6-J159T plasmid construct contained in ATCC No.
69474.

In another embodiment. the present invention relates to a host cell
comprising the recombinant expression vector comprising t-BRK-1. Preferably the
host cell is a mammalian cell; more preferably a CHO cell or COS celi.

In another embodiment, the present invention relates to a method for
producing BRK-1 or t-BRK-1 comprising isolating BRK-1 or -BRK-1 from the host
cells described above.

In another embodiment, the present invention relates to a method for
identifying compounds (e.g., BMP (preferably BMP-2 or BMP-4), and other as yet
to be discovered compounds) capable of binding to a BMP receptor kinase
protein, the method comprising introducing a sample comprising the compounds
to the BMP receptor kinase protein and aliowing the compounds to bind to the
receptor kinase protein. Preferably the receptor kinase protein has amino acid
sequence SEQ ID NO:4 (t-BRK-1) or a soluble fragment thereof, or SEQ ID NO:2
(BRK-1) or soluble fragment thereof. Such a method is also useful for
determining the amount of BMP or other receptor binding compound present in
the sample.

For example. BMP concentration in a sample could be determined by
radioreceptor assay. in which unlabeled BMP in the sampie competes with
labeled tracer BMP for binding to the BRK-1 or t-BRK-1 receptor. As the amount
of BMP in the sample increases, it reduces the amount of labeled BMP which is
able to bind to BRK-1 or t-BRK-1. Comparison with a standard curve prepared
with known concentrations of unlabeled BMP aliows accurate quantitation of BMP
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and crosslinked to [[err]l]-BMP-4. Lanes designated "+", COS-7 cells
transf ect ed with the cDNA for BRK-1, using the construct pJT4-J159F.

Lanes designated "- " nmock-transfected COS-7 cells. After transfection,
cells were crosslinked to [[err]1]-BMP-4. then subjected to

| mmunopreci pitation using the indicated antisera Lanes on the left,

anti serum 1351, specific for the extracellular donmai n (ECD) | anes on the

right, anti segshckd8tiod 3h9%theasdmpRS0, Latddingpefctrbter BMP tibepidferads dodentsy n.

> iodination with {125{]Nal. BRK-1 or t-BRK-1 can be expressed in the outer
membrane of a stable cell line, or supplied as a soluble fragment, or as a soluble
fragment covalently attached to a solid support. To perform the assay. unlabeled
BMP from the sample and labeled tracer BMP compete for binding to the receptor
until equilibrium is reached. The receptor-BMP complex is then isolated from free
ligand, for example by washing (in the case of an adherent cell line), rapid
filtration or centrifugation (in the case of a nonadherent cell line or receptor bound
to a solid support), or precipitation of the receptor-ligand complex with antibodies.
polyethylene glycol, or other precipitating agent followed by filtration or
centrifugation (in the case of a soluble receptor). The amount of labeled BMP in
the complex is then quantitated, typically by gamma counting, and compared to
known standards. These methods have been described in the literature using
other receptors (Williams, M., Med. Res. Rev., 11:147-184 (1991), Higuchi, M.
and Aggarwal, B.B., Anal. Biochem., 204:53-58 (1992); Cain, M.J., R.K, Garlick
and P.M. Sweetman, J. Cardiovasc. Pharm., 17:S150-S151 (1991); each of which
are incorporated herein by reference), and could readily be adapted to the BRK-1
receptor/BMP system.

The same technique would also be applied in high-throughput screens to
identify compounds capabie of binding to BRK-1 or -BRK-1. In such a method,
the higher affinity of the compound for BRK-1 or t-BRK-1 (or soluble fragment
thereof), the more efficiently it will compete with the tracer for binding to the
receptor, and the lower the counts in the receptor-ligand complex. In this case,
one would compare a series of compounds at the same concentration range to
see which competed for receptor binding with the highest affinity.

In another embodiment, the present invention relates to antibodies specific
for BRK-1 or t-BRK-1, and a method for producing the same. '

Preferably, for expression of the BRK-1 or t-BRK-1 in systems where the
protein product is to be secreted, as in a mammalian cell, the first 23 amino acids
of SEQ ID NO:2, SEQ ID NO:4 or SEQ ID NO:6 constitute a signal sequence that
directs the protein product to the secretion apparatus of the cell. Subsequently,
the protein product will be incorporated into the membrane if a transmembrane
domain is present (as in t-BRK-1 (SEQ ID NO:2) or BRK-1 (SEQ ID NO:4)), or
secreted if no transmembrane domain is present (as in a soluble form of t-BRK-1
or BRK-1 (SEQ ID NO:6)). However, the amino acids constituting the signal
séquence are generally removed by proteolysis during post-transiational
processing, so that the mature, processed protein is predicted to start at amino
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DESCRI PTI ON The present invention answers the need for an isolated
BMP-receptor protein by providing an isolated BMP receptor kinase protein a
DNA sequence coding for said protein, a reconbi nant expression vector
conprising said DNA sequence, a host cell conprising said reconbi nant
expression vector a nmethod of expressing saild BVP receptor kinase protein,
and anti bodies to said BMP receptor kinase protein. As used herein,
"BMP receptor lgciiaGm 4.0t ein-1" or "BRK-1" means a protei n havi ng the am no

i d SEQ | L 4 |
Substantially sin i behesPesli SR ke OBl ABRARL aR BRI
that they are eapabbactefiaergli fgy BHP- tzeaammr a(BN/P-CQJnSUiUUt\@ dhe dugnalgseguence
bi ol ogi cal si ggajyid FLéfélaéb@PthnﬁttWar?d ah B fletiirficd! Wauli g%fg%btwb@ a@@lf\g

or crossreacting w ant1-BRK-1 anti bodi es, rai sed agai nst

used herein, "{¢ m?c%{ttEH"'BHﬁt?é%’ﬁt%ﬁaﬁ FHEPW ot ei n" or "t-BRK-1" means a
protein havi ng am ncrhw:undeawumf@r:’@r HBteN@iring whether ABgarsk dubrasi al,known

"substantially o§rpg} %t?\{e ?’l\.’{ber]s lﬁ%ﬁgb PB Hcﬂ% & tanﬁforaégtlogtnﬁgf'tr% @R}%“)IC e%'egtor

aci d sequences,

sequence al ter @acbgednbn/a@@n@ﬂﬁs mQ@H'% of ﬁféﬁrpéﬁsﬁé‘ﬁ éﬁ“@ﬁ%’@”seiﬁ[?éﬁi%ct'@? eneaigr

nore substit utigNig sef Qéﬁéé 18§ th@ ceR &YlehtNgesdribed ﬂ@rexﬂfﬁréﬁ'ﬁegfadﬂbsm systérm
retain biological act] ot.ein.

aci d subunits &®fdt r@nﬁ‘i’ gfaﬁ%arg‘gups mmgénél% Iaﬁﬁ"faé? %‘F (599‘?"@0!88 (??(ilblbl\me

sequence di scl @szﬂdtehelDNArmolfecufee Ratorskinaahcablines sach esuthose Hedetmtbhamyn.

in the genetic ar8 g@eful as living cell cultures for competitive binding assays between known or
candidate drugs and ligands which bind to the receptor and which are labeled by
radioactive, spectroscopic or other reagents. Membrane preparations containing
the receptor isolated from transfected cells are also useful for competitive binding
assays. Soluble receptors derived from the ligand binding domain of the receptor
can also be employed in high throughput screening of drug candidates.
Functional assays of intracellular signaling can act as assays for binding affinity
and efficacy in the activation of receptor function. In addition, the recombinant
cell lines may be modified to include a reporter gene operably linked to a
response element such that a signal sent by the receptor turns on the reporter
gene. Such a system is especially useful in high throughput screens directed at
identification of receptor agonists. These recombinant cell lines constitute “drug
discovery systems", useful for the identification of natural or synthetic compounds
with potential for drug development. Such identified compounds could be further
modified or used directly as therapeutic compounds to activate or inhibit the
natural functions of the receptor encoded by the isolated DNA molecule.

Stable cell lines expressing high numbers of BRK-1 or a soluble form
thereof are also useful as a source of protein for receptor purification. The '
purified receptor or its soiuble form can then be used for high-throughput
screening assays for the purposes described above. The purified receptor or its
soluble form can also be used for determination of the structure of the BMP: BRK-
1 complex. using X-ray crystaliography or NMR techniques. which could then be
used in rational design of BMP agonists or antagonists.

The nucleotide sequences disclosed herein, SEQ ID NO:1 and SEQ ID
NO:3, represent the sequence of t-BRK-1 and BRK-1, respectively, isolated from
mouse NIH3T3 cells. These sequences could be readily used to obtain the cDNA
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encode an am no acid sequence substantially simlar to the reference am no.
aci d seqguence.: As used herein, "biologically active" neans that a
particul ar nol ecule shares sufficient am no acid sequence simlarity with
t he enbodi nents of the present invention disclosed herein to be capabl e of
bi ndi ng detectable quantities of BMP-2 or!2BMP-4, or transmtting a BMP-2
or BMP-4 stinulus to a cell, for exanple, as a conponent of a hybrid
recept or consforuBRK-1Pireinestabt gpedies] agincas hymaac T hese BRNALsequeancBRIGah aiso

wi thin the SC%B?BQ%H)}&H@G&(OQ%S]%‘E v gé“drﬁ’ne ﬁA%"rpf?kael & i(%bﬂgi' &Qrmtt _analysis

[[err]1]-BMP- | ar or anorm ar roxi
equal to 10- 9Rf thepfaguiatahy glemssgs apmﬁrwnw r?%emcpro%%emrewm[ yhrcfwmtab Hut

1x9[err]M  npe@ ewdrﬁ.nﬁzhés/ febfrerafe ] préreMiords Ty nubRoSaé usrequubaaes are
bi ndi ng anal ysi

herein, "sol uB}sé’ T"f%&jﬁrﬁo fjg e(@lfrgesg,‘d g'sérﬁ%(@% %f i‘& Eageﬁu%r%’éma' Hf)?Lf'e@sﬁB‘ﬁdl ng

to the extracdiseabeaistateyiwnicoilleREan assessrBR-of itsJuiysiolegital agiesintvivo.
irga{]:“rjg d”uncat ed ppPtSiResddeseifusti@8hgnNs Brefbf8d " 8MBBEM b CiHEe phent
invention, the following non-limiting examples are discussed in detail.
Example 1
Isolation of the BRK-1 PCR fragment

PCR primers are designed based on an alignment of the protein
sequences for the activin {(Mathews, L.S. and Vale, WW., Cell 65 973-982
(1991)) and Daf-1 (Georgi, L.L., Albert, P.S., and Riddle, D.L., Cell 61: 635-645
(1990)) receptor kinases, in comparison to the kinase domain sequences of the
highly related cytosolic raf protein kinases (Nishida, Y., Hata, M., Toshikazu, A,
Ryo. H., Yamagata, M., Shimizu, K.; and Nishizuka, EMBO J. 7:775-781 (1988).
Bonner, T.L., Oppermann, H., Seeburg, P., Kerby, S.B., Gunnell, M.A., Young,
A.C., and Rapp, U.R., Nucleic Acids Res. 14: 1009-1015 (1986)). This alignment
shows that the activin and Daf-1 receptor kinases contain a unique insert in
kinase domain VI that is not present in the raf kinases. Hence, primers are
designed to generate fragments that will include this insert and increase the
probability of cloning a receptor kinase that is highly related to the activin and
Daf-1 receptors. The sense primer is designed as a degenerate oligonucieotide
primer that would encode the protein sequence E A/lY V AV K VI F, found in
kinase domain [l of the activin and Daf-1 receptors. ACT2A and ACT2B are the
names assigned to refer to this set of degenerate 5 PCR primers, which are
illustrated in Figure 1. The antisense primer is designed as a degenerate
oligonucleotide primer pool that would encode the antisense strand corresponding
to protein sequence KP A M/l A/S HR D | K, found in domain VIB of the activin
and Daf-1 receptors. ACT1A and ACT1B are the names assigned to refer to this
set of degenerate 3' PCR primers, which are illustrated in Figure 1.

Total RNA is isolated from mouse NIH3T3 cells (ATCC CRL 1648) using
"RNAZOL" (Tel-Test. Friendswood, TX; a solution for rapid isolation of RNA.
containing guanidinium thiocyanate, phenol, and f-mercaptoethanol). Poly A+
RNA is then prepared by chromatography on oligo(dT) cellulose chromatography
(Pharmacia LKB, Piscataway, NJ). Single stranded DNA is generated from 200
ng polyadenylated mRNA using reverse transcriptase (first strand synthesis kit
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6- for BMP binding have been del eted. Exanples of such soluble fragnents of
vention include, but are not limted to, polypeptides having

the present in
the ami.no acid

sequences substantially simlar to SEQ ID NO 6, am no acid

resi dues 1-152 depicted in SEQ ID NO 2, amino acid residues 1-152 depicted

in SEQ | D NO 4:

substantially
NO 1, or resid
"digit-renoved
wherein the a
di gesti on.

protein of the
means that the
mlieu in whic
sai d DNA seque

ng%‘aa nBNH‘Az'inJI@élﬁg % Q%ftrraﬁggf%'{%sé’? oﬁpﬁmﬁr%ry%ﬁhﬁe

or pol ypepti des encoded by !lAucl ei c acid residues
simlar to SEQ ID NO 5, residues 291-746 depicted in SEQ ID
frem. 1Sit4@agelepi diredoilm SEQ thz MO Bontains componsed hecessary for

RO Cer i nus of mature een renpve
leukpgnig, ¥igds . RERgng, Nuglelidaseand b‘r’fFPrlséf ArRoRRD Pf)thﬂsh@af%taé

isPiheseainplifiste blyi e S6lyiAdiFasee ehiEin ceackdit ekraghaftat qbcmphgdn@ 50

Sl

n

R B At PP e A X Bl AR STl L. i BB Pt

eaeh phthe a;mrlmers ACT1A and ACT1B shown in Flgure 1. The reaction is run
in a 100 pi final volume using the "GENE-AMP" kit (Perkin-Eimer, Norwalk, CT: a
kit containing components necessary for amplification of DNA using the
polymerese chain reaction, including "AMPLITAQ", a recombinant form of the
DNA polymerase from Thermus aquaticus (Perkin-Elmer, Norwalk, CT).
nucleotides, and buffers) using a Perkin-Elmer thermal cycler. Standard PCR
reaction conditions are used: melting at 94° for 2 min, followed by 35 cycles of
melting (94°, 30 sec), annealing (55°, 30 sec), and extension (72° C, 30 sec).
After the completion of this first PCR reaction, a 10 pl aliquot of the reaction is
removed and subjected to another 35 cycles of amplification with fresh reagents.
Products of this secondary PCR are then ligated into the vector pCR 1000
(Invitrogen, San Diego, CA) for clonal selection and sequence analysis.

By this method, a PCR fragment of approximately 300 bp is isolated, whose
DNA sequence shows a strong homology to the genes for the Daf-1 receptor
(Georgi,. L.L., Albert, P.S., and Riddle, D.L., Cell, 61: 635-645 (1990)) and mouse
activin Type |l receptor cDNAs (Mathews, L.S. and Vale, W.W., Cell, 65 973-982
(1991)).

Example 2
Isolation of t-BRK-1 DNA

With the PCR fragment in hand, it is next necessary to screen a cDNA
library with this fragment in order to isolate a full-length receptor clone.

The PCR fragment is excised, purified by gel electrophoresis, and labeled
with (a-32P)-dCTP, using a random priming method using a "PRIME-IT" Random
Primer Labeling Kit (Stratagene, La Jolla, CA; a kit containing components
necessary for random primer labeling of cDNA, inciuding exonuclease deficient
Kienow polymerase, random 9-mer primers, and buffers). The labeled probe is
then used to screen a cDNA library prepared from mouse NIH3T3 cells in the
vector "A ZAP II' (Stratagene, La Jolla, CA: a lambda cloning vector which
accepts inserts up to 10 kb in length and permits automatic excision of inserts in
the "pBLUESCRIPT SK(-)" plasmid). Hybridization is performed for 24-48 hours
at 42°C in 5X SSPE (1X SSPE = 0.15 M NaCl, 10 mM NagHPQ4, and 1 mM
EDTA (ethylenediaminetetraacetic acid)), 1X Denhardt's (0.02% bovine serum

This Sheet Has B

T

Replaceq

|



that does not naturally express it when operably linked to the appropriate:
regul at ory sequences. As used herein, "operably |inked" refers to a
condition in which portions of a |inear DNA sequence are capabl e of
influencing the activity of other portions of the sane |inear DNA
sequence. For exanple, DNA for a signal peptide (secretory leader) is
operably linked to DNA for a polypeptide if it is expressed as a precursor
whi ch parti ci pibuesn.i 0 ORUepsigengipyonliodng. 20296 Rrpat 1 @@ pgnipraimob eestissSDNA.
operably |inkeggdot L NSO i, rpl S LR §

t he sequence;ggé’rﬁérﬂraﬁﬁ%ésogle o]] %g?%gréshagh?gﬂg&ea?é%&*ﬁﬁﬁ@&%@gggﬁ%ggﬁggc
sequence if ith 01X PBEF: ABH &2 %osetiumgigsiecy $U|§¥%(§méi,i4§ﬁ. thegnsitive plagues

operably |inkpiéntiBédoy e0ftradibgtsphangt -10°0 loe 9EODARS XSBHARET ARY fligapkddak.
contiguous in reﬁdln

ane. ... - . As_used. herein,. "ATCC' means, Anerican
Type Gt ur e BSRREURE Y7 Rigntine magin AT Wi ThErying Segeerog R, of
"bone nor phogsereeningpefopaditive2plagues B an nedatedapure pivage deh@iicisdigsignated
DNA seqguence am ned in ATCC No. 40345 (see ATCC/ NI H REPCSI TORY
CATALOGUE OF "AND MOUSE DNA PROBES AND =~ LI BRARI ES, sixth Edition,
1992, p. 57, herei hagt@eningTsitg M theREPGEAR dRyvecteataptemsEtne sequgngs oh the

BMP i 3 KI/L SC%OQ%M{@ " QLEEESERI%-S r)?é(gtﬁﬂében‘éﬁn_% JolidOZReYa amgb Ras @Biony-
e e T iohing Susab S obes R PR o5 "2 st b oy 23z
i ssued Decenbthe dipna® Irsert as lexcisedffiionh thes punifest laobaiaeuhagen&tr&8#7, biging R408
reference. helper phage (Stratagene, La Jolla, CA). This yields the t-BRK-1 cDNA
subcloned into “"pBLUESCRIPT SK(-)". The resulting plasmid, which we designate
pBLUESCRIPT-J158T, is suitable for sequence analysis.
Example 3
1-BRK-1 Sequence Analysis
The isolated plasmid pBLUESCRIPT-J159T containing the t-BRK-1 cDNA
is then sequenced on both strands, using either the "SEQUENASE" Ver. 2.0 kit
(U.S. Biochemicals, Cleveland, OH; a kit containing components for manual DNA
sequencing using the dideoxy terminator method, including "SEQUENASE" (a
modified form of T7 DNA polymerase deficient in exonuclease activity, U.S.
Biochemicals, Cleveland, OH), nucleotide mixes for labeling and extension,
dideoxy nucleotide terminators, pyrophosphatase and buffers) or the "TAQ DYE
DEOXY" Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City CA: a
kit containing components for automated DNA sequencing using the dideoxy
terminator method, including "AMPLITAQ", nucieotide mix, dye-labeled dideoxy
nucleotide terminators, and buffers) with a Model 373A DNA Sequencer (Applied
Biosystems, Foster City, CA). The complete DNA sequence (SEQ ID NO:1)
shows an open reading frame of 1500 base pairs following an initiator ATG.
Comparison of this sequence with the éequence of that of known receptor
kinases of the TGF-R family shows a strong homology, but indicates that the
kinase domain of t-BRK-1 is considerably shorter than that of related receptor
kinases (Fig. 2). Mutational studies on the src kinase have yielded information
that specifies the minimal amino acid residues that are necessary at the C
terminus of the kinase domain in order for the kinase to function as an active
enzyme. Deletions of amino acids upstream of this area yield inactive kinases.
presumably because the kinase structure is destabilized (Yaciuk, P. and
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As used herein, "bone norphogenetic protein 4" or "BMP-4" neans a

7 peptide encoded by a DNA sequence contained in ATCC No 40342 (see

ATCC/ NI'-H REPCSI TORY CATALOGUE). Isolation of BMWP-4 is disclosed in US

Pat ent No. 5,013, 649. Wang, Wzney and Rosen, issued May 7. 1991.

I ncor porated herein by reference. As Used herein, "DNA sequence"
refers to a DNA polyner, in the formof a separate fragnent or as a
conponent of aShatgwey DNA doist.r acd, Cehi Blo/.hds 2RFR2819 (1986)). It is thereiore

generally agreed by those skilled in the art that the end of the kinase domain
occurs at a hydrophobic residue located 10 residues downstream of the invariant
arginine in kinase domain Xl for tyrosine kinases, or 12-18 amino acids
downstream of this invariant arginine for serine/threonine kinases, respectively
(Hanks, S.K. and Quinn, A.M., Meth. Enzymol., 200: 38-62 (1991)). This region is
indicated by the square bracket in Figure 2. The stop codon in t- BRK-1 is
located 20 amino acids prior to the start of the region that specifies the end of the
kinase domain, and t-BRK-1 is therefore believed to be a truncated receptor
clone. Further analysis of the sequence reveals a putative intact intron-exon
junction at position 1763, indicating the possibility that the messenger RNA which
served as the template for this cDNA has undergone incomplete post-
transcriptional splicing of the RNA, such that a portion of an intron was included in
the sequence.

At the N-terminal end of the protein, a eukaryotic signal sequence is
identified, with a predicted cleavage site between amino acids 23 and 24 (see
SEQ ID NO:2). Thus, after post-translational processing, the mature protein is
expected to begin at amino acid GIn24. A region of high hydrophobicity at amino
acids 153-176 indicates the presence of a transmembrane region which divides
the protein into an extraceliular ligand binding domain and an intracellular kinase
domain.

Example 4
isolation of BRK-1 DNA

In order to isolate a BRK-1 cDNA that does not include a premature
termination in the kinase domain, another cDNA library with a broader
representation of mRNA is prepared from NIH3T3 poly A+ RNA (Stratagene, La
Jolla, CA). This library, constructed in "UNI-ZAP XR" (Stratagene, La Jolla, CA: a
lambda cloning vector which allows construction of unidirectional cDNA libraries)
uses both a poly dT sequence and a random primer for the synthesis of the cDNA
library. This library is then screened with the J159 PCR fragment, labeled with
32pP by the random priming method ("PRIME-IT" Random Primer Labeling Kit)
Screening and isolation of clones is carried out as described above (Example 2).
Several additional clones are obtained and subjected to sequence analysis.

Example 5
BRK-1 Sequence Analysis

Sequence analysis of the clones is carried out using the "TAQ DYE

DEOXY" Terminator Cycle Sequencing Kit and the Applied Biosystems Model
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derived from DNA isol ated at | east once in substantially pure form i.e.,
free of contam nating endogenous materials and in a quantity or
concentration enabling identification, manipulation, and recovery of the
sequence and its conponent nucl eoti de sequences by standard bi ochem cal

met hods, for exanple, using a cloning vectog. Such sequences are preferably
provided in the formof an open reading frane uninterrupted by internal

nontransl at ed SExpIONIESeqLBAEQRAbpUEGH emarseemymas@éﬂ an,pr@/syen@ombaﬂydsrawmé c
detuences of rUPMES dnana: St EESrel BRIG! cahid Sin; reooh o HrERes dpegire 2
readi ng frane,indivates thiat osemioreo( S llDrN@rSf) eoetamnst tnerfatilgndtatdodimgosequence.
expressi on of Jhe nBQFl{rBH rEg AN nd%c@@ﬂﬂ%@%ﬁaé’é’%ﬁ&bp‘\g;% 5%%‘ f#Sm this

provided by this invention can be asse s and_ sho
ol i gonucl eot i dON¢ FERLINYPIMELHES GRIFTed 1 93F- OW%;QHEEIF%QH'FEé@m% s b’?%/‘i’%ﬁ@ a
syntheti c genepaify @ficdding apadleth with 1582 rgniAY RERSS #ith iaprédicts® MdleMr mass of

transcri pti onal,_ uni se nbi nant" means that a

protein Ps derﬁ" ebr%ﬂ TWMEU@%%@%&Eﬁ q@gqbeen mani pul ated in vitro
and introduced intolfe HONA seqgemdesnof BRK-1 isAsdestexal hter dhat, ofni-BRKGI abVer
refers to reconfiiResPl-9483 Y %SE&P@) hler eab@%[%héé 81/1¥B83h SED I NO qz%n?d

expreSS| on systens. reco |nant ex reSSI on vecto

refers to a DN\ENCSHSRALiLR! N GEURAC AEIC:SEAULESE ONRI AMINha@ds
t-BRK-1 and \A/rmrhSEmchJNerzaThhsamqwmmﬁaladngrsajlsequén@am trad ﬁgnﬁﬁembrane

assembly of 1)d&ﬁglﬂtdb%e?veﬁqtéRRqVérchdgscnbed in Example 3 are identicaily present in
full length BRK-1. The entire ligand binding domain is also identical. The
nucleotide sequence for t-BRK-1 (SEQ ID NO:1) contains a 90 base pair insert
(nucleotides 1764-1853) which is absent in the nucleotide sequence of BRK-1
(SEQ ID NO:3), which may represent a portion of an incompletely spliced intron.
After this point, nucleotides 1854-2035 of the t-BRK-1 sequence are identical to
nucleotides 1484-1665 of the BRK-1 sequence. Hence, removal of the 90 base
pair insert in t-BRK-1 yields a coding sequence identical to that of BRK-1.
Example 6
Generation of Antibodies to BRK-1
In order to demonstrate expression of the BRK-1 receptor, to demonstrate
ligand binding, and to identify other proteins which may complex with BRK-1, the
availability of antibodies specific for the receptor is highly useful. Polycional
antisera are accordingly produced in rabbits for this purpose, using two antigens.
First, the mature extracellular ligand binding domain, comprising amino
acids 24-152 of SEQ ID NO:2 (or amino acids 24-152 of SEQ (D NO:4), is
expressed in E. coli using the "QIA EXPRESS" bacterial expression system
(Qiagen, Chatsworth, CA; a kit for high-level expression of proteins in E. colfi,
which incorporates into the protein an affinity. tag of six histidines to allow rapid
purification of the recombinant protein by metal chelate chromatography; the kit
includes pQE-12 expression vector, a plasmid encoding the /ac repressor, E. cofi
host strains and metal chelate resin). A portion of the nucleotide sequence.
comprising nucleotides 360-746 in SEQ ID NO: 1 {(or nucieotides 80 to 466 in
SEQ [ID NQO:3), is amplified by the polymerase chain reaction using primers which
incorporate Bg! Il sites at the 5' and 3' ends. Specifically, the primer for the 5' end
is CCATAGATCTCAGAATCTAGATAGT, and for the 3 end s
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regul atory role in gene expression, for exanple, pronoters and enhancers,

2) a structural or coding sequence which is transcribed into mRNA and
translated into protein, and 3) appropriate transcription and translation
initiation and term nati on sequences. Structural elenments intended for
use in eukaryotic expression systens (e.g.l"yeast. insect or mammali an
cells) preferably include a signal sequence at the N-term nus of the
protei n enabl i GHIARBAPCTT AGGARTE CTEROCATE . 0T heeaxtipldeel inskaris sesaretd oo dfie a

transl at ed prot:@gb%&?ﬂg%aiﬁ lChé{s%HﬂatdA’e icMUeBts HRE QIR of {ne

protein is exp sequen or expr essi on i nsi de
cell, it may i msraddwtrawxrw@mmi theef H?@Wﬂﬁb%%@f meorotmnsﬁﬂsgftraugfomnon

of £. coli strain JM101 with this construct. the transformed strain is grown in LB
broth supplemented at mid-log phase with isopropyl thio-3-galactoside (IPTG).
which induces expression of the protein driven by the /ac promoter. Three hours
after addition of IPTG, celis are harvested by centrifugation and lysed in a
"FRENCH" pressure cell (SLM-Aminco, Urbana, IL; a dispersion unit for
disintegrating bacteria under high pressure using a hydraulic press) using two
passes at 16,000 psi. The extracellular domain is purified by chromatography on
a nickel metal chelate coiumn, according to the manufacturer's instructions.
Further purification is attained by chromatography on a preparative C4 reverse
phase column (Waters DeltaPak C4 column, 300 A, 7.8 mm x 30 cm, Millipore,
Milford, MA), using a linear gradient of 0.05% TFA (trifluoroacetic acid) in water to
0.05% TFA in 80% acetonitrile, over 90 minutes at a flow rate of 2.8 mi/min. Peak
fractions eluting at 38% acetonitrile are pooled, dried under vacuum. and used to
immunize three New Zealand White rabbits (Hazleton Washington, Vienna, VA).
Antisera are evaluated by Western blots for their ability to detect the purified £.
coli antigen. The antiserum with the highest titer is designated 1353.

A second antigen, intended to recognize the intraceliular kinase domain, is
generated from a peptide having an identical amino acid sequence to amino acids
398-420 of SEQ ID NO: 4 (or amino acids 398-420 of SEQ ID NO:2), with the
addition of a cysteine at the C terminus to permit conjugation of the peptide; i.e.,
indicated by the single letter amino acid  abbreviations,
LNTRVGTKRYMAPEVLDESLNKNC. Comparison of the amino acid sequence of
the kinase domain of BRK-1 with the kinase domain of the Raf protein suggests
that this region of BRK-1 corresponds to a region of the Raf kinase which was
used to make highly specific antibodies (Kolch, W., Weissinger, E., Mischak, H.,
Troppmair, J., Showalter, S§.D., Lloyd, P., Heidecker, G., and Rapp. UR.
Oncogene 5: 713-720 (1990)). This peptide is conjugated by standard methods to
keyhole limpet hemocynanin, and used to immunize three New Zealand White
rabbits (Hazleton Washington, Vienna, VA). The resulting antisera are evaluated
for their ability to recognize the original peptide coated on plastic. using an
antibody capture ELISA (enzyme-linked immunosorbent assay). The antisera are
designated 1378, 1379, and 1380.
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optional |y be subsequently cleaved fromthe expressed reconbi nant protein
to provide a final product. Using nethodol ogy well known in the art

reconbi nant expression vectors of the present invention can be constructed.
Possi bl e vectors for use in the present invention include, but are not
limted to: for mammalian cells, pJT4 (discéssed further below), pcDNA-1
(I'nvitrogen, San Diego, Ca) and pSV-SPORT 1 (G bco-BRL, Gaithersburg, MD)

for insect cells, pBlueBac Il or pBl ue%ﬁlebacul ovirus vectors
(I'nvitrogen, San Diego, CA); and forgh ek Is pET-3 (Novagen,
Madi son, W). The DNA sequence codin t- BRK-1 can be present

in the vector oper dBISFap Mk ddenty I"é@dl’%ﬁt@ﬂyOfeBglﬁehtlé IS PRCEFRANE O ckipnasst thef
t he present i rpretdinh @and testnoeddeanhéost thﬁhd!sSa%bécxﬂé(ﬁbQﬁ@bmﬁlé fsaé}%fé%%l?chdﬂeth

h I d [e resul t.i ress BRK- 1.
Tneago?ﬁg eﬁﬁﬁfiy“g{”"wéﬁhéé@a n%'g?en\t}éﬁt F’@ﬁ'm'ﬁ%%ﬁh?l SSP @éPf%sséﬂgea
pref erably tr pstasdy @ioggssedipretain irs thedcelbmembrane. p JE6this) 459 Tthet BRK ebyDNA

| t t c nt i
o1 cul o9 can B dRporea fito nBExpressidh ARG pIL 18 qoherdfe b HIAA"D s
used herein, "‘Hggfe' celhe BREnk 'as%félWOTBOHQLUESE@IBTr-E(é@ﬁb|lshafhgestedpwélssih@n
vector of the raste&ﬁﬂrh ariiopiciea8e APS, @%héﬁatuﬁ@)’a bihetiabh Yoihémies Wkt sd?xn e

or
by 2t ecombi 1AM IG LG SHBTErTE RELt Blre 4 vRTadNA: BRAMAGEE Ichirew
such as Eschéfamfti genﬁratlﬁgragalum)endeniheUmleaazecS@tashaﬂosryn@S digrsted svitke,
permanent  celNot! | Nfser8iid RE hEQHN IS GRL SpISERlY. Stk pgTQnéjxp$§ss%&n b is
per manent digested with Not | and EcoRV, and ligated to the insert. The blunt end generated
by the Klenow reaction is compatible with the EcoRV site, which is also a biunt
end; ligation eliminates the Eco RV site. The resuiting construct is shown in
Figure 3.

The pJT4 vector, optimized for transient expression in COS cells, includes
the cytomegalovirus early promoter and enhancer,' which gives very efficient
transcription of message; an “R" element from the long terminal repeat of the
human T-cell leukemia virus-1, which has been shown to increase expression
levels further (Takebe, Y., M. Seiki, J.-l. Fujisawa, P. Hoy, K. Yokota, M. Yoshida
and N. Arai, Mol. Cell. Biol., 8:466-472 (1988)); an intron spiice site from SV40,
which is believed to enhance message stability; a multiple cloning site, a
polyadenylation signal derived from SV40, which directs the addition of a poly A
tail to the message, as is required for most eukaryotic mMRNA; and the SV40 origin
of replication, which permits the replication of the plasmid to extremely high copy
number in cells which contain the SV40 large T antigen, such as COS cells. In
addition, for manipulation and amplification of the vector in bacteria, the vector
contains an E. coli origin of replication and an ampicillin resistance gene.

Transient expression of BRK-1 using pJT4-J159F is carried out in COS-7
cells (ATCC CRL 1651) using electroporation. Cells are grown to confluence in
DME (Dulbecco's Modified Eagle) high glucose media supplemented with 5% fetal
bovine serum (Hyclone, Logan, Utah), nonessential amino acids (GIBCO,
Gaithersburg, MD), and glutamine, then trypsinized to release cells from the
plate. The detached cells are pelleted in a tabletop centrifuge, then resuspended
in fresh media at a concentration of 6.25 x 106 celis/ml. The cell suspension (5 x
108 cells, 0.8 mi) is transferred to the cuvette from a BioRad "GENE PULSER"
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manmal i an cell |ines such as Chi nese hanster ovary (CHO and SV40-
transforned- African green nonkey ki dney cells (CQOS). In one
enbodi ment, the present invention relates to a BMP receptor Kkinase
protein, or soluble fragment thereof. Preferably, the BRK-1 protein has
am no acid sequence SEQ ID NO 4. Preferablyy the soluble fragment has
am no acid sequence SEQID. NO 6; preferably the soluble fragnent is

encoded by nucleiemromambrseymemqﬁuﬂlf@jl |HedQles. CA). The purhﬂécﬁ[DNW’tgésmnd (10
enmbodi nent , \Y/ n e 0 equence codin

BRK- 1 pr ot ei n. qﬁ'h da%ﬁlABst@eu%ggcghet}gg éeug Y J% g‘?’ d ‘ﬁ%?é%ai?&’
DNA sequence i SVIBE@ ‘F@WBCG of 25 pFd n étaf@rth§nblddia¢band allmweprteseenover

invention rel atF&ésﬁ @n@dlé% bﬂé‘cﬁ'tafter SHUPRES Ak B NE RS £r8MBE ng? 't@%eateg%ad for

sequence codin 8 2% _5 protein Preferably the reconbl nant
expressi on vect pdip &F}Bsm d having all of the I denti fying

characteristics of the pJT4- J159F pl asm dexammseBuct contained in ATCC No.
69457. | n anot her enbodi nent ’E)Jppgss%rﬁéﬁfﬁRkﬂvem ion relates to host
cells =

For expression of {-BRK-1, the cDNA insert from pBLUESCRIPT-J159T is
excised using the restriction endonucleases Not | and Xho |, and subcloned into
the Not | and Sal | sites of the expression vector pJT6, generating the construct
pJT6-J159T shown in Figure 4. The vector pJT6 is identical to pJT4, described in
Example 6, except for the opposite orientation of the mulitiple cloning site, and the
presence of a spacer DNA between the Pst | and Bam H1 sites of the multiple
cloning region.

Transient expression of t-BRK-1 in COS celis using the pJT6-J159T
construct is carried out exactly as described above for BRK-1 (Example 7).

Example 9
Preparation of radiolabeled BMP ligands

The preferred radioligand in all these studies is BMP-4. BMP-4 is iabeled
with 125 by the chloramine-T method (Frolik, C.A., Wakefield, L.M., Smith, D.M.,
and Sporn, M.B. J. Biol. Chem. 259: 10995-11000 (1984)). BMP-4 (2 ng) is taken
up in 5 ul of 30% acetonitrile, 0.1% trifluoracetic acid (TFA) plus an additional 5
of 1.5 M sodium phosphate, pH 7.4. Carrier free [125]] (1 mCi, 4-10 pl) is added,
together with 2 yl of a chloramine T solution (100 pg/ml). An additional 2 pl of the
chloramine T solution is added at 2.0 min and at 3.5 min. After 4.5 minutes, the
reaction is stopped by the addition of 10 pl of 50 mM N-acetyl tyrosine, 100 pl of
60 mM potassium iodide, and 100 yl of 11M urea in 1 M acetic acid. After a 3.5
minute incubation, unreacted iodine is removed on a PD-10 gel filtration column
(Pharmacia, Piscataway, NJ) run in 4 mM HCI, 75 mM NaCl, 1 mg/ml bovine
serum albumin (BSA). The resulting labeled protein is >95% precipitable by
trichloroacetic acid, indicating that all [123]] is protein bound, and has a typical
specific activity of 3000-8000 Ci/mmol.

BMP-2 can be radiolabeled in the same manner and used as a radioligand.
However, use of BMP-2 results in very high nonspecific binding, presumably
because of binding of BMP-2 to extracellular matrix proteins. Such nonspecific
binding can be significantly reduced. and hence the usefulness of BMP-2 as a
radioligand significantly improved, by removal of amino terminus of the protein.
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9 conprising the above descri bed reconbi nant expression vector Preferably .
the host cell is a mammalian cell; nore preferably a CHO cell or COS cell

I n anot her enbodi nent, the present invention relates to a truncated BMP
receptor kinase protein, or soluble fragments thereof. Preferably t-BRK-1
has am no acid sequence SEQ ID NO 2. Prefesably the sol uble fragnent of
t-BRK-1 has am no acid sequence SEQ ID NO 6; preferably the sol uble

fragment of tprBEMmaﬂuiyi secacsrladisbyeroidsetre ashidnsappensieleSER) bihdNey So the
encodi ng - ratieceiner Jrafipg « REMoR S3ohisn ot B SRS, Bk A9R “&bney
NO 1. accompbished bynpartiahernteolyhis \pmwernsml (rW@-mayonl Mel Mok e ev.,
recombi nant 83@'?6@-516?'"(1’999}OrTﬁngéld@anQer@\/éWéo%% M@"&Q@r@ﬁo@@cﬁ HMEEK- 1.
Pref erably t he rﬁcol\mg faB;['epea)é rloensgrlxc?pun ggt%?\ of%isl 8%3% 1S carned \(I:{ aasI flollgjvst he
I denti fying

BMP-2 (100-250 ug) is solubilized in 500 ul of 4 M urea, 0.1 M NaCl. 0.05
M Tris-HCI (pH 8.2). Trypsin (Sequencing Grade; Boehringer Mannheim,
Indianapolis, IN) is added to a trypsin/BMP-2 ratio of 1/50 {(w/w), and the digestion
mixture is incubated at 37°C for 2 hr. Digestion is stopped by the addition of
phenylmethylisulfonylfluoride (PMSF) to a final concentration of 1 mM, and the
mixture is frozen and stored at -20°C until purification.

DR-BMP-2 is purified from the digestion mixture by reversed phase HPLC
(high performance liquid chromatography) on a Waters Delta-Pak C4 column (5
pum, 300 A, 3.9 X 150 mm; Millipore Corp., Milford, MA). The entire digestion
mixture is injected directly onto the column, and DR-BMP-2 is eluted using a
linear gradient from 0.05% TFA to 0.05% TFA, 60% acetonitrile over 80 min. at a
flow rate of 0.7 mi/min. The majority of DR-BMP-2 elutes as a well-defined peak
at about 36% acetonitrile, as monitored by absorbance at 214 nm and after
Coomassie blue staining of an SDS-polyacrylamide gel. = PMSF, PMSF-
inactivated trypsin, and any remaining intact BMP-2 are separated from DR-BMP-
2 under these chromatographic conditions. Purified DR-BMP-2 is aliquoted, taken
to dryness under vacuum, and stored at -20°C.

Analysis by SDS-polyacrylamide gel electrophoresis :shows that the
molecular weight of DR-BMP-2 is decreased by approximately 2000 daltons
compared to BMP-2 under nonreduced conditions, and by about 1000 daltons
under reducing conditions. Amino-terminal protein sequencing demonstrates that
roughly 70% of DR-BMP-2 begins at Lys290, while the remaining 30% begins at
Leu292. Results from amino acid analysis are entirely consistent with the
sequencing results and suggest that the COOH-terminus of the protein is
unaffected by trypsin treatment. Radiolabeling of DR-BMP-2 is carried out exactly
as described for BMP-4.

Exampie 10
BMP Binding to BRK-1

Binding of DR-BMP-2 and BMP-4 to BRK-1 can be demonstrated by three
separate methods: whole cell binding of radiolabeled BMP; covalent crossiinking
of radiolabeled BMP to the receptor; and immunoprecipitation of the receptor
crosslinked to labeled ligand. These three methods are described in detail below.
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characteristics of the pJT6-J159T plasm d construct contained in ATCC No.

69474. I n anot her enbodi nent, the present invention relates to a
host cell conprising the reconbi nant expression vector conprising t-BRK-1.
Preferably the host cell is a mammualian cell; nore preferably a CHO cell or
CCS cel | . I n anot her enbodi nent, thezpresent invention relates to a

met hod for producing BRK-1 or t-BRK-1 conprising isolating BRK-1 or
t-BRK-1 fromthe hodtor wiellé selllbstchnd exparimoents. COS-7 cells anpahsfectenbath pid-,

the present i nvaBbEos, HELEIRR g efarfb D AR b ARRIOHINIT 3HO TOURLSCd 5 92

BMP (preferably ot her
conpounds) capa&ﬂlb piates #dP AYOPB eelistrelt eMéStaois khaRged afept24 mr. ne bigingd
conprising int r&@@ﬁhﬁ@tﬁaﬁ@&ﬁ}r%dl@ﬂﬂ)éﬂ asnﬁ thﬁtrﬁ@ﬁﬁwrﬁéﬂs dré Wﬁlﬁ*né%‘\/Bnce with

 haceprot o1 n g0 Pl e i BCP 2Bk Ko S E Y
sequence SEQ | M§E0D4, {2-BNKEaLIn2 mg&tﬂlaﬂi)ﬁ)atﬁeragwhbrammmoé samre SEerd 4°C
NO 2 (BRK-1) gp §g'rh'.h' With paags%bpmgr eme buffSC tﬁeﬁ%tspf?%te'ds aRbis8 éé%ﬁf\k'én is

for determnlng her recepta

present in thedsg P” of b'”dmgFQHff%Mén%) &on@vwnad; (?HrﬁMB Hﬁc?rn“&’OsFéMblaé
coul d be deter riglpds bbar%ng&tbr@éﬁﬁamw of\aiARPeldd) BMRP-2) BMP-ab & esth&VEniabetdue

I o o e A T sy ey B S o

t-BRK-1 recept
reduces the anvsradded tcaitee dindivg buffechati @ final concentration of 10 nM. To prevent

degradation of ligand during the incubation, a protease inhibitor cocktail is also
added, to give a final concentration of 10 ug/ml leupeptin, 10 yg/ml antipain, 50
pg/mi aprotinin, 100 yg/mi benzamidine, 100 pg/ml soybean trypsin inhibitor, 10
pag/ml bestatin, 10 pg/ml pepstatin, and 300 yM PMSF. The cells are incubated
for 4 hr at 4°C with gently shaking. At the end of the incubation period, the buffer
is aspirated, and the cells are rinsed 4 times with 1 ml washing buffer (50 mM
HEPES, pH 7.4, 128 mM NaCl, 5 mM KCI, 5 mM MgSQO4, 1.2 mM CaClz, 0.5
mg/mi BSA). After the final wash is aspirated, 750 pl of solubilization buffer (10
mM TrisCl, pH 7.4, 1 mM EDTA, 1% (v/v) Triton X-100) is added to each well and
incubated at room temperature for 15 min. The solubilized cells are then
transferred to fresh tubes and counted in a Packard Model 5005 "COBRA™
Gamma Counter (Packard Instrument Co., Downers Grove, IL).

Results of such an experiment are shown in Figure 5. Specific binding of
[125]}-BMP-4 to COS-7 cells transfected with the cDNA to BRK-1 (using the
construct pJT4-J159F) is three times higher than binding to mock-transfected
COS-7 cells.

In order to obtain a more quanitative characterization of binding to BRK-1.
a saturation binding analysis is performed on COS-7 cells transfected with the
cDNA for BRK-1, using the construct pJT4-J159F. Binding of [1231]-BMP-4 is
examined over a concentration range of 10-1000 pM, with nonspecific binding
determined with 10 nM uniabeled BMP-4. Binding data was analyzed using
LIGAND software (Version 3.0; Elsevier-Biosoft, Cambridge, UK) to obtain an
affinity (Kg) for BRK-1 of 5 x 10-10 M, well within the physiological range
expected for a BMP receptor.

A second method of demonstrating binding of BMPs to BRK-1 is to
crosslink the radiolabeled ligand to the BRK-1 receptor. In this method. the
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able to bind to BRK-1 or t-BRK-1. Conparison with a standard curve prepared.
wi th known concentrations of unlabeled BMP all ows accurate quantitation of
BWP 10 concentration in
the sanple. Labeling of tracer BWP is preferably done by iodination with
[[err]I]Nal. BRK-1 or t-BRK-1 can be expres&ed in the outer nmenbrane of a
stable cell line, or supplied as a soluble fragnent. or as a soluble
fragment coval éfungticnal gE¥Estinkiogdeagentdisugspomtdy! Fabgretef (DS9) (FreresGlyemical.

unl abel ed BWP fyppidre 15aPLsednd taksdmr ERSR K BYBnG A2BRISbHI08 1jaRdi 40 ik O

the receptor receptor by reaction with free amino groups on lysine residues in the two proteins.
Following the crosslinking, cellular proteins are separated by gel eiectrophoresis.
and radioactive bands visualized. The labeled bands represent the receptor
selectively "tagged" with the radiolabeled ligand. In this procedure, cells are
transfected with pJT4-J159F as described in example 7, then seeded into 12 well
plates at 670,000 cells/well. Media is changed after 24 hr. At 48 hr after
electroporation, the cells are washed, equilibrated, and incubated with [1251}-BMP-
4 or [125]}-DRBMP-2 and competing unlabeled ligands as described in this
example for whole cell binding studies. After completion of the 4 hour incubation
with ligand, the cells are washed three times at 4°C with 2 ml of binding buffer
having the same composition as described above, except that no BSA is added.
To each well is then added 1 mi of fresh BSA-free binding buffer, followed by
freshly prepared DSS to a final concentration of 135 uM. After swirling gently to
mix the DSS. the plates are incubated for exactly 15 minutes at 4°C with gentle
shaking. At this point the media is aspirated and the cells washed with 3 ml
detachment buffer (10 mM Tris, 0.25 M sucrose, 1 mM EDTA, 0.3 mM PMSF, pH
7.4). An additional 0.75 ml detachment buffer is added to each well; the cells are
scraped off into the buffer and transferred to fresh microcentrifuge tubes. Each
well is then rinsed with an additional 0.5 mi detachment buffer, which is added to
the corresponding tube. The samples are centrifuged (13,000 x g, 15 min) and
the supernatant discarded. The pellets are taken up in 20 plL reducing sample
buffer (125 mM TrisCl, pH 6.8, 1% R-mercaptoethanol, 2% SDS, 0.1%
bromphenol blue, 10% glycerol), vortexed for 30-45 min at 4°C, boiled for 5
minutes, and centrifuged (13,0000 x g, 5 min). The supernatants are loaded onto
7.5% SDS-polyacrylamide gels and subjected to electrophoresis. The gels are
stained in 0.12% Coomassie Blue, 5% methanol, 7.5% acetic acid, destained in
5% methanol, 7.5% acetic acid, then dried between sheets of cellophane.
Radioactivity on the dried ge! is visualized and quantitated on a Phosphorimager
(Molecular Devices, Sunnyvale, CA), or subjected to autoradiography using
"KODAK X-OMAT AR" film (Kodak, Rochester, NY).

Result of such experiments are shown in Figure 6. Figure 6A shows
crosslinking of [1251]-BMP-4 to COS-7 cells transfected with BRK-1 using the
construct pJT4-J159F. In lane 1, note the presence of a labeled band at
molecular weight 76,800 which corresponds to BRK-1 covalently crosslinked to
BMP-4. This band is greatly reduced by the addition of 10 nM BMP-2 to the cells
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until equilibriumis reached. The receptor-BMP conplex is then isolated
fromfree ligand, for exanple by washing (in the case of an adherent cel
line), rapid filtration or centrifugation (in the case of a nonadherent
cell Iine or receptor bound to a solid support), or precipitation of the
receptor-|ligand conplex with antibodi es, potyethylene glycol, or other
precipitating agent followed by filtration or centrifugation (in the case

of a soluble reﬁﬁmtgorn)cubam @lﬁiauuléta@sfedtah&héékﬁ%’sfb@tebh@d@EBM@XTh@ .hbféates

titated, t t
e Bkt T A S oot Ui
(WIlliams, M, rebeptoResval@aiy <;r0§§|1rﬂ¢ﬁ-tmEBMPa@@nc)r;omerguolleculaNWeaagm 180400 Wk,
B.B., Anal. B
L2 e T i e e i
i ncor por at ed héY'ﬂ’l Hengming afidrreapengs @f BRE-A. rkigure Blﬁé‘%’ééﬁ?eﬁ?"ﬂ%eﬁ%'mem

BRK: 1 T ecept or /iRy FFSRORBMP-2 as thd Ngandimh $i6W BNizpaRabaslisalisenks. anp ki
In | rou e . | n

BRK. 1 or t- BR%W%H]I BVEE Pe '%‘?'hgg%dt'%gp Buaﬁﬁﬁ.ﬂ?%/agﬂlmg??ér@ébﬁéff

for BRK-1 or t-tBRie te(lo@ndob @hisent mgimhttrarlsfmtmbmus t lekemtegathén, dhese Hgta

it wll conpet ﬁﬂa‘ké{é tha?bétrh‘?@!ﬂp i Qﬁd @WA”&ets%eEm%alc)r 666+ B%BRQ@Q the | over

the counts in e receptor-| woul d conpare

a series of conpound8 aaih'%ge@aﬁ%tr@&ﬁb%ﬁwﬁ Ptm“?gaﬁgg%1 GES gl Hansfected
conpet ed for remﬁptrw cbNpadion BRK1hatehfirshiceduesihkéd td (126)-BMP-4, then klbjeseidher

B! Tont e PRER PR RRL W8 A GBS AcRILBRICT BARR Heeauls®Cos 7
cells are transfected with pJT-J159F as described in Example 7 and plated into
100 mm dishes seeded at 1 x 107 cell/dish. They are then crosslinked to [1251}-
BMP-4 as described in this example, except that the incubation with [125(]-BMP-4
and unlabeled ligand is carried out in a total of 4 ml, instead of 500 ul. and all
other volumes are increased accordingly. Following the crosslinking, cells are
washed three times with ice-cold PBS [phosphate buffered saline], then lysed with
4 ml of RIP buffer (20 mM TrisCl, pH 8.0, 100 mM NaCl, 1 mM NazEDTA, 0.5%
Nonidet P-40, 0.5% sodium deoxycholate, 10 mM sodium iodide, and 1% bovine
serum albumin). The lysate is centrifuged in a Beckman GPR tabletop centrifuge
at 3500 rpm (3000 x g) for 10 min. The supernatant is transferred to a fresh tube
and made 0.1% in SDS. To remove any existing antibody present in the lysate.
200 pl of "PANSORBIN" (Calbiochem, La Jolla, CA; a 10% solution of
Staphylococcus aureus) is added. After a 30 minute incubation at 4°C, the lysate
is centrifuged as before, and the supernatant again transferred to a fresh tube.
split into aliquots as required.

The primary antibody--1353, for the extraceliular domain; or 1378, 1379, or
1380, for the kinase domain--is then added to the tube at a final dilution of 1:100,
and incubated for 2 hr on ice. To precipitéte the complex of antigen: primary
antibody, 50 ul of "PANSORBIN" is then added and incubated 30 min onice. The
complex is pelleted at 3500 rpm (3000 x g) for 10 min in a Beckman GPR
centrifuge (Beckman Instruments, Fullerton, CA) and the supernatant discarded.
The pellet is washed three times in RIP buffer containing 0.1% SDS, and once in
TNEN buffer (20 mM Tris, pH 8.0, 100 mM NaCl, 1 mM EDTA, 0.5% NP-40). The
pellet is resuspended in 25 pl of reducing sample buffer. Solubilized proteins are
subjected to electrophoresis is SDS polyacrylamide gels and autoradiography as
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Preferably, for expression of the BRK-1 or t-BRK-1 in systens where the
protein product is to be secreted, as in a mammalian cell, the first 23
amno acidss of SEQID NO 2, SEQID NGO 4 or SEQID NO 6 constitute a

si gnal sequence t hat directs the protein product to the secretion
apparatus of the cell. Subsequently, the protein product will be

I ncorporated into the nenbrane if a transnenbrane domain is present (as
in t-BRK-1 ( SEQdsbriber 2pooe fddRifodsin&HQ éXpeNdietty., or secreted if no

(SEQ 1D'NG 6)) - Hovayer !B S, & eabdhBeRCark St oo Bhee 21 guvabod SR i, B
are generally rtéﬁneéfdawlutﬁfoﬂémay%l(éaﬂmri ngn@otite- tlmtama”atarodaﬂnam (lanes 3-5)
processing, so grBapithiala Bahdr & mBlcGRP SRAGH HipPotimaliiy 81 YR S0bfhdidg e
am no monomer weight of BMP-4 (16,400), the molecular weight of the receptor is
estimated at 64,000, similar to the result obtained in the crosslinking experiments
described above. All three antisera to the intracellular domain precipitate the
same protein. This characteristic band is absent in mock-transfected cells (lanes
2 and 6). This experiment demonstrates that the crosslinked labeled band
observed in crosslinking experiments, such as those shown in Figure 6, is
immunologically related to BRK-1, because it is precipitated by four separate
antibodies specific for BRK-1.
Deposit of t-BRK-1 and BRK-1

E. coli transformed with pJT6-J159T (SEQ ID NO:1 subcloned into
expression vector pJT6) was deposited with the ATCC on October 20, 1993, and
assigned ATCC Designation No. 69474.

E. coli transformed with pBLUESCRIPT-J159T (SEQ ID NO:1 subclioned
into expression vector "pBLUESCRIPT SK(-)") was deposited with the ATCC on
October 7, 1993, and assigned ATCC Designation No. 69458.

E. coli transformed with pJT4-J159F (SEQ ID NO:3 subcloned into
expression vector pJT4) was deposited with the ATCC on October 7, 1993, and
assigned ATCC Designation No. 69457,

As is recognized in the art, there are occasionally errors.in DNA and amino
acid sequencing methods. As a result, the sequences encoded in the deposited
material are incorporated herein by reference and controlling in the event of an
error in any of the sequences found in the written description of the present
invention. It is further noted that one of ordinary skill in the art reproducing
Applicants' work from the written disclosure can discover any sequencing errors
using routine skill. The deposit of ATCC No. 69457 and ATCC No. 69474 is not
to be considered as an admission that the deposited material is essential to the
practice of the present invention.

All publications mentioned hereinabove are hereby incorporated in their
entirety by reference. _

It is understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light
thereof will be suggested to one skilled in the art and are to be included in the
spirit and purview of this application and scope of the appended claims.

This Sheet Has Been Replaced




11 acid A n 24 For expression systens where the product is

accunul ated intracellularly. as in bacteria (e.g., E. coli). the am no
acids constituting the signal sequence would preferably be omtted and an
extra met hionine would preferably be added to the N-terminus to serve as a
start codon. This invention is useful=>for determ ning whether a
l'igand, such as a known or putative druggqoisiceapabl: of binding to and/or
activating the BRK-1 receptor encoded by the DNA nol ecul es of the present
invention. Transfection of said DNA sequence into the cell systens

descri bed herei'l FEBRRAGeSTATREEHy system for the ability of ligands to
bind to and/or actiyatgplihentecepkoljoansadesd by the isolated DNA nol ecul e.
Reconbi nant cell |ines, such asokrhaseralaseri bed herein. are useful as
living cell cultures for conpeticeri® B¢HdPng assays between known or

candi date drugs and |i gands \/\hl%‘i’ﬁgrﬁﬁﬁ’j@n} 8"the receptor and which are

| abel ed by radi oactive, spectroscopic or other reagents. Menbrane
preparations cont dini M3TLHEFr BEEPTHN: | Sollat ey PF GrrvrrafRsfwet Rafepedy SDIEY e

al so useful for conpetitP¥ebi ndi ng assays. Sol uble receptors derived from
the ligand bindi ng;dpn@Mier0brt QuEReePtHOr can al so be enpl oyed in high

t hr oughput screeni ng of drug candi dates. Functional assays of intracellular
si gnaling can act (4% £OEREAPONRENCE| MPRESS-af fi nit %nd efficacy in the
activation of receptor \BUrEEEREEE ol o8dBIITon Ei\:{ﬁrfgg‘g@ﬁﬁynant

{(C) CITY: Cincinnati
{D} STATE: Ohio

{({E) COUNTRY: U.S.A.

(F) 2IP: 45239-8707

{v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B} FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Corstanje, Brahm J.
(B) REGISTRATION NUMBER: 34,804
(C) REFERENCE/DOCKET NUMBER: 5088

(ix) TELECOMMUNICATION INFORMATION:
(A} TELEPHONE: (513) 627-2858
(B} TELEFAX: (513) 627-0260

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2056 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

(ix) FEATURE:
{A) NAME/KEY: CDS
(B) LOCATION: 291..1793

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

CGAATTCCTC GCGCCGTGGG AGGGGCGGCC CGGCCCACCC CCACGCCCCG CCCGGGAGGG 60

ACGGGGGGAG AGAGAGCGCG GCGACGGGTA TCTGGGTCAA AGCTGTTCGG AGAAATTGGA 120

ACTACAGTTT TATCTAGCCA CATCTCTGAG AATTCTGAAG AAAGCAGCAG GTGAAAGTCA 180
This Sheet Has Been
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cell Iines may be nodified to include a reporter gene operably linked to a
response el enent such that a signal sent by the receptor turns on the
reporter gene. Such a systemis especially useful in high throughput
screens directed at identification of receptor agonists. These reconbi nant
cell lines constitute "drug discovery systeng", useful for the

I dentification of natural or synthetic conpounds with potential for drug
devel opnent . SUTHCTRIERE | T~ €8 TORPIGHETE6 UTICHEFUrPRETACACIgdTPaedsdr used
directly as therapgitas &%MEQSGJCQT@&&V&BF %péz\ fl:,b e atural g,
functions of the receptor encoded by the iso ate DNA €.Thr

Stabl e cell lines expressing high nunbers of BRK-1 or a sol ubke form

t hereof are al S&GU&@I %C S rarSouLce &tGeb&f ,IrG@c&%t&),{: R él fication.
The  purified diecedt @ Ghrits § uﬁf@ OLdD 88N ot s DeacUp ? Dri1e jas
hi gh-t hr oughput screehi ng assays for ipbhe purposes dessrlbed above. The

fied t eformcana used for determ nation
o tnest 1 et rerof i gl 2 il R Gy B i g
e

or NWMR techni ques. ashi ch coul henzpe used in rabbona sign

agoni sts or antagoni sts. §E 175 G Thglggcleotlde se uences dégg%%;ed 240
herein, SEQ I DQ@%%P g , - BRK- ¥
and BRK-1, respaetivi 13t BF Lys rﬁ? Tﬁé@é

sequences coul d be readl y used to obtaln the cDNA
GCA CCA GAG GAT ACC TTG CCT TTC TTA AAG TGC TAT TGC TCA GGA CAC 488
Ala Pro Glu Asp Thr Leu Pro Phe Leu Lys Cys Tyr Cys Ser Gly His
55 60 65

TGC CCA GAT GAT GCT ATT AAT AAC ACA TGC ATA ACT AAT GGC CAT TGC S36
Cys Pro Asp Asp Ala Ile Asn Asn Thr Cys Ile Thr Asn Gly His Cys
70 75 80

TTT GCC ATT ATA GAA GAA GAT GAT CAG GGA GAA ACC ACA TTA ACT TCT 584
Phe Ala Ile Ile Glu Glu Asp Asp Gln Gly Glu Thr Thr Leu Thr Ser
8s 90 95

GGG TGT ATG AAG TAT GAA GGC TCT GAT TTIT CAA TGC AAG GAT TCA CCG 632
Gly Cys Met Lys Tyr Glu Gly Ser Asp Phe Gln Cys Lys Asp Ser Pro
100 105 110

AAA GCC CAG CTA CGC AGG ACA ATA GAA TGT TGT CGG ACC AAT TTG TGC 680
Lys Ala Gln Leu Arg Arg Thr Ile Glu Cys Cys Arg Thr Asn Leu Cys
115 120 125 130

ARC CAG TAT TTG CAG CCT ACA CTG CCC CCT GTT GTT ATA GGT CCG TTC 728
Asn Gln Tyr Leu Gln Pro Thr Leu Pro Pro Val Val Ile Gly Pro Phe
135 140 145

TTT GAT GGC AGC ATC CGA TGG CTG GTT GTG CTC ATT TCC ATG GCT GTC 776
Phe Asp Gly Ser Ile Arg Trp Leu Val Val Leu Ile Ser Met Ala Val
150 155 160

TGT ATA GTT GCT ATG ATC ATC TTC TCC AGC TGC TTT TGC TAT AAG CAT 824
Cys Ile Val Ala Met Ile lIle Phe Ser Ser Cys Phe Cys Tyr Lys His
165 170 175

TAT TGT AAG AGT ATC TCA AGC AGG GGT CGT TAC AAC CGT GAT TTG GAA 872
Tyr Cys Lys Ser Ile Ser Ser Arg Gly Arg Tyr Asn Arg Asp Leu Glu
180 185 190

CAG GAT GAA GCA TTT ATT CCA GTA GGA GAA TCA TTG AAA GAC CTG ATT 920
Gln Asp Glu Ala Phe Ile Pro Val Gly Glu Ser Leu Lys Asp Leu Ile
185 ' 200 205 210

GAC CAG TCC CAA AGC TCT GGG AGT GGA TCT GGA TTG CCT TTA TTG GTT 968
Asp Gln Ser Gln Ser Ser Gly Ser Gly Ser Gly Leu Pro Leu Leu Vai
215 220 225
CAG CGA ACT ATT GCC AAA CAG ATT CAG ATG GTT CGG CAG GTT GGT AAA 1016
Gln Arg Thr Ile Ala Lys Gln Ile Gln Met Val Arg Gln Val Gly Lys
230 235 240

GGC CGC TAT GGA GAA GTA TGG ATG GGT AAA TGG CGT GGT GAA AAA GTG 1064
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12 for BRK-1 from other species such as human These cDNA sequences can
also be readily used to isolate the genomc DNA for BRK-1. This would
permt analysis of the regulatory elenments controlling receptor gene
expression. which may offer new opportunities for therapeutic intervention.
The nucl eoti de sequences are al so useful to’determne the distribution of

the BRC 11N NGB, LA SSLES ANG.L Nl 56230, SLALRY AMhkeh Al gus an
ro ) B

assessment of 1t’s physizol ogi cal € b&o VI VO. QEs pur poses of
illustrating a preferred enbodi nent of the present invention, the follow ng
non-limti ng eg WF%SAA%?%%&E% C.‘I @C’Jagg.élam GCT AGC TGG TTT AGA GAA 1112
Lys Val Phe e b lu A T
Exanpl e 1 i FSof 2t 1o SoF ¥He™BrEST TRCRMF  AgnEht
PCR priners are designed based on an alignnent of the protein sequences for
the activin (MAEMERS ATC, THC SHE AGEH| @IG WANRTG GET| CAGHEARD ABT 38R CTT GGT 1160
Thr Glu Ile Tyr Gln Thr Val Leu Met Arg His Glu Asn Ile Leu Gly
275 280 285 _ 290
TTT ATA GCT GCA GAC ATT AAA GGC ACT GGT TCC TGG ACT CAG CTG TAT 1208
. Phe Ile Ala Ala Asp Ile Lys Gly Thr Gly Ser Trp Thr Gln Leu Tyr
295 300 305
TTG ATT ACT GAT TAC CAT GAA AAT GGA TCT CTC TAT GAC TTC CTG AAA 1256
Leu Ile Thr Asp Tyr His Glu Asn Gly Ser Leu Tyr Asp Phe Leu Lys
310 315 320
TGT GCC ACA CTA GAC ACC AGA GCC CTA CTC AAG TTA GCT TAT TCT GCT 1304
Cys Ala Thr Leu Asp Thr Arg Ala Leu Leu Lys Leu Ala Tyr Ser Ala
325 330 335
GCT TGT GGT CTG TGC CAC CTC CAC ACA GAA ATT TAT GGT ACC CAA GGG 1352
Ala Cys Gly Leu Cys His Leu His Thr Glu Ile Tyr Gly Thr Gln Gly
340 345 350
ARG CCT GCA ATT GCT CAT CGA GAC CTG AAG AGC AAA AAC ATC CTT ATT 1400
Lys Pro Ala Ile Ala His Arg Asp Leu Lys Ser Lys Asn Ile Leu Ile
355 360 365 370
AAG AAA AAT GGA AGT TGC TGT ATT GCT GAC CITG GGC CTA GCT GTT AAA 1448
Lys Lys Asn Gly Ser Cys Cys Ile Ala Asp Leu Gly Leu Ala Val Lys
375 380 385
TTC AAC AGT GAT ACA AAT GAA GTT GAC ATA CCC TTG AAT ACC AGG GTG 1496
Phe Asn Ser Asp Thr Asn Glu Val Asp Ile Pro Leu Asn Thr Arg Val
3390 395 400
GGC ACC AAG CGG TAC ATG GCT CCA GAA GTG CTG GAT GAA AGC CTG AAT 1544
Gly Thr Lys Arg Tyr Met Ala Pro Glu Val Leu Asp Glu Ser Leu Asn
405 410 415
AAA AAC CAT TTC CAG CCC TAC ATC ATG GCT GAC ATC TAT AGC TTT GGT 1592
Lys Asn His Phe Gln Pro Tyr Ile Met Ala Asp Ile Tyr Ser Phe Gly
420 425 430
TTG ATC ATT TGG GAA ATG GCT CGT CGT TGT ATT ACA GGA GGA ATC GTG 1640
Leu Ile Ile Trp Glu Met Ala Axg Arg Cys Ile Thr Gly Gly Ile Val
435 440 445 450
GAG GAA TAT CAA TTA CCA TAT TAC AAC ATG GTG CCC AGT GAC CCA TCC 1688
Glu Glu Tyr Gln Leu Pro Tyr Tyr Asn Met Val Pro Ser Asp Pro Ser
455 460 465
TAT GAG GAC ATG CGT GAG GTT GTG TGT GTG AAA CGC TTG CGG CCA ATC 1736
Tyr Glu Asp Met Arg Glu Val Val Cys Val lys Arg Leu Arg Pro Ile
470 475 . 480
GTG TCT AAC CGCT TGG AAC AGC GAT GAA GTA AGT TGG AGC CAA GTC CCT 1784
Val Ser Asn Arg Trp Asn Ser Asp Glu Val Ser Trp Ser Gln Val Pro
485 490 4385
GTA AAG TGATGAGTGA GTGCCGAGTT ACTCTGTGCT CACCACACTC TGTTTGCATT 1840
Val Lys
500
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(1991)) and Daf-1 (Ceorgi,

635- 645 *(1990))

Hata, M,

EMBO J.

Toshi kazu,
7:775-781 (1988):

receptor

A,

S.B., @unnel |, .M-A...Young,
1009- 1015 (1986))"
ki nases cont ai ACERAIATHUBSAITSALAG CATIGAGASE CdMGmVC“IdeTmes ention

the raf kinase
wi Il include t
ki nase t

the protein sequenge B Al Y Yo

activin and Daf-1 receptors.

B dSHGE,

s 1rnser

“This “al | gnrent sﬁ‘

PR

L. L.
ki nases,

H.,

T o O

A\_--\—

Al bert,

Yanagata, M,

T L

L Rhfrds

I ncrease

U I

oWs that

P.

S.,

and Ri ddl e,
in conparison to the kinase dorain
sequences of the highly related cytosolic raf protein kinases (N shida, Y.,

RyoO.

Bonner,

D. L.

Cel |l 61:

Shim zu, K ; and N shizuka,
Cpp@rnann H, Seeburg, P., Kerby,
- Nuglelc Acids Res. 14; ..

ﬁ“ act|V|n an

Ehe St

hat i sTbrghtycy etetagdnio Ttdwmcaedd vedssand Eaj
prinmer is designed as a degenerate oligonucleotide prinmer that woul d encode

§é¥SA an

found in kinase domain |
ACTZB are the nanes assigned to

refer to this set of (degeQuENaE CHBRAGERIPITCHET S,

Figure 1. The antisense pWrréFNqTél RO
that woul d enfy
AlS HR DI

pri mer pool
sequence K P A M|

Daf -1 receptors.
set of degenerate 3' P

Tot al
" RNAZCOL"

cont ai ni ng guani #i ni um t hi ocyanat e,

Poly A-

(Tel -

RNA i s |solateﬁ1fr

Ile Ile Ser His

Thr
Thr
Gly

65
His
Thr
Ser

Leu

Pro

‘145

Ala

Lys

Leu

Leu

Leu

225
Gly

Gly
Leu

50
His
Cys
Ser

Pro

Cys
130
Phe
Val
His
Glu
Ile
210

val

Lys

Met
35

Ala

Cys

Phe

Gly

Lys

115

Asn

Phe

Cys

Tyr

Gln

195

Gln

Gly

20

Lys

Pro

Pro

Ala

Cys
100
Ala
Gln
Asp

Ile

Cys
180
Asp

Gln

Arg

gl%éaﬂhk

é&@?ﬁﬁ3

nouse

N

d"Daf=1"r ecépt or

e fr ngs.that
amgrrecéﬁt%r
receptors. The sesse

of the

s, which are illustrated in
233da degenerate ol i gonucl eoti de

e strand corresponding to protein

found 1n donmain VIB of the activin and
ACTLA wm§GRGTFBPar@rpheﬂnanes assigned to refer to this
rated in Figure 1.

R CoF

phenol ,

Val Gln Gly Gln Asn

Ser
Glu
Asp
Ile

85
Met
Gln
Tyr
Gly
vVal
165

Lys

Glu

245

Asp
Asp
Asp

70
Ile
Lys
Leu
Leu
Ser
150
Ala
Serx
Ala
Gln
Ile

230

Gly

Leu
Thr

55
Ala
Glu
Tyr
Arg
Gln
135
Ile
Met
Ile
Phe
Ser
218

Ala

Glu

Asp

40
Leu
Ile
Giu
Glu
Arg
120
Pro
Arg
Ile
Ser
Ile
200
Ser

Lys

val

25

Gln

Pro

Asn

Asp

Gly

105

Thr

Thr

Trp

Ile

Ser

185

Pro

Gly

Gln

Trp

fo av e

CRL 1648) using
Hes tthr Blnenels wpo cchr Tir als mlrgitnea NLfuOG1y APa thyk SIuabheon of RNA.
a8d [err]-nercaptidet hanol).

Leu Asp Ser

Lys

Phe

Asn

Asp

90

Ser

Ile

Leu

Leu

Phe

170

Arg

Val

Ser

Ile

Met
250

Lys
Leu
Thr

75
Gln
Asp
Glu
Pro
Val
155
Ser
Gly
Gly
Gly
Gln

235

Gly

Pro
Lys

60
Cys
Gly
Phe
Cys
Pro
140
val
Ser
Arg
Glu
Ser
220

Met

Lys

Met Leu His Gly

Glu

45
Cys
Ile
Glu
Gln
Cys
125
val
Leu
Cys
Tyx
Ser
205

Glv

Val

Trp

30

Asn

Tyr

Thr

Thr

Cys
110
Arg
val
Ile
Phe
Asn
190

Leu

Leu

Arg
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Gly

Cys

Asn

Thr

Lys

Thr

Ile

Ser

Cys
175
Arg
Lys
Pro

Gln

Gly
2585

Val

Ser

Gly

80

Leu

Asp

Asn

Gly

Met
160

Tyr

Asp

Asp

Leu

Val

240

Glu

Replac



RNA is then prepared by chromat ography on oligo(dT) cellul ose

chr omat ogr aphy (Pharmaci a LKB, Piscataway, NJ). Single stranded DNA is
generated from 200 ng pol yadenyl ated nRNA using reverse transcriptase
(first strand synthesis kit

13 from Stratagene. La Jolla. CA this kit contains conponents necessary
for generating cDNA from RNA, including reverse transcriptase from Mal oney
murine | eukemas Wah U PrLIBES. vAUSALRLE des ARdcRUElens) . sA P bhon of this
material (20% is then asplified by thezael ymerase chai remeaction

(hereinafter PCR) usi ng 50 _
Arg’Glu Thr " Glu Ile Tyr Gln Thr Val Leu Met Arg His Glu Asn Ile

275 280 285

Leu Gly Phe Ile Ala Ala Asp Ile Lys Gly Thr Gly Ser Trp Thr Gln
290 295 300

Leu Tyr Leu Ile Thr Asp Tyr His Glu Asn Gly Ser Leu Tyr Asp Phe
305 310 315 320

Leu Lys Cys Ala Thr Leu Asp Thr Arg Ala Leu Leu Lys Leu Ala Tyr
325 330 335

Ser Ala Ala Cys Gly Leu Cys His Leu His Thr Glu Ile Tyr Gly Thr
: 340 345 350

Gln Gly Lys Pro Ala Ile Ala His Arg Asp Leu Lys Ser Lys Asn Ile
355 360 365

Leu Ile Lys Lys Asn Gly Ser Cys Cys Ile Ala Asp Leu Gly Leu Ala
370 375 380

Val Lys Phe Asn Ser Asp Thr Asn Glu Val Asp Ile Pro Leu Asn Thr
385 390 395 400

Arg Val Gly Thr Lys Arg Tyr Met Ala Pro Glu Val Leu Asp Glu Ser
405 410 415

Leu Asn Lys Asn His Phe Gln Pro Tyr Ile Met Ala Asp Ile Tyr Ser
420 . 425 430

Phe Gly Leu Ile Ile Trp Glu Met Ala Arg Arg Cys Ile Thr Gly Gly
435 440 445

Ile Val Glu Glu Tyr Gln Leu Pro Tyr Tyr Asn Met Val Pro Ser Asp
450 455 460

Pro Ser Tyr Glu Asp Met Arg Glu Val Val Cys Val Lys Arg Leu Arg
465 470 475 480

Pro Ile Val Ser Asn Arg Trp Asn Ser Asp Glu Val Ser Trp Ser Gln
485 490 495

Val Pro Val Lys
500

(2) INFORMATION FOR SEQ ID NO:3:
{i)} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2402 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: double
(D} TOPOLOGY: linear

e GG

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GAATCAGACA ATG ACT CAG CTA TAC ACT TAC ATC AGA TTA CTG GGA GCC 49



prol of the 5 prinmers ACT2A and ACT2B shown in Figure 1, and 250 prol of
each of the 3" priners ACT1A and ACT1B shown in Figure 1. The reaction is
run in a 100 [err]l final volume using the "GENE-AMP" kit (Perkin-Elner,
Norwal k, CT: a kit containing conmponents necessary for anplification of DNA
usi ng the pol ynerese chain reaction, including "AVPLI TAQ', a reconbi nant
formof the DNA pol ynerase .from Thernus aquaticus (Perkin-El ner, Norwalk,
CT). nucl eotides, and buffers) usi’ng asPerkin- Ef mér ° t & el “cyéTer.

St andard PCR r%gczgi"rgnr%?nditions are gsedc:mrrelti ng at 94[err] for 2 mn,
foll owed by 35 ? s A?‘él o T( O] EFF |SARSHCSER9 ARRITARIATNRFT B5¢err], 30
sec), and ext efi¥f offo (72 & ?]ﬁg %5 B yal Pt & 8§)§Td1eétpr582§%‘f Mehis first
PCR reaction, a 10 [err]l| aliquot of the reaction is renoved and subjected
to anot her 35 €yC|GAE @&IC AFDPIGET | AT§t A TEA tGACT TRSSEAT €BG ARG SAAGRr@dast s of tihs s
secondary PCR &g% TRHN Myaed Hirbrs fer veetis HERCIDAGS (WiRvPET 6gen, San

Di ego, CA) for clonal selection and sequence anal ysi s. Bysthi S

met hod, a PCR ArRB@eBMTGOACTIPA @AANEte ke 3A0 Air T cepitat erta atwosec DNA 193
sequence shows?an &irofid Bomdepgitat Bra Fév dencdixf bru Phe PBaflet kxscEpt or
(Georgi, L.L., Albert, P.S.,%3nd Riddle, D L35 Cell, 61: 635-%45 (1990))
and nouse act irxt modye &da roac egicotcs BMASAT MRirhems ant afe R0rdd@hen W W 4
Cell, 65: 973-982 Cy§1891¥%)}y His Cys Pro Asp Asp Ala Ile Asn Asn Thr Cys IEkxanple 2

| sol ation of t-BRK-1 DNA ®° Wth the’®CR fragment in7Rand, it is next
necessary to SaeP@AracdeDMr Tcbi®ragot Wt rhhdsS ELREARRAT I dAcOEEAeEaL O 1 SOhgie

a full-length recephcdlycHNE®ys Phe Ala Ile Ile Glu Glu Asp Asp Gln Gly Glu
80 85 90

ACC ACA TTA ACT TCT GGG TGT ATG AAG TAT GAA GGC TCT GAT TTT CAA 337
Thr Thr Leu Thr Ser Gly Cys Met Lys Tyr Glu Gly Ser Asp Phe Gln
95 100 105

TGC ARG GAT TCA CCG AAA GCC CAG CTA CGC AGG ACA ATA GAA TGT TGT 385
Cys Lys Asp Ser Pro Lys Ala Gln Leu Arg Arg Thr Ile Glu Cys Cys
110 115 120 125

CGG ACC AAT TTG TGC AAC CAG TAT TTG CAG CCT ACA CTG CCC CCT GTT 433
Arg Thr Asn Leu Cys Asn Gln Tyr Leu Gln Pro Thr Leu Pro Pro Val
130 135 140

GTT ATA GGT CCG TTC TTIT GAT GGC AGC ATC CGA TGG CTG GTT GTG CTC 481
Val Ile Gly Pro Phe Phe Asp Gly Ser Ile Arg Trp Leu Val Val Leu
145 150 155

ATT TCC ATG GCT GTC TGT ATA GTT GCT ATG ATC ATC TTC TCC AGC TGC 529
Ile Ser Met Ala Val Cys Ile Val Ala Met Ile Ile Phe Ser Ser Cys
160 165 170

TTT TGC TAT AAG CAT TAT TGT AAG AGT ATC TCA AGC AGG GGT CGT TAC 577
Phe Cys Tyr Lys His Tyr Cys Lys Ser Ile Ser Ser Arg Gly Arg Tyr
175 180 185

AAC CGT GAT TTG GAA CAG GAT GAA GCA TIT ATT CCA GTA GGA GAA TCA 625
Asn Arg Asp Leu Glu Gln Asp Glu Ala Phe Ile Pro Val Gly Glu Ser
190 195 200 205

TTG AAA GAC CTG ATT GAC CAG TCC CAA AGC TCT GGG AGT GGA TCT GGA 673
Leu Lys Asp Leu Ile Asp Gln Ser Gln Ser Ser Gly Ser Gly Ser Gly
210 215 220

TTG CCT TTA TTG GTT CAG CGA ACT ATT GCC AAA CAG ATT CAG ATG GTT 721
Leu Pro Leu Leu Val Gln Arg Thr Ile Ala Lys Gln Ile Gln Met Val
225 230 . 235

CGG CAG GTT GGT AAA GGC CGC TAT GGA GAA GTA TGG ATG GGT AAA TGG e
Arg Gln Val Gly Lys Gly Arg Tyr Gly Glu Val Trp Met Gly Lys Trp
240 245 250

CGT GGT GAA ARA GTG GCT GTC AAA GTG TTT TTT ACC ACT GAA GAA GCT 817

Arg Gly Gilu Lys Val Ala Val Lys Val Phe Phe Thr Thr Glu Glu Ala
255 260 265
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The PCR fragnment is excised, purified by gel electrophoresis, and | abel ed
with ([érr]-[err]P)-dCTP using a random prim ng nmethod using a "PRI ME-IT"
Random Prinmer Labeling Kit (Stratagene, La Jolla, CA, a kit containing
conponent s necessary for random priner |abeling of cDNA, including
exonucl ease defici ent Kl enow pol yner ase, 3tandom 9-nmer priners, and
buffers). The |abeled. prohe is...then used to.screen awDNAJ ng,a,ry

prepared from §husd, NLEEES &8] haridiuthie vu &8 O VAT Ldu 40P Ach"His
(Stratagene, Lam]ol Ta. CA™ a Iarrbda cI oni ng vectsor which  accepdss |nsert

5<:=

up to 10 kb in n thTand eéT aut ot | cGexc sion of inser ts I n X
" pBLUESCRI PT ﬁ&ésﬁ?di Iﬁ"f{'b@@%iait R Q% mﬁ%ﬁ%r@g 58 nour &
at 42[err]C in 5X SSPE 10 e r], and

nmv  EDTA (et hyl enedi am net etraacet i c aC| d ). 1X Denhardt’'s (0.02% bow ne

serum TGG ACT CAG CTG TAT TTG ATT ACT GAT TAC CAT GAA AAT GGA TCT CTC 961
Trp Thr Gln Leu Tyr Leu Ile Thr Asp Tyr His Glu Asn Gly Ser Leu
305 310 315
TAT GAC TTC CTG AAA TGT GCC ACA CTA GAC ACC AGA GCC CTA CTC AAG 1009
Tyr Asp Phe Leu Lys Cys Ala Thr Leu Asp Thr Axg Ala Leu Leu lys
320 325 330
TTA GCT TAT TCT GCT GCT TGT GGT CTG TGC CAC CTC CAC ACA GAA ATT 1057
Leu Ala Tyr Ser Ala Ala Cys Gly Leu Cys His Leu His Thr Glu Ile
335 340 345
TAT GGT ACC CAA GGG AAG CCT GCA ATT GCT CAT CGA GAC CTG AAG AGC 1105
Tyr Gly Thr Gln Gly Lys Pro Ala Ile Ala His Arg Asp Leu Lys Ser
350 358 360 365
AAA AAC ATC CTT ATT AAG AAA AAT GGA AGT TGC TGT ATT GCT GAC CTG 1153
Lys Asn Ile Leu Ile Lys Lys Asn Gly Ser Cys Cys Ile Ala Asp Leu
370 375 380
GGC CTA GCT GTT AAA TTC AAC AGT GAT ACA AAT GAA GTT GAC ATA CCC 1202
Gly Leu Ala Val Lys Phe Asn Ser Asp Thr Asn Glu Val Asp Ile Pro
385 390 395
TTG AAT ACC AGG GTG GGC ACC ARG CGG TAC ATG GCT CCA GAA GTG CTG 12458
Leu Asn Thr Axrg Val Gly Thr Lys Arg Tyr Met Ala Pro Glu Val Leu
400 408 410
GAT GAA AGC CTG AAT AAA AAC CAT TTC CAG CCC TAC ATC ATG GCT GAC 1297
Asp Glu Ser Leu Asn Lys Asn His Phe Gln Pro Tyr Ile Met Ala Asp
415 420 425
ATC TAT AGC TTT GGT TTG ATC ATT TGG GAA ATG GCT CGT CGT TGT ATT 1345
Ile Tyr Ser Phe Gly Leu Ile Ile Txrp Glu Met Ala Arg Arg Cys Ile
430 435 440 445
ACA GGA GGA ATC GTG GAG GAA TAT CAA TTA CCA TAT TAC AAC ATG GTG 1393
Thr Gly Gly Ile Val Glu Glu Tyr Gln Leu Pro Tyr Tyr Asn Met Val
450 455 460
CCC AGT GAC CCA TCC TAT GAG GAC ATG CGT GAG GTT GTG TGT GTG AAA 1441
Pro Ser Asp Pro Ser Tyr Glu Asp Met Arg Glu Val Val Cys Val Lys
465 470 475
CGC TTG CGG CCA ATC GTG TCT AAC CGC TGG AAC AGC GAT GAA TGT CTT 1489
Arg Leu Arg Pro Ile Val Ser Asn Arg Trp Asn Ser Asp Glu Cys Leu
480 485 430
CGA GCA GTT TTG AAG CTA ATG TCA GAA TGT TGG GCC CAT AAT CCA GCC 1537
Arg Ala Val Leu Lys Leu Met Ser Glu Cys Trp Ala His Asn Pro Ala
495 500 505
TCC AGA CTC ACA GCT TTG AGA ATC AAG AAG ACA CTT GCA AAA ATG GTT 1585
Ser Arg Leu Thr Ala Leu Arg Ile Lys Lys Thr Leu Ala Lys Met Val
510 515 520 525
GAA TCC CAG GAT GTA AAG ATT TGACAATTAA ACAATTTTGA GGGAGAATTT 1€36
Glu Ser Gln Asp Val Lys Ile
530
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14 al bum n. 0.02% pol yvi nyl pyrrolicone. 0.02%Ficoll). 100 [err]g/m

sal non testi's DNA 50% f or mam de. Menbranes are washed first at 42[err]C and
subsequently at 55[err]Cin 0.1X SSPE. and 0. 2% sodi um dodecyl sulfate
(SDS), and the positive plaques identified by autoradi ography at -70[err]C
on "KODAK X- OVAT AR' film (Kodak. Rochester 3= NY: scientific imaging film
with intensifying screens. Dilution and screening of positive plaques

yi el ds an i sol aicadrgrane :uhag@rrcmk&&m&mel%hmw AERRLAT AceaTCTTRE  1scc
cloning site in the %T( ZAP 11" vector contains the sequence of the

pl asmi d " pBLUESCRFPTTSK(ACPCTYBEF HTEFRAECT LEAIATES CTPCAETE: SECKIPCER onyL756
produci ng phageErergakh Ve cALaRr RidedSdracd %%-ré&ﬁé«fﬂﬁﬁﬁﬂ&'@f\%s GRLAI NI g
the cloned insert, is excised fromthe purified | anbda phage J159#7, using
R408 hel per phaPé‘éT‘é@tCP-@tCé'Qéﬁ'@TT&am\?ﬁTqC&GT GAFIGTERTS TEEEITETTY SETTIGBRKE 1 COINA

I d "
subcl oned into ggﬁﬁ 08T sw taqtblﬁnéex%‘ﬂﬁdaﬂ&x RIASTH ey WARER WS, 1036

desi gnat e pBLUEG sequence analysis.

Exanple 3 CTCTGGTCAA CCTCTGGGTA CTCACTBRK- mTSHqum@eGmm ICSGTGAAAGC Thmos
i solated plasm d _pBLUESCRI PT-J159T containing the t-BRK-1 cDNA is then
sequenced on bd H%‘W‘ﬁﬁd'%r PATRACHG BEENECRT 18 RABETSReT TR (1936.

Bi ocheni cal s; Gaaxelrene, Tcobterackidreeeidrah MeAGc@ATD GASTHTSATO frctPritdaAr DNAri 16
ACTGCCTGGC TTATGATGGT GCACCATACC TTTGATATAC ATACCAGAAT TCTCTCCTGC 2176
CCTAGGGCTA AGAAGACAAG AATGTAGAGG TTGCACAGGA GGTATTTTGT GACCAGTGGT 2236
TTAAATTGCA ATATCTAGTT GGCAATCGCC AATTTCATAA AAGCCATCCA CCTTGTAGCT 2296
GTAGTAACTT CTCCACTGAC TTTATTTITA GCATAATAGT TGTGAAGGCC AAACTCCATG 2356

TAAAGTGTCC ATAGACTTGG ACTGTTTICC CCCAGCTCTG ATTACC 2402

(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 532 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Met Thr Gln Leu Tyr Thr Tyr Ile Arg Leu Leu Gly Ala Cys Leu Phe
1 5 10 15

Ile Ile Ser His Val Gln Gly Gln Asn Leu Asp Ser Met Leu His Gly
20 25 30

Thr Gly Met Lys Ser Asp Leu Asp Gln Lys Lys Pro Glu Asn Gly Val
35 40 45

Thr Leu Ala Pro Glu Asp Thr Leu Pro Phe Leu Lys Cys Tyr Cys Ser
50 55 60

Gly His Cys Pro Asp Asp Ala Ile Asn Asn Thr Cys Ile Thr Asn Gly
65 70 75 80

His Cys Phe Ala Ile Ile Glu Glu Asp Asp Gln Gly Glu Thr Thr Leu
85 S0 95

Thr Ser Gly Cys Met Lys Tyr Glu Gly Ser Asp Phe Gln Cys Lys Asp
100 105 110

Ser Pro Lys Ala Gln Leu Arg Arg Thr Ile Glu Cys Cys Arg Thr Asn
115 120 125

Leu Cys Asn Gln Tyr Leu Gln Pro Thr Leu Pro Pro Val Val Ile Gly
130 135 140

Pro Phe Phe Asp Gly Ser Ile Arg Trp Leu Val Val Leu Ile Ser Met
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sequenci ng using the dideoxy term nator nethod, including "SEQUENASE" (a
nodi fied formof T7 DNA pol ynerase deficient in exonuclease activity,- U S
Bi ochem cal s, Ceveland, OH), nucleotide mxes for |abeling and extension,
di deoxy nucl eotide term nators, pyrophosphatase and buffers) or the "TAQ
DYE DEOXY" Term nator Cycle Sequencing Ki’t (Applied Biosystens, Foster
Cty CA: a Kkii: containing conponents for autommated DNA sequengci-ng using

t he di deoxy term nator_ method, including "AWLITAQ', nucleotide m X,

dye-1 abel ed didesxy CYﬁui:‘ieeBE cea tNeent yral 6% $he aitd PN Fey $)e vivehTr Model 373A
DNA Sequencer (Applied Bid&stens, Foster }&’ty, CA). The cdipl ete DNA
sequence (SEQyDuNOTE} cyshows san mpesed eadiang divan®y ofr hoRQBass pairs
following an initiator ¥pPG Compé¥ i son of this sequence with the
sequence of that .of C i nas the TG--[err am |y shows
a strong hono eé’g??u Sgg I dléguat%géo% eaiogt Ego %kioc!nlé{s%udgﬁﬁaibn“o té‘sé’RK- lis
considerably shorter than that of related receptor ki nases (Fig. 2).

Mut ati onal stirH éke dFPtHe 821 GRP HeZesStrabty yPee|dedSYmebr faeiRsn Ley hat
specifies the nmi ithal anino acid %'&si dues that ar®’nhecessary at tne C

termnus of tha kinase Mdonehn 18 NkAEfs 608 thbhaki RAS@al arfwietvan as an
active enzy®as. Del etions of 2afi no aci ds upstaisam of this arezmoyield

i nactive Ki naéles:ws Ggirleﬁr%n%prl %ht?erﬁ%u\?ﬁ trppe y}é{: n(ﬁ%ewsst E-HpCtAlégem'ySquJeSt abilized
(Yacluk. P @&nd 245 250 et

Lys Val Ala Val Lys Val Phe Phe Thr Thr Glu Glu Ala Ser Trp Phe
260 265 270

Arg Glu Thr Glu Ile Tyr Gln Thr Val Leu Met Arg His Glu Asn Ile
275 280 285

Leu Gly Phe Ile Ala Ala Asp Ile Lys Gly Thr Gly Ser Trp Thr Gln
290 295 300

Leu Tyr Leu Ile Thr Asp Tyr His Glu Asn Gly Ser Leu Tyr Asp Phe
305 310 315 320

Leu Lys Cys Ala Thr Leu Asp Thr Arg Ala Leu Leu Lys Leu Ala Tyx
325 330 335

Ser Ala Ala Cys Gly Leu Cys His Leu His Thr Glu Ile Tyr Gly Thr
340 345 350

Gln Gly Lys Pro Ala Ile Ala His Arg Asp Leu Lys Ser Lys Asn Ile
355 360 365

Leu Ile Lys Lys Asn Gly Ser Cys Cys Ile Ala Asp Leu Gly Leu Ala
370 375 380

Val Lys Phe Asn Ser Asp Thr Asn Glu Val Asp Ile Pro Leu Asn Thr
385 330 395 400
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15 Shalloway D Mol ec and Cell Biol 6. 2807-2819 (1986)). It is .
therefore generally agreed by those skilled in the art that the end of the
ki nase. domai n occurs at a hydrophobic residue | ocated 10 residues
downstream of the invariant arginine in kinase domain XI for tyrosine

ki nases, or 12-18 am no aci ds downstr.eam of3st hi s invariant arginine for
serine/threoni ne kinases. respectiyvel Y (Hanks, S K. .and Quinn, A M, Mth.
Enzynol ., 200: #3882 (199T) §i: ThfsFeqgiofi*T s, ndi cated byt hg=squar e

bracket in Figure 2. The stop codon in t- BRK-1 is |ocated 20 am no acids
prior to the startsofLyshesy 8gs dhetdat Pplry filedMetrhklaepel dletTye fdmnase
domain, and t-BRK-1 is threfore believed?to be a truncat*dd receptor clone.

Further anal yshg. @iy tiRE SRAYENGE,IAVCAdS rfa Pith alVE,d Ri&Ghr idIyr €13 exon
junction at position 48863, indicatings4the possibilitysthat the nessenger
whi ch Ile Val Glu Glu Tyr Gln Leu Pro Tyr Tyr Asn Met Val Pro Ser Asp
450 455 460

Pro Ser Tyr Glu Asp Met Arg Glu Val Val Cys Val Lys Arg Leu Arg
465 470 475% 480

Pro Ile Val Ser Asn Arg Trp Asn Ser Asp Glu Cys Leu Arg Ala Val
485 490 495

Leu Lys Leu Met Ser Glu Cys Trp Ala His Asn Pro Ala Ser Arg Leu
500 505 510

Thr Ala Leu Arg Ile Lys Lys Thr Leu Ala Lys Met Val Glu Ser Gln
515 520 525

Asp Val Lys Ile
530

(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 466 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: CDS
(B} LOCATION: 11..466

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

GAATCAGACA ATG ACT CAG CTA TAC ACT TAC ATC AGA TTA CTG GGA GCC 49
Met Thr Gln Leu Tyr Thr Tyr Ile Arg Leu Leu Gly Ala
1 5 10

TGT CTG TTC ATC ATT TCT CAT GTT CAA GGG CAG AAT CTA GAT AGT ATG 97
Cys Leu Phe Ile Ile Ser His Val Gln Gly Gln Asn Leu Asp Ser Met
1s 20 25

CTC CAT GGC ACT GGT ATG AAA TCA GAC TTG GAC CAG AAG AAG CCA GAA 145
Leu His Gly Thr Gly Met Lys Ser Asp Leu Asp Gln Lys Lys Pro Glu
30 35 40 45

AAT GGA GTG ACT TTA GCA CCA GAG GAT ACC TTG CCT TTC TTA AAG TGC 193
Asn Gly Val Thr Leu Ala Pro Glu Asp Thr Leu Pro Phe Leu Lys Cys
50 55 60

TAT TGC TCA GGA CAC TGC CCA GAT GAT GCT ATT AAT AAC ACA TGC ATA 242
Tyr Cys Ser Gly His Cys Pro Asp Asp Ala Ile Asn Asn Thr Cys Ile
65 70 75

ACT AAT GGC CAT TGC TTT GCC ATT ATA GAA GAA GAT GAT CAG GGA GAA 289

Thr Asn Gly His Cys Phe Ala Ile Ile Glu Glu Asp Asp Gln Gly Glu
80 85 S0
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served as the tenplate for this cDNA has undergone inconpl ete post-
transcriptional splicing of the RNA such that a portion of an intron was
i ncluded in the sequence. At the Nterm nal end of the protein, a
eukaryotic signal sequence is identified, with a predicted cleavage site
bet ween amino acids 23 and 24 (see SEQ ID RO 2). Thus, after

post-transl ati onal processing, the mature protein is expected to begin at
am no acid G n2é.nd regi:ef e tighchyatopitobitichy @t ®iT aor aet d9..153- 176-
i ndi cates t he quwresenteu Ghr aSerr ans FesiMeanersr &g Ghu Wi cderdhsg @des dithe protein
into an extracel | B%r |igand bi ndi*AY domai n and ai®ntracel | ul ar ki nase
donai n. TGC AAG GAT TCA CCG ARA GCC CAG CTAESGY'BEE »fa aTa GAn TGT TGT 385
| sol ation of Big&-dysDh¥p ser Pro Lys aldenntmeu s8fd ake Tar BRKE- d1.CONA dyBat does
not include aPemature term bERion in the ki Ad%e domai n, anotiaér cDNA

library with r i I epar | H3T3 ly
A A, (511t SR o 10 e Tt orTe BIAEy ey Cel G NI - 78
XR' (Stratagene, La Jolla, GA a |anbda cl ¥ ng vector whichoal |l ows

construction of_.upjdi I I | i.ar ses both a poly dT
sequence and a{ﬁa&cﬁo%ﬁ%&gﬁé Bie BBE dﬁgnﬁgegfgsig the cDNA library. THi’S
library is then screeneds4with the J159 PCR fragnent, |abeled with Jerr]P

by the random prim ng nethod ("PRI ME-1T" Random Priner Labeling Kit).
Screeni ng and j.s0 i 0 i arried out as descri bed above
ottt FRO08S sl

(Exampl e 2). Itiona ones are obtained and subjected to
sequence anal ysis. (i) SEQUENCE CHARACTERISTICS: -

{A) LENGTH: 152 amino acids

(B) TYPE: amino acid

(D} TOPOLOGY: linear

{ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID RO:6:

Met Thr Gln Leu Tyr Thr Tyr Ile Arg Leu Leu Gly Ala Cys Leu Phe
1 5 10 15

Ile Ile Ser His Val Gln Gly Gln Asn Leu Asp Ser Met Leu His Gly
20 25 30

Thr Gly Met Lys Ser Asp Leu Asp Gln Lys Lys Pro Glu Asn Gly Val
.. 35 40 45

Thr Leu Ala Pro Glu Asp Thr Leu Pro Phe Leu Lys Cys Tyr Cys Ser
50 55 60

Gly His Cys Pro Asp Asp Ala Ile Asn Asn Thr Cys Ile Thr Asn Gly
65 70 75 B0

His Cys Phe Ala Ile Ile Glu Glu Asp Asp Gln Gly Glu Thr Thr Leu
85 90 95

Thr Ser Gly Cys Met Lys Tyr Glu Gly Ser Asp Phe Gln Cys Lys Asp
100 105 110

Ser Pro Lys Ala Gln Leu Arg Arg Thr Ile Glu Cys Cys Arg Thr Asn
115 120 125

Leu Cys Asn Gln Tyr Leu Gln Pro Thr Leu Pro Pro Val Val Ile Gly
130 135 140

Pro Phe Phe Asp Gly Ser Ile Arg
145 150
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Exanpl e 5 BRK-1 Sequence Anal ysis
Sequence analysis of the clones is carried out using the "TAQ DYE DEOXY"
Term nat or- Cycl e Sequencing Kit and the Applied Bi osystens l\/bdel

16 373A DNA Sequencer (Applied BioSystens. Foster G [ En of
the clones to the sequence of t-BRK-1 and3to other r iﬁ“ Mt \“ I gure
2) indicates that one clone (SEQ ID NO 3) contains t tl emgt h codi ng
sequence. WHAT IS CLAIMED {S:

1. An isolated BMP receptor kinase protein having amino acid sequence SEQ
ID NO:4, or soluble fragment thereof.

2. An isolated DNA sequence coding for the BMP receptor kinase protein of
Clam1.

3. The DNA séquence of Claim 2, wherein the DNA sequence is SEQ ID NO:3.

4. An isolated truncated BMP receptor kinase protein having amino acid
sequence SEQ ID NO:2, or soluble fragment thereof.

5. An isolated DNA sequence coding for the truncated BMP receptor kinase
protein of Claim 4.

6. The DNA sequence of Claim 5, wherein the DNA sequence is SEQ ID NO:1

7. The soluble fragment of Claim 4, wherein the soluble fragment has amino
acid sequence SEQ ID NO:6

8. A DNA sequence coding for the soluble fragment of Claim 7.

9. The DNA sequence of Claim 8, wherein the DNA sequence is SEQ ID NO:5.
10. A recombinant expression vector comprising the DNA sequence of Claim 2.
11. Arecombinant expression vector comprising the DNA sequence of Claim 3.

12. The recombinant expression vector of Claim 11, wherein the vector is a
plasmid having all of the identifying characteristics of pJT4-J153F contained
in ATCC No. 69457.

13. A recombinant expression vector comprising the DNA sequence of Claim 5.
14. A recombinant expression vector comprising the DNA sequence of Claim 6.

15. The recombinant expression vector of Claim 14, wherein the vector is a
plasmid having all of the identifying characteristics of pJT6-J159T containea
in ATCC No. 69474,

16. A host cell comprising the recombinant expression vector of Claim 10.
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with no intron present, and the conplete kinase domain. The plasmd from
this clone is designated pBLUESCRI PT-J159F. The open 1596
base pairs encoding a protein with 532 am no aci ds, ﬂlg(ﬂ gﬂlﬂ(ﬂm\

nol ecul ar mass of about 60, 059. This cDNA is desi gnat

DNA sequence of BRK-1 is identical to that Bf t-BRK-1 over nucl eotides
1-1483 in SEQ ID NO 3 (nucleotides 281-1763 in SEQ ID NO 1), and hence

i dentical in anf’ncA hosicesdicepeprcen® trer regomboiant iedsresspd vector SEQIaib NO. 4 and
SEQ I D NO 2. Thus, the N-term nal signal sequence and the transnmenbrane

domai n observedsl mtm%aliaﬁnﬁoﬁe§élr ichRtbrishgEXRIPGribiAbR edSiastipAl l/é/ctor of
present in full C&g RK-1. The entire ligand binding domain is also

i dentical. The nu e sequence for t-BRK-1 (SEQ ID NGO 1) contains a 90
base pair insert (nucleotides 1764-1853) which is absent in the nucl eotide
sequence of BRA91 TrsEQanminal@rBhostwelicdi Grayn f8pwbsrem tree pell ts aiCromesenhamster

i nconpl etely splicgd BEfjon. After this point, nucleotides 1854-2035 of the
t- BRK-1 sequence are ¥gent|cal to nucl eoti des 1484- 1665 of the BRK-1
sequence. Hence, renoval of the 90 bas air insert in t-BRK-1 gl el ds a
codi ng sequencgbi dem megymalian pest cell oé%l@?@ 18, wherein the ceII iIs a COS cell.

Exanpl e 6 CGeneration of Antibodies to BRK-1
I n order to de@onsA hastecedikqgpmeprisiog thaf reicbmbbiitt Expressiphorectdrof ddammsdr at e
| i gand bi nding, and to identify other proteins which may conplex with

BRK-1, the avabl abhbif deiPdorBidi g;ﬂﬁeen%é:éﬁ'ﬁ)%écrit%xﬁ@ss@ﬁ%eﬁ?&‘%}?@élrﬁ $4hi ghly

useful . Polycl onal antisera are accor produced in rabbits for this

ur pose, using_two, anti
purp g 13 A mam ahan host cell comprising the recombinant expresstion vector of

Claim 15.

24. The mammalian host cell of Claim 22, wherein the cell is a Chinese hamster
ovary cell.

25. The mammalian host cell of Claim 22, wherein the celi is a COS cell.

26. A method for producing BMP receptor kinase protein comprising culturing the
host cell of Claim 16 in a manner allowing expression of the BMP receptor
kinase protein and isolation of the BMP receptor kinase protein.

27. A method for producing truncated BMP receptor kinase protein comprising
culturing the host cell of Claim 17 in a manner allowing expression of the
truncated BMP receptor kinase protein and isolation of the BMP receptor
kinase protein.

28. A method for identifying compounds capable of binding to a BMP receptor
kinase protein, the method comprising introducing a sample comprising the
compounds to the BMP receptor kinase protein and allowing the compounds
to bind to the BMP receptor kinase protein, wherein the BMP receptor kinase
protein has amino acid sequence SEQ ID NO:4 or soluble fragment thereof,
or SEQ ID NO:2 or soluble fragment thereof.

29. An antibody directed to the BMP receptor kinase protein of Claim 1.
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First, the mature extracellular ligand bindi ng domain, conprising am no

aci ds 24-152 of SEQ ID NO 2 (or anmino acids 24-152 of SEQID NO 4), is
expressed i'n E. coli using the "Q A EXPRESS" bacterial expression system
(Q agen, Chatsworth, CA; a kit for high-|evel expression of proteins in E.
coli, which incorporates into the protAlh an affinity tag of six
histidines to allow rapid purification of the reconbinant protein by netal
chel at e chromat ography; the kit includes pQE-12 expression vector, a
plasm d encoding the lac repressor, E. coli host strains and netal chelate
resin). A portion of the nucleotide sequence. conprising nucleotides
360-746 in SEQID NO 1 (or nucleotides 80 to 466 in SEQID NG 3), is
anplified by the polynerase chain reaction using prinmers which incorporate
Bglll sites at the 5 and 3' ends. Specifically, the priner for the 5 end

i s CCATAGATCTCAGAATCTAGATAGI, and for the 3' end is
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17 GGTAAGATCTTCGGATCCTGCCATC The anplified insert is inserted into the
PQE12 vector (Q agen. Chatsworth CA), which directs the expression of the
insert-with six histidines at the Ctermnal end of the protein. After
transformation of E. coli strain JMIO1 with this construct, the transforned
strain is grown in LB broth suppl errentﬁ_g/ m d-1og phase with isopropyl
thio-[err]-galactoside (I PTG. which i l} ces expression of the protein
driven by the |ac pronoter. Three hours after addition of IPTG cells are
harvested by centrifugation and |ysed in a "FRENCH' pressure cell

(SLM Aninco, Urbana, {fL; & dispgersidn ufit @r digsi nt@grald ng bacteria
under high pressure using a hydraulic press) using two passes at 16, 000
psi. The extracellul as dogain dzs p ified b c_hrgna.t.(zgr_a.pb:y on a ni ckel

nmetal chel ate col um, gacc din e nuf C“t‘u % Huctions. Further
purification is att alcned —eh:rz:orratcmg—#aphy at+ C4 reverse
phase col um (V\atersEE)eII §4 C(ﬂ'}u.[m,ﬁ 3('.)@&,__%r cm MIlipore,
MIlford, MA), using &ili n% gl Eetgt@jtg -+ Ror oaceti c aci d)
in water to 0.05% TF —pihutesi at a flow rate
of 2.8 m/mn. Peak %act s glm'l gt 38@3:66 nrtFiteZare pooled, dried
under vacuum and us t ool Ul 2€ M hr e ﬁd H\i-t 8l rabbits

(Hazl et on Washi ngt on, E\T—elgua.,_ @A’)—
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Antisera are evaluated by Western blots for their ability to detect the
purified E. coli antigen. The antiserumw th the highest titer is

desi gnat ed : 1353. A second antigen, intended to recognize the
intracel lular kinase domain, is generated froma peptide having an

I dentical am no acid sequence to am no ?CPE 398-420 of SEQ ID NO 4 (or
am no acids 398-420 of SEQ ID NO 2), he addition of a cysteine at
the Ctermnus to pernmt conjugation of the peptide; i.e., indicated by
t he single letter am no acid abbrevi ati ons,
LNTRVGTKRYMAPEVLDESLNENC. £onp& i soff of ¥ he FHnmi ng? amﬁ se@lience of the
ki nase donmai n of BRK-# w tH thet ki rase @onmaif of -t he Raf p#otei n suggests
that this region of BRK-1 gorrerspon;ds te a regior of he Raf kinase which

was used to meke hi gl y_sfect tT‘b(%rEsm(KoI@h— %I_,_}%l ssinger, E.,
M schak, H., TroppmaH——JH S W&|¢Je-l°— | decker, G, and
Rapp, U. R Oncogene :Z]@IZ@CE 9g9ay] S Th 5= ¢nj ugat ed by
standard net hods to herrgma E%ﬁdgs-ed 0 i muni ze three
New Zeal and Wi te |ts-4(-l=la Haghion, Yienda—WA). The resulting
antisera are eval uate "f‘cﬁ th a@T“'@_LoU ec@ymiz& Thetoriginal peptide
coated on plastic. r—bdé(y:e tur g £ BSA-(@nzyne- | i nked
i mrunosor bent assay) nt| ra @gre- giesi 8#:’1.38&_%79, and 1380.
I:rJ U] BHE—B —BH—BF—B—&
N — X & O—0—0—0—0—0D
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O o
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18 Exampl e 7

Expressi on of BRK-1 In order to identify the function of BRK-1. it is
necessary to express the protein and test to see whether it binds a
specific ligand. This is preferably done in a mamualian cell line, since

this maximzes the chance of expressing 4/kprrectly processed protein in
the cell nmenbrane. To this end, the BRK-1 cDNA is subcloned into the
expression vector pJT4 to generate the plasmd pJT4- J159F. The BRK-1
insert from pBLUESCRI PT-J159F is digested with the restriction endonucl ease
Af IIl, generating adinedizéd pldsm gwith a sEngl & oveghang. The
overhanging end is fik¥ed ™ using ONA Rel ymer ase~l Khenownf ragment,
generating a blunt end: —Fhe Hi-neari ged-phasnpd_issthep, diggsted with Not I,

|i berating the insert ;ﬂr@‘r@tﬁe?lm@ighg B T4 5%@%30@ vector is
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KFEAGKSAGDTHGQVGTRRYMAPEVLEGAINFQ RDAFLRIDMYAM

LT T

MACTR1 NILVKKNGQCCIADLGLAV MHSQSTNQLDVGNNPRVGTKRYMAPEVLDETT

LELEE TTTETTT

RTGFBRZ2 NILVKNDLTCCLCDFGLSL RLDPTLSVDDLANSGQVGTARYMAPEVLES

RinnnEn

NILVKKNGTCCIADLGLAV RHDSATDTIDIAPNHRVGTKRYMAPEVLDDSINMKHFE
NILIKKNGSCCIADLGLAV KFNSDTNEVDIPLNTRVGTKRYMAPEVLDESLNKNHF

I nnnnmmmn

[T
T-BRK-1 NILTKKNGSCCIADLGLAV KFNSDTNEVDIPLNTRVGTKRYMAPEVLDESLNKNHF

R

NILVKKNGMCAIADLGLAV RHDAVTDTIDIAPNQRVGTKRYMAPEVLDETINMKHFDSF

|
IRINNUIane

NVLVKSNLQCCIADLGLAV MHSQSSDYLDIGNNPRVGTKRYMAPEVLDE
Fig. 2C
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digested with Not I and EcoRV, and ligated to the insert. The blunt end

- generated by the Klenow reaction is conpatible with the EcoRV site, which
is also a blunt end; ligation elimnates the Eco RV site. The resulting
construct is shown in Figure 3. The pJT4 vector, optimzed for
transi ent expression in COS cells, inclj/dek the cytonegal ovirus early
pronoter and enhancer, which gives very efficient transcription of nessage;
an "R' elenent fromthe long term nal repeat of the human T-cell | eukem a
virus-1, which has been shomn to |ncrease expression |levels further
(Takebe, Y., M Sei®, JZ1. Rujifawa,JP. By, R Y&kotal M Yoshida and N.
Arai, Ml. Cell. Bigh., 84663472 198F)); c&an iMtromM spldNce site from Sv40,
whi ch is believed tcge-nhaﬁsergess e-sSkabilzty;za—matiple cloning site; a

pol yadenyl ati on si gridl™dgf Cvedd 1T :S\iéo*%lzhud—@ts he addition of a
poly Atail to the n%ssa |\SN%‘ uk yotlcrrRNA and
the SV40 origin of gu_ ch e.r_.m st lication of the

plasmid to extrenel m—g c—opgg nu@ g‘n s '_h‘congpin the SV40 | arge
o

T antigen, such as c Is :>I n aJdeh—t.uon | atsnon and
anplification of theSvec ba Beri _ALe t_o_[ @ontgi ns an E. coli
origin of replicati -an %I—Hg -r-e Tr ansi ent
expression of BRK-1djsin pJ F-& ca l_edmout n._@)s 7 cells (ATCC
CRL 1651) using el eckrop a't‘l n. r‘r‘ are@rov@g to(?*),cn‘f uence in

ed with 5%fetal
cids (d BCO
ease cells from

(Dul becco's Modi fi eg<Eag
bovi ne serum (Hyclong, L
Gai t her sburg. M), e@d g
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plate. The detached cells are pelleted in a tabletop centrifuge, then
resuspended in fresh nedia at a concentration of 6.25 x 10[err] cells/mn.
The cell suspension (5 x 106 cells, 0.8 nml) is transferred to the cuvette
froma Bi oRad "GENE PULSER'

19 el ectroporation system (Bi oRad Hergyljgs. CA). The purified DNA plasm d
(10 [err]g) is added to the cuvette. and the cells subjected to

el ectoporation at 4.0 kVVcm wth a capacitance of 25 [err]Fd. Cells are
then plated and allowed to recover. Fresh nedia is supplied after 24 hr. At
48 hr, cells are rea@y tolbe tlsteg) forQ o Q o co

o o O O
™M ™M ™M ™ ™M [ag] ™M ™M ™~

Fig. 2E
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‘bi ndi ng of BMP-4. Exampl e 8

Expression of t-BRK-1 For expression of t-BRK-1, the cDNA insert
from pBLUESCRI PT-J159T is excised using the restriction endonucl eases Not |
and Xho I, and subcloned into the Not | and Sal | sites of the expression

vector pJT6, generating the construct pJid-J159T shown in Figure 4. The
vector pJT6 is identical to pJT4, described in Exanple 6, except for the
opposite orientation of the nmultiple cloning site, and the presence of a
spacer DNA between the Pst | and Bam Hl sites of the nultiple cloning

regi on. Transi ent expression of t-BRK-1 in COS cells using the
pJT6-J159T construct is carried out exactly as described above for BRK-1
(Exampl e 7). Exanpl e 9

Preparati on of radiol abel ed BMP |i gands The preferred radioligand in

all these studies is BM-4. BMP-4 is |labeled wth 1251 by the chloramne-T
met hod (Frolik, C A, Wkefield, L.N&, Smth, DM, aggdySporn, MB. J.
Biol. Chem 259:10995-11000 (Ho8H). Bilp- 4 (2 [err]g)/1s taken up in5
[err]] of 30% acetonitrile, 0. 1% t \ Qracetic acid (5?¢§leus an
additional 5 [err]l of 1.5 M sodi pH 7{4. Carrier free
[[err]l] (1 nCi, 4-10 [err 3 ", 2Fs AM Bolerr]l of a
chloramne T sol ution "%%?%i

chloramne T solutip
100 [err]l of /’ Sacll

m nutes, the
N-acetyl tyrosine
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60 nmM pot assi u

m i odide, and 100 [err]l of 11Murea in 1 M acetic acid.

After a 3.5 mnute incubation, unreacted iodine is renoved on a PD 10 gel
filtration colum (Pharmacia, Piscataway, NJ) run in 4 nMHCI, 75 nM Nad ,

1 ng/ M bovine

precipitable by trichloroacetic acid,

protein bound,

serum al bumi n (BSA). Tgf resulting | abeled protein is >95%
Mdh cating that all [[err]l] is
and has a typical specific activity of 3000-8000 G/ nmol .

BMP-2 can be radiol abeled in the sane manner and used as a radioligand.
However, use of BMP-2 results in very high nonspecific binding, presumably
because of binding of BMP-2 to extracellular matrix proteins. Such

nonspeci fic
of BMP-2 as a
termnus of th

bi ndi ng can be significantly reduced and hence the useful ness
radi ol i gand significantly inproved by renmoval of am no
e protein

Pstl
i Sacl

HindIIl / BamH

// Xhol 1
C ;BamHI EcIX]

s / Kpnl
P /

Apal
Xhol
Sall
Clal
HindIl
EcoRV

N N\ EcoRI

< Smal

) pJT6-J159T EcoRd
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20 presumably Decause this renmpves tne region responsible for binding to
the extracellular matrix. Renoval of the amino termnus fromBMP-2 can be
acconpl i shed by partial proteolysis with trypsin (Wzney, J.M. Ml . Rep.
Dev. 32:160-167 (1992)). This yields a derivative designated "digit-renoved
BMP-2". or DR-BMP-2. Preparation and pg Hllcatlon of DR-BMP-2 is carried
out as foll ows. BMP-2 (100-250 | 4 is solubilized in 500 [err]l
of 4 Murea, 0.1 MNaC. 0.05 MTris-HCl (pH 8.2). Trypsin (Sequencing

G ade; Boehringer Mannheim Indianapolis, IN is added to a trypsin/BW-2
ratio of 1/50 (ww), and the digestion mxture is incubated at 37[err]C for
2 hr. Digestion is stopped by the addition of phenyl nethyl sul fonyl fluoride
(PMSF) to a final concentration of 1 mM and the mi xture is frozen and
stored at -20[err]C until purification. DR-BMP-2 is purified from
the digestion m xture by reversed phase HPLC (high performance |iquid
chromat ogr aphy) on a Waters Delta-Pak C4 colum (5 [err]m 300 A 3.9 X 150
nm MIlipore Corp., MIford, MA). The entire digestion mxture is injected
directly onto the colum, and DR-BMP-2 is eluted using a linear gradient
fromO.05% TFA to 0. 05 TEA 60% acetonitrile over 80 min at a fl rate of
0.7 mM/mn. The majorijty of DR-BMP-2 elutes as a well-defined peak jat about
36% acetonitrile, as nonitored by absorbance at 214 nm and after
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Coonmassi e bl ue staining of an SDS-pol yacryl am de gel. PMSF, PNSF-
inactivated trypsin, and any renmaining intact BMP-2 are separated from
DR- BMP- 2 under these chromat ographic conditions. Purified DR-BMP-2 is

al i quoted, taken to dryness under vacuuT} and stored at -20[err]C.

Anal ysi s by SDS-pol yacryl ani de gel el ect@bbhoresis shows that the

nol ecul ar wei ght of DR-BMP-2 is decreased by approxi mately 2000 dal tons
conpared to BMP-2 under nonreduced conditions, and by about 1000 daltons
under reducing conditions. Am no-term nal protein sequencing denonstrates
that roughly 70% of DR-BMP-2 begins at Lys290, while the remai ning 30%
begins at Leu292. Results fromam no acid analysis are entirely consi stent
with the sequencing rs_u[ts and suggest that the COOHternmus of the
protein is wunaffected’by trypsin treatnent. Radi ol abeling DR-BMP-2 is

carried out exactly as described for BMP-4.
Exanpl e 10 ¢ BMP Binding to BRé%ﬁ
Bi ndi ng of DR-BMP-2 and BMP-4 to BRK-1 can be denonstrated By tnree

-ﬂﬂed -BVP; coval ent
nopr eci pi tation
«“thr%g met ho@@ are

separate methods: whol e cet
crosslinking of radi#la
of the receptor crossli gke

described in detail belo 5 Q?
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21 For wnol e cell binding experiments. COS-7 cells are transfected
-W t-h pdT4- J159F as described in exanple 7. After electropgration. cells
are seeded in 12 well plates at 670,000 cells/well. Media is changed after
24 hr. and binding experinents are carried out at 48 hr. At that tine,
cells are washed once with binding buffdd/l(50 nM Hepes buffer, pH 7.4, 128
mMMNaCl, 5 MMKO, 5 nMMgSH, 1.2 nMCaC [err], 2 ng/mm BSA), then
equilibrated in the same buffer at 4[err]C for 30 mn with gentl e shaking.
The buffer is then aspirated, and to each well is added 500 [err]| of

bi nding buffer (4[err]C), containing [[err]l]-BMP-4 tracer (100 pM..as
wel | as varying concentrations of unl abeled BWP-2, BMP-4, or other

unl abel ed |i gand, dependi ng on the assay. For det ermi nation of nonspeci fic
bi ndi ng, BMP-2

-~ @ o OO
28 5583
BRK-1: + - + + + -
200 kDa=
97.4 kDa=>
69 kDa-»
ECD KINASE
Fig. 7
Thszheet

i
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is'added to the binding buffer at a final concentration of '.-“""

prevent- degr adgpP(@T of Ilgam@wmﬂmgcnhe W’b@m}\mﬂoa pr ot easx

cocktail i.s also added, to give a fi REPE8h&8ht rati on of 10 err

| eupept i mmw@wgmﬂﬂmn@&fﬁ&@mpmﬁgmﬁ BATENT GROPERAT EY {FCT)
benza s@lﬂx&emnmomieﬂ:rmﬂsaicmonsoybean tryg M inkePH3tioRl1 P&HiicatiohNulmber- | 9/ nMwoO 95714778 |
best at}i g‘; %};2 t“ﬁ 00 [err]M PVMSF. The cells are :
i ncubat e l%rcsgl‘hﬁ é@ﬁ gent | y sh{am Mgrnatihal PidgcadmdPaef t he lime H9R01.6195)
peri og—the—bufter—rs drprIdLeU anmd—the (,ele are rinsed 4 tTmes wth J_ m—
washi hgmutmm(mnmums pHp@rdsos/ (5238 | 8 t;dssmmmep BEG BGHM Tz
1.2 mVICaCI[uEIH .0.5 ng/ i BSPAC)r Afterthefﬁ) E{g‘kl\%

[err] || GO Tﬂf"fgf‘f ‘on pdlrEF (204N i sa ],, 'E Y:K
Triton X-100) is added to each vveII and |ncubmemﬂmuomctmmrsatomphﬁrm
15* mi mEoyEneritg Batabi | i zed cel | s _are then trnansf &.CEFGE M EAIEN MbdR. NIz gN. TD. TG).
count ¢d i n%¥5PRekar d NHHRFHES0SE HEBRAUS Gammra BB RYBHCEPREREr " | nst r unent
Co., Downers Grove, IL). Resul ts|of such an experinment are shown in
Fi gur ¢ (79.Apfipaei f THE bkmtctiamg&odAMB[L[secr_mplAMBmMo C_OS 7 cells transfected |
with fhe cw%gmam&(embhgwﬁmw n8Hnuct B stasch FoReERe (0] rgrgublished
hi gher t haMH& ng to mock-transfect ed J/’”""f‘ PEYRATPO™ |'n order to
obt ai e 1edtes: GCUUK, Totditad/ Shail) 3413 OX:EWiheZBtive, QN of bi ndi ng to BRK-1, a

sat ur eht [ on Cbnmh ﬁljﬁs?ﬁ’a(Uy)sC@RREs«lp@rHﬂ@Mfw on COS-7 cells transfected with ,
the "‘*Blkgg;c‘ﬁ'@;ggfg@: e CBns st pIT4-J159F. Binding of |
[[err] I ] B OSENBAURIX RfT IS 77@1\/@5,,1,@,0m{;gqnt rati on range of 10-1000 pM wth
nonspeci fi CmbmndlmgtszMMSDemﬁnm VP Rollll@ [(NM unl abel ed BMP-4. Bindi ng data

was amal yzé@%ﬂq& West Chester, OH 45069 (US).

(74) Agents: REED, T., David, et al; The Procter & Gamble
Company, 5299 Spring Grove Avenue, Cincinnad, OH
45217 (US).

(54) Title: DNA SEQUENCE CODING FOR A BMP RECEPTOR
(57) Abstract

The present invention relates to an isolated BMP receptor kinase protein or soluble fragment thereof, a DNA sequence coding for
said BMP receptor kinase protein or said soluble fragment thereof, a recombinant expression vector comprising said DNA sequence, 2 host
cell comprising said recombinant expression vector, a method of expressing said BMP receptor kinase protein or soluble fragment thereof,
a method for identifying compounds capable of binding to said BMP receptor kinase protein or soluble fragment thereof, a method for
determining the amount of such compounds in a sample, and antibodies to said BMP receptor kinase protein.
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4(o1214-5 3002
Canbri dge, UK) to obtain an
wi thin the physi ol ogi cal

LI GAND software (Version 3.0; Elsevier-Biosoft,
affinity (Kd) for BRK-1 of 5 x 10[err] M well
range expected for a BWMP receptor. A second et hod of

denonstrating binding of BMPs to BRK-1 is to «Crosslink the radiol abel ¥d
ligand jo the BRK-1 regeptor. | n,this method, whe 7 ¥

22 bifunctional cross 'i‘n'k_i'ng reagent di succi-nifri dyl suberate '(tDSS) (Pi'é‘fc'e
Chem cgl Rockford. IL)is used to covalently crosslink bound rmdiol abel ed

ligandvto its receptor®py reaction with free am no groups on |lysine’
residues in the two proteins .

1 | | h 7
DNA SEQUENCE CODING FOR A BMP RECEPTOR

TECHNICAL FIELD
The present invention relates to the field of bone formation and
~ development. Specifically, the present invention relates to a bone morphogenetic
protein receptor and a DNA sequence coding for said receptor. '
' BACKGROUND

Humans and other warm-blooded animals can be afflicted by a number of
bone-related disorders. Such disorders range from bone fractures, to debilitating
diseases such as osteoporosis. While in healthy individuals, bone growth

. generally proceeds normally and fractures heal without the need for
pharmacological intervention, in certain instances bones may become weakened
or may fail to heal properly. For example, healing may proceed slowly in the
elderly and in patients undergoing treatment with corticosteroids (e.g., transplant
patients). Osteoporosis is a condition in which bone hard tissue is lost
disproportionately to the development of new hard. tissue. Osteoporosis can
generally be defined as the reduction in the quantity of bone, or the atrophy of
skeletal tissue: marrow and bone spaces become larger, fibrous 'binding
decreases, and compact bone becomes fragile. Another bone related disorder is
osteoarthritis, which is a disorder of the movable joints -characterized by
deterioration and abrasion of articular cartilage, as well as by formation of new
bone at the joint surface.

While a variety of treatments are available for such bone-related disorders,
none of the treatments provide optimum results. One of the difficulties facing
individuals who treat bone-related disorders is a lack of complete undérstanding
of bone metabolism and of the bone-related disorders. A key to such
understanding is identifying and characterizing each of the components involved
in bone growth. Bone morphogenetic proteins (BMPs) have been demonstrated
to play a role in bone formation and development (Wozney, J.M.,
Reproduct. and Develop., 32: 160-167 (1992)).

Furthermore, the role of BMPs may not be limited to their role in bone. The
finding that the BMPs are found at significant concentrations in other tissues such
as brain and kidney (Wall, N.A., Blessing. M.. Wright, C.V.E.. and Hogan. B.L M.,
J. Cell Biol., 120: 493-502 (1993); Ozkaynak, E., Schnegelsberg, P.N.J.. Jin. D.F
Clifford, G.M.. Warren, F.D., Drier, E.A., and Oppermann, H., J. Biol. Chem.. 267
25220-25227 (1992); Lyons, KM., Jones, C.M., and Hogan, B.LM., Trends in
Genelics, 7: 408-412 (1991)) suggests that they may play additional roles in
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Fol l owi ng the crosslinking, cellular proteins are separated by gel

el ectrophoresis. and radioactive bands visualized. The |abel ed bands
represent the receptor selectively "tagged” with the radiol abeled |igand.
In this procedure, cells are transfected with pJT4-J159F as described in
exanple 7, then seeded into 12 well plates at 670,000 cells/well. Mediais
changed after 24 hr. At 48 hr after electroporation, the cells are washed,
equi l i brated, and incubated with [1251]-BMP- 4 or [[err]I]-DRBMP-2 and
conpeting unlabel ed |igands as described in this exanple for whole cell

bi nding studies. After conpletion of the 4 hour incubation wth Iigand, the
cells are washed three tines at 4[err]C?mAth 2 m of binding buffer having

the sanme co LEd . ' abov except .t hat,.nq BSA is added. To
bach wor | 1 SofAbbm8R 8% SRAFEARGEN S I8 BiodS i a0 KRS TYRrisr e Bobetined by
freshly prefnédorRsgmote aemverrall ditierentiation (Baslest K1Fling. 1T MlessetleT Mwi 1 | i ng
gently to mandMaenddSST. G, PBeBETS7GR @908 tﬂa?élﬁdr. NOmt., axaitd. B_.§..5grmd?m.gst 2
4ferr]C wi t t | ) ated an

it msheﬁ'ﬁﬁé‘h’?- I Readi A3, €81 Bt 11 T72 3708 (B 2 O 20 1w
EDTA, 0.3 mv Pnvef,BMF initigtes itgbiglegical sfiest an sejis by pindingnteenspeeific MR s
added t o eacéceptdrl exprassexelohsthar plasmaamethbodrie iofitzp BMP-résgoneiveadsll. A

] j : | ks Ln W th
o R ARASALY ot 0y bR IS
tube. The s&9PTdsidrdng grll. and asayresyit obst Rindingisends @ signal te fhe issigechat ant
di scarded. thecglbwhichalterscelitarfunglionn I2¢his easé,Lthe digand isgtheaprplein BMP! er
(125 M Tri sifd, thetsignd. indfedsetHel difererpiBlicHe lohane cell Zti’cfo C§Q§uc{’ -cé?(@%{eogﬁéi'eno'
bl ue, 10% glb\éggy ol), vortexed for 3045 mn at 4[err]|C, boile
Because of the ability of a BMP receptor to specifically bind BMPs, purified

BMP receptor compositions will be useful in diagnostic assays for BMPs, as well

as in raising antibodies to the BMP receptor for use in diagnosis and therapy. In

addition, purified BMP receptor compositions may,be used directly in therapy to

bind or scavenge BMPs. thereby providing a means for regulating the bone

formation and development activities of BMPs. In order to study the structural and

biological characteristics of BMP receptors and the role played by BMPs in the

responses of various cell populations to BMPs during bone growth/formation

stimulation, or to use a BMP receptor effectively in therapy, diagnosis, or assay,

purified compositions of BMP receptor are needed. Such compositions, however,

are obtainable in practical yields only by cloning and expressing genes encoding

the receptors using recombinant DNA technology. Efforts to purify BMP receptors

for use in biochemical analysis or to clone and express mammalian genes

encoding BMP receptors have been impeded by lack of a suitable,source of

receptor protein or mRNA. Prior to the present invention, no cell lines were

known to express high levels of BMP receptor constitutively and continuously,

which precluded purification of the receptor for protein sequencing or construction

of genetic libraries for direct expression cloning. Availability of the BMP receptor

sequence will make it possible to generéte cell lines with high levels of

recombinant BMP receptor for biochemical analysis and use in screening

experiments.

Based on the foregoing, there is a need for a BMP receptor DNA sequence
and an isolated BMP receptor protein encoded by this sequence.

Obijects of the Present Invention

) It is an object of the present invention to provide an isolated BMP receptor
kinase protein. e




m nutes, and centrifuged (13,0000 x g, 5 mn). The supernatants are | oaded
onto 7.5% SDS- pol yacryl am de gel s and subjected to el ectrophoresis. The
gels are stained in 0.12% Coonmassi e Bl ue, 5% nethanol, 7.5% acetic acid,
destained in 5% et hanol , 7.5% acetic acid, then dried between sheets of
cel | ophane. Radi oactivity on the dried gel is visualized and quantitated
on a Phosphor | nmager (Mol ecul ar Devices, Sunnyvale, CA), or subjected to
aut or adi ogr aphy usi ng "KODAK X- OVAT AR' film (Kodak, Rochester, NY).
Result of such experinments are shown in Figure 6. Figure 6A shows
crosslinking of [[err]l]-BMP-4 to COS-73cells transfected with BRK-1 using
t he construct pJT4-J159F. 1In lane 1, note the presence of a |abel ed band
at  nol ecul ar weightso7én 3Bfechbf ale passens predtort ® BRIKde @obMikesddugnce

crossl i nked ' eatly reduced by the addition of 10
M BVP- 2t Oe%ﬁodl%%%/%w redebtor kHMe pro@l

is also an object of the present invention to provide a recombinant

expression vector encoding a BMP receptor kinase protein.

It is also an object of the present invention to provide a host cell comprising
a recombinant expression vector encoding a BMP receptor kinase protein.

1t is also an object of the present invention to provide a method for
producing a BMP receptor kinase protein.

it is also an object of the preéent invention to provide a method for
identifying compounds capable of binding to a BMP receptor kinase protein.

It is aiso an object of the present invention to provide a method for
determining the amount of a compound capable of binding a BMP receptor kinase
protein in a sample.

It is also an object of the present invention to provide antibodies specific for

the BMP receptor protein and a method for producing them.
SUMMARY

The present invention relates to an isolated BMP receptor kinase protein or
soluble fragment thereof, a DNA sequence coding for said BMP receptor kinase
protein or said soluble fragment thereof, a recombinant expression vector
comprising said DNA sequence, a host cell. comprising said recombinant
expression vector, a method of expressing said BMP receptor kinase protein or
soluble fragment thereof, a method for identifying compounds capable of binding
to said receptor kinase protein, a method for determining the amount of such
compounds in a sample, and antibodies to the said BMP receptor kinase protein
or soluble fragment thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the DNA sequence of the degenerate oligonucleotide
primers used in the PCR amplification of BRK-1. The nuclectide bases adenine,
thymine, cytosine, guanine, and inosine are represented by the single letter codes
A T, C, G, and |, respectively. ACT1A ahd ACT1B refer to the set of degenerate
3' PCR primers. ACT2A and ACT2B refer to the set of degenerate 5' PCR
primers.

Figure 2 is an alignment of protein sequences comparing the kinase
_domains of t-BRK-1 and BRK-1 with other members of the TGF-0 receptor famuy.
DAF1, the Daf-1 receptor kinase from C. elegans (Georqi,. L.L.. Albert, P.S., and
Riddle, D.L.. Cell. 61. 635645 (1990)). MACT, mouse activin receptor type |l
(Mathews. L.S. and Vale, W.W., Cell. 65. 973-982 (1991)). RTGFBR2. rat TGF-R
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23 during incubation and is absent in nock-transfected COS cells Tnis,

I ndi cates specific binding of BMP-4 to BRK-1. Since the | abel ed band
represents the receptor covalently crosslinked to BVWP-4 (nonomer nol ecul ar
wei ght 16.400). the nol ecul ar wei ght of the receptor can be estimted at
60. 400, which is consistent wwth the am no acid sequence of BRK-1. Figure
6B shows the sanme experinent using [[err]l]-DRBMP-2 as the ligand. A
simlar | abeled band is observed. As with [[err]l]-BMP-4, the |abel ed band
is greatly reduced by the addition of 10 nMBMP-2 to the cells and is
absent in nock transfected cells. Taken jogether, these data indicate that
both BMP-2 and BMP-4 are specifically bound by BRK-1. Inathird

ggpvgsé:( r ?t ;(r)féc@fatoBWpé”llnﬂanuﬂEgg tRORKté-vgrsrCQSRCQhétﬁe@vE aps eghgd \mlée Ewt\hﬁ CDNA
- S,

| omunopr eci pEELFEn 4 oapBmcteabt] 78St IR, HAERRY® tpbhaur e,
COS-7 cel | s agtivin f@ﬁ@ﬁf%&ﬁﬁj'ﬁmﬁfpﬁT R.4t, §buey i—bédiwl@'f §xallpm@’\e¢kand
plated into TGO, inee. A. &mzskm&ihcﬂbe@'n& [ sene]vc@ado/ U3441348hepaanershen

| i nked b h
e T
total of 4 nMLj h¥PR3d ngd?P"Pé’PP] % Qe&?’PpopM@‘?m(%-l 9% <133 W3 HEB8Hs ed

accordingly. Tﬁelﬁrauketgndlbaes rthe Jredikiedokinass kermémationareigenh fdnridmasies neith Wi t h
i ce-col d PBchmbmgge Bobhbfked saline], then lysed with

Figure 3 shows the construct pJT4-J158F, used to express BRK-1 in
mammalian cells. CMV, cytomegalovirus early promoter/enhancer; R, the R”
element from the long terminal repeat of human T-cell leukemia virus-1, SP, an
intron splice site from the SV40 virus; T3, promoter from the T3 bacteriophage:
T7, promoter region from the T7 bacteriophage; poly A, region from the SV40
virus directing polyadenylation of the message; SV40 ORI, origin of replication
from the SV40 virus; Amp, ampicillin resistance gene for selection in E. coli.

Figure 4 shows the construct pJTS-J15§T, used to express t-BRK-1 in
mammalian cells. Abbreviations are the same as those in Figure 3.

Figure 5 shows binding of [125|]-BMP-4 to COS-7 cells transfected with the
cDNA for BRK-1, using the construct pJT4-J159F. The concentration of [125]}-
BMP-4 is 100 pM.

Figure 6 shows crosslinking of radiolabelled BMPs to COS-7 cells
transfected with the cDNA for BRK-1. Figure 6A, crosslinking of [1251}-BMP-4 to
BRK-1. Lanes on the left, COS-7 cells transfected with the. cDNA for BRK-1,
using the construct pJT4-J159F; crosslinking in the absence (-) or presénce (+) of
10 nM unlabeleq BMP-2. Lanes on the right, mock transfected COS-7 cells:
crosslinking in the absence (-) or presence (+) of 10 nM uniabeled BMP-2. Figure
6B, crosslinking of [125]}-DR-BMP-2 to BRK-1. Lanes on the left, COS-7 cells
transfected with the cDNA for BRK-1, using the construct pJT4-J159F:
crosslinking in the absence (-) or presence (+) of 10 nM unlabeled BMP-2.

Figure 7 shows immunoprecipitation of BRK-1 expressed in COS-7 cells
and crosslinked to [1251}-BMP-4. Lanes designated "+, COS-7 cells transfected
with the cDNA for BRK-1, using the construct pJT4-J159F. Lanes designated “-
“. mock-transfected COS-7 cells. After transfection, cells were crosslinked to
[125{}-BMP-4. then subjected to immunoprecipitation using the indicated antisera
Lanes on the left, antiserum 1351, specific for the extraceilular domain (ECD):

lanes on the right, antisera 1378, 1379, and 1380, all specific for the kinase
domain.
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4 mM of RIP buffer (20 MM Trisd, pH 8.0, 100 mM Nadl, 1 nM Na2EDTA, 0.5%
Noni det P-40, 0.5% sodi um deoxychol ate, 10 nmM sodi um i odi de, and 1 % bovi ne
serum al bum n). The lysate is centrifuged in a Beckman GPR tabl et op
centrifuge at 3500 rpm (3000 x g) for 10 mn. The supernatant is
transferred to a fresh tube and made 0.1%in SDS. To renpbve any existing
anti body present in the lysate. 200 [err]l of "PANSORBIN' (Cal bi ochem La
Jolla, CA, a 10% solution of Staphyl ococcus aureus) is added. After a 30
m nute incubation at 4C, the lysate is centrifuged as before, and the
supernatant again transferred to a fresh tube. split into aliquots as
required. The primary anti body-1353, for the extracellular domai n;
or 1378, 1379, or 1380, for the RESTCRPU@MI n-is then added to t he tube

f | dil f
at a final di uhnueds HBnon SMSubACHRARES 6! of %Bla?egjoagﬁb .
(ﬁ?ﬁ‘lﬂ @S@ S

" PANSORBI N'Prptgin hxérw%\de'ea 8 amisolated, BMP pecepiar Hinase PrdinTRD
pel | et ed atcodgfarpsaid PoMBiny agjecbmbiriint rexpression Bextémaom@iing saehDNA uge

I(O glelcgtrmps' m%ugw%%&%h %hﬁﬁszr#)aud@@?o&ﬂﬁaﬁ%r@%&%eéﬂbrs ah&RGy of ThE

conta 1% S once in
TNEN buf f er®P5SIAY “BE CSP“’io‘ﬁ 9 ﬁé‘ESP ’Hf/laé%? die '@O/OSRIS %83 The
pellet is rr@garstpeweae PthlB [err]] of reducing sarrpl e buffer Sol ubi l'i zed

proteins are  PuSEd atbréip, *BRIF redtipRireRingsd réten-Poloy 2BRK-fNiiRinges s and
aut or adi ogr&%pe}l in %gvmg the amino acid sequence SEQ ID NO:4, as well as proteins having
amino acid sequences substantially similar to SEQ ID NO:4 and_which are
biologically active in that they are capable of binding BMP-2 andlo'r_BMP-4, or
transducing a biological signal initiated by a BMP-2 or BMP-4 molecuie binding to
a cell, or crossreacting with anti-BRK-1 antibodies raised against BRK-1.

As used herein, "truncated BMP receptor kinase protein” or "t-BRK-1"

means a protein having amino acid sequence SEQ D NO:2.

~ As used herein, "substantially similar" when used to define either amino
acid or nucleic acid sequences, means that a particular subject sequence, for
example, a sequence altered by mutagenesis, varies from a reference sequence
by one or more substitutions, deletions, or additions, the net effect of which is to
retain biological activity of the BRK-1 protein. Alternatively, nucleic acid subunits
and analogs are "substantially similar” to the specific DNA sequence disclosed
herein if the DNA sequences, as a result of degeneracy in the genetic code,
encode an amino acid sequence substantially similar to the reference amino acid
sequence.

As used herein, “"biologically active” means that a pamcular molecule
shares sufficient amino acid sequence similarity with the embodiments of the
present invention disclosed herein to be capable of binding detectable quantities
of BMP-2 or BMP-4, or transmitting a BMP-2 or BMP-4 stimulus to a cell, for
example, as a component of a hybrid receptor construct. Preferably, biologically
active BRK-1 or t-BRK-1 within the scope of the present invention is capable of
binding [1251}-BMP-4 with nanomolar or subnanomolar affinity (Kq approximately
equal to 10-9M). Preferably, the affinity is from about 1x10-10M to about 1x8-SM,
more preferably about 5x10-10 M, as per the saturation binding analysis method
disclosed in Example 10, below.

As used herein, "soluble fragment" refers to an amino acid sequence
corresponding to the extracellular region of BRK-1 or t-BRK-1. Soluble fragments
include truncated proteins wherein regions of the receptor molecule not requ!red
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24 described above for crosslinking experinments.
experinment are shown in Figure 7. Antibodies to both the extracell ul ar

Results of such an

dormain (lane 1) and the intracellular donmain (lanes 3-5) precipitate a band

of nol ecul ar wei ght of approxi mtely 81.000. Subtracting the nononer wei ght
t he nol ecul ar wei ght of the receptor is estimated. at
simlar to the result obtained in the crosslinking experinents

three antisera to the intracellular domain precipitate
the sanme protein. This characteristic band is absent

cells (lanes 2 and 6). This experinent
| abel ed band observed in crosslinking experinents,

of BMP-4 (16, 400),

64, 000,

descri bed above. All

Fi gure 6,

i for BMP binding have been deleted. Examples of such solublie fragments of the
present invention include, but are not limited to, polypeptides having the amino
acid sequences substantially similar to SEQ |ID NO:6, amino acid residues 1-152
depicted in SEQ ID NO:2, amino acid residues 1-152 depicted in SEQ ID NO:4: or
polypeptides encoded by nucleic acid residues substantially similar to SEQ ID
NQO:5, residues 291-746 depicted in SEQ ID NO:1, or residues 11-466 depicted in
SEQ ID NO:3. '

As used herein, "digit-removed BMP-2" and "DR-BMP-2" refer to a
fragment of BMP-2 protein wherein the amino terminus of mature BMP-2 has been
removed by mild trypsin digestion.

As used herein, "isolated”, in reference to the receptor profein of the
present invention or DNA sequences encoding said protein, means that the
protein or DNA sequence is removed from the complex cellular milieu in which it
naturally occurs, and said protein is expressible from said DNA sequence in a cell
that does not naturally express it when opergbly linked to the appropriate
regulatory sequences.

As used herein, "operably linked" refers to a condition in which portions of
a linear DNA sequence are capable of influencing the activity of other portions of
the same linear DNA sequence. For example, DNA for a signal peptide (secretory
leader) is operably linked to DNA for a polypeptide if it is expressed as a
precursor which participates in the secretion of the polypeptide; a promoter is
operably linked to a coding sequence if it controls the transcription of the
sequence; or a ribosome binding site is operably linked to a coding sequence if it
is positioned so as to permit transiation.
contiguous and, in the case of secretory leaders, contiguous in reading frame.

As used herein, "ATCC" means American Type Culture Collection,
Rockville, Maryland. .

As used herein, "bone morphogenetic protein 2" or "BMP-2" means a
peptide encoded by a DNA sequence contained in ATCC No. 40345 (see
ATCC/NIH REePOSITORY CATALOGUE OF HUMAN AND MOUSE DNA PROBES AND
LIBRARIES, - sixth Edition, 1992, p. 57, hereinafter "ATCC/NIH REPOSITORY
CATALOGUE"). lIsolation of BMP is disclosed in US Patent No. 5,013,649, Wang,
Wozney and Rosen. issued May 7. 1991, US Patent No. 5,166,058, Wang.
Wozney and Rosen, issued November 24, 1992; and US Patent No. 5.168.050.
Hammonds and Mason, issued December 1, 1992; each of which is incorporated
herein by reference.

As used herein, "bone morphogenetic protein 4" or "BMP-4" means a

s e e e
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Generally, operably linked means



i mmunol ogically related to BRK-1, because it is pre%«p{&at-ed.-«—byﬁxf--aun..)
separate antibodi es specific for BRK-1. Deposit of {-BRKALIGAW BRKEL |

E. coli transformed with pJT6-J159T (SEQ ID NO 1 subc onea Imto~expr essi on
vector pJT6) was deposited with the ATCC on Cctober 2 \%1??}%‘4% assj gned
ATCC Desi gnation No. 69474. E. coli transforped

pBLUESCRI PT-J159T (SEQ I D NO 1 subcloned into expresston-vector. . . |
"pBLUESCRI PT SK(-)") was deposited with the ATCC on} Cctober 7, 1993, jand
assi gned ATCC Designati on No. 69458. E. coli transformed—wth

pJT4-J159F (SEQ I D NO 3 subcl oned into 7 expression vector pJT4) was
deposited with the ATCC on Cctober 7, 1993, and assigned ATCC Designhation
No. 69457. peptlde eodes bgzcngNAesleqmantéecc&mhmeﬂhmr AT NI CAG3Naddey

|
g:a(r:]a(ra?\c:ag enco "ﬂ int e@iﬁbéigl F%%ﬁr@mpﬁ% diadidsd i Unstag‘em

are incorporated herel

reference a8 eMB&48 IWEN9.nV{azeex \ABHt Resery issyad M3Y|?r 4991 FCQrﬁ@fa&éhuences

found in t hieerein by eeferdaseri ption of the present invention. is further
noted that one Ofs Qidl Rérelh, SBNA's déqr&eﬁg@ rdfdrs rtc?Hrm@Ng:'o!}Qner'AﬂRhé PG 6 o WO K
fromthe wrltten 3|sclo ure can | SCO j%/geﬁﬂy ! errors. —using
routine ski FFPAr 9 3513 RaTPPONGI Of §48raeg AA?% L viYdvhas eyt
be consi der derives tiomdaNAssolated ataleashgn@mpnsubs}mmyemralfom&; iessieedt iohl to
the practi émaﬁwirtdﬁﬂgr&rﬂageﬁoumewnu%nd in a quantityl orRedAcktPdtioRNshabiRg | oned
her ei nab Oveioaernﬁﬁga‘?{o ¥na'nr|]&ﬁatpo raén%d réc%v& of the sequence and its component
nucleotide sequences by standard biochemical methods, for example, using a
cloning vector. Such sequences are preferably provided in the form_of an open
reading frame uninterrupted by internal nontranslated sequences (introns) which
are typically present in eukaryotic genes. Genomic DNA containing the relevant
sequences could also be used. Sequences of non-translated DNA may be
present §' or 3' from the open reading frame, where the same do not interfere with
manipulation or expression of the coding regions. DNA sequences encoding the
proteins provided by this invention can be assembled from cDNA fragments and
short oligonucleotide linkers, or from a series of oligonucleotides, to provide a

synthetic gene which is capable of being expressed in a recombinant
transcriptional unit.

to

As used herein, "recombinant" means that a protein is derived from a DNA
sequence which has been manipulated in vitro and introduced into a host
organism. ' :

As 'used herein, “microbial" refers to recombinant proteins. made in
bacterial or fungal (e.g., yeast) expression systems.

As used herein, "recombinant expression vector" refers to a DNA construct
used to express DNA which encodes BRK-1 or t-BRK-1 and which includes a
transcriptional subunit comprising an assembly of 1) genetic elements having a
regulatory role in gene expression, for example, promoters and enhancers, 2) a
structural or coding sequence which is transcribed into mRNA and translated into
protein, and 3) appropriate transcription and translation initiation and termination

sequences. Structural elements intended for use in eukaryotic expression

systems (e.qg. yeast. insect or mammalian celis) preferably include a signal

sequence at the N-terminus of the protein enabling transport to the membrane or
extracellular secretion of a translated protein by a host cell. Alternatively, where
recombinant protein is expressed without a signal sequence, for expression inside

the cell. it may include .an N-terminal methionine residue. This residue may
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optionally be subsequently cleaved from the expressed recombinant protein to
provide a final product. Using methodology well known in the art. recombinant
expression vectors of the present invention can be constructed. Possible vectors
for use in the present invention include, but are not limited to: for mammalian
cells, pJT4 (discussed further below), pcDNA-1 (invitrogen, San Diego, Ca) and
pSV-SPORT 1 (Gibco-BRL, Gaithersburg, MD); for insect cells, pBlueBac Ill or
pBlueBacHis baculovirus vectors (Invitrogen, San Diego, CA); and for bacterial
cells,'pET-3 (Novagen, Madison, WI). The DNA sequence coding for BRK-1 or t-
BRK-1 can be present in the vector operably linked to regulatory elements. In
one embodiment of the present invention, mammalian host cells aré preferably

transfected with the plasmid construct pJT4-J159F, thereby resulting

in
expression of BRK-1.

In another embodiment of the present invention.
mammalian host celis are preferably transfected with the plasmid construct pJT6-
J1589T, thereby resuiting in expression of t-BRK-1. Transfection with the

recombinant molecules can be effected using methods well known in the art.

As used herein, "host cell" means a tell comprising a récombinant

expression vector of the present invention. Host cells may be stably transfected
or transiently transfected within a recombinant expression plasmid or infected by
a recombinant virus vector. The host cells include prokaryotic cells, such as
Escherichia coli, fungal systems such as Saccharomyces cerevisiae, permanent
cell lines derived from insects such as SF-8 and SF-21, and permanent
mammalian cell lines such as Chinese hamster ovary (CHO) and SV40-
transformed African green monkey kidney celis (COS).

In one embodiment, the present invention relates to a BMP receptor kinase
protein, or soluble fragment thereof. Preferably, the BRK-1 protein has amino
acid sequence SEQ ID NO:4. Pfeferably, the soluble fragment has amino acid

t hat
to one
of

sequence SEQ ID. NO:6; preferably the soluble fragment is encoded by nucléic

acid sequence SEQ ID NO:5.

In another embodiment, the present invention relates to a DNA sequence
coding for the BRK-1 protein. The DNA sequence can be genomic DNA or cDNA.
Preferably the DNA sequence is SEQ ID NO:3.

In another embodiment, the present invention relates to a recombinant
expression vector comprising a DNA sequence coding for the BRK-1 protein.
Preferably the recombinant expression vector is a plasmid having all of the
identifying characteristics of the pJT4-J159F plasmid construct contained in
ATCC No. 68457

In another embodiment. the present invention relates to host cells
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comprising the above described recombinant expression vector Preferably the
host cell is a mammalian cell; more preferably a CHO cell or COS cell.

In another embodiment, the present invention relates to a truncated BMP
receptor kinase protein, or soluble fragments thereof. Preferably t-BRK-1 has
amino acid sequence SEQ ID NO:2. Preferably the soluble fragment of t-BRK-1
has amino acid sequence SEQ ID NO:6; preferably the soluble fragment of t-BRK-
1 is encoded by nucleic acid sequence SEQ ID NO:5.

in another embodiment, the present invention relates to a DNA sequence
encoding t-BRK-1. Preferably the DNA sequence encoding t-BRK-1 has SEQ ID
NO:1. .

In another embodiment, the present invention relates to a recombinant
expression vector comprising a DNA sequence coding for t-BRK-1. Preferably the
recombinant expression vector is a plasmid having all of the identifying
characteristics of the pJT6-J159T piasmid construct contained in ATCC No.
69474.. .

in another embodiment, the present invention relates to a host cell
comprising the recombinant expression vector comprising t-BRK-1. Preferably the
host cell is a mammalian cell; more preferably a CHO cell or COS cell.

In another embodiment, the present invention relates to a method for
producing BRK-1 or t-BRK-1 comprising isolating BRK-1 or t-BRK-1 from the host
cells described above. o '

in another embodiment, the present invention relates to a method for
identifying compounds (e.g., BMP (preferably BMP-2 or BMP-4), and other as yet
to be discovered compounds) capable of binding to a BMP receptor kinase
protein, the method comprising introducing a sample comprising the compounds
to the BMP receptor kinase protein and allowing the compounds to bind to the
receptor kinase protein. Preferably the receptor kinase protein has amino acid
sequence SEQ ID NO:4 (t-BRK-1) or a soluble fragment thereof, or SEQ ID NO:2
(BRK-1) or soluble fragment thereof. Such a method is also useful for
determining the amount of BMP or other receptor binding compound present in
the sample.

For example. BMP concentration in a sample could be determined by
radioreceptor assay. in which unlabeled BMP in the sample corhpetes with
labeled tracer BMP for binding to the BRK-1 or t-BRK-1 receptor. As the amouni
of BMP in the sample increases, it reduces the amount of labeled BMP which is
abie to bind to BRK-1 or t-BRK-1. Comparison with a standard curve prepared
with known concentrations of uniabeled BMP allows accurate quantitation of BMP
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concentration 1n the sample.

Labeling of tracer BMP is preferably done by
iodination with [1251)Nal.

BRK-1 or t-BRK-1 can be expressed in the outer
membrane of a stable cell line, or supplied as a soluble fragment. or as a soluble
fragment-covalently attached to a solid support. To perform the assay. uniabeled
BMP from the sample and labeled tracer BMP compete for binding to the receptor
until equilibrium is reached. The receptor-BMP complex is then isolated from free
ligand, for example by washing (in the case of an adherent cell line), rapid
filtration or centrifugation (in the case of a nonadherent cell line or receptor bound
to a solid support), or precipitation of the receptor-ligand complex with antibodies,
polyethylene glycol, or other precipitating agent followed by filtration or
centrifugation (in the case of a soluble receptor). The amount of labeled BMP in
the complex is then quantitated, typically by gamma counting, and compared to
known standards. These methods have been described in the literature using
other receptors (Williams, M., Med. Res. Rev., 11:147-184 (1891), Higuchi, M.
and Aggarwal, B.B., Anal. Biochem., 204:53-58 (1892), Cain, M.J., R.K, Garlick
and P.M. Sweetman, J. Cardiovasc. Pharm., 17:8150-S151 (1991); each of which
are incorporated herein by reference), and could readily be adapted to the BRK-1
receptor/BMP system.

" The same technique would also be applied in high-throughput screens to
identify compounds capable of binding to BRK-1 or t-BRK-1. In such a method,
the higher affinity of the compound for BRK-1 or t-BRK-1 (or soluble fragment
thereof), the more efficiently it will compete with the tracer for binding to the
receptor, and the lower the counts in the receptor-ligand complex. In this case,
one would compare a series of compounds at the same concentration range to
see which competed for receptor binding with the highest affinity.

in another embodiment, the present invention relates to antibodies specific
for BRK-1 or t-BRK-1, and a method for producing the same.

Preferably, for expression of the BRK-1 or t-BRK-1 in systems where the
protein product is to be secreted, as in a mammalian cell, the first 23 amino acids
of SEQ ID NO:2, SEQ ID NO:4 or SEQ ID NO:6 constitute a signal sequence that
directs the protein product to the secretion apparatus of the cell. Subsequently,
the protein product will be incorporated into the membrane if a transmembrane
domain is present (as in t-BRK-1 (SEQ ID NO:2) or BRK-1 (SEQ ID NO:4)), or
secreted if no transmembrane domain is present (as in a soluble form of t-BRK-1
or BRK-1 (SEQ ID NO:6)). However, the amino acids constituting the signai
sequence are generally removed by proteolysis during post-translational
processing, so that the mature, processed protein is predicted to start at amino
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acid Gin 24

For expression systems where the product 1s accumulated intracellularly.
as in bactena (e.g., E. coli}. the amino acids constituting the signal sequence
would preferably be omitted, and an extra methionine would preferably be added
to the N-terminus to serve as a start codon.

This invention is useful for determining whether a ligand, such as a known
or putative drug, is capable of binding to and/or activating the BRK-1 receptor
encoded by the DNA molecules of the present invention. Transfection of said
DNA sequence into the cell systems described herein provides an assay system
for the ability of ligands to bind to and/or activate the receptor encoded by the
isolated DNA molecule. Recombinant cell fines, such as those described herein.
are useful as living cell cultures for competitive binding assays between known or
candidate drugs and ligands which bind to the receptor and which are labeled by
radioactive, spectroscopic or other reagents. Membrane preparations containing
the receptor isolated from transfected cells are also useful for competitive binding
assays. Soluble receptors derived from the ligand binding domain of the receptor
can also be employed in high throughput screening of drug candidates.
Functional assays of intracellular signaling can act as assays for binding affinity
and efficacy in the activation of receptor function.. in addition, the recombinant
cell lines may be modified to include a . .reporter gene operably linked to a
response element such that a signal sent.by the receptor turns on the reporter
gene. Such a system is especially useful in_high throughput screens directed at
identification of receptor agonisté. These recombinant cell lines constitute “drug
discovery systems", useful for the identification of natural or synthetic compounds
with potential for drug development. Such identified compounds could be further
modified or used directly as therapeutic compounds to activate or inhibit the
natural functions of the receptor encoded by the isolated DNA molecule.

Stable cell lines exoressing high numbers of BRK-1 or a soluble form
thereof are also useful as a source of protein for receptor purification. The
purified receptor or its soluble form can then be used for high-throughput
screening assays for the purposes described above. The purified receptor or its
soluble form can also be used for determination of the structure of the BMP: BRK-
1 complex. using X-ray crystallography or NMR techniques. which could then be
used in rational design of BMP agonists or antagonists.

The nucleotide sequences disclosed herein, SEQ ID NO:1 and SEQ ID
NO:3. represent the sequence of t-BRK-1 and BRK-1, respectively, isolated from
mouse NIH3T3 cells. These sequences could be readily used to obtain the cONA



26 TTGCCAAGIG ATTTTGITCT GIAAGGAAGC CTCCCTCATT CACTTACACC AGTGAGACAG
240 CAGGACCAGT CATTCAAAGG GCCGTGTACA GGACGCGTCGC GAATCAGACA.ATG, ACT
296 REPLACEMENT _SHpdt | Thr
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for BRK-1 from other species. such as human These cDNA sequences can aiso
be readily used to isolate the genomic DNA for BRK-1. This would permit analysis
of the regulatory elements controlling receptor gene expression. which may offer
new opportunities for therapeutic intervention. The nucleotide sequences are
also useful to determine the distribution of the BRK-1 in normal tissues and in
disease states, which allows an assessment of its physiological role in vivo.

For purposes of .illustrating a preferred embodiment of the present
invention, the following non-limiting examples are discussed in detail.

Example 1
|solatlon of the BRK-1 PCR fragment

PCR primers are designed based on an alignment of the protein
Sequences for the activin (Mathews, L.S. and Vale, W.W., Cell 65. 973-982
(1991)) and Daf-1 (Georgi, L.L., Albert, P.S., and Riddle, D.L., Cell 61: 635-645
(1990)) receptor kinases, in comparison to the kinase domain sequences of the
highly related cytosolic raf protein kinases (Nishida, Y., Hata, M., Toshikazu, A,
Ryo. H., Yamagata, M., Shimizu, K.; and Nishizuka, EMBO J. 7:775-781 (1988):
Bonner, T.L., Oppermann, H., Seeburg, P., Kerby, S.B., Gunnell, M.A., Young,
A.C., and Rapp, U.R., Nucleic Acids Res. 14: 1009-1015 (1986)). This alignment
shows that the activin and Daf-1 receptor kinhsés contain a unique insert in
kinase domain VI that is not present ifi the raf kinases. Hence, primers are
designed to generate fragments that will include this insert and increase the
probability of cloning a receptor kinase that is highly related to the activin and
Daf-1 receptors. The sense primer is designed as a degenerate oligonucleotide
primer that would encode the protein sequence E A/Y V A V K VII'F, found in
kinase domain Il of the activin and Daf-1 receptors. ACT2A and ACT2B are the
names assigned to refer to this set of degenerate §' PCR primers, which are
illustrated in Figure 1. The antisense primer is designed as a degenerate
oligonucleotide primer pool that would encode the antisense strand corresponding
to protein sequence KP A M/l A/lS H R D | K, found in domain VIB of the activin
and Daf-1 receptors. ACT1A and ACT1B are the names assigned to refer to this
set of degenerate 3' PCR primers, which are illustrated in Figure 1.

Total RNA is isolated from mouse NIH3T3 cells (ATCC CRL 1648) using
"RNAZOL" (Tel-Test. Friendswood, TX; a solution for rapid isolation of RNA.
containing guanidinlum thiocyanate, phenol, and B-mercaptoethanol). Poly A~
RNA is then prepared by chromatography on oligo(dT) cellulose chromatography
(Pharmacia LKB, Piscataway, NJ). Single stranded DNA is generated from 200
ng polyadenylated mRNA using reverse transcriptase (first strand synthesis kit
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is then amplified by the polymerase chain reaction (hereinafter PCR) using 50
pmol of the 5 primers ACT2A and ACT2B shown in Figure 1, and 250 pmol of
each of the 3' primers ACT1A and ACT1B shown in Figure 1. The reaction is run
in a 100 yt final volume using the "GENE-AMP" kit (Perkin-Elmer, Norwalk, CT: a
kit containing components necessary for amplification of DNA using the
polymerese chain reaction, including "AMPLITAQ", a recombinant form of the
DNA polymerase from Thermus aquaticus (Perkin-Elmer, Norwalk, CT).
nucleotides, and buffers) using a Perkin-Elmer thermal cycler. Standard PCR
reaction conditions are used: melting at 84° for 2 min, followed by 35 cycles of
melting (94°, 30 sec), annealing (55°, 30 sec), and extension (72° C, 30 sec).
After the completion of this first PCR reaction, a 10 ul aliquot of the reaction is
removed and subjected to another 35 cycles of amplification with fresh reagents.
Products of this secondary PCR are then ligated into the vector pCR 1000
(Invitrogen, San Diego, CA) for clonal selection and sequence analysis.

By this method, a PCR fragment of approximately 300 bp is isolated, whose
DNA sequence shows a strong homology to the genes for the Daf-1 receptor
(Georgi,. L.L., Albert, P.S., and Riddle, D.L., Cell, 61: 635-645 (1990)) and mouse
activin Type Il receptor cDNAs (Mathews, L.S. and Vale, W.W,, Cell, 65: 973-982
(1991)). - _

Example 2
Isolation of t-BRK-1 DNA

With the PCR fragment in hand, it is next necessary to screen a cDNA
library with this fragment in order to isolate a full-length receptor clone.

The PCR fragment is excised, purified by gel electrophoresis, and labeled
with (a-32P)-dCTP using a random priming method using a "PRIME-IT" Random
Primer Labeling Kit (Stratagene, La Jolla, CA. a kit containing components
necessary for-rafdim: primer labeling of cDNA, including exonuciease deficient
Klenow polymerase, random 9-mer primers, and buffers). The labeled probe is
then used to screen a cDNA library prepared from mouse NIH3T3 cells in the
vector "A ZAP II' (Stratagene, La Jolla. CA: a lambda cloning vector which
accépts inserts up to 10 kb in length and permits automatic excision of inserts in
the "pBLUESCRIPT SK(-)* plasmid). Hybridization is performed for 24-48 hours
at 42°C in 5X SSPE (1X SSPE = 0.15 M NaCl, 10 mM NapHPO4, and 1 mM
EDTA (ethylenediaminetetraacetic acid)). 1X Denhardt's (0.02% bovine serum
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205 identified by2 #Qtoradiography at -70°C on “KODAK X-OMAT AR" film (Kodak.
Rochester, NY: scientific imaging film) with intensifying screens. Dilution and
screening of positive plaques yields an isolated pure phage, which is designated
J159#7.

The cloning site in the "A ZAP [I" vector contains the sequence of the
plasmid "pBLUESCRIPT SK(-)" (Stratagene, La Jolla, CA; a 2.96 kb colony-
producing phagemid derived from pUC19). This plasmid sequence; containing
the cloned insert, is excised from the purified lambda phage J159#7, using R408
helper phage (Stratagene, La Jolla, CA). This yields the t-BRK-1 cDNA
subcloned into "pBLUESCRIPT SK(-)". The resulting plasmid, which we designate
pBLUESCRIPT-J159T, is suitable for sequence analysis.

Example 3
{-BRK-1 Sequence Anélvsis

The isolated plasmid pBLUESCRIPT-J158T containing the t-BRK-1 cDNA
is then sequenced on both strands, using either the "SEQUENASE" Ver. 2.0 kit
(U.S. Biochemicals; Cleveland, OH; a kit containing components for manual DNA
sequencing using the dideoxy terminator method, including "SEQUENASE" (a
modified form of T7 DNA polymerase deficient in exonuclease activity, U.S.
Biochemicals, Cleveland, OH), nucleotide mixes for labeling and extension,
dideoxy nucleotide terminators, pyrophosphatase and buffers) or the “TAQ DYE
DEOXY" Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City CA: a
kit contalnmg components for automated DNA sequencing using the dideoxy
terminator method, including "AMPLITAQ", nucleotide mix, dye-labeled dideoxy
nucleotide terminators, and buffers) with a Model 373A DNA Sequencer (Applied
Biosystems, Foster City, CA). The complete DNA sequence (SEQ 1D NO:1)
shows an open reading frame of 1500 base pairs following an initiator ATG.

Comparison of this sequence with the Sequence of that of known receptor
kinases of the TGF-R family shows a strong homology, but indicates that the
kinase domain of t-BRK-1 is considerably shorter than that of related receptor
kinases (Fig. 2). Mutational studies on the src kinase have yielded information
that specifies the minimal amino acid residues that are necessary at the C
terminus of the kinase domain in order for the kinase to function as an active
enzyme. Deletions of amino acids upstream of this area yield inactive kinases.
presumably because the kinase structure is destabilized (Yaciuk, P and
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Shalloway. D Moiec and Cell Biol. 6. 2807-2819 (1986)). It 1s tnerefore
generally agreed by those skilied in the art that the end of the kinase domain
occurs at a hydrophobic residue located 10 residues downstream of the invariant
arginine in kinase domain Xl for tyrosine kinases, or 12-18 amino acids
downstream of this invariant arginine for serine/threonine kinases. respectively
(Hanks, S.K. and Quinn, A.M., Meth. Enzymol., 200: 38-62 (1991)). This region is
indicated by the square bracket in Figure 2. The stop codon in t- BRK-1 is
located 20 amino acids prior to the start of the region that specifies the end of the
kinase domain, and t-BRK-1 is therefore believed to be a truncated receptor
clone. Further analysis of the sequence reveals a putative intdct intron-exon
junction at position 1763, indicating the possibility that the messenger RNA which
served as the template for this ¢cDNA has undergone incomplete post-
transcriptional splicing of the RNA, such that a portion of an intron was included in
the sequence.

At the N-terminal end of the protein, a eukaryotic signal sequence is
identified, with a predicted cleavage site between amino acids 23 and 24 (see
SEQ ID NO:2). Thus, after post-translational processing, the mature protein is
expected to begin at amino acid GIn24. A region of high hydrophobicity at amino
acids 1563-176 indicates the presence of a transmembrane region which divides
the protein into an extraceliular ligand binding domain and an intracellular kinase
domain.

Example 4
Isolation of BRK-1 DNA

in order to isolate a BRK-1 cDNA that does not include -a premature
termination in the kinase domain, another cDNA library with a broader
representation of mRNA is prepared from NIH3T3 poly A+ RNA (Stratagene, La
Jolia, CA). This library, constructed in "UNI-ZAP XR" (Stratagene, La Jolla, CA: a
lambda cloning vector which allows construction of unidirectiona!l cDNA libraries)
uses both a poly dT sequence and a random primer for the synthesis of the cDNA
library. This library is then screened with the J159 PCR fragment, labeled with
32p by the random priming method ("PRIME-IT" Random Primer Labeling Kit).
Screening and isolation of clones is carried out as described above (Example 2).
Several additional clones are obtained and subjected to sequence analysis.

Example 5
BRK-1 Seguence Analysis

Sequence analysis of the clones is carried out using the "TAQ DYE

DEOXY" Terminator Cycle Sequencing Kit and the Applied Biosystems Model
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with no intron present, and the compiete kinase domain. The plasmnd from this
clone is designated pBLUESCRIPT-J159F. The open reading frame is 1596 base
pairs encoding a protein with 532 amino acids, with a predicted molecular mass of
about 60,059. This cDNA is designated as BRK-1.

The DNA sequence of BRK-1 is identical to that of t-BRK-1 over
nucleotides 1-1483 in SEQ ID NO: 3 (nucleotides 281-1763 in SEQ ID NO:1), and
hence identical in amino acid sequence over amino acids 1-491 in SEQ ID NO: 4
and SEQ ID NO:2. Thus, the N-terminal signal sequence and the transmembrane
domain observed in t-BRK-1 and described in Example 3 are identically present in
full length BRK-1. The entire ligand binding domain is aiso identical. The
nucleotide sequence for t-BRK-1 (SEQ ID NO:1) contains a 80 base pair insert
(nucleotides 1764-1853) which is absent in the nucleotide sequence of BRK-1
(SEQ ID NO:3), which may represent a portion of an incompletely spliced intron.
After this point, nucleotides 1854-2035 of the t-BRK-1 sequence are identical to
nucleotides 1484-1665 of the BRK-1 sequence. Hence, removal of the 90 base
pair insert in t-BRK-1 yields a coding sequence identical to that of BRK-1.

Example 6
Generation of Antibodies to BRK-1

In order to demonstrate expression of the BRK-1 receptor, to demonstrate
ligand binding, and to identify other proteins which may complex with BRK-1, the
availability of antibodies specific for the receptor is highly useful. Polyclonal
antisera are accordingly produced in rabbits for this purpose, using two antigens.

First, the mature extracellular ligand binding domain, comprising amino
acids 24-152 of SEQ ID NO:2 (or amino acids 24-152 of SEQ ID NO:4), is
expressed in E. coli uéing the "QIA EXPRESS" bacterial expression system
(Qiagen, Chatsworth, CA; a kit for high-level expression of proteins in E. cofi,
which incorporates into the protein an afﬁnity' tag of six histidines to allow rapid
purification of the recombinant protein by metal chelate chromatography. the kit
includes pQE-12 expression vector, a plasmid encoding the /ac repressor, E. coli
host strains and metal chelate resin). A portion of the nucleotide sequence.
comprising nucleotides 360-746 in SEQ ID NO: 1 (or nucleotides 80 to 466 in
SEQ ID NO:3), is amplified by the polymerase chain reaction using primers which

incorporate Bgl Il sites at the 5’ and 3' ends. Specifically, the primer for the 5'end
is CCATAGATCTCAGAATCTAGATAGT, and for the 3 end s
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of E. coli strain JM101 with this construct. the transformed strain is grown in LB
broth supplemented at mid-log phase with isopropy! thio-B-galactoside (IPTG).
which induces expression of the protein driven by the /ac promoter. Three hours
after addition of IPTG, cells are harvested by centrifugation and lysed in a
"FRENCH" pressure cell (SLM-Aminco, Urbana, IL; a dispersion unit for
disintegrating bacteria under high pressure using a hydraulic press) using two
passes at 16,000 psi. The extracellular domain is purified by chromatography on
a nickel metal chelate column, according to the manufacturer's instructions.
Further purification is attained by chromatography on a preparative C4 reverse
phase column (Waters DeltaPak C4 column, 300 A, 7.8 mm x 30 c¢m, Millipore,
Milford, MA), using a linear gradient of 0.05% TFA (trifluoroacetic acid) in water to
0.05% TFA in B0% acetonitrile, over 90 minutes at a flow rate of 2.8 mi/min. Peak
fractions eluting at 38% acetonitrile are pooled, dried under vacuum, and used to
immunize three New Zealand White rabbits (Hazleton Washington, Vienna, VA).

TAC

ro Tyr

Antisera are evaluated by Western blots for their ability to detect the purified E. -

coli antigen. The antiserum with the highest titer is designated 1353.

A second antigen, intended to recognize the intracellular kinase domain, is
generated from a peptide having an identical amino acid sequence to amino acids
398-420 of SEQ ID NO: 4 (or amino acids 398-420 of SEQ ID NO:2), with the
addition of a cysteine at the C terminus to permit conjugation of the peptide; i.e.,
indicated by the single letter amino  acid  abbreviations,
LNTRVGTKRYMAPEVLDESLNKNC. Comparison of the amino acid sequence of
the kinase domain of BRK-1 with the kinase domain of the Raf protein suggests
that this region of BRK-1 corresponds to a region of the Raf kinase which was
used to make highly specific antibodies (Kolch, W., Weissinger, E., Mischak, H.,
Troppmair, J., Showalter, S.D., Lloyd, P., Heidecker, G., and Rapp, UR.
Oncogene 5: 713-720 (1990)). This peptide is conjugated by standard methods to
keyhole limpet hemocynanin, and used to immunize three New Zealand White
rabbits (Hazleton Washington, Vienna, VA). The resulting antisera are evaluated
for their ability to recognize the original peptide coated on plastic. using an

antibody capture ELISA (enzyme-linked immunosorbent assay). The antisera are
designated 1378, 1379, and 1380.
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in order to identify the function of BRK-1. it is necessary to express the
protein and test to see whether it binds_a specific ligand. This is préferably done
in a mammalian cell line, since this maximizes the chance of expressing a
correctly processed protein in the cell membrane. To this end, the BRK-1 cDNA
is subcloned into the expression vector pJT4 to generate the plasmid pJT4-
J189F. The BRK-1 insert from pBLUESCRIPT-J159F is digested with the
restriction endonuclease Alf Ill, generating a linearized plasmid with a single
overhang. The overhanging end is filled in using DNA Polymerase | Kienow
fragmept, generating a blunt end. The linearized plasmid is then digested with
Not |, liberating the insert from the plasmid. The pJT4 expression vector is
digested with Not | and EcoRV, and ligated to the insert. The blunt end generated
by the Klenow reaction is compatible with the EcoRV site, which is also a blunt
end; ligation eliminates the Eco RV site. The resulting construct is shown in
Figure 3. ’

The pJT4 vector, optimized for transient expression in COS cells, includes
the cytomegalovirus early promoter and enhancer, which gives very efficient
transcription of message; an "R" element from the long terminal repeat of the
human T-cell leukemia virus-1, which has been shown to increase expression
levels further (Takebe, Y., M. Seiki, J.-|. Fujisawa, P. Hoy, K. Yokota, M. Yoshida
and N. Arai, Mol. Cell. Biol., 8:466-472 (1988)); an intron splice site from SV40,
which ‘is believed to enhance message stability, a multiple cloning site; a
polyadenylation signal derived from SV40, which directs the addition of a poly A
tail to the message, as is required for most eukaryotic mRNA; and the SV40 origin
of replication, which permiis the replication of the plasmid to extremely high copy
number in cells which contain the SV40 large T antigen, such as COS cells. In
addition, for manipulation and amplification of the vector in bacteria, the vector
contains an E. coli origin of replication and an ampicillin resistance gene.

Transient expression of BRK-1 using pJT4-J1 S9F is carried out in COS-7
cells (ATCC CRL 1651) using electroporation. Ceills are grown to confluence in
DME (Dulbecco's Modified Eagle) high glucose media supplemented with 5% fetal
bovine serum (Hyclone, Logan, Utah), nonessential amino acids (GIBCO.
Gaithersburg. MD), and glutamine. then trypsinized to release cells from tne
plate. The detached cells are pelleted in a tabletop centrifuge, then resuspended
in fresh media at a concentration of 6.25 x 108 celis/ml. The cell suspension (5 x
105 cells, 0.8 ml) is transferred to the cuvette from a BioRad "GENE PULSER"

1640
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electroporation system (BioRad. Hercules. CA). The purified DNA piasmid (10 ug)
1s added to the cuvette. and the cells subjected to electoporation at 4.0 kVv/cm.

with a capacitance of 25 pFd. Celis are then plated and allowed to recover,
Fresh media is supplied after 24 hr.

At 48 hr, cells are ready to be tested for
binding of BMP-4.

Example 8
Expression of t-BRK-1

For expression of t-BRK-1, the cDNA insert from pBLUESCRIPT-J158T is
excised using the restriction endonucleases Not | and Xho |, and subcloned into
the Not 1 and Sal | sites of the expression vector pJT6, generatingthe construct
- pJT6-J159T shown in Figure 4. The vector pJT6 is identical to pJT4, described in

Example 6, except for the opposite orientation of the multiple cloning site, and the
presence of a spacer DNA between the Pst | and Bam H1 sites of the muitiple
cloning region. '

Transient expression of t-BRK-1 in COS cells using the pJT6-J159T
construct is carried out exactly as described above for BRK-1 (Example 7).

Example 9
Preparation of radiolabeled BMP ligands

The preferred radioligand in all these studies is BMP-4. BMP-4 is labeled
with 125] by the chioramine-T method (Frolik, C.A., Wakefield, L.M., Smith, D.M.,
and Sporn, M.B. J. Biol. Chem. 259: 10995-11000 (1984)). BMP-4 (2 ug) is taken
up in 5 pl of 30% acetonitrile, 0.1% trifluoracetic acid (TFA) plus an additional 5 yl
of 1.5 M sodium phosphate, pH 7.4. Carrier free {1251] (1 mCi, 4-10 pl) is added,
together with 2 i of a chloramine T solution (100 ug/mi). An additional 2 i of the
chloramine T solution is added at 2.0 min and at 3.5 min. After 4.5 minutes, the
reaction is stopped by the addition of 10 pl of 50 mM N-acety! tyrosine, 100 i of
60 mM potassium iodide, and 100 pi of 11M urea in 1 M acetic acid. After a 3.5
minute incubation, unreacted iodine is removed on a PD-10 gel fiitration column
(Pharmacia, Piscataway, NJ) run in 4 mM HCI, 75 mM NaCl, 1 mg/ml bovine
serum albumin (BSA). The resulting labeled protein is >95% precipitable by
trichloroacetic acid, indicating that all [125]] is protein bound, and has a typical
specific activity of 3000-8000 Ci/mmol.

BMP-2 can be radiolabeled in the same manner and used as a radioligand.
However, use of BMP-2 results in very high ndnspecific binding, presumably
because of binding of BMP-2 to extracellular matrix proteins. Such nonspecific
binding can be significantly reduced. and hence the usefulness of BMP-2 as a
radioligand significantly improved. by removal of amino terminus of the protein
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presumably pecause this removes tne region responsible for binding to the

extracellular matrix. Removal of the amino terminus from BMP-2 can be

accomplished by partial proteolysis with trypsin (Wozney, J.M.. Mol. Rep. Dev .
32:160-167 (1992)). This yields a derivative designated "digit-removed BMP-2".
or DR-BMP-2. Preparation and purification of DR-BMP-2 is carried out as follows.

BMP-2 (100-250 ug) is solubilized in 500 ut of 4 M urea, 0.1 M NaCl. 0.05
M Tris-HCI (pH 8.2). Trypsin (Sequencing Grade; Boehringer Mannheim.
Indianapolis, IN) is added to a trypsin/BMP-2 ratio of 1150 (wiw), and the digestion
mixture is incubated at 37°C for 2 hr. Digestion is stopped by the addition of
phenylmethyisulfonylfluoride (PMSF) to a final concentration of 1 mM, and the
mixture is frozen and stored at -20°C until purification.

DR-BMP-2 is purified from the digestion mixture by reversed phase HPLC
(high performance liquid chromatography) on a Waters Delta-Pak C4 column (5
um, 300 A, 3.8 X 1560 mm; Millipore Corp., Milford, MA). The entire digestion
mixture is injected directly onto the column, and DR-BMP-2 is eluted using a
linear gradient from 0.05% TFA to 0.05% TFA, 60% acetonitrile over 80 min. at a
flow rate of 0.7 mi/min. The majority of DR-BMP-2 elutes as a well-defined peak
at about 36% acetonitrile, as monitored by absorbance at 214 nm and after
Coomassie blue staining of an SDS-polyacrylamide gel. PMSF, PMSF-
inactivated trypsin, and any remaining intact BMP-2 are separated from DR-BMP-
2 under these chromatographic conditions. Purified DR-BMP-2 is aliquoted, taken
to dryness under vacuum, and stored at -20°C.

Analysis by SDS-polyacrylamide gel electrophoresis shows that - the
molecular weight of DR-BMP-2 is decreased by approximately 2000 daltons
compared to BMP-2 under nonreduced conditions, and by about 1000 daltons
under reducing conditions. Amino-terminal protein sequencing demonstrates that.
roughly 70% of DR-BMP-2 begins at Lys290, while the remaining 30% begins at
Leu292. Results from amino acid analysis are entirely consistent with the
sequencing results and suggest that the COOH-terminus of the protein is
unaffected by trypsin treatment. Radiolabeling of DR- BMP-2 is carried out exactly
as described for BMP-4.

Example 10
. BMP _Binding to BRK-1

Binding of DR-BMP-2 and BMP-4 to BRK-1 can be demonstrated by three
separate methods: whole cell binding of radiolabeled BMP; covalent crosslinking
of radiolabeled BMP to the receptor; and immunoprecipitation of the receptor
crosshinked to labeled igand. These three methods are described in detail below

Met
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well plates at 670,000 celis/well. Media is changed after 24 hr. and binding
experiments are carried out at 48 hr. At that time, cells are washed once with
binding buffer (50 mM Hepes buffer, pH 7.4, 128 mM NaCl, 5 mM KCI, 5 mM
MgSO4, 1.2 mM CaCl2, 2 mg/mi BSA), then equilibrated in the same buffer at 4°C
for 30 min with gentle shaking. The buffer is then aspirated, and to each well is
added 500 pl of binding buffer (4°C), containing [1251)-BMP-4 tracer (100 pM). as
well as varying concentrations of uniabeled BMP-2, BMP-4, or other unlabeled
ligand, depending on the assay. For determination of nonspecific binding, BMP-2
is added to the binding buffer at a final concentration of 10 nM. To prevent
degradation of ligand during the incubation, a protease inhibitor cocktail is also
added, to give a final concentration of 10 pg/ml leupeptin, 10 yg/ml antipain, 50
yg/mi aprotinin, 100 pyg/ml benzamidine, 100 pg/ml soybean trypsin inhibitor, 10
Hg/ml bestatin, 10 pg/ml pepstatin, and 300 uM PMSF. The cells are incubated
for 4 hr at 4°C with gently shaking. At the end of the incubation period, the buffer
is aspirated, and the cells are rinsed 4 times with 1 ml washing buffer (50 mM
HEPES, pH 7.4, 128 mM NaCl, 5 mM KCI, 5. mM MgSO4, 1.2 mM CaCl2, 0.5
mg/ml BSA). After the final wash is aspirated, 750 pl of solubilization buffer (10
mM TrisCl, pH 7.4, 1 mM EDTA, 1% (v/v) Triton X-100) is added to each well and
incubated at room temperature for 16 min. The solubilized cells are .then
transferred to fresh tubes and counted in a Packard Model 5005 "COBRA"
Gamma Counter (Packard Instrument Co., Downers Grove, IL).

Results of such an experiment are shown in Figure 5. Specific binding of
[125()}-BMP-4 to COS-7 cells transfected with the cDNA to BRK-1 (using the
construct pJT4-J159F) is three times higher than binding to mocK-transfected
COS-7 cells. - |

In order to obtain a more quanitative characterization of binding to BRK-1,
a saturation binding analysis is performed on COS-7 cells transfected with the
cDNA for BRK-1, using the construct pJT4-J159F. Binding of [1251}-BMP-4 is
examined over a concentration range of 10-1000 pM, with nonspecific binding
determined with 10 nM uniabeled BMP-4. Binding data was analyzed using
LIGAND software (Version 3.0; Elsevier-Biosoft, Cambridge, UK) to obtain an
affinity (Kqg) for BRK-1 of 5 x 10-10 M, well within the physiological range
expected for a BMP receptor.

A second method of demonstrating binding of BMPs to BRK-1 s to
crosslink the radiolabeled ligand to the BRK-1 receptor. In this method. the
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bifunctional crosslinking reagent disuccinimidyl suberate (DSS) (Pierce Chemicatl
Rockford. IL) 1s used to covalently crosslink bound radiolabeled ligand to its
receptor by reaction with free amino groups on lysine residues in the two proteins.
Following the crosslinking, cellular proteins are separated by gel electrophoresis.
and radioactive bands visualized. The labeled bands represent the receptor
selectively “tagged" with the radiolabeled ligand. In this procedure, cells are
transfected with pJT4-J158F as described in example 7, then seeded into 12 well
plates at 670,000 cells/well. Media is changed after 24 hr. At 48 hr after
electroporation, the cells are washed, equilibrated, and incubated with [125(}-BMP-
"4 or [1251-DRBMP-2 and competing unlabeled ligands as described in this
‘example for whole cell binding studies. After cdmpletion of the 4 hour incubation
with ligand, the cells are washed three times at 4°C with 2 mi of binding buffer
having the same composition as described above, except that no BSA is added.
To each well is then added 1 ml of fresh BSA-free binding buffer, followed by
freshly prepared DSS to a final concentration of 135 uM. After swirling gently to
mix the DSS. the plates are incubated for exactly 15 minutes at 4°C with gentie
shaking. At this point the media is aspirated and the cells washed with 3 ml
detachment buffer (10 mM Tris, 0.25 M sucrose, 1 mM EDTA, 0.3 mM PMSF, pH
7.4). An additional 0.75 ml detachment buffer is added to each well; the cells are
scraped off into the buffer and transferred to fresh microcentrifuge tubes. Each
well is then rinsed with an additional 0.5 mi detachment buffer, which is added to
the corresponding tube. The samples are centrifuged (13,000 x g, 15 min) and
the supernatant discarded. The pellets are taken up in 20 pL reducing sample
buffer (125 mM TrisCl, pH 6.8, 1% B-mercaptoethanol, 2% SDS, 0.1%
bromphenol blue, 10% glycerol), vortexed for 30-45 min at 4°C, boiled for 5
minutes, and centrifuged (13,0000 x g, § min). The supernatants are loaded onto
7.5% SDS-polyacrylamide gels and subjected to electrophoresis. The gels are
stained in 0.12% Coomassie Blue, 5% methanol, 7.5% acetic acid, destained in
5% methanol, 7.5% acetic acid, then dried between sheets of cellophane.
Radioactivity on the dried gel is visualized and quantitated on a Phosphorimager
(Molecular Devices, Sunnyvale, CA), or subjected to autoradiography using
"KODAK X-OMAT AR" film (Kodak, Rochester, NY).

Result of such experiments are shown in Figure 6. Figure 6A shows
crosslinking of [1251}-BMP-4 to COS-7 cells transfected with BRK-1 using tne
construct pJT4-J159F. In lane 1, note the presence of a labeled band at
molecular weight 76,800 which corresponds to BRK-1 covalently crosslinked to
BMP-4. This band is greatly reduced by the addition of 10 nM BMP-2 to the cells
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specific binding of BMP-4 to BRK-1. Since the labeled band represents the
receptor covalently crosslinked to BMP-4 (monomer molecular weight 16.400). the

molecular weight of the receptor can be estimated at 60.400, which is consistent

with the amino acid sequence of BRK-1. Figure 6B shows the same experiment

using [1251]-DRBMP-2 as the ligand. A similar labeled band is observed. As with
[1251]-BMP-4. the labeled band is greatly reduced by the addition of 10 nM BMP-2
to the cells and is absent in mock transfected cells. Taken together, these data
indicate that both BMP-2 and BMP-4 are specifically bound by BRK-1.

in a third demonstration of BMP binding to BRK-1, COS cells transfected
with the cDNA for BRK-1 are first crosslinked to [1251]-BMP-4, then subjected to
immunoprecipitation with antibodies specific for BRK-1. In this procedure, COS-7
cells are transfected with pJT-J159F as described in Example 7 and plated into
100 mm dishes seeded at 1 x 107 cellidish. They are then crosslinked to [1251)-
BMP-4 as described in this example, except that the incubation with [1251}-BMP-4
and unlabeled ligand is carried out in a total of 4 ml, instead of 500 pi, and all
other volumes are increased accordingly. Following the crosslinking, cells are
washed three times with ice-cold PBS [phosphate buffered saline], then lysed with
4 ml of RIP buffer (20 mM TrisCl, pH 8.0, 100 mM NaCl, 1 mM Naz2EDTA, 0.5%
Nonidet P-40, 0.5% sodium deoxycholate, 10 mM sodium iodide, and 1% bovine
serum albumin). The lysate is centrifuged in a Beckman GPR tabletop centrifuge
at 3500 rpm (3000 x g) for 10 min. The supemnatant is transferred to a fresh tube
and made 0.1% in SDS. To remove any existing antibody present in the lysate,
200 ut of "PANSORBIN" (Calbiochem, La Jolla, CA; a 10% solution of
Staphylococcus aureus) is added. After a 30 minute incubation at 4°C, the lysate
is centrifuged as before, and the supematant again transferred to a fresh tube.
split into aliquots as required.

‘ The primary antibody--1353, for the extracellular domain; or 1378, 1379, or
1380, for the kinase domain—is then added to the tube at a final dilution of 1:100.
and incubated for 2 hr on ice. To precipitéte the complex of antigen: primary
antibody, 50 ul of "PANSORBIN" is then added and incubated 30 min on ice. The
complex is pelleted at 3500 rpm (3000 x g) for 10 min in a Beckman GPR
centrifuge (Beckman Instruments. Fullerton. CA) and the supernatant discarded
The pellet is washed three times in RIP buffer containing 0.1% SDS. and once i
TNEN buffer (20 mM Tris, pH 8.0, 100 mM NaCl, 1 mM EDTA, 0.5% NP-40). The
pellet is resuspended in 25 ul of reducing sample buffer. Solubilized proteins are
subjected to electrophoresis is SDS polyacrylamide gels and autoradiography as
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Results of such an experiment are shown in Figure 7. Antibodies to both

the extracellular domain (lane 1) and the intracellular domaih (lanes 3-5)

precipitate a band of molecular weight of approximately 81.000. Subtracting the

monomer weight of BMP-4 {16,400), the molecular weight of the receptor is

estimated at 64,000, similar to the result obtained in the crosslinking experiments

described above. All three antisera to the intracellular domain precipitate the

same protein. This characteristic band is absent in mock-transfected cells (lanes

. 2 and 6). This experiment demonstrates that the crosslinked labeled band

observed in crosslinking experiments, such as those shown in Figure 6, is

" immunologically related to BRK-1, because it is precipitated by four separate
antibodies specific for BRK-1.
Deposit of t-BRK-1 and BRK-1

E. coli transformed with pJT6-J159T (SEQ ID NO:1 subcloned into
expression vector pJT6) was deposited with the ATCC on Octaber 20, 1993, and
assigned ATCC Designation No. 69474. '

E. coli transformed with pBLUESCRIPT-J159T (SEQ ID NO:1 subcioned
into expression vector "pBLUESCRIPT SK(-)") was deposited with the ATCC on
October 7, 1883, and assigned ATCC Designation No. 69458.

E. coli transformed with pJT4-J159F (SEQ ID NO:3 subcloned into
expression vector pJT4) was deposited with the ATCC on QOctober 7 1993, and
assigned ATCC Designation No. 69457.

As is recognized in the art, there are occasionally errors-in DNA and amino
acid sequencing methods. As a result, the sequences encoded in the deposited
material are incorporated herein by reference and controliing in the event of an
error in"any of the sequences found in the written description of the present
invention. 1t is further noted that one of ordinary skill in the art reproducing
Applicants' work from the written disclosure can discover any sequencing errors
using routine skill. The deposit of ATCC No. 69457 and ATCC No 69474 is not
to be considered as an admission that the deposned material is essential to the
practice of the present invention.

All publications mentioned hereinabove are hereby mcorporated in their
entirety by reference.

It is understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light
thereof will be suggested to one skilled in the art and are to be included in the
spirit and purview of this application and scope of the appended claims
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His Gly Thr Gly
GGA GTG ACT TTA 440
Gly Val Thr Leu
50
TGC TCR GGA CAC 488
Cys Ser Gly His
65
AAT GGC CAT TGC 53¢
Asn Gly His Cys
80
ACA TTA ACT TCT S84
Thr Leu Thr Ser
95 .
ARG GAT TCA CCG 632
Lys Asp Ser Pro
ACC AAT TIG TGC 680
Thr Asn Leu Cys
130
ATA GGT CCG TTC 728
Ile Gly Pro Phe
145
TCC ATG GCT GIC 776
Ser Met Ala Val ’
160 -~
TGC TAT ARG CAT 824
Cys Tyr Lys His
175
CGT GAT TTG GAA 872
Arg Asp Leu Glu
AAR GAC CTG ATT 920
Lys Asp Leu Ile
210
CCT TTA TTG GTT 968
Pro Leu Leu Val
225
CAG GTT. GGT AAA 1016
Gln Val Gly Lys
240 _
GGT GAA AAA GTG 1064



50 55 60 TAT TGC TCA GGA CAC TGC CCA
GAT GAT CCT ATT AAT AAC ACA TGC ATA 241 Tyr Cys Ser Ay H's Cys Pro
Asp Asp Ala Ile Asn Asn Thr Cys Ile.

65 70
75 ACT AAT GGC CAT TGC TTT GCC ATT ATA GAA GAA GAT GAT CAG GGA GAA

289 Thr Asn Ay His Cys Phe Ala Ile e Gu Qu Asp Asp Gn Gy Gu

80

Gly Arg Tyr G1y00lu val Trp et Gly Lys P AALGIA@AWIys AT TCT GGG TGT
ATG AAG TKT GAR4AECC TCT GAT TTT28RA 337 2pABr Thr Leu Thr Ser dy Cys
Met Lys x(%g OP AGC TGG TTT AGA 100
Voo SR MF Rt AT Kad b o o

GAA
Ti0EeAGop/bils Al GBAA TGT TGT
385 Cys Lygef\sp Ser Pro Lyszéd a G n Leu Arg2Afg Thr

[Te Au Cys Cys 110

S Hohastien e @,
G TC TA TG CGT GG 'y

TAT TTG éﬁ%m&&y (35{3 Eﬁrfﬁﬁ t Arg nwﬁ W 1lénedsdiyleu Cys Asn G n
Tyr Leu &% Pro Thr Leu R& Pro Val 285 130 230
135 TTT ATA GCT GCA Jsig ATT ARR GGC ACT GGT TCC TGG ACT CAG CTG TAT 1208

Phe Ile Ala Ala Asp Ile Lys Gly Thr Gly Ser Trp Thr Gln I;gu Tyxr

- 295 300 5

“TTG ATT ACT GAT TAC CAT GAA AAT GGA TCT CTC

TAT GAC TTC CTG AAA 1256
L.eu Ile Thr Asp Tyr His Glu Asn Gly Ser Leu Tyr Asp Phe Leu Lys
310 315 320
TGT GCC ACA CTA GAC ACC AGA GCC CTA CTC ARG TTA GCT TAT TCT GCT- 1304
Cys Ala Thr lLeu Asp Thr Arg Ala Leu lLeu Lys Leu Ala Tyr Ser Ala
az2s 330 33s
GCT TGT GGT CTG TGC CAC CTC CAC ACA GAA ATT TAT GGT ACC CAA GGG 1352
Ala Cys Gly leu Cys His Leu His Thr Glu Ile Tyr Gly Thr Gln Gly
340 345 350
ARG CCT GCA ATT GCT CAT CGA GAC CTG ARG AGC AAR AARC ATC CTT ATT 1400
Lys Pro Ala Ile Ala His Axrg Asp Leu Lys Ser Lys Asn Ile Leu Ile
355 360 _ 365 370
AAG ARA AAT GGR AGT TGC TGT ATT GCT GAC CTG GGC CTA GCT GTIT AAA 1448
Lys Lys Asn Gly Ser Cys Cys Ile Ala Asp Leu Gly Leu Ala Val Lys
375 380 385
TTC ARC AGT GAT ACA AAT GAA GTT GAC ATA CCC TIG AAT ACC AGG GTG 1496
Phe Asn Ser Asp Thr Asn Glu Val Asp Ile Pro Leu Asn Thr Arg Val
390 ass 400 i
GGC ACC AAG CGG TAC ATG GCT CCA GAA GTG CTG GAT GAA AGC CTG AAT 1544
Gly Thr Lys Arg Tyr Met Ala Pro Glu Val Leu Asp Glu Ser Leu Asn
405 ' 410 415
ARA AAC CAT TTC CAG CCC TAC ATC ATG GCT GAC ATC TAT AGC TIT GGT 1592
Lys Asn His Phe Gln Pro Tyr Ile Met Ala Asp Ile Tyr Ser Phe Gly
420 ; 425 430
'ITGATCATrTGGGAAATGGCTCGTOGTTGTATrACAGGAGGAATCGTG. 1640
Leu Ile Ile Trp Glu Met Ala Arg Arg Cys Ile Thr Gly Gly Ile Val
435 440 . 445 450
GAG'GAATATCAATTACCATATTACA_ACA'IGG?GCCCAGTGACCCA'I‘CC 1688
Glu Glu Tyr Gln Leu Pro Tyr Tyr Asn Met Val Pro Ser Asp Pro Ser
455 . 4860 . ' 465
TAT GAG GAC ATG CGT GAG GTT GTG TGT GTG AAA CGC TTG CGG CCA ATC 1736
Tyr Glu Asp Met Arg Glu Val Val Cys Val Lys Arg Leu Arg Pro Ile
470 475 480
GTG TCT AAC CGC TGG ARC AGC GAT GAA GTA AGT TGG AGC CAA GTC CCT 1784
Val Sexr Asn Arg Trp Asn Ser Asp Glu Val Ser Trp Ser Gln Val Pro
485 490 495
GTA AAG TGATGAGTGA GTGCCGAGTT ACTCTGTGCT CACCACAC'I‘C TGTTTGCATT 1840
Val Lys
500
REFLACIMENT SHELD




GIT ATA GGT CCG TTC TTT GAT GCC AGC ATC CGA TGG CTG GIT GIG CTC
Val Ile Ay Pro Phe Phe Asp Gy Ser Ile Arg Trp Leu Val Val Leu
145 150 155 ATT TCC ATG GCT GIC TGI ATA
GIT GCT ATG ATC ATC TTC TCC AGC TGC

529 1le Ser Met Ala Vval Cys
Ile Val Ala Met Ile Ile Phe Ser Ser Cys28 160

7 A e e i AR P BT 1

TCCAGCCTCC AGRRCACAG CTTTGAGAAT CARGERRSACA cTRMACOUGER TOASTTIARBCGAA 164G GAT
GAA GCA TTT ATT CCA GIA GGA GAA T

Asn Ar Leu Gu d@n
Asp du A SCABFATGTR ARGATTTHAC @VWEMSWAfgﬁ“ GAAmAGAchG%R 2020
200 TCTTCACCCA A&iﬁGGAATT%&G&AéG@%GGéEHB ATT GAC CAG TCC CAA AGC 206d GGG
AGT GGA TCT GGA Leu Lys Asp Leu Ile Asp A n Ser A n Ser Ser

oo SerT?GYzec%?xlﬁ% &9% ERIRAR AT ATS ene

ATS GCC AAA CAG ATT CAG ATO GIT
721 Leu Pro Leti)lLsepueéatce @HARACTERIBTIAS:e Ala Lys A n lle A n Met Val
(A) LENGTH: 500 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear

481

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
Met Thr Gln Leu Tyr Thr Tyr Ile Arg Leu lLeu Gly Ala Cys Leu Phe
1 5 10 15
Ile Ile Ser His Val Gln Gly Gln Asn Leu Asp Ser Met Leu
20 25 . 30
Thr Gly Met Lys Ser Asp Leu Asp Gln Lys Lys Pro Glu Asn Gly Val
a5 40 45

Thr Leu Ala Pro Glu Asp Thr Leu Pro Phe Leu Lys Cys Tyr Cys Ser
50 55 60

His Gly

Gly His Cys Pro Asp Asp Ala Ile Asn Asn Thr Cys Ile Thr Asn Gly
. 65 70 75

80

His Cys Phe Ala Ile Ile Glu Glu Asp Asp Gln Gly Glu Thr Thr Leu
85 80 85

Thr Ser Gly Cys Met Lys Tyr Glu Gly Ser Asp Phe Gln Cys Lys Asp
100 105 110
Ser Pro Lys Ala Gln Leu Arg Arg Thr Ile Glu Cys Cys Arg Thr Asn
115 - 120 125

Leu Cys Asn Gln Tyr Leu Gln Pro Thr Leu Pro Pro Val Val Ile Gly
130 . 135 140

Pro Phe Phe Asp Gly Ser Ile Arg Trp Leu Val Val -Leu Ile Ser Met
‘145 is0 155 160

Ala Val Cys Ile Val Ala Met Ile Ile Phe Ser Ser Cys Phe Cys Tyr
165 170 175

Lys His Tyr Cys Lys Ser Ile Ser Ser Arg Gly Axg Tyr Asn Arg Asp
180 _ 185 190

Leu Glu Gln Asp Glu Ala Phe Ile Pro Val Gly Glu Ser Leu Lys Asp
195 200 208

Leu Ile Asp Gln Ser Gln Ser Ser Gly Ser Gly Ser Gly Leu Pro Leu
210 218

220

Leu Val Gln Arg Thr Ile Ala Lys Gln Ile Gln

Met Val Arg Gln Val
225 230

23S 240

Gly Lys Gly Arg Tyr Gly Glu Val Trp Met Gly Lys Trp Arg Gly Glu
245 250 25¢

21 JAN 957




225

Arg Tyr Ay G u Val

250

255

Arg

Leu

Phe
Ile
Pro
465

Pro

Vval

(2)

Glu Thr
275

Gly Phe
290

Tyr Leu
Lys Cys
Al:a Ala
Gly lLys

ass

Ile Lys
370

Lys Phe
Vval Gly
Asn Lys
Gly Leu

435

Val Glu
450

Ser Tyr
Ile Val

Pro Val

230
- TAT GGA GAA GTA TGG ATG GGT AAA TGG

260
GAA ACA GHA WACATAGCAGAGHR GRE SFREATATEhEGTu GAT

260

Glu Ile Tyr Gln

Ile
Ile
Ala
Cys
340
Pro
Lys
Asn
Thr
Asn
420
Ile
Glu
Glu

Serxr

Lys
500

Ala
Thr
Thr
325
Gly
Ala
Asn
Ser
Lys
405
His
Ile
Tyr

Asp

Asn
485

Ala Asp
295

Asp Tyr
310

Leu Asp
Leu Cys
Ile Ala

Gly Ser
317s

Asp Thr
390

Arg Tyr

Phe Gln

Trp Glu
Gln Leu
455

Met Arg
470

Arg Trp

Al a Val

Trp Met Ay Lys Trp

CGT GGT GAA AAA GTO GCT GIC AAA GIG TTT TTT ACC ACT
817 Arg Gy du Lys Val

265

Thr Val Leu
280

Ile Lys Gly
His Glu Asn
Thr Arg Ala

3o

His Leu His
345

His Arg Asp
360

Cys Cys Ile
Asn Glu Vval
Met Ala Pro

410

Pro Tyr Ile
425

Met Ala Arg
440

Pro Tyr Tyr
Glu Val Val

Asn Ser Asp
490

INFORMATIOR FOR SEQ ID NO:3:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2402 base pairs

(B) TYPE:

(1x) FEATURE:

(A) NAME/KEY: CDS

nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(B) LOCATION: join(1l..1609)

Ly®9 Val

235
169

Met Arg
Thr Gly
300

Gly Ser
315

Leu Leu

Thr Glu
Leu lys
Ala Asp

380

Asp Ile
395

Glu Val

Met Ala

Arg Cys

Asn Met
460

Cys Val
475

Glu Val

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

CGG CAG GIT

Arg @ n Val
240

Ala
His
285
Ser
Leu
Lys
Ile
Ser
365

Leu

Pro

.Leu

Asp
Ile
445

Val

Lys

Ser

Phe Phe Thr
265

Ser
270

Glu
Trp
Tyr
Leu
Tyx
350
Lys
Gly
Leu
Asp
Ile
430
Thr

Pro

Arg

Thr

Trg6fhe

Asn
Thr
Asp
Ala
335
Gly
Asn
Leu
Asn
Glu
415
Gly
Ser

Leu

Ser
495

Ile
Gln
Phe
320
Tyr
Thr
Ile
Ala
Thr
400
Ser
Ser
Gly

Asp

Arg

480

Gln

GAATCAGACA ATG ACT CAG CTA TAC ACT TAC ATC AGA TTA CTG GGh GCC

49



Ser Trp Phe Arg Qu Thr Gu Ile Tyr A n Thr Val

Leu Met Arg Hi s 270
275 280 285 GAA AAT ATA CTT GGT TTT ATA
GCT GCA GAC ATT AAA GGC ACT GGI TCC 913 Gu Asn Ile Leu Ay Phe Ile
Ala Ala Asp Ile Lys Ay Thr Ay Ser 290 295
300 TGG ACT CAG CTG TAT TTG ATT ACT BAT TAC CAT GAA AAT GGA TCT CTC
961 Trp Thr A n LewtTyhr lsen dehety'ﬂwrhAsvrTmm ki L&D LedsGyGMA Ser Leu
305 1310 315 TATYEGAC TTC CTG AAA TGT GCC
ACA CTA

£5& TRt Cler Che MG:M 666 ChBORATT vEn A58 Aentceu Lys foys Al a
Thr Leu Asys Léu pA&Orlel nld @er lHie ¥alSGln Gly Gln3&éh Leu Asp Ser Met 325

330 TTA GCT ¥AT TCT GCT GCT B&T GGI CTG TGC GAC CTC CAC ACA GAA ATT

ég? Leu Ab@ chy leaeeker b@r Ard AMSTEA ¥nd G4e @it Ehe AR Unnbl €cnTlin G U 115

Leu His Gly TiGly Met ‘Lys Ser Asp Le84fsp TWl LEGSLyAOo(BW: GGG AAG CCT
GCA ATT GO CAT CGA GAC CT@5AAG AGC #P05 Tyr Ay Thr n Ay Lys Pro

?68 e Ahgr ldoR d¥6OacS RThBéaloE &R oRPGice

TTG CCT TIC TTA ARDBGC 193
Asn Gly Val Th6Zeu Ala Pro Glu Asp Thr Leu Pro Phe Leu Lys Cys
50 -3 60
TAT TGC TCA GGA CAC TGC CCA GAT GAT GCT ATT AAT AARC ACA TGC ATA 241
Tyr Cys Ser Gly Hie Cys Pro Asp Asp Ala Ile Asn Asn Thr Cys Ile
65 70 75 '
ACT AAT GGC CAT TGC TIT GCC ATT ATA GAA GAA GAT GAT CAG GGA GAA 289
Thr Asn Gly His Cys Phe Ala Ile Ile Glu Glu Asp Asp Gln Gly Glu
80 8s : 90
ACC ACA TTA ACT TCT GGG TGT ATG AAG TAT GAA GGC TCT GAT TTIT CAA 337
Thr Thr Leu Thr Ser Gly Cys Met Lys Tyr Glu Gly Ser Asp Phe Gln
95 100 105
TGC ARG GAT TCA CCG AAA GCC CAG CTA CGC AGG ACA ATA GAA TGT TGT 385
Cys Lys Asp Sexr Pro Lys Ala Gln Leu Arg Arg Thr Ile Glu Cys Cys
110 118 120 125
CGG ACC AAT TTG TGC ARC CAG TAT TTG CAG CCT ACA CTG CCC CCT GIT 433
Arg Thr Asn Leu Cys Asn Gln Tyr Leu Gln Pro Thi Leu Pro Pro Val
130 . 135 140
GTT ATA GGT CCG TTC TTT GAT GGC AGC ATC CGA TGG CTG GTIT GTG CTC 481
Val Xle Gly Pro Phe Phe Asp Gly Ser Ile Arg Trp Leu Val Val Leu
145 150 155
ATT TCC ATG GCT GTC TGT ATA GTT GCT ATG ATC ATC TTC TCC AGC TGC s29
Ile Ser Met Ala Val Cys Ile Val Ala Met Ile Ile Phe Ser Ser Cys
160 165 170
“PTT TGC TAT ARG CAT TAT TGT AAG AGT ATC TCA AGC AGG GGT CGT TAC 577
Phe Cys Tyr Lys His Tyr Cys Lys Ser Ile Ser Ser Arg Gly Arg Tyr
178 ' 180 _ 185
AAC CGT GAT TTG GAA CAG GAT GAA GCA TTT ATT CCA GTA GGA GAA TCA 625
Asn Axrg Asp Leu Glu Gln Asp Glu_ Ala Phe Ile Pro Val Gly Glu Serx
190 185 200 205
76 AAA GAC CTG ATT GAC CAG TCC CAAR AGC TCT GGG AGT GGA TCT GGA 673
Leu Lys Asp Leu Ile Asp Gln Ser Gln Ser Ser Gly Sex Gly Ser Gly
210 215 220
TTG CCT TTA TTG GTT CAG CGA ACT ATT GCC ARA CAG ATT CAG ATG GTT 721
Leu Pro Leu Leu Val Gln Axrg Thr Ile Ala Lys Gln Ile Gln Met Val
225 230 235
CGG CAG GTT GGT AARA GGCT CGT TAT GGA GAA GTA TGG ATG GGT AARR TGG 169
Arg Gln Val Gly Lys Gly Arg Tyr Gly Glu Val Trp Met Gly Lys Trp
240 245 250
CGT GGT GAA AAA GTG GCT GTC AAA GTG TTT TTIT ACC ACT GAR GAA GCT 817
Arg Gly Glu Lys Val Ala Val

Lys Val Phe Phe Thr Thr Glu Glu Ala
255 260 265

REPLACEMENT SHEET
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AAA AAC ATC CTT ATT AAG AAA AAT GGA AGT TGC TGI ATT GCT GAC CTG 1153
Lys Asn Ile Leu Ile Lys Lys Asn Gy Ser Cys Cys Ile Ala Asp Leu

370 375 380 GGC CTA CCT GIT AAA TTC AAC
ACT GAT ACA AAT GAA GIT GAC ATA CCC

1201 Ay Leu Ala Val Lys Phe Asn
Ser Asp Thr Asn Qu Val Asp Ile Pro 3 385 390
395 ThgeAt MHC B GRT e iiehn At PRG HFAE GTd\ I Gad LEALPA CIG,LIG
1249 LeerAep Phe aMgOeIValrhidGEu TIe TyS GARQOrnkyvalVReuMed A¥POHLE U Val Leu

400 270 405 275 48y GAT GAA AGC28HG AAT AAA AAC

CAT TTC SAGAChrd ArAdds AMHS 1P Ted ben aac A9 fan ARP Adrlaalrel€U Asn,Lys Asn
H s Phe diunad¥ aid Weul B, bhé 1AkandSpra Asp AkSLys Gly Thr Gly ser 420

425  ATC TAT AGC TTT2LGT TTG ATC ATT ZPEG GAA ATG GCT ®BT CGI TGT ATT
1345 1l feTXér o886 &

Crfd ok Shtr! ASr bhF Dol T@}& BH AR X0 S can
435 Trp Thr Gln Leud Leu Ile Thr Asp Tyr4 Gl n : C GTGGAG GAA
TAT CAA TTA CCA TAPRSTAC AAC ATG GIeao 1393 315

TAT GAC TTC CTG AAA TGT GCC ACA CTA GAC ACC AGA GCC CTA CTC AAG 1009
Tyr Asp Phe Leu Lys Cys. Ala Thr Leu Asp Thr Arg Ala Leu Leu Lys
320 325 330

TTA GCT TAT TCT GCT GCT TGT GGT CTG TGC CAC CTC CAC ACA GAA ATT 1057

Leu Ala Tyr Ser Ala Ala Cys Gly Leu Cys His Leu His Thr Glu Ile
335 340 345

TAT GGT ACC CAA GGG AAG CCT GCA ATT GCT CAT CGA GAC CTG ARG AGC 1108
Tyx

Gly Thr Gln Gly Lys Pro Ala Ile Ala His Arg Asp Leu Lys Ser
) 3ss 360

365

350
AAR ARC ATC CTT ATT ARG AAA AAT GGA AGT TGC TGT ATT GCT GAC CTG 1153
Lys Asn Ile Leu Ile Lys Lys Asn Gly Ser Cys Cys Ile Ala Asp Leu

370 375 380

GGC CTA GCT GTT AAA TTC AAC AGT GAT ACA AAT GAA GTT GAC ATA CCC 1201
Gly Leu Ala Val Lys Phe Asn Ser Asp Thr Asn Glu Val Asp Ile Pro
385 390 385

TTG AAT ACC AGG GTG GGC ACC ARG CGG TAC ATG GCT

CCA GAA GTG CTG 1249
Leu Asn Thr Arg Val Gly Thr Lys Arg Tyr Met Ala

Pro Glu Val lLeu
400 405 410

GAT GAA AGC CTG AAT AAA ANC CAT TTC CAG CCC TAC ATC ATG GCT GAC 1297
Asp Glu Ser Leu Asn Lys Asn His Phe Gln Pro Tyr Ile Met Ala Asp
415 420 425

ATC TAT AGC’I'I'I‘GGT'I'I‘GATC ATT TGG GAA ATG GCT CGT CGT TGT ATT 1345
Ile Tyr Ser Phe Gly Leu Ile Ile Trp Glu Met Ala Arg Arg Cys Ile .
430 435 ’ 440 445

ACA GGA GGA ATC GTG GAG GAA TAT CAA TTA CCA TAT TAC AAC ATG GTG 1393
Thr Gly Gly Ile Val Glu Glu Tyr Gln Leu Pro Tyr Tyr Asn Met Val
450 455 460

CCC AGT GAC CCA TCC TAT GAG GAC ATG CGT GAG GTT GTG TGT GTG AAA 1441

Pro Ser Asp Pro Sexr Tyr Glu Asp Met Arg Glu Val Val Cys Val Lys
465 470 475

CGC TTG CGG CCA ATC GTG TCT AAC CGC TGG AAC

AGC GAT GAA TGT CTIT 1489
Arg Leu Arg Pro Ile Val Ser Asn Arg Trp Asn Ser Asp Glu Cys Leu
480 485 490

CGA GCA GTT TTG ARG CTA ATG TCA GAA TGT TGG GCC CAT AAT CCA GCC 1537
Arg Ala Val Leu Lys Leu Met Ser Glu Cys Trp Ala His Asn Pro Ala
49% 00 s0S

TCC AGA CTC ACA GCT TTG AGA ATC ARG ARG ACA CTT

* GCA AAA ATG GTT 1588
Ser Arg Leu Thr Ala Leu Arg Ile Lys Lys Thr Leu Ala Lys Met Val
510 515 520 525

GAA TCC CAG GAT GTA ARG ATT
Glu Ser Gln Asp Val Lys Ile
: 530

TGACAATTAA ACAATTTTGA GGGAGAATTT 1636

REPLACEMENT SHEET
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Thr Ay Ay Ile Val Qu Qu Tyr An Leu Pro Tyr Tyr Asn Met Val

450 455 460 CCC AGI GAC CCA TCC TAT GAG
GAC ATG CGTI GAG GIT GIG TGI GTG AAA 1441 Pro Ser Asp Pro Ser Tyr Gu
Asp Met Arg Gu Val Val Cys Val Lys 465 470
475 CGC TTG CGG CCA ATC GTG TCT AACYEGC TGG AAC AGC GAT GAA TGT CTT
1489 Arg Leu Arg Pro Ile Val Ser Asn Arg Trp Asn Ser Asp Gu Cys Leu
480

AGACTGCAAG AAGBICTTCA CCCAARGGAAT GGGTAGHATT ACCGAGEMA SAGRTETISIAAG £chd ATG

TCA GAA' T \ 7 Arg Ala Val Leu Lys Leu
Vet Ser GTTBIERRy BORIEAR ARG geacndtts qruthnia Recknce®! lgse

505 T CRCEBACATIC AMAERNGRETT TGERAASISGA TACTASEARACTAGACKRTGr CRATOMERATG {hE
1585 Ser ArG% Leu Thr Ala Leu Arg Ile Lys Lys Thr Leu Ala Lys Met Val
510 ATATGGACAG CTETGITITA AATGTGGGGT -n-rré T T

GCTTTCTTT GTTTIT tg%& TCC
CAG GAT GEATPAGRAT ETTEARAT FAATARDAT TTCteACERAGAARATCeT aaTancand$36 194@ U
Ser Gn ASLJ%C'I\‘/GaGl 3 S(:C!I‘l:'le‘GGGTA CTCACTATCC TGTCCATI?A%OGTGGTGC'ITI‘ CTGTGAANGC 1996
CTTAAGAAAA TTAATGAGCT CAGCAGAGAT GGARARAGGC ATATTTGGCT TCTACCAGAG 2056
AAAACATCTG TCTGTGTICT GTCITIGTAA ACAGCCTATA GATTATGATC TCTTTGGGAT 2116
ACTGCCTGGC TTATGATGGT GCACCATACC TTITGATATAC ATACCAGAAT TCTCTCCTGC 2176
CCTRGGGCTA AGAAGACAAG AATGTAGAGG TITGCACAGGA GGTATITIGT GACCAGEGGT 2236
TTARATTGCA ATATCTAGTT GGCAATCGCC AATTTCATAA AAGCCATCCA CCTTGTAGCT 2296
GTAGTAACTT CTCCACTGAC TTTATTTITA GCATAATAGT TGTGAAGGCC AAACTCCATG 2356
TARAGTGTCC ATAGACTTGG ACTGTITTCC CCCAGCTCTG ATTACC 2402

(2) INFORMATION FOR SEQ ID NO:4:

| TREPLACEMENT SHEET
(i) SEQUENCE CHARACTERISTICS: s e
(A) LENGTH: 532 amino acids ’
(B) TYPE: amino acid % 1 JAN 1997
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Met Thr Gln Leu Tyr Thr Tyr Ile Arg Leu Leu Gly Ala Cys Leu Phe
5

10 15

Ile Ile Ser His Val Gln Gly Gln Asn Leu Asp Ser Met Leu His Gly.
20 25

30

Thr Gly Met Lys Ser Asp Leu Asp Gln Lys Lys Pro Glu

Asn Gly Val
as 40

Thr Leu Ala Pro Glu Asp Thr Leu Pro Phe Leu Lys Cys Tyr Cys Ser
50 55 60

Gly His Cys Pro Asp Asp Ala Ile Asn Asn Thr Cys Ile Thr Asn Gly
65 70 75 80

His Cys Phe Ala Ile Ile Glu Glu Asp Asp Gln Gly Glu Thr

Thr Leu
8%

g0 95
Thr Ser Gly Cys Met Lys Tyr Glu Gly Ser Asp Phe Gln

Cys Lys Asp
100 105 110

Ser Pro Lys Ala Gln Leu Arg Arg Thr Ile Glu Cys Cys

1 Arg Thr Asn

115 120 125

Leu Cys Asn Gln Tyr Leu Gln Pro Thr Leu Pro Pro Val Val Ile Gly
130 135 140

Pro Phe Phe Asp Gly Ser Ile Arg Trp Leu Val Val Leu Ile Ser Met



32

1696
1756
1816
1876
1936

AGACTGCAAG AACTTCTTCA CCCAAGGAAT GGGTGGGATT AGCATGGAAT AGGATGITGA
CTTGGITTCC AGACTCCTTC CTCTACATCT TCACAGGCTG CTAACAGTAA ACCTTACCGC
ACTCTACAGA ATACAAGATT GGAACTTGGA ACTTGGAACT TCAAACATGI CATTCTTTAT

ATATGGACAG CTGIGITTTA AATGIGEEGT

GGTTTTGATG CTTTTTTGGT

145

Ala
Lys
Leu
Leu
Leu
225
Gly

Lys

Leu

305

Ser

Gln

val
-385

Yal
His
Glu
Ile
210
val
Lys
Val
Glu
Gly
290
TY:
Lys
Ala
Gly
Ile

370

Lys

Cys

Tyr
Gln
195
Asp
Gln
Gly
Ala
Thr
275
Phe
Leu
Cys
Ala
Lys
388

Lys

Phe

Ile

Cys
180
Asp
Gln
Arg
Arg
vVal
260
Glu
Ile

Ile

Ala

Cys
340

Pro

Lys

Asn

Yal
165
Lys
Glu

Ser

Thr

Tyr
245
Lys
Ile
Ala
Thr
Thr
328
Gly
Ala

Asn

Ser

[TTTGTGITT

TGCTTTCTTT

GITTTGITTI

TTTTATGAAC TGCATCAAGA CTCCAATCCT GATAAGAAGT

150

Ala
Ser
Ala
Gln
Ile
230
Gly
val
Tyr
Ala
Asp
310
Leu
Leu
Ile

Gly

Asp
390

Ile

Phe

Serx

215

Ala

Glu

Phe

Gln

Asp
295

Tyr

Asp
Cys
Ala
Ser

378
Thr

Ser
Ile
200
Ser
Lys
val
Phe
Thr
280
Ile
His
Thr
His
His
360

Cys

Asn

3

Ile
Ser
185
Pro

Gly

Gln

Thx
265
Val
Lys
Glu
Arg
Leu
345

Arg

Cys

Glu

Phe
170
Arg
vVal
Ser
Ile
Met
250
Thr
Leu
Gly
Asn
Ala
330
His
Asp

Ile

val

155

Ser
Gly
Gly
Gly
Gln
235
Gly
Glu
Met
Thr
Gly

318

Leu

Ala

Asp
395

Ser
Arg
Glu
Ser
220
Met
Lys
Glu
Arg
Gly
300
Ser
Leu
Glu
Lys
Asp

380
Ile

Cys

Tyr
Ser
205
Gly
val
Trp
Ala
His
285

Ser

Lys
Ile
Ser
365

Leu

Pro

Phe
Asn
180
Leu
Leu
Arg
Axg
Ser
270
Glu
Trp
Tyr
Leu
350
Lys
Gly

Leu

S
REPLACEME‘}!_LSHEET

e st ¥ =5

Cyvs
175
Arg
Lys
Pro

Gln

Gly
255

Trp
Asn
Thr
Asp
Ala
335
Gly
Asn

Leu

Asn

160

Tyr
Asp
Asp
Leu
vVal
240
Glu
Phe
Ile

Gln

Phe
320

Tyr
Thr
Ile
Ala

400

R




CTCTGGICAA CCTCTGGGTA CTCACTATCC TGICCATAAA GTGGIGCTTT CTGIGAAAGC 1996
CTTAAGAAAA TTAATGAGCT CAGCAGAGAT GGAAAAAGGC ATATTTGECT TCTACCAGAG 2056
AAAACATCTG TCTGIGITCT GICTTTGITAA ACAGCCTATA GATTATGATC TCTTTGGGAT 2116
ACTGCCTGEC TTATGATGGT GCACCATACC TTTGATATAC ATACCAGAAT TCTCTCCTGC

2176
CCTAGGCCTA AGAAGACAAG AATGTAGAGG TTGCABAGGA GGTATTTTGI GACCAGTGGT 2236
TTAAATTGCA AT

TCTA T TITCAT U GIAGCT 2296
GTAGTAACTT"@T%&E’%%% ‘@ﬁ&%ﬁ‘%ﬁ% Eﬂ Ecatc 2356
TAAAGTGTCC ATAGACTTGG ACTGITTTCC CCCAGCTCTG ATTACC : 2402
(2) | NFORMeeM &rp MR SSEHSDPNOSAN Pro Tyx Iig e SESBENTE [EHARACPERI STI CS:
(A) LENGTH. 532 am no "aci ds (B) TYPE: amino acid

Phe Gly ':(g\; Ile Ile Trp Glu t;l:(t) Ala Axg Arg Cys :i; Thr Gly Gly

Ile Val Glu Glu Tyr Gln Leu Pro Tyr Tyr Asn Met Val Pro Ser Asp
450 455 460

Pro Ser Tyr Glu Asp Met Arg Glu Val Val Cys Val
465 ) 470 475

Pro Ile Val Ser

Lys Arg Leu Arg
480

Asn Arg Trp Asn Ser Asp Glu Cys Leu Arg Ala Val
485 490 495

Leu Lys Leu Met Ser Glu Cys Trp Ala His Asn Pro Ala Ser Arg Leu -
500 505

§10

Thr Ala Leu Arg Ile Lys Lys Thr Leu Ala Lys Met Val Glu Ser Gln
515 520 525

Asp Val Lys Ile
530

(2} INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 466 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: CDS
{B) LOCATION: 11..466

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:S:

GAATCAGACA ATG ACT CAG CTA TAC ACT TAC ATC AGA

, CTG GGA GCC - 49
Met Thr Gln Leu Tyr Thr Tyr Ile Arg
5

1

uid
5
c
Q
-
B

TGT CTG TTC ATC ATT TCT CAT GTT CAA GGG CAG ART

GAT AGT ATG 97

Cys Leu Phe Ile Ile Ser His Val Gln Gly Gln Asn Asp Ser Met
15 20 25
AAG

CTC CAT GGC ACT GGT ATG AAA TCA GAC TTG GAC CAG ARG CCA GAA 145
Leu His Gly Thr Gly Met Lys Ser Asp Leu Asp Gln Lys Lys Pro Glu
30 35 40

ART GGA GTG ACT TTA GCA CCA GAG GAT ACC TTG CCT TTC TTA ARG TGC

Asn Gly Val Thr Leu Ala Pro Glu Asp Thr Leu Pro Phe Leu Lys Cys
50 31 . 60

TAT TGC TCA GGA CAC TGC CCA GAT GAT GCT ATT AAT ARC ACA TGC ATA 241
Tyr Cys Ser Gly His Cys Pro Asp Asp Ala Ile Asn Asn Thr Cys Ile
65 70

75

193

ACT AAT GGC CAT TGC TTT GCC ATT ATA GAA GAA GAT GAT CAG GGA GAA 289
Thr Asn Gly His Cys Phe

Ala Ile XIle Glu Glu Asp Asp Gln Gly Glu
80 . 8% 90
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(D) TOPOLOGY: |i near (ii) MOLECULE TYPE: protein (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 4: Met Thr G n Leu Tyr Thr Tyr

Ile Arg
Leu Leu Gy Ala Cys Leu Phe 1 5 10
15 Ile lle Ser Hs Val An Ay A@n Asn Leu Asp Ser Met Leu Hs Qy.
20 25 30 Thr Ay Met Lys Ser Asp Leu Asp
A@n Lys Lys Pro Qu Asn @y Val 35 40

45 Thr Leu Ala Pro G u Asp Thr Leu Prn Phe Leu Lys Cys Tyr Cys Ser
50 55 Gy Hs Cys Pro Asp Asp Ala |lle

Asn Asn ThiecGys, H}‘?AEWTASEG@@ %%J%@pry&s@l Gscéesg@iymrgfﬁhr Ley33s &

80 Hi s Gws ﬁnez,é\h arnke| Sed By
1058

TGC ARG GAT TCA CCG AAA GCC CAG CTA CGC AGG ACA ATA GAA TGT TGT 385

Cys Lys Asp Ser Pro Lys Ala Gln Leu Arg Arg Thr Ile Glu Cys Cys
110 115 120

128
CGG ACC AAT TTG TGC AAC CAG TAT TTG CAG CCT ACA CTG CCC CCT GT- 433
Arg Thr Asn Leu Cys Asn Gln Tyr Leu Gln Pro Thr Leu Pro Pro Val
130. 135 140
GTT ATA GGT CCG TTC TTT GAT GGC AGC ATC CGA 466
Val Ile Gly Pro Phe Phe Asp Gly Ser Ile Arg

145 150

(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 152 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Met Thr Gln Leu Tyr Thr Tyr Ile Arg Leu Leu Gly Ala Cys Leu Phe
S 10 15

Ile Ile Ser His Val Gln Gly Gln Asn Leu Asp Ser Met Leu His Gly
20 25 30

Thr Gly Met Lys Ser Asp Leu Asp Gln Lys Lys Pro Glu Asn Gly Val
35 40 45

Thr Leu Ala Pro Glu Asp Thr Leu Pro Phe Leu Lys Cys Tyr Cys
50 ) 55 60

Gly His Cys Pro Asp Asp Ala Ile Asn Asn Thr Cys Ile Thr Asn Gly
.. €5 e 70 75 80

His Cys Phe Ala Ile Ile Glu Glu Asp Asp Gln Gly Glu Thr Thr
85 90 85

Thr Ser Gly Cys Met Lys Tyr Glu Gly Ser Asp Phe Gln Cys Lys Asp
100 105 110

Ser Pro Lys Ala Gln Leu Arg Arg Thr Ile Glu Cys Cys Arg Thr Asn
115 120 125

Ser

Leu

Leu Cys Asn Gln Tyr Leu Gln Pro Thr Leu Pro Pro Val Val Ile Gly
130 1385 140

Pro Phe Phe Asp Gly Ser Ile Arg
145 150

REPLACEMENT SHEET
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85 90

Ay Ser Asp Phe A n Cyj

tyg g
110 Ser Pro Lys Ala Sq_éuﬂw dgglzrg Thr

115 120

| REPLACEMENT SHEE )

12

Pro Thr Leu Pro Pro Val VaI Ile Gly
140 Pro Phe Phe Asp Gy—Ser—-e-Arg-

o

36

WHAT IS CLAIMED IS.

1.

ID NO:4, or soluble fragment thereof. -

Thr Ser Ay Cys Met Lys Tyr GQu
100 105

Ile Au Cys Cys Arg Thr Asn
Leu Cys Asn A n Tyr Leu @n
130

Leu Val m\\\:\\%\\s\\\&\e\\‘\gm\\\m

An isolated BMP receptor kinase protein having amino acid .sequence SEQ

2. | An isolated DNA sequence coding for the BMP recéptor kinase protein of
Claim 1.

3. The DNA sequence of Claim 2, wherein the DNA sequence is SEQ ID NO:3.

4. An isolated truncated BMP receptor kinase protein having amino acid
sequence SEQ ID NO:2, or soluble fragment thereof.

5. An isolated DNA sequence coding for the truncated BMP receptor kinase
protein of Claim 4.

6. The DNA sequénce of Claim 5, wherein the DNA sequence is SEQ ID NO:1

7. The soluble fragment of Claim 4, wherein tr;e soluble fragment has amino
acid sequence SEQ ID NO:6

8. A DNA sequence coding for the soluble fragment of Claim 7.

8. The DNA sequence of Claim 8, wherein the DNA sequence is SEQ ID NO:5.

10. A recombinant expression vector comprising the DNA sequence of Claim 2.

11. Arecombinant expression vector comprising the DNA sequence of Claim 3

12. The recombinarit expression vector of Claim 11, wherein the vector is a

- plasmid having all of the identifying characteristics of pJT4-J159F contained

in ATCC No. 69457.

13. A reconibinant expression vector comprising the DNA sequence of Claim 5.

14. A recombinant expression vector comprising the DNA sequence of Claim 6

15. The recombinant expression vector of Claim 14. wherein the vector is a
plasmid having all of the identifying characteristics of pJT6-J159T contained
in ATCC No. 69474.

16.

A host cell comprising the recombinant expression vector of Claim 10

This Sheet H,

e



33 145

150

155 160 Al a
Val Cys Ile Val Ala Met Ile Ile Phe Ser Ser Cys Phe Cys Tyr
165 170 175 Lys H| s Tyr

Ser Ser Arg Ay Arg Tyr Asn Arg As

P
190 Leu Gu An Asp Gu Ala Phe Ile Pro Val GIyGIILm U’H “w
200 205 Leu I n Ser

Ser Ay Ser Ay Ser Ay Leu Pro Leu

195

Cys Lys Ser | e

210

220 Leu Val dn Arg Thr Ile Ala Lys An lle @n Mt Val ArgGInVaI 225
230 235 37240 dy Lys Ay Arg Tyr Ay Gu
Val

Trp Met Ay Lys Trp Arg Ay GQu
17 A host celi comprising the recombinant expression vector of Claim 11

18. A mammalian host cell comprising the recombinant expression vector of
Claim 12.

19. The mammalian host cell of Claim 18, wherein the cell is a Chinese hamster

ovary cell.

20. The mammalian host cell of Claim 18, wherein the cell is a COS cell.

21. Ahost cell comprising the recombinant expression vector of Claim 13.

22. Ahost cell comprising the recombinant expression vector of Claim 14.

23. A mammalian host cell comprising the recombinant expresstion vector of

Claim 15.

24. The mammalian host cell of Claim 22, wherein the cell is a Chinese hamster

ovary cell.

25. The mammalian host cell of Claim 22, wherein the cell is a COS cell.

26. A method for producing BMP receptor kinase protein comprising culturing the

host cell of Claim 16 in a manner allowing expression of the BMP receptor
kinase protein and isolation of the BMP receptor kinase protein.
27. A method for producing truncated BMP receptor kinase protein comprising
culturing the host cell of Claim 17 in a manner allowing expression of the

truncated BMP receptor kinase proteln and isolation of the BMP receptor
kinase protein.

28. A method for identifying compounds capable of binding to a BMP receptor
kinase protein, the method comprising introducing a sample comprising the
compounds to the BMP receptor kinase protein and allowing the compounds
to bind to the BMP receptor kinase protein, wherein the BMP receptor kinase

protein has amino acid sequence SEQ ID NO:4 or soluble fragment thereof.
or SEQ ID NO:2 or soluble fragment thereof

29. An antibody directed to the BMP receptor kinase protein of Claim 1.
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245 250 255 Lys Val Ala Val Lys Val Phe

Phe Thr Thr Qu GQu Ala Ser Trp Phe 260 265
270 Arg Qu Thr u Ile Tyr An Thr Val Leu Met Arg Hs GQu Asn lle

275 280 3285 Leu Gy Phe Ile Ala Ala Asp
Ile Lys Gy Thr Ay Ser Trp Thr Gn 890 295

300 Leu Tyr Leu Ile Thr Asp Tyr H's Gu Asn Gy Ser Leu Tyr Asp Phe 305
310 Lys Cys Ala Thr Leu Asp
Thr Arg Ala DR CESUERC SOORNG FoR A mwefdcEeten VS o)

330 335 SerAIaAIaQ/s Gy Leu Cys Hs Leu Hs Thr Qu
Ile Tyr Ay ABsTRACT 340 345 350
Gn @y Lys Pro Ala lle Ala His Arg Asp Leu Lys Ser Lys Asn Ile

355 360 365

The present invention relates to an isolated BMP receptor
kinase protein or soluble fragment thereof, a DNA
sequence coding for said BMP receptor kinase protein or
said soluble fragment thereof, a recombinant expression
vector comprising said DNA sequence, a host cell
comprising said recombinant expression vector, a method
of expressing said BMP receptor kinase protein or soluble
fragment thereof, a method for identifying compounds
capable of binding to said BMP receptor kinase protein or
soluble fragment thereof, a method for determining the
amount of such compounds in a sample, and antibodies to
said BMP receptor kinase protein.
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Lys

370
Asp Ile
Ay Thr

405
Z 1 JAN 1997

395
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34 Arg Val

390

1/11

Lys Phe Asn Ser Asp Thr Asn du Val

Leu Asp GQu Ser

380 Val
- 385
415

Leu Ile Lys Lys Asn Ay Ser Cys Cys Ile Ala Asp Leu Gy Leu Al a
Met Ala Pro G u Val

Pro Leu Asn Thr

375
400
Arg Tyr
410
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440
520

Pro Ser Asp

470

Ser Asn Arg Trp Asn Ser Asp G u Cys

485 2/11

495 Leu Lys Leu Met Ser Qu Cys Trp Ala H's Asn Pro Ala Ser Arg Leu
mn
\O

490

un
\Xe}

{Xe}

435

n 515,
\O

430 Phe Ay Leu lle lle Trp Gu
460 Pro Ser Tyr Qu Asp Met Arg
510 Thr Ala Leu Arg Ile Lys Lys

n

Ile Met Ala Asp Ile Tyr Ser
\O

[Ne,

@Au Ser G
~

\O

Lys Arg Leu Arg 465
480 Pro Ile Val

425
Met Ala Arg Arg Cys Ile Thr Ay Gy
455
505

Thr Leu Ala Lys Met Val

Gu Qu Tyr dn Leu Pro Tyr Tyr Asn Met Val
Lys | e

Cys Val

Val
Asp Val

Leu Asn Lys Asn His Phe G n Pro Tyr
Il e Val

d u Val
Leu Arg Al a Val

420
445
450
475
500
525

2 1 JAN 1997
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1

(A) NAMVE/ KEY: CDS

(i) SEQUENCE

(A) LENGTH. 466 base pairs
(C) STRANDEDNESS: doubl e

(ix) FEATURE
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 5:

Ile Arg I3e/u“Leu Ay A a

10

| NFORMATI ON FOR SEQ | D NG 5:

(2)
i near
(B) LOCATION: 11..466

CHARACTERI STI CS:

nucl eic acid

GAATCAGACA ATG ACT CAG CTA TAC ACT TAC ATC AGA TTA CTG GGA GCC

Met Thr @ n Leu Tyr Thr Tyr

5

TOPOLOGY:

530
TYPE:

21 JAN 1997
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95

e

\rd Thr

GBS AcA

QG n Leu Arg

G 2-’L,‘OJ%%'IJQ%ZI'T

> (7))
O< 2
23s
Gmm
Wm%
oF o9
LT|%4¢
L3
o>
SMS
W@W
>k
o

Ln

S

Ser

Leu Thr

35 ACC ACA TTA ACT TCT GGG TGI ATG AAG TAT GAA GGC TCT GAT TTT CAA

335 Thr Thr

100

125 CGG ACC AAT TTG TGC AAC CAG TAT TTG CAG CCT ACA

Ile du Cys Cys 110

ATA GAA TGT TGr

433 A
rg Thr Asn Leu Cys Asn A n Tyr Leg/f;‘lln Pro Thr Le

89¢

cLe

ZLe

cLe

cLe

cLe

6LC

cLe

8LT

dz S
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130 135 140 GIT ATA GGT CCG TTC TTT GAT

GGEC AGC ATC CGA 466 Val Ile Ay Pro Phe Phe Asp
Ay Ser Ille Arg 145 150 (2) | NFORVATI ON FOR
SEQ I D NO 6: (1) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 152 am no aci ds (B) TYPE: am no acid

(D) TOPOLOGY: i near (i1) MOLECULE TYPE: protein (xi)
SEQUENCE DESCRI PTION: SEQ ID NO.6: Mt Thr @n Leu Tyr Thr Tyr Ile Arg Leu
Leu Gy Ala Cys Leu Phe 1 6/15" 10

15 I1le lle Ser Hs Val GAn Gy G@n Asn Leu Asp Ser Met Leu Hs Ay

78
323
325
303
303
300
300
300

3
268
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MACTR1 YQNPSARLTALRIKKTLTKIDNSLDKLKTDC

Fig. 2E

[ ]
|

|
ARRRARRRRRRNERRNRNR Y

AERRNRRNRRR
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NGNPSARFTSYICRKRMDERQQLLLDKKAKAVAQTAGVTVQDRKILGPQKPKDESPANGA-40 AA
AHNPASRLTALRIKKTLAKMVESQDVKI

DHDAEARLSAGCVGERITQMORLTNIITTEDIVIVVIMVTNVDFPPKESSL

LEE T

RTGFBR2 DHDPEARLTAQCVAERFSELEHPDRLSGRSCSQEKIPEDGSLNTTK

YPNPSARLTALRIKKTLQKLSQNPEKPKVIH
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MACT
R3
R2
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20 25 30 Thr Ay Met Lys Ser Asp Leu

Asp G n Lys Lys Pro Qu Asn Gy Val 35 40

45 Thr Leu Ala Pro Qu Asp Thr Leu Pro Phe Leu Lys Cys Tyr Cys Ser

50 55 60 Gy Hs Cys Pro Asp Asp Al a
Ile Asn Asn Thr Cys Ile Thr Asn Gy 65 70

75 80 Hs Cys Phe Ala Ile Ile Qu Qu Asp Asp An Ay
A u Thr Thr Leu 85 90

95 Thr Ser Ay Cys Met Lys Tyr AQu Ay Ser Asp Phe A n Cys Lys Asp

100 105 110 Ser Pro Lys Ala G n Leu Arg
Arg Thr Ile u Cys Cys Arg Thr Asn 7/1] 115 120

125 Leu Cys Asn G@n Tyr Leu Gn Pro Thr Leu Pro Pro Val Val Ile Ay

130 135 140 .

HindInr, |Pstl /

pJT4-J159F

"REPLACEMERT ooms

oy aven. - &

2 1 JAN 557




Pro Phe Phe Asp Ay Ser Ile Arg 145 150

36 WHAT IS CLAIMED | S: 1. An isol ated BMP receptor kinase protein
havi ng am no acid sequence SEQ ID NO 4, or soluble fragnment thereof.
2. An i sol ated DNA sequence coding for the BWVMP receptor kinase protein

of claim1l.

8/11

Sacl
BamHI
Xhol

HindIIl

BamHI Eclx]

_,Kpnl
Apal
Xhol
Sall
Clal
HindIII
EcoRV
EcoRI
Smal
EcoRI
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3. The DNA sequence of claim 2, wherein the DNA sequence is SEQ I D NO 3.
4, An isol ated truncated BWMP receptor kinase protein having am no acid
seqguence SEQ I D NO 2 or soluble fragnent thereof. 5. An i sol at ed
DNA sequence coding for the truncated BMP receptor kinase protein of
claim4. 6. The DNA sequence of claimb5, wherein the DNA sequence is
SEQ I D NO 1. 7. The sol ubl e fragnent of claim4, wherein the sol uble
fragnent has ami no acid sequence SEQ | D NO 6. 8. A DNA sequence
coding for the soluble fragnment of cl@ym]7.

zw ....................................
ah ------------------------------------
e
Z< ------------------------------------
ak A
28 D ;
(TR I o
) e e LDt m
n'_z ....................................
o= R

« oG O A

LL.

O§

pd

82

D 5 X
z2 :
- O
o

Sy =
O

Oom

§ IR S N U N T N N T N O T O O I O I B O R B AR AN

6,000
5,000
4,000
3,000
2,000
1,000

v-dW8 ligz ]
(NdQ) ONIaNIg D1d103ds

Fig. 5

REPLACEMENT SHEET

2 1 JAN 1997




9. The DNA sequence of claim8, wherein the DNA sequence is SEQ I D NO 5.
10. A reconbi nant expression vector including the DNA sequence of claim
2. 11. A reconbi nant expression vector including the DNA sequence of
claim 3. 12. The reconbi nant expression vector of claim 11, wherein the
vector is a plasmd having all of the identifying characteristics of
pJT4-J159F contained in ATCC No. 69457. 13. A reconbi nant
expression vector including the DNA sqgygnce of claimb5. 14. A

recombi nant expression vector including the DNA sequence of claim6.
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37 15. The reconbi nant expression vector of claim 14, wherein the vector
is aplasmd having all of the identifying characteristics of
pJT6-J159T contai ned in ATCC No. 69474. 16. A host cel

i ncludi ng the reconbi nant expression vector of claim10. 17. A host
cell including the reconbinant expression vector of claimill. 18. A
manmmal i an host cell including the reconbi nant expression vector of claim
12. 19. The manmal i an host cel | oﬁlghafn118, wherein the cell is a

Chi nese hanster ovary cell.
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20. The marrmal i an host cell of claim18, wherein the cell-is.a CCS cell.
21. A ho udi ng the reconbi nant expression vector of claim13.
22. ~ 7K host a‘m m["w E” recombi nant expres¥ion-vector of okaim 14.
23. A rramml Iud| ng the reconbi nant expressi on vector of
clai m 15. “The mammalian host cel36of cl ai 23, wherein the cell is .
a Chi nese hamster ovary cell. 25. The manmal i an host cell of"
claim 23, wraTaSTCLEAREDElY: is a COS cell. 26. A net hod for prozgﬁr%'ng

BMP receptor kinase protein including culturing the host

1. An isolated BMP receptor kinase protein having amino acid sequence SEQ ID

NO:4, or soluble fragment thereof.
2. An isolated DNA sequence coding for the BMP receptor kinase protein of claim 1.
3. The DNA sequence of claim 2, wherein the DNA sequence is SEQ ID NO:3.

4. An isolated truncated BMP receptor kinase protein having amino acid sequence

SEQ ID NO:2 or soluble fragment thereof.

5. An isolated DNA sequence coding for the truncated BMP receptor kinase protein of

claim 4.

6. The DNA sequence of claim 5, wherein the DNA sequence is SEQ 1D NO:1.

7. The soluble fragment of claim 4, wherein the soluble fragment has amino acid
sequence SEQ ID NO:6.

8. ~ A DNA sequence coding for the soluble fragment of claim 7.

9. The DNA sequence of claim 8, wherein the DNA sequence is SEQ ID NO:5.
10. A recombinant expression vector including the DNA sequence of claim 2.
11. A recombinant expression vector including the DNA sequence of claim 3.

12. The recombinant expression vector of claim 11, wherein the vector is a plasmid
having all of the identifying characteristics of pJT4-J159F contained in ATCC No.

69457.

13. A recombinant expression vector including the DNA sequence of claim 5.

14. A recombinant expression vector including the DNA sequence of claim 6.
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cell of claim16 in a manner all ow ng expression of the BMP receptor kinase

protein and isolation of the BVWP receptor Kking ' i. A
met hod' f or produci ng truncated BWMP receptor kinase Hﬁmﬂmmm{“m“r‘m

cul turing the host cell of claim22 in a mann al'l'ewm Ag expressi on
of the truncated BW receptor Kkildse protein and isolation of the

BWP receptor kinase protein. o
38 28. 18, metihadet@hbihafndipradsien TR NESnC dPabhdef thBiveeioRds bopidsrRlP

receptor kinase protein, the nmethod including introducing a sanple
i ncl udi ng t he &@KiPs AR the idenfying characteristias et P& 93 ctantaingd iRaQECHNR-ei
and al | owi ng tlgeqgpnpounds to bind to the i sol ated BMP receptor

ki nase protein, wherein the isolated BMP receptor kinase protein has
am no acid sequence SEQ I D NO 4 or soluble fragnent thereof, or SEQ

16. A host cell including the recombinant expression vector of claim 10.

17. A host cell including the recombinant expression vector of claim 11.

18. A mammalian host cell including the recombinant expression vector of claim 12.

19. The mammalian host cell of claim 18, wherein the cell is a Chinese hamster ovary
cell.

20. The mammalian host cell of claim 18, wherein the cell is a COS cell.

21.  Ahost cell including the recombinant expression vector of claim 13.

22.  Ahost cell including the recombinant expression vector of claim 14.

23. A mammalian host cell including the recombinant expression vector of claim 15.

24. The mammalian host cell of claim 23, wherein the cell is a Chinese hamster ovary
cell.

25. The mammalian host cell of claim 23, wherein the cell is a COS cell.

26. A method for producing BMP receptor kinase protein including culturing the host
cell of claim 16 in a manner allowing expression of the BMP receptor kinase protein
and isolation of the BMP receptor kinase protein.

27. A method for producing truncated BMP receptor kinase protein including culturing
the host cell of claim 22 in a manner allowing expression of the truncated BMP

receptor kinase protein and isolation of the BMP receptor kinase protein.
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ID NO 2 or soluble fragnment thereof. 29. An antibody directed to the

BMP receptor kinase protein of claiml.
o o ) )

38

28. A method for identifying compounds capable of binding to a BMP receptor kinase
protein, the method including introducing a sample including the compounds to the
isolated BMP receptor kinase protein and allowing the compounds to bind to the
isolated BMP receptor kinase protein, wherein the isolated BMP receptor kinase
protein has amino acid sequence SEQ ID NO:4 or soluble fragment thereof, or SEQ
ID NO:2 or soluble fragment thereof.

29. An antibody directed to the BMP receptor kinase protein of claim 1.
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DNA SEQUENCE CODING FOR A BMP RECEPTOR

ABSTRACT

The present invention relates to an isolated BMP receptor
kinase protein or soluble fragment thereof, a DNA
sequence coding for said BMP receptor kinase protein or
said soluble fragment thereof, a recombinant expression
vector comprising said DNA sequence, a host cell
comprising said recombinant expression vector, a method
of expressing said BMP receptor kinase protein or soluble
fragment thereof, a method for identifying compounds
capable of binding to said BMP receptor kinase protein or
soluble fragment thereof, a method for determining the
amount of such compounds in a sample, and antibodies to

said BMP receptor kinase protein.
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