PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT).

(51) International Patent Classification 6.

CO7K 14/71 A2

(11) International Publication Number:

(43) International Publication Date:

WO 98/22507

28 May 1998 (28.05.98)

(21) International Application Number: PCT/US97/22526

(22) International Filing Date: 21 November 1997 (21.11.97)

(30) Priority Data:

60/031,675 us

22 November 1996 (22.11.96)

(71) Applicant: SUGEN, INC. [US/US]; 351 Galveston Drive,
Redwood City, CA 94063-4720 (US).

(72) Inventors: JOHO, Keith, E.; One Torino Lane, San Carlos,
CA 94070 (US). PLOWMAN, Gregory, D.; 4 Hoveysuckle
Lane, San Carlos, CA 94070 (US).

(74) Agents: WARBURG, Richard, J. et al.; Lyon & Lyon LLP,
Suite 4700, 633 West Fifth Street, Los Angeles, CA
90071-2066 (US).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,
GH, HU, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR,
LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ,
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR,
TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent (GH, KE,
LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, BY,
KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, CH,
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML,
MR, NE, SN, TD, TG).

Published
Without international search report and to be republished

upon receipt of that report.

(54) Title: RECEPTOR TYROSINE KINASE GENES

(57) Abstract

The specification describes isolated, purified, or enriched nucleic acid molecules which correspond to particular genes encoding
kinases, and to fragments of such genes, as well as the polypeptides encoded by such nucleic acids and antibodies specific for those
polypeptides. Also disclosed are methods using such nucleic acid molecules, polypeptides, or antibodies for isolating the full coding
sequences for those kinases, for determining the expression patterns and levels for those genes, for screening for agents which modulate
the activity of one of the kinases, and for diagnosing or treating a disease associated with one of the kinases.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CU
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d'Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Italy

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
TT
UA
UG
Us
Uz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

WO 98/22507

PCT/US97/22526

1

DESCRIPTION

RECEPTOR TYROSINE KINASE GENES

Field of the Invention

The present invention relates to novel, related tyrosine kinases. In
particular, this includes polynucleotide sequences corresponding to human and
rodent messenger RNA (mRNA), to the corresponding complementary DNA
(cDNA) sequences, and to the encoded polypeptides.

Backeround of the Invention

The following description of the background of the invention is
provided solely to aid the understanding of the reader. None of the information
provided or references cited is admitted to be prior art to the invention.

Cellular signal transduction is a fundamental mechanism whereby
external stimuli that regulate diverse cellular processes are relayed to the interior of
cells. One of the key biochemical mechanisms of signal transduction involves the
reversible phosphorylation of proteins, which enables regulation of the activity of
mature proteins by altering their structure and function. For reviews, see Posada and
Cooper, Mol. Biol. Cell, 3:583-392 (1992) and Hardie, Symp. Soc. Exp. Biol.
44:241-255 (1990)). The best characterized protein kinases in eukaryotes
phosphorylate proteins on the alcohol moiety of serine, threonine and tyrosine
residues. These kinases largely fall into two groups, those specific for
phosphorylating serines and threonines, and those specific for phosphorylating
tyrosines. The tyrosine kinases can be further divided into receptor and non-receptor
proteins.

Protein kinases are one of the largest families of eukaryotic proteins
with several hundred known members. Alignment of primary peptide sequences of

these proteins shows that they share a 250-300 amino acid domain that can be
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subdivided into 12 distinct subdomains (I-XII) that comprise the common catalytic
core structure. These conserved protein motifs have recently been exploited using
PCR-based cloning strategies leading to a significant expansion of the known
kinases. Multiple alignment of the sequences in the catalytic domain of protein
kinases and subsequent phylogenetic analysis permits their segregation into a
phylogenetic tree. In this manner, related kinases are clustered into distinct branches
or subfamilies including: tyrosine kinases, cyclic-nucleotide-dependent kinases,
calcium/calmodulin kinases, cyclin-dependent kinases and MAP-kinases, as well as
several other less defined subfamilies. (See Hanks and Hunter, FASEB J. 9:576-595
(199%).

Receptor tyrosine kinases (RTKs) belong to a family of
transmembrane proteins and have been implicated in numerous cellular signaling
pathways. The predominant biological activity of some RTKs is the stimulation of
cell growth and proliferation, while other RTKSs are involved in promoting
differentiation. In some instances, a single tyrosine kinase can inhibit or stimulate
cell proliferation depending on the cellular environment in which it is expressed.
RTKs are composed of at least three domains: an extracellular ligand binding
domain, a transmembrane domain and a cytoplasmic domain containing at least one
enzymatic domain capable of phosphorylating tyrosine residues. Ligand binding to
membrane bound receptors induces the formation of receptor dimers and allosteric
changes that activate the intracellular kinase domains and result in the
self-phosphorylation (autophosphorylation and/or transphosphorylation) of the
receptor on tyrosine residues. RTKs are also known to form heterodimers. A
possible role for receptor heterodimerizaion is described in Carraway and Cantley,
Cell 78:5-8 9 (1994).

The non-receptor tyrosine kinases do not contain a transmembrane
domain or an extracellular domain and share non-catalytic domains in addition to
sharing their catalytic kinase domains. Such non-catalytic domains include the SH2

domain (Src homology domain 2) and SH3 domains (Src homology domain 3). The
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non-catalytic domains are thought to be important in the regulation of
protein-protein interactions during signal transduction.

Receptor tyrosine kinases are known to play a role in the
proliferation, differentiation and/or survival of many cell types. One example is the
Trk family of receptors. The Trks are receptors for several known neurotrophic
factors including nerve growth factor (NGF). Binding of NGF to TrkA induces
phosphorylation of the receptor and subsequent differentiation of the PC12
pheochromocytoma cell line, a model for neuronal development. (Kaplan, et al,
Science 252:554-558 (1991); Yan, et al, Science 252:561-563 (1991)). Other
members of the Trks family include TrkB and TrkC, which are expressed in a
variety of structures in nervous system and respond to binding of other neurotrophic
factors such as brain-derived neurotrophic factor and neurotrophin-3 (Klein, et al
Development 109:845-850 (1990); Glass, et al Cell 66:405-413 (1991); Klein, et al
Cell 66:395-403 (1991)).

Several RTKs and growth factors were originally identified as
activated oncogenes (Aaronson, Science 254:1146-1153 (1991); Bishop, Cell
64:235-248 (1991)) and there has long been a belief that some RTKs may be
involved in the development of cancers. Several studies appear to support this
notion. These include the high correlation of RTK overexpression with certain
human cancers including HER2 with breast and ovarian cancers (Slamon, et al.,
Science 235:177-182 (1987)), PDGF and its receptors with a high fraction of
sarcomas and glially derived neoplasms, and EGF-R with squamous cell carcinomas
and glioblastomas (reviewed in Aaronson, (1991)).

Several RTKSs have been associated with the growth and development
of lung cancer cells including c-kit (Hida, et al Int. J. Can. 0 (supp 8):108-109
(1994); Krystal, et al, Can. Res. 56(2);370-376 (1996)), trk (Oelmann, et al Can.
Res. 55(10):2212-2219 (1995)), Her2/neu (Tsati, et al Can. Res. 56 (5):1068-1074
(1996)) and EGF-R (Moody, Peptides 17(3):545-555 (1996)). The identification of

a lung cancer specific RTK would be advantageous for the development of specific
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drugs that could inhibit the signal transduction activity of the RTK thereby
suppressing the RTK driven growth of the cancer.

Summary of the Invention

The present invention concerns nucleic acid molecules, each of which
corresponds to at least a portion of a unique expressed mammalian gene coding for a
tyrosine kinase. Possession of just a portion of a nucleic acid sequence of a gene
corresponding to a particular kinase provides a specific probe, allowing the mapping
of the gene to a specific chromosome, the mapping of the gene to a position on that
chromosome, and identification of clones, such as from a complementary (cDNA) or
genomic library, containing the complementary sequence. In addition, possession of
a sequence corresponding to a particular gene allows the determination of the
expression pattern of that gene, thereby providing valuable information on the
biology of relevant tissues. The analysis can also partially characterize some disease
states, notably cancers, since cancers represent improperly regulated cell
proliferation and, therefore, often involve abnormal kinase gene expression. The
genes disclosed herein appear to define a novel group of related receptor tyrosine
kinases that are highly expressed in neuronal tissues. Several of these novel genes
are also highly expressed in cancerous tissues, in particular lung and ovarian
cancers. One gene does not appear to be expressed in any normal tissue but is
expressed in a variety of tumor types suggesting it may play a role in forming or
maintaining the cancer.

Thus, possession of a portion of one of the disclosed sequences or a
sequence complementary to a portion of one of those sequences, having a length
greater than about 13 or 17 bases in length, preferably, 25, 50, or 100 bases in
length, uniquely identifies the corresponding gene, since the sequence of the partial
nucleic acid sequence corresponds to a portion of the sequence of the corresponding
gene and not to any other gene except essentially equivalent ones. Even if the stated

sequence of the partial nucleic acid sequence differs by a small percentage, e.g., by
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less than about 3% or 1%, from the sequence of the actual nucleotide sequence, the
unique identification of the gene is still provided, since the stringency of the
hybridization conditions can be adjusted to allow a low level of mismatch. Thus, a
probe having the sequence of a portion of one of the stated sequences will still
uniquely hybridize with the respective corresponding gene under appropriately
stringent hybridizing conditions.

In addition, possession of a specific DNA probe provides longer
DNA sequences of the gene, including the full length sequence of a cDNA and the
full cDNA corresponding to a full-length, mature messenger RNA (mRNA), or a
useful portion thereof, or a full-length copy of the genomic gene sequence, because
those longer sequences can be obtained by routine procedures utilizing the specific
probe.

Thus, in this invention, nucleic acid sequences corresponding to
specific receptor tyrosine kinase genes are provided. The sequences were identified
as coding for tyrosine kinases by sequence analysis based on previously identified
tyrosine kinases, as described in detail below. Each sequence is uniquely
characteristic of the gene from which it is derived, and provides for the isolation of
the complete coding sequence of the gene by standard procedures. Thus, this
invention specifically identifies and provides such genes. Such genes can be cloned
by standard techniques into vectors and used for screening, diagnostic, or therapeutic
procedures, among other uses. Generally, the DNA is cloned into a vector which is
specifically designed to express the cloned gene in a useful manner, or to allow
specific detection of the desired target nucleic acid.

Specifically, in a first aspect, this invention provides purified,
enriched or isolated nucleic acid molecules at least 25 nucleotides in length,
corresponding to expressed mammalian genes encoding one of a group of related
tyrosine kinases. The nucleic acid molecules encode tyrosine kinase polypeptides,
each of which has an amino acid sequence which is part of the amino acid sequence

of a tyrosine kinase encoded by one of the genes corresponding to one of SEQ ID
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NO. 1 - 9. Each such nucleic acid molecule has at least 95% sequence identity to the
corresponding portion of the gene, or to the complementary sequence. Ina
related aspect, a purified, isolated, or enriched nucleic acid molecule has at least
95% sequence identity to a portion of one of SEQ ID NO. 1 -9, or a sequence
complementary thereto. Preferably, the sequence identity is higher, for example, at
least 97% or 99% or 100%. The nucleic molecules include single strand DNA
(ssDNA), double strand DNA (dsDNA), and RNA. The nucleic acid is preferably
DNA, and is preferably at least 13 nucleotides in length, more preferably at least
20-30 nucleotides in length, and most preferably at least 50 nucleotides in length.
The nucleic acid can specifically hybridize under stringent conditions to a DNA
chain having a sequence listed in SEQ ID NO 1 - 9, or a sequence complementary
thereto, or to a gene encoding a kinase which corresponds to any of SEQ ID NO. 1 -
9. In preferred embodiments of the above aspects, the nucleic and molecule is
longer, such as at least 50, 100, 200, 400 on more nucleotides in length.

The sequence of the nucleic acid molecule can be determined and
confirmed by redundant sequencing of both complementary strands of a
corresponding ¢DNA using standard, routine sequencing techniques. Such
redundant sequencing allows a researcher to eliminate sequence errors which might
occur with single pass sequencing and which may be present in some sequences
provided herein.

Such a nucleic acid molecule is useful as a unique probe for
determining the location and expression of a corresponding human gene, cDNA, or
mRNA. Therefore, such probe reagents are useful in the analysis of human biology
and in the development of new therapeutics as tools to aid mapping and analysis of
genes, mRNAs, and polypeptide expression products. Such probes include a nucleic
acid sequence of a portion of one of the genes indentified herein, or a sequence
complementary thereto, and may also contain additional nucleic acid sequences
and/or labels or other components which do not prevent specific hybridization.

In addition, such a nucleic acid molecule is useful as a source of
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primers for copying, transcribing, or reverse transcribing the complementary DNA
or RNA. The hybridization of such nucleic acid molecule to the corresponding
specific site of the human genomic DNA, cDNA, or mRNA can be performed under
commonly used conditions (see e.g. Sambrook, J. et al., Molecular Cloning: A
Laboratory Manual (1989).

Thus, once a person skilled in the art has knowledge of the sequence
of any of SEQ ID NO 1 - 9, or possession of a probe based on that sequence, which
will specifically hybridize to the corresponding mRNA or cDNA or genomic DNA,
that person can readily identify and obtain the corresponding full sequence coding
for a polypeptide. Likewise, that person can obtain a cDNA and its sequence which
corresponds to the full length of a specific mRNA, and subsequently obtain any of a
large number of portions of that cDNA. By a related procedure, that person can also
obtain the full length gene and its sequence by an appropriate procedure involving
probing, cloning, and sequencing of genomic DNA. Such procedures are
well-known and commonly used in the art.

As indicated above, the presence of a low level of sequencing errors
(if any) in any of SEQ ID NO 1 - 9 creates no difficulties in those procedures, since
a probe or primer based on one of the sequences of SEQ ID NO 1 - 9 will still
specifically hybridize with the corresponding cDNA, genomic DNA, or mRNA
under sufficiently stringent conditions, and can be used to help resequence the DNA
to confirm the probe sequence or to discover any errors in the stated sequence.

As aresult of the sequence relationships indicated above, a cDNA
containing a full coding sequence, or a cDNA corresponding to the full length of a
mRNA, is obtainable from a shorter, unique probe included in one of the above
aspects. If the method for obtaining longer cDNA sequences is properly performed,
such longer sequences are obtained with virtual certainty and the inclusion of the
complete coding sequence or full-length cDNA can be routinely verified.

Therefore, such coding sequences and full length cDNAs are included

in this invention. Of course, the full coding sequence or full-length cDNA is not

PCT/US97/22526



10

15

20

25

WO 98/22507 PCT/US97/22526

8

limited to a specific method by which the sequence is obtained. Those skilled in the
art will know that a variety of approaches and variations of methods will also
provide essentially the same final product. Thus, this invention includes those DNA
products, whatever the method used to obtain them.

It should be specifically noted that the above aspects include DNA
molecules which each include a sequence of nucleotides which codes for a
polypeptide which is a portion of a tyrosine kinase. However, the above aspect also
includes shorter DNA molecules which may, for example, contain only a portion of
a polypeptide-coding sequence.

Also, while the nucleic acid molecules of the above aspects can be
obtained by standard cloning methods and amplified, such as by PCR, once the
desired sequence is known, such molecules (especially DNA chains can also be
chemically synthesized by routine methods to provide a specific sequence. This is
particularly appropriate for sequences shorter than about 100 nucleotides. Once
synthesized, such nucleic acid molecules can be used in the usual way as probes and
primers.

Thus, from the above aspects, this invention provides nucleic acid
molecules which can include full or partial coding sequences or cDNA sequences or
mRNA sequences. It also provides nucleic acid molecules which can be used as
probes or primers for locating, mapping, identifying, amplifying, and obtaining
nucleotide sequences. It also provides probes and primers which can be used for
detecting the overall or individual synthetic status of various cellular mRNA and for
diagnosing cellular abnormalities due to disease. Similarly, the present invention
also provides nucleic acid molecules, preferably DNA molecules, which can be used
as probes or primers for detecting the overall or individual synthetic status of various
corresponding cellular mRNA.

Use of the term "isolated" indicates that a naturally occurring material
or organism (e.g., a DNA sequence) has been removed from its normal environment.

Thus, an isolated DNA sequence has been removed from its usual cellular
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environment, and may, for example, be in a cell-free solution or placed in a different
cellular environment. For a molecule, such as a DNA sequence, the term does not
imply that the molecule (sequence) is the only molecule of that type present.

It is also advantageous for some purposes that an organism or
molecule (e.g., a nucleotide sequence) be in purified form. The term "purified" does
not require absolute purity; instead, it indicates that the sequence, organism, or
molecule is relatively purer than in the natural environment. Thus, the claimed
DNA could not be obtained directly from total human DNA or from total human
RNA. The claimed DNA sequences are not naturally occurring, but rather are
obtained via manipulation of a partially purified naturally occurring substance
(genomic DNA clones). The construction of a genomic library from chromosomal
DNA involves the creation of vectors with genomic DNA inserts and pure individual
clones carrying such vectors can be isolated from the library by clonal selection of
the cells carrying the library.

In the context of this disclosure, "human gene" should be understood
to refer to an inheritable unit of genetic material found in a human chromosome.
Each gene is composed of a linear chain of deoxyribonucleotides which can be
referred to by the sequence of nucleotides forming the chain. Thus, "sequence" is
used to indicate both the ordered listing of the nucleotides which form the chain, and
the chain, itself, which has that sequence of nucleotides. ("Sequence" is used in the
same way in referring to RNA chains, linear chains made of ribonucleotides.) The
gene includes regulatory and control sequences, sequences which can be transcribed
into an RNA molecule, and may contain sequences with unknown function. Some
of the RNA products (products of transcription from DNA) are messenger RNAs
(mRNAs) which initially include ribonucleotide sequences (or sequence) which are
translated into a polypeptide and ribonucleotide sequences which are not translated.
The sequences which are not translated include control sequences and may include
some sequences with unknown function. The coding sequences of many

mammalian genes are discontinuous, having coding sequences, exons, alternating
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with non-coding sequences, introns. The introns are present in the mRNA molecule
as it is transcribed from the DNA, but the introns are removed and the exons spliced
together to form mature mRNA. Thus, mature mRNA is mRNA which is suitable
for translation, the introns have been removed and usually other modifications made.
It should be recognized that small differences in nucleotide sequence for the same
gene can exist between different persons, or between normal cells and cancerous
cells, without altering the identity of the gene.

Thus, "expressed gene" means that, in the cell or tissue of interest, the
gene is transcribed to form RNA molecules and the mature mRNA may be
translated to form polypeptides. Expression includes transcription and translation of
a nucleic acid. Which genes are expressed in a specific cell line or tissue will
depend on factors such as tissue or cell type, stage of development of the cell, tissue,
or individual, and whether the cells are normal or transformed into, for example,
cancerous cells.

Reference to nucleic acid molecules or sequences which
"corresponds" to each other, or to a "correspondence" between a polypeptide and a
nucleic acid, the correspondence is shown by a transcriptional and/or translational,
or reverse transcriptional relationship. As indicated above, many genes can be
transcribed to form mRNA molecules. Therefore, there is a correspondence between
the DNA sequence of the gene and the mRNA which is, or might be, transcribed
from that gene; the correspondence is also present for the reverse relationship, the
messenger RNA corresponds with the DNA of the gene. This correspondence is not
limited to the relationship between the full sequence of the gene and the full
sequence of the mRNA, rather it also exists between a portion or portions of the
DNA sequence of the gene and a portion or portions of the RNA sequence of the
mRNA. Specifically it should be noted that this correspondence 1s present between
a portion or portions of an mRNA which is not normally translated into polypeptide
and all or a portion of the DNA sequence of the gene.

Similarly, the correspondence exists between a messenger RNA and a
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single-strand DNA which is or can be obtained from the mRNA by reverse
transcription using a reverse transcriptase. As just described above, the
correspondence exists between all or a portion of the DNA and all or a portion of the
messenger RNA. Likewise, the correspondence exists between all or a portion of the
messenger RNA and all or a portion of a DNA strand which has a sequence
complementary to the sequence of the DNA obtained by reverse transcription.
Further, the correspondence is present between all or a portion of the messenger

RNA and all or a portion of a double-stranded DNA comprising the DNA obtained
by reverse transcription and its complementary strand.

Similarly, the DNA of a gene or of cDNA, or the RNA of a mRNA
"corresponds" to the polypeptide encoded by that gene and mRNA and cDNA. This
correspondence between the mRNA and the polypeptide is established through the
translational relationship; the nucleotide sequence of the mRNA is translated into the
amino acid sequence of the polypeptide. Then, due to the transcription or reverse
transcription relationship between the DNA of the gene or the cDNA and the
mRNA, there is a "correspondence” between the DNA and the polypeptide. Such a
term includes nucleic acid which is analogous or homologous to a reference nucleic
acid, as well as complementary nucleic acid.

References to a "portion" of a DNA or RNA chain mean a linear
chain which has a nucleotide sequence which is the same as a sequential subset of
the sequence of the chain to which the portion refers. (Reference to a portion of a
polypeptide chain and an amino acid sequence has similar meaning.) Such a subset
may contain all of the sequence of the primary chain or may contain only a shorter
sequence. The subset will contain at least 13-25, 50, or 100 bases in a single strand,
but preferably will contain the full coding sequence from the corresponding mRNA.

However, by "same" is meant to include deletions, additions, or
substitutions of specific nucleotides of the sequence, or a combination of these
changes, which affect a small percentage of the full sequence and still leave the

sequences substantially the same. Preferably this percentage of change will be less
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than 10%, more preferably less than 5%, still more preferably less than 3%, and
most preferably less than 1%. Such changes do not affect the property of the protein
coded by the sequence. "Same" is therefore distinguished from "identical"; for
identical sequences there cannot be any difference in nucleotide sequences. An
example of sequences that can be said to be the "same" 1s sequences encoding
homologous proteins from different species which have some similarity in function
and have highly similar but not exactly identical sequences.

As used above, "complementary" has its usual meaning from
molecular biology. Two nucleotide sequences or strands are complementary if they
have sequences which would allow base pairing (Watson-Crick or Hoogstein)
according to the usual pairing rules. This does not require that the strands would
necessarily base pair at every nucleotide; two sequences can still be complementary
with a low level (e.g., 1 - 3%) of base mismatch such as that created by deletion,
addition, or substitution of one or a few ( e.g., up to 5 in a linear chain of 25 bases)
nucleotides, or a combination of such changes. Preferably, however, complementary
sequences are exactly complementary, meaning that base pairing can occur for each
base of a particular sequence in a chain.

In another aspect, the invention provides an isolated or purified
nucleic acid molecule encoding a polypeptide expressed in a tissue, obtainable by
hybridization under stringent hybridization conditions of a nucleotide sequence
selected from the group consisting of SEQ ID NO. 1 - 9 or a sequence
complementary thereto, to a mRNA from that tissue.

In a further aspect, the invention provides a recombinant nucleic acid
molecule having a transcription initiation region functional in a cell,
transcriptionally linked with a sequence complementary to an RNA sequence
encoding all or at least 25 contiguous amino acids a tyrosine kinase , and a
transcription termination region functional in a cell. The tyrosine kinase is encoded
by a gene corresponding to any of SEQ ID NO. 1 -9.

In addition, it is often advantageous to insert DNA sequences into any
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of a variety of vectors. Therefore, in further aspects this invention provides DNA of
any of the above aspects in a vector. The vector may be selected for a number of
different purposes, which can include to produce more DNA with the sequence of
the vector insert, but can also specifically include means to translate mRNA
transcribed from the vector insert into a polypeptide product, i.e., an expression
vector. DNA inserted into an expression vector preferably contains at least 60% of
the coding region of the corresponding full-length cDNA, more preferably at least
75%, still more preferably at least 90%, and most preferably all of the coding
sequence of the corresponding full-length cDNA.

Further, since vectors are usually used by inserting the vector into a
cell, these aspects also include a cell containing a vector which has the DNA of any
of the above aspects inserted. Within such a c¢ll, the vector may exist
extrachromosomally (e.g., as a plasmid or minichromosome), or the vector or part of
the vector may be integrated into the host cell chromosome.

In this application a "vector" is an agent into which DNA of this
invention can be inserted by incorporation into the DNA of the agent. Thus,
examples of classes of vectors can be plasmids, cosmids, and viruses (e.g.,
bacteriophage). Typically, the agents are used to transmit the DNA of the invention
into a host cell (e.g., bacterium, yeast, higher eukaryotic cell). A vector may be
chosen based on the size of the insert desired, as well as based on the intended use.
For preservation of a specific DNA sequence (e.g., in a cDNA library) or for
producing a large number of copies of the specific DNA sequence, a cloning vector
would be chosen. For transcription of RNA or translation to produce an encoded
polypeptide, an expression vector would be chosen. Following transfection of a cell,
all or part of the vector DNA, including the insert DNA, may be incorporated into
the host cell chromosome, or the vector may be maintained extrachromosomally.

In another aspect, the invention concerns an isolated, enriched, or
purified kinase polypeptide, where the tyrosine kinase is encoded by a gene

corresponding to any of SEQ ID NO. 1 -9 (see Figs. 4A-C). The polypeptide
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preferably contains at least 25 contiguous amino acids of the amino acid sequence of
the tyrosine kinase, more preferably at least 50 amino acids, still more preferably at
least 100 amino acids. Most preferably, the polypeptide includes an amino acid
sequence which is sufficiently duplicative of the amino acid sequence of the native
kinase as to have similar biological activity as the native molecule; this includes a
polypeptide which has the full amino acid sequence of the native molecule.

Since the disclosed sequence identifies and provides the full coding
sequence of each of the corresponding tyrosine kinase genes, this also provides the
amino acid sequence of the encoded polypeptide due to the known genetic code such
as are shown in SEQ. ID. No. 10 - SEQ. ID. NO. 18 (Figs. 7A-C). Also, possession
of a nucleic acid which contains all or part of a full coding sequence enables the
production of antibodies which recognize an epitope on the native tyrosine kinase
polypeptide.

Therefore, in a further aspect the invention provides an antibody
having specific binding affinity to a tyrosine kinase polypeptide of SEQ ID NO. 10 -
SEQ ID NO. 18. Including both polyclonal and monoclonal antibodies For most
uses, it is beneficial if the antibody is purified or isolated. Further, it is often
beneficial to produce antibodies in cell culture (i.e., monoclonal antibodies).
Therefore, the invention also provides a hybridoma producing such an antibody.

In addition, the invention provides testing and screening methods to
identify and analyze compounds which bind to and/or affect the activity of kinase
polypeptides, such as polypeptides encoded by the kinase genes identified herein.

By "comprising" it is meant including, but not limited to, whatever
follows the word "comprising”. Thus, use of the term "comprising" indicates that
the listed elements are required or mandatory, but that other elements are optional
and may or may not be present. By "consisting of" is meant including, and limited
to, whatever follows the phrase "consisting of". Thus, the phrase "consisting of"
indicates that the listed elements are required or mandatory, and that no other

elements may be present. By "consisting essentially of” is meant including any
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elements listed after the phrase, and limited to other elements that do not interfere
with or contribute to the activity or action specified in the disclosure for the listed
elements. Thus, the phrase "consisting essentially of" indicates that the listed
elements are required or mandatory, but that other elements are optional and may or
may not be present depending upon whether or not they affect the activity or action
of the listed elements. Use of the term "comprising" in connection with an
embodiment of the invention should be understood to include embodiments
"consisting of" or "consisting essentially of" the specified elements; similarly
"consisting essentially of" includes "consisting of".

Other features and advantages of the invention will be apparent from

the following detailed description of the preferred embodiments and from the claims.

Brief Description of the Drawings

Figure 1 shows the alignment and comparison of the amino acid
sequences of the human LMR1, LMR2 and LMR 3 (SEQ ID. NO. 11, 14, 18)

Figure 2 shows the identification and sequences of the
oligonucleotides used as primers.

Figures 3A and 3B show expression profiles (Northern blot) of
Human normal tissue vs. tumor for LMR1, LMR2 and LMR3.

Figure 4 provides the expression analysis (in situ) in rat embryos for
LMR1, LMR2 and LMR3.

Figure 5 provides the expression analysis (in situ) in adult rat brain
for LMR1, LMR2 and LMR3.

Figures 6A, 6B, 6C, 6D, 6E, 6F, 6G, 6h, 6] provide nucleotide
sequences of LMRs for; LMR1_r (rat), LMR1_h (human), LMR1 m (mouse),
LMR2 r(rat), LMR2 h (human), LMR2_m (mouse), LMR3_r (rat), LMR3 h
(human), and LMR3_m (mouse).

FIG. 7 Provides amino acid sequences of LMRs for; LMR1 r (rat),
LMR1_h (human), LMR1_m (mouse), LMR2_r (rat), LMR2_h (human), LMR2 m

PCT/US97/22526
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(mouse), LMR3 r (rat), LMR3_h (human), and LMR3_m (mouse).

Description of the Preferred Embodiments

The present invention relates to mammalian nucleic acids encoding
polypeptides having tyrosine kinase activity, the polypeptides encoded by those
nucleic acids, cells, tissues and animals containing such nucleic acids, antibodies to
such polypeptides, assays utilizing such polypeptides, and methods relating to all of

the foregoing.

L. Cloning, Probing, and Sequencing

In general, as indicated above, the nucleic acids of this invention
encode mammalian tyrosine kinases which have sequences characteristic of
components of signal transduction pathways. Such nucleic acid sequences can be
identified in a number of different ways, including by analyzing sequenced, but
unidentified, DNA or RNA or polypeptide sequences from public databases, by
probing DNA libraries (e.g., cDNA and genomic libraries) using degenerate probes
to sequences conserved in various families and sub-families of such kinases or by
PCR-based cloning using degenerate primers based on conserved sequences for
various families and sub-families. For the probing or PCR-based approaches, once
one or more clones are identified having sequences corresponding to the probe or
primers, the genomic or cDNA insert in that clone can be at least partially sequenced
by routine methods to confirm that the clone sequence actually corresponds to a
tyrosine Kinase, and to provide a unique sequence identifying the full gene.
Possession of such a unique sequence provides the full gene sequence by following
routine techniques. For example, an appropriate probe sequence can be selected and
synthesized. The probe can be used to probe cDNA or genomic libraries under
stringent hybridization conditions to identify a clone(s) which contain a sequence
which contains the complete corresponding open reading frame.

Likewise, a probe sequence based on a specific homologous tyrosine

PCT/US97/22526
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kinase sequence from a different mammalian species can be used to detect the
corresponding human version of that gene. For example, a probe complementary to
a rat gene was used to identify a homologous human kinase sequence as is described
in the Example section below. This probe allowed hybridization under sufficiently
stringent conditions to a homologous 5' sequence of the clone identified as LMR1.

The demonstrated sequence homology over the human, rat, and mouse
homologs of the identified genes demonstrates that the invention also provides the
other mammalian homologs by routine methods. For example, probe sequences can
be obtained based on the genes described herein, preferably from regions of high
sequence conservation. Using such probes, and if necessary further degenerate
probes, the corresponding genes in other mammalian species can be readily

obtained. A homologous gene from a cow has been obtained.

II. Gene Identification

As indicated above, the tyrosine kinase encoding genes of the present
invention are initially identified as having nucleotide sequences characteristic of
particular classes of such enzymes, or having sequences corresponding to previously
identified homologous genes from one or more other mammalian species. Thus, the
genes of the present invention and the corresponding expression products are
distinguished and characterized as tyrosine kinases by the sequence relationships
with previously known genes or proteins. Such sequence comparisons can be
routinely performed using readily available computer-based sequence analysis
programs. Such analysis will not generally require full nucleotide or amino acid
sequences for an enzyme, as a partial sequence will provide sufficient information to
characterize and classify the gene and gene product.

Therefore, the identification method described herein allows novel
kinase genes to be distinguished from cloned nucleotide sequences, such as in cDNA
libraries, as well as from sequence database information of sequenced, but not

functionally identified gene sequences.
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1. Construction of Probes and Primers

A nucleic acid probe of the present invention may be used to probe an
appropriate chromosomal or cDNA library by usual hybridization methods to obtain
another nucleic acid molecule of the present invention. A chromosomal DNA or
c¢DNA library may be prepared from appropriate cells according to recognized
methods in the art (see, e.g., "Molecular Cloning: A Laboratory Manual", second
edition, edited by Sambrook, Fritsch, & Maniatis, Cold Spring Harbor Laboratory,
1989).

In the alternative, chemical synthesis is carried out in order to obtain
nucleic acid probes having nucleotide sequences which correspond to N- terminal
and C-terminal portions of the amino acid sequence of the polypeptide of interest.
Thus, the synthesized nucleic acid probes may be used as primers in a polymerase
chain reaction (PCR) carried out in accordance with recognized PCR techniques,
essentially according to PCR Protocols, "A Guide to Methods and Applications”,
edited by Michael et al., Academic Press, 1990, utilizing the appropriate
chromosomal or cDNA library to obtain the fragment of the present invention.

One skilled in the art can readily design such probes based on the
sequence disclosed herein using methods of computer alignment and sequence
analysis known in the art (see, e.g., "Molecular Cloning: A Laboratory Manual",
second edition, edited by Sambrook, Fritsch, & Maniatis, Cold Spring Harbor
Laboratory, 1989). The hybridization probes of the present invention can be labeled
by standard labeling techniques such as with a radiolabel, enzyme label, fluorescent
label, biotin-avidin label, chemiluminescence, and the like. After hybridization, the
probes may be visualized using known methods.

The nucleic acid probes of the present invention include RNA, as
well as DNA probes, such probes being generated using techniques known in the art.
The nucleic acid probe may be immobilized on a solid support. Examples of such
solid supports include, but are not limited to, plastics such as polycarbonate,

complex carbohydrates such as agarose and sepharose, and acrylic resins, such as



10

15

20

25

WO 98/22507

PCT/US97/22526

19

polyacrylamide and latex beads. Techniques for coupling nucleic acid probes to such
solid supports are well known in the art.

The test samples suitable for nucleic acid probing methods of the
present invention include, for example, cells or nucleic acid extracts of cells, or
biological fluids. The sample used in the above-described methods will vary based
on the assay format, the detection method and the nature of the tissues, cells or
extracts to be assayed. Methods for preparing nucleic acid extracts of cells are well
known in the art and can be readily adapted in order to obtain a sample which is

compatible with the method utilized.

IV. A Probe Based Method And Kit For Detecting a Disclosed Kinase Gene

One method of detecting the presence of one of the disclosed genes in
a sample involves (a) contacting a sample with a nucleic acid probe as described
above, under conditions such that hybridization occurs, and (b) detecting the
presence of the probe bound to the nucleic acid molecule. One skilled in the art
would select the nucleic acid probe according to techniques known in the art as
described above. Samples to be tested include but should not be limited to RNA
samples of human tissue.

A kit for detecting the presence of one of the disclosed genes ina
sample includes at least one container means containing the above-described nucleic
acid probe. The kit may further include other containers containing one or more of
the following: wash reagents and reagents capable of detecting the presence of
bound nucleic acid probe. Examples of detection reagents include, but are not
limited to radiolabeled probes, enzymatic labeled probes (horseradish peroxidase,
alkaline phosphatase), and affinity labeled probes (biotin, avidin, or streptavidin).

In detail, a compartmentalized kit includes any kit in which reagents
are contained in separate containers. Such containers include small glass containers,
plastic containers or strips of plastic or paper. Such containers allow the efficient

transfer of reagents from one compartment to another compartment such that the
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samples and reagents are not cross- contaminated and the agents or solutions of each
container can be added in a quantitative fashion from one compartment to another.
Such containers will include a container which will accept the test sample, a
container which contains the probe or primers used in the assay, containers which
contain wash reagents (such as phosphate buffered saline, Tris-buffers, and the like),
and containers which contain the reagents used to detect the hybridized probe, bound
antibody, amplified product, or the like. One skilled in the art will readily recognize
that the nucleic acid probes described in the present invention can readily be

incorporated into one of the established kit formats which are well known in the art.

V. Obtaining Full Length Gene Sequences

By utilizing methods well-known to those skilled in the art and
portions of the sequences identified in this invention, full length gene sequences can
be readily obtained. Such full-length sequence can be complementary DNA (¢cDNA)
sequences Or genomic sequences.

Probes can be selected according to the usual considerations to
provide specific detection of clones containing long DNA inserts. Preferably at least
one probe is obtained which binds to a sequence at or near either the 5' or 3' end of
the coding sequence. In the case of cDNA clones in a cDNA library, the library
vectors can be selected such that vector sequences adjacent to the insert can be
utilized as PCR primers, allowing direct amplification and convenient sequencing of
the insert by common methods. This process will often provide a full coding
sequence, though in some cases it may be necessary to construct a full-length coding
sequence using two or more overlapping clones.

Similarly, a full genomic sequence can be obtained using a genomic
library. However, in this case it will often be necessary to construct a full length
sequence based on overlapping clone sequences due to the length added by the

introns present in most human genes.
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VI.  Expression Patterns

Many human genes are expressed at different levels in different
tissues. In some cases, a gene is not expressed at all in some cells or tissues, and at
high levels in others. Thus, a variety of different human cell lines from various
tissue sources, as well as several different normal human tissues were analyzed for
the expression levels of the tyrosine kinase genes identified in this invention. In
general, the expression level of a gene was determined by determination of the
amount of the corresponding messenger RNA (mRNA) present in the cells, based on
hybridization with a labeled probed under specific hybridization conditions.

The results of such analyses are discussed in the Example section
below. These expression levels suggest the types of diseases and conditions which
can be affected by modulation of the activity level of one of the disclosed tyrosine
kinases in accord with the understanding of the functions of such specific enzymes.
As discussed below, three of the tyrosine kinases of the invention are expressed to
some level in tissues of neuronal origin. One, LMR?2, is not expressed in normal
tissues but is expressed in a variety of cancer tissues. LMR2 is also highly -
expressed in lung and ovarian tumor samples, suggesting this RTK may play a role

in the proliferation of these cancers.

VII.  Nucleic Acid Sequence Variants

Included within the scope of this invention are the functional
equivalents of the isolated nucleic acid molecules described herein. The degeneracy
of the genetic code permits substitution of certain codons by other codons which
specify the same amino acid and hence would give rise to the same protein. The
nucleic acid sequence can vary substantially, since, with the exception of methionine
and tryptophan, the known amino acids can be coded for by more than one codon.
Thus, portions or all of any of the genes disclosed could be synthesized to give a
nucleic acid sequence significantly different from that shown in any of SEQ ID NO.

1 -9. The encoded amino acid sequence would, however, be preserved.
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In addition, the nucleic acid sequence may comprise a nucleotide
sequence which results from the addition, deletion or substitution of at least one
nucleotide to the 5'-end and/or the 3'-end of one of the nucleic acid sequences
shown, or a derivative thereof. Any nucleotide or polynucleotide may be used in
this regard, provided that its addition, deletion or substitution does not alter the
amino acid sequence of a polypeptide which is encoded by the nucleotide sequence.
For example, the present invention is intended to include any nucleic acid sequence
resulting from the addition of ATG as an initiation codon at the 5'-end of the
inventive nucleic acid sequence or its derivative, or from the addition of TTA, TAG
or TGA as a termination codon at the 3'-end of the disclosed nucleotide sequence or
its derivative. Moreover, the nucleic acid molecule of the present invention may, as
necessary, have restriction endonuclease recognition sites added to its 5'-end and/or
3'-end.

Such functional alterations of a given nucleic acid sequence afford an
opportunity to promote secretion and/or processing of heterologous proteins encoded
by foreign nucleic acid sequences fused thereto. All variations of the nuclectide
sequence of the disclosed genes and fragments thereof permitted by the genetic code
are, therefore, included in this invention.

Further, it is possible to delete codons or to substitute one or more
codons by codons other than degenerate codons to produce a structurally modified
polypeptide, but one which has substantially the same utility or activity of the
polypeptide produced by the unmodified nucleic acid molecule. As recognized in the
art, the two polypeptides are functionally equivalent, as are the two nucleic acid
molecules which give rise to their production, even though the differences between

the nucleic acid molecules are not related to degeneracy of the genetic code.

VIII. DNA Constructs Comprising a Nucleic Acid Molecule and Cells Containing

These Constructs.

The present invention also relates to a recombinant DNA molecule
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comprising, 5' to 3', a promoter effective to initiate transcription in a host cell and
the above-described nucleic acid molecules. In addition, the present invention
relates to a recombinant DNA molecule comprising a vector and an above-described
nucleic acid molecule. The present invention also relates to a nucleic acid molecule
comprising a transcriptional region functional in a cell, a sequence complimentary to
an mRNA sequence encoding an amino acid sequence corresponding to the
above-described polypeptide, and a transcriptional termination region functional in
said cell. The above-described molecules may be isolated and/or purified DNA
molecules.

The present invention also relates to a cell or organism that contains
an above-described nucleic acid molecule and.thereby is capable of expressing a
peptide. The polypeptide may be purified from cells which have been altered to
express the polypeptide. A cell is said to be "altered to express a desired
polypeptide" when the cell, through genetic manipulation, is made to produce a
protein which it normally does not produce or which the cell normally produces at
lower levels. One skilled in the art can readily adapt procedures for introducing and
expressing either genomic, cDNA, or synthetic sequences into either eukaryotic or
prokaryotic cells.

A nucleic acid molecule, such as DNA, is said to be "capable of
expressing” a polypeptide if it contains nucleotide sequences which contain
transcriptional and translational regulatory information and such sequences are
"operably linked" to nucleotide sequences which encode the polypeptide. An
operable linkage is a linkage in which the regulatory DNA sequences and the DNA
sequence sought to be expressed are connected in such a way as to permit gene
sequence expression. The precise nature of the regulatory regions needed for gene
sequence expression may vary from organism to organism, but shall in general
include a promoter region which, in prokaryotes, contains both the promoter (which
directs the initiation of RNA transcription) as well as the DNA sequences which,

when transcribed into RNA, will signal synthesis initiation. Such regions will
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normally include those 5'-non-coding sequences involved with initiation of
transcription and translation, such as the TATA box, capping sequence, CAAT
sequence, and the like.

If desired, the non-coding region 3' to the coding sequence of any of
the disclosed genes may be obtained by the above-described methods. This region
may be retained for its transcriptional termination regulatory sequences, such as
termination and polyadenylation. Thus, by retaining the 3'-region naturally
contiguous to the DNA sequence encoding one of the disclosed genes, the
transcriptional termination signals may be provided. Where the transcriptional
termination signals are not satisfactorily functional in the expression host cell, then a
3' region functional in the host cell may be substituted.

Two DNA sequences (such as a promoter region sequence and a
coding sequence) are said to be operably linked if the nature of the linkage between
the two DNA sequences does not (1) result in the introduction of a frame-shift
mutation, (2) interfere with the ability of the promoter region sequence to direct the
transcription of a gene sequence, or (3) interfere with the ability of the a gene
sequence to be transcribed by the promoter region sequence. Thus, a promoter
region would be operably linked to a DNA sequence if the promoter were capable of
effecting transcription of that DNA sequence. Thus, to express one of the disclosed
genes, transcriptional and translational signals recognized by an appropriate host are
necessary. .

The present invention encompasses the expression of one of the
disclosed genes (or a functional derivative thereof) in either prokaryotic or
eukaryotic cells. Prokaryotic hosts are, generally, very efficient and convenient for
the production of recombinant proteins and are, therefore, one type of preferred
expression system for one of the disclosed genes. Prokaryotes most frequently are
represented by various strains of E. coli. However, other microbial strains may also
be used, including other bacterial strains.

In prokaryotic systems, plasmid vectors that contain replication sites
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and control sequences derived from a species compatible with the host may be used.
Examples of suitable plasmid vectors may include pBR322, pUC118, pUC119 and
the like; suitable phage or bacteriophage vectors may include lambda gt10, lambda
gt11 and the like; and suitable virus vectors may include pMAM-neo, pKRC and the
like. Preferably, the selected vector of the present invention has the capacity to
replicate in the selected host cell.

Recognized prokaryotic hosts include bacteria such as £. coli,
Bacillus, Streptomyces, Pseudomonas, Salmonella, Serratia, and the like. However,
under such conditions, the peptide will not be glycosylated. The prokaryotic host
must be compatible with the replicon and control sequences in the expression
plasmid.

To express one of the disclosed genes (or a functional derivative
thereof) in a prokaryotic cell, the coding sequence is operably linked to a functional
prokaryotic promoter. Such promoters may be either constitutive or, more
preferably, regulatable (i.e., inducible or derepressible). Examples of constitutive
promoters include the int promoter of bacteriophage lambda, the bia promoter of the
beta-lactamase gene sequence of pBR322, and the CAT promoter of the
chloramphenicol acetyl transferase gene sequence of pPR325, and the like.
Examples of inducible prokaryotic promoters include the major right and left
promoters of bacteriophage lambda (PL and PR), the trp, recA, beta lacZ, lacl, and
gal promoters of E. coli, the beta-amylase (Ulmanen et at., J. Bacteriol.
162:176-182(1985)) and the (-28- specific promoters of B. subtilis (Gilman et at.,
Gene Sequence 32:11-20(1984)), the promoters of the bacteriophages of Bacillus
(Gryczan, In: The Molecular Biology of the Bacilli, Academic Press, Inc., NY
(1982)), and Streptomyces promoters (Ward et at., Mol. Gen. Genet.
203:468-478(1986)). Prokaryotic promoters are reviewed by Glick (J. Ind.
Microbiot. 1:277- 282(1987)); Cenatiempo (Biochimie 68:505-516(1986)); and
Gottesman (4nn. Rev. Genet. 18:415-442 (1984)).

Proper expression in a prokaryotic cell also requires the presence of a
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ribosome binding site upstream of the gene sequence-encoding sequence. Such
ribosome binding sites are disclosed, for example, by Gold et at. (4nn. Rev.
Microbiol. 35:365-404(1981)). The selection of control sequences, expression
vectors, transformation methods, and the like, are dependent on the type of host cell
used to express the gene. As used herein, "cell", "cell line", and "cell culture" may
be used interchangeably and all such designations include progeny. Thus, the words
"transformants"” or "transformed cells" include the primary subject cell and cultures
derived therefrom, without regard to the number of transfers. It is also understood
that all progeny may not be precisely identical in DNA content, due to deliberate or
inadvertent mutations. However, as defined, mutant progeny have the same
functionality as that of the originally transformed cell.

Host cells which may be used in the expression systems of the present
invention are not strictly limited, provided that they are suitable for use in the
expression of the peptide of interest. Suitable hosts may often include eukaryotic
cells. Preferred eukaryotic hosts include, for example, yeast, fungi, insect cells,
mammalian cells either in vivo, or in tissue culture. Mammalian cells which may be
useful as hosts include HeLa cells, cells of fibroblast origin such as VERO or
CHO-K1, or cells of lymphoid origin and their derivatives. Preferred mammalian
host cells include SP2/0 and J558L, as well as neuroblastoma cell lines such as IMR
332 which may provide better capacities for correct post-translational processing.

In addition, plant cells are also available as hosts, and control
sequences compatible with plant cells are available, such as the cauliflower mosaic
virus 35S and 198, and nopaline synthase promoter and polyadenylation signal
sequences. Another preferred host is an insect cell, for example the Drosophila
larvae. Using insect cells as hosts, the Drosophila alcohol dehydrogenase promoter
can be used. Rubin, Science 240:1453-1459(1988). Alternatively, baculovirus
vectors can be engineered to express large amounts of one of the genes of interest in
insect cells (Jasny, Science 238:1653 (1987); Miller et al., In: Genetic Engineering
(1986), Setlow, J.K., et al., eds., Plenum, Vol. 8, pp. 277-297).
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Any of a series of yeast gene sequence expression systems can be
utilized which incorporate promoter and termination elements from the actively
expressed gene sequences coding for glycolytic enzymes which are produced in
large quantities when yeast are grown in mediums rich in glucose. Known glycolytic
gene sequences can also provide very efficient transcriptional control signals. Yeast
provides substantial advantages in that it can also carry out post-translational peptide
modifications. A number of recombinant DNA strategies exist which utilize strong
promoter sequences and high copy number of plasmids which can be utilized for
production of the desired proteins in yeast. Yeast recognizes leader sequences on
cloned mammalian gene sequence products and secretes peptides bearing leader
sequences (i.e., pre-peptides). For a mammalian host, several possible vector
systems are available for the expression of one of the disclosed genes.

A wide variety of transcriptional and translational regulatory
sequences may be employed, depending upon the nature of the host. The
transcriptional and translational regulatory signals may be derived from viral
sources, such as adenovirus, bovine papilloma virus, cytomegalovirus, simian virus,
or the like, where the regulatory signals are associated with a particular gene
sequence which has a high level of expression. Alternatively, promoters from
mammalian expression products, such as actin, collagen, myosin, and the like, may
be employed. Transcriptional initiation regulatory signals may be selected which
allow for repression or activation, so that expression of the gene sequences can be
modulated. Of interest are regulatory signals which are temperature-sensitive so that
by varying the temperature, expression can be repressed or initiated, or are subject to
chemical (such as metabolite) regulation.

Expression of one of the disclosed genes in eukaryotic hosts requires
the use of eukaryotic regulatory regions. Such regions will, in general, include a
promoter region sufficient to direct the initiation of RNA synthesis. Preferred
eukaryotic promoters include, for example, the promoter of the mouse

metallothionein I gene sequence (Hamer et al., J. Mol. Appl. Gen. 1:273-288(1982));
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the TK promoter of Herpes virus (McKnight, Cel/ 31:355-365 (1982)); the SV40
early promoter (Benoist et al., Nature (London) 290:304-310(1981)); the yeast gal4
gene sequence promoter (Johnston et al., Proc. Natl. Acad. Sci. (USA)
79:6971-6975(1982); Silver et al., Proc. Natl. Acad. Sci. (USA) 81:5951-5955
(1984)).

Translation of eukaryotic mRNA is initiated at the codon which
encodes the first methionine. For this reason, it is preferable to ensure that the
linkage between a eukaryotic promoter and a DNA sequence which encodes a kinase
(or a functional derivative thereof) does not contain any intervening codons which
are capable of encoding a methionine (i.e., AUG). The presence of such codons
results either in a formation of a fusion protein (if the AUG codon is in the same
reading frame as the coding sequence) or a frame-shift mutation (if the AUG codon
is not in the same reading frame as the coding sequence).

A nucleic acid molecule and an operably linked promoter may be
introduced into a recipient prokaryotic or eukaryotic cell either as a nonreplicating
DNA (or RNA) molecule, which may either be a linear molecule or, more
preferably, a closed covalent circular molecule. Since such molecules are incapable
of autonomous replication, the expression of the gene may occur through the
transient expression of the introduced sequence. Alternatively, permanent expression
may occur through the integration of the introduced DNA sequence into the host
chromosome.

A vector may be employed which is capable of integrating the desired
gene sequences into the host cell chromosome. Cells which have stably integrated
the introduced DNA into their chromosomes can be selected by also introducing one
or more markers which allow for selection of host cells which contain the expression
vector. The marker may provide for prototrophy to an auxotrophic host, biocide
resistance, e.g., antibiotics, or heavy metals, such as copper, or the like. The
selectable marker gene sequence can either be directly linked to the DNA gene

sequences to be expressed, or introduced into the same cell by co-transfection.
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Additional elements may also be needed for optimal synthesis of single chain
binding protein mRNA. These elements may include splice signals, as well as
transcription promoters, enhancers, and termination signals. cDNA expression
vectors incorporating such elements include those described by Okayama, Molec.
Cell. Biol. 3:280(1983).

The introduced nucleic acid molecule can be incorporated into a
plasmid or viral vector capable of autonomous replication in the recipient host. Any
of a wide variety of vectors may be employed for this purpose. Factors of
importance in selecting a particular plasmid or viral vector include: the ease with
which recipient cells that contain the vector may be recognized and selected from
those recipient cells which do not contain the vector; the number of copies of the
vector which are desired in a particular host; and whether it is desirable to be able to
"shuttle" the vector between host cells of different species.

Preferred prokaryotic vectors include plasmids such as those capable
of replication in E. coli (such as, for example, pBR322, ColEl, pSC101, pACYC
184, "VX. Such plasmids are, for example, disclosed by Sambrook (see, e.g.,
"Molecular Cloning: A Laboratory Manual", second edition, edited by Sambrook,
Fritsch, & Maniatis, Cold Spring Harbor Laboratory, (1989)). Bacillus plasmids
include pC194, pC221, pT127, and the like. Such plasmids are disclosed by Gryczan
(In: The Molecular Biology of the Bacilli, Academic Press, NY (1982), pp.
307-329). Suitable Streptomyces plasmids include p1J101 (Kendall et al., J.
Bacteriol. 169:4177-4183 (1987)), and streptomyces bacteriophages such as .C31
(Chater et al., In: Sixth International Symposium on Actinomycetales Biology,
Akademiai Kaido, Budapest, Hungary (1986), pp. 45-54). Pseudomonas plasmids
are reviewed by John et al. (Rev. Infect. Dis. 8:693-704(1986)), and Izaki (Jpn. J.
Bacteriol. 33:729-742(1978)).

Preferred eukaryotic plasmids include, for example, BPV, vaccinia,
SV40, 2-micron circle, and the like, or their derivatives. Such plasmids are well

known in the art (Botstein et al., Miami Wntr. Symp. 19:265- 274(1982); Broach, In:
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"The Molecular Biology of the Yeast Saccharomyces: Life Cycle and Inheritance",
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, p. 445-470 (1981),
Broach, Cell 28:203-204 (1982); Bollon et at., J. Ctin. Hematol. Oncol. 10:39-48
(1980); Maniatis, In: Cell Biology: A Comprehensive Treatise, Vol. 3, Gene
Sequence Expression, Academic Press, NY, pp. 563-608(1980).

Once the vector or nucleic acid molecule containing the construct(s)
has been prepared for expression, the DNA construct(s) may be introduced into an
appropriate host cell by any of a variety of suitable means, i.e., transformation,
transfection, conjugation, protoplast fusion, electroporation, particle gun technology,
calcium phosphate-precipitation, direct microinjection, and the like. After the

introduction of the vector, recipient cells are grown in a selective medium, which

- selects for the growth of vector-containing cells. Expression of the cloned gene

molecule(s) results in the production of the encoded amino acid sequence. This can
take place in the transformed cells as such, or following the induction of these cells
to differentiate (for example, by administration of bromodeoxyuracil to
neuroblastoma cells or the like). A variety of incubation conditions can be used to
form the peptide of the present invention. The most preferred conditions are those

which mimic physiological conditions.

IX. Purified Polypeptides

A variety of methodologies known in the art can be utilized to obtain
the peptide of the present invention. The peptide may be purified from tissues or
cells which naturally produce the peptide. Alternatively, the above-described
isolated nucleic acid fragments could be used to express the kinase protein in any
organism. The samples of the present invention include cells, protein extracts or
membrane extracts of cells, or biological fluids. The sample will vary based on the
assay format, the detection method and the nature of the tissues, cells or extracts
used as the sample.

Any eukaryotic organism can be used as a source for the peptide of
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the invention, as long as the source organism naturally contains such a peptide. As
used herein, "source organism" refers to the original organism from which the amino
acid sequence of the subunit is derived, regardless of the organism the subunit is
expressed in and ultimately isolated from.

One skilled in the art can readily follow known methods for isolating
proteins in order to obtain the peptide free of natural contaminants. These include,
but are not limited to: size-exclusion chromatography, HPLC, ion-exchange

chromatography, and immuno-affinity chromatography.

X. An Antibody Having Binding Affinity To A Kinase Polypeptide And A
Hybridoma Containing the Antibody.

The present invention relates to an antibody having binding affinity
to one of the identified tyrosine kinase polypeptide. The polypeptide may have the
amino acid sequence shown in SEQ ID NO. 10 - SEQ ID NO. 18, or functional
derivative thereof, or at least 9 contiguous amino acids thereof (preferably, at least
20, 30, 35, or 40 contiguous amino acids thereof).

The present invention also relates to an antibody having specific
binding affinity to a polypeptide encoded by one of the disclosed genes. Such an
antibody may be isolated by comparing its binding affinity to a particular encoded
polypeptide with its binding affinity to another polypeptide. Those which bind
selectively to the particular encoded polypeptide would be chosen for use in
methods requiring a distinction between that particular polypeptide and other
polypeptides. Such methods could include, but should not be limited to, the analysis
of altered expression of the particular polypeptide in tissue containing other
polypeptides.

The tyrosine kinase proteins of the present invention can be used in a
variety of procedures and methods, such as for the generation of antib