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ISOLATED HUMAN KINASE PROTEINS, NUCLEIC ACID MOLECULES
ENCODING HUMAN KINASE PROTEINS, AND USES THEREOF

RELATED APPLICATIONS

The present application is a continuation-in-part of U.S. Serial No. 09/804,471, filed
March 13, 2001 (Atty. Docket CL001164) and U.S. Senal No. 09/916,204, filed July 27,
2001 (Atty. Docket CL001164CIP).

FIELD OF THE INVENTION

The present invention 1s in the field of kinase proteins that are related to the citron
kinase subfamily, recombinant DNA molecules, and protein production. The present
invention specifically provides novel peptides and proteins that effect protein
phosphorylation and nucleic acid molecules encoding such peptide and protein molecules, all
of which are useful in the development of human therapeutics and diagnostic compositions

and methods.

BACKGROUND OF THE INVENTION

Protein Kinases

Kinases regulate many different cell proliferation, differentiation, and signaling
processes by adding phosphate groups to proteins. Uncontrolled signaling has been
implicated 1n a variety of disease conditions including inflammation, cancer, arteriosclerosis,
and psoriasis. Reversible protein phosphorylation is the main strategy for controlling
activities of eukaryotic cells. It 1s estimated that more than 1000 of the 10,000 proteins active
in a typical mammalian cell are phosphorylated. The high energy phosphate, which drives
activation, is generally transferred from adenosine triphosphate molecules (ATP) to a
particular protein by protein kinases and removed from that protein by protein phosphatases.
Phosphorylation occurs in response to extracellular signals (hormones, neurotransmitters,
growth and differentiation factors, etc), cell cycle checkpoints, and environmental or
nutritional stresses and 1s roughly analogous to turning on a molecular switch. When the
switch goes on, the approprate protein kinase activates a metabolic enzyme, regulatory

protein, receptor, cytoskeletal protein, ion channel or pump, or transcription factor.
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The kinases comprise the largest known protein group, a superfamily of enzymes witl}
widely varied functions and specificities. They are usually named after their substrate, their
regulatory molecules, or some aspect of a mutant phenotype. With regard to substrates, the
protein kinases may be roughly divided into two groups; those that phosphorylate tyrosine
residues (protein tyrosine kinases, PTK) and those that phosphorylate serine or threonine
residues (serine/threonine kinases, STK). A few protein kinases have dual specificity and
phosphorylate threonine and tyrosine residues. Almost all kinases contain a similar 250-300
amino acid catalytic domain. The N-terminal domain, which contains subdomains I-IV,
generally folds into a two-lobed structure, which binds and onients the ATP (or GTP) donor
molecule. The larger C terminal lobe, which contains subdomains VI A-XI, binds the protein
substrate and carries out the transfer of the gamma phosphate from ATP to the hydroxyl
group of a serine, threonine, or tyrosine residue. Subdomain V spans the two lobes.

The kinases may be categorized into families by the different amino acid sequences
(generally between 5 and 100 residues) located on either side of, or inserted into loops of, the
kinase domain. These added amino acid sequences allow the regulation of each kinase as 1t
recognizes and interacts with its target protein. The primary structure of the kinase domains 1s
conserved and can be further subdivided into 11 subdomains. Each of the 11 subdomains
contains specific residues and motifs or patterns of amino acids that are characteristic of that
subdomain and are highly conserved (Hardie, G. and Hanks, S. (1995) The Protein Kinase
Facts Books, Vol 1:7-20 Academic Press, San Diego, Calif.).

The second messenger dependent protein kinases primarily mediate the effects of
second messengers such as cyclic AMP (cAMP), cyclic GMP, 1nositol triphosphate,
phosphatidylinositol, 3,4,5-triphosphate, cyclic-ADPribose, arachidonic acid, diacylglycerol
and calcium-calmodulin. The cyclic-AMP dependent protein kinases (PKA) are important
members of the STK family. Cyclic-AMP is an intracellular mediator of hormone action in
all prokaryotic and animal cells that have been studied. Such hormone-induced cellular
responses include thyroid hormone secretion, cortisol secretion, progesterone secretion,
glycogen breakdown, bone resorption, and regulation of heart rate and force of heart muscle
contraction. PKA is found in all animal cells and 1s thought to account for the effects ot
cyclic-AMP in most of these cells. Altered PKA expression is implicated 1n a variety of
disorders and diseases including cancer, thyroid disorders, diabetes, atherosclerosis, and
cardiovascular disease (Isselbacher, K. J. et al. (1994) Harrison's Principles of Internal

Medicine, McGraw-Hill, New York, N.Y., pp. 416-431, 1887).
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Calcium-calmodulin (CaM) dependent protein kinases are also members of STK
family. Calmodulin is a calcium receptor that mediates many calcium regulated processes by
binding to target proteins in response to the binding of calcium. The principle target protein
in these processes is CaM dependent protein kinases. CaM-kinases are involved in regulation
of smooth muscle contraction (MLC kinase), glycogen breakdown (phosphorylase kinase),
and neurotransmission (CaM kinase I and CaM kinase II). CaM kinase I phosphorylates a
~variety of substrates including the neurotransmitter related proteins synapsin I and II, the
gene transcription regulator, CREB, and the cystic fibrosis conductance regulator protein,
CFTR (Haribabu, B. et al. (1995) EMBO Journal 14:3679-86). CaM II kinase also
phosphorylates synapsin at different sites, and controls the synthesis of catecholamines in the
brain through phosphorylation and activation of tyrosine hydroxylase. Many of the CaM
kinases are activated by phosphorylation in addition to binding to CaM. The kinase may -
autophosphorylate itself, or be phosphorylated by another kinase as part of a "kinase
cascade".

Another ligand-activated protein kinase is 5'-AMP-activated protein kinase (AMPK)
(Gao, G. et al. (1996) J. Biol Chem. 15:8675-81). Mammalian AMPK 1s a regulator of fatty
acid and sterol synthesis through phosphorylation of the enzymes acetyl-CoA carboxylase
and hydroxymethylglutaryl-CoA reductase and mediates responses of these pathways to
cellular stresses such as heat shock and depletion of glucose and ATP. AMPK 1s a
heterotrimeric complex comprised of a catalytic alpha subunit and two non-catalytic beta and
gamma subunits that are believed to regulate the activity of the alpha subunit. Subunits of
AMPK have a much wider distribution in non-lipogenic tissues such as brain, heart, spleen,
and lung than expected. This distribution suggests that its role may extend beyond regulation
of lipid metabolism alone.

The mitogen-activated protein kinases (MAP) are also members of the STK family.
MAP kinases also regulate intracellular signaling pathways. They mediate signal transduction
from the cell surface to the nucleus via phosphorylation cascades. Several subgroups have
been identified, and each manifests different substrate specificities and responds to distinct
extracellular stimuli (Egan, S. E. and Weinberg, R. A. (1993) Nature 365:781-783). MAP
kinase signaling pathways are present in mammalian cells as well as 1n yeast. The
extracellular stimuli that activate mammalian pathways include epidermal growth factor

(EGF), ultraviolet light, hyperosmolar medium, heat shock, endotoxic lipopolysaccharide
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(LPS), and pro-inflammatory cytokines such as tumor necrosis factor (TNF) and interleukin-1
(IL-1).

PRK (proliferation-related kinase) is a serum/cytokine inducible STK that is involved
in regulation of the cell cycle and cell proliferation in human megakaroytic cells (Li, B. et al.
(1996) J. Biol. Chem. 271:19402-8). PRK is related to the polo (dernived from humans polo
gene) family of STKs implicated in cell division. PRK is downregulated in lung tumor tissue
and may be a proto-oncogene whose deregulated expression 1n normal tissue leads to
oncogenic transformation. Altered MAP kinase expression 1s implicated in a vanety of
disease conditions including cancer, inflammation, immune disorders, and disorders affecting
growth and development.

The cyclin-dependent protein kinases (CDKs) are another group of STKs that control
the progression of cells through the cell cycle. Cyclins are small regulatory proteins that act
by binding to and activating CDKs that then trigger various phases of the cell cycle by
phosphorylating and activating selected proteins involved in the mitotic process. CDKs are
unique in that they require multiple inputs to become activated. In addition to the binding of
cyclin, CDK activation requires the phosphorylation of a specific threonine residue and the
dephosphorylation of a specific tyrosine residue.

Protein tyrosine kinases, PTKs, specifically phosphorylate tyrosine residues on their
target proteins and may be divided into transmembrane, receptor PTKs and
nontransmembrane, non-receptor PTKs. Transmembrane protein-tyrosine kinases are
receptors for most growth factors. Binding of growth factor to the receptor activates the
transfer of a phosphate group from ATP to selected tyrosine side chains of the receptor and
other specific proteins. Growth factors (GF) associated with receptor PTKs include;
epidermal GF, platelet-derived GF, fibroblast GF, hepatocyte GF, insulin and insulin-hke
GFs, nerve GF, vascular endothelial GF, and macrophage colony stimulating factor.

Non-receptor PTKs lack transmembrane regions and, instead, form complexes with
the intracellular regions of cell surface receptors. Such receptors that function through non-
receptor PTKs include those for cytokines, hormones (growth hormone and prolactin) and
antigen-specific receptors on T and B lymphocytes.

Many of these PTKs were first identified as the products of mutant oncogenes in
cancer cells where their activation was no longer subject to normal cellular controls. In fact,
about one third of the known oncogenes encode PTKSs, and it 1s well known that cellular

transformation (oncogenesis) is often accompanied by increased tyrosine phosphorylation
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activity (Carbonneau H and Tonks NK (1992) Annu. Rev. Cell. Biol. 8:463-93). Regulation of

PTK activity may therefore be an important strategy in controlling some types of cancer.

Citron Kinases

The novel human protein, and encoding gene, provided by the present invention is
“related to the serine/threonine kinase family in general and the subfamily of citron kinases
(also referred to as Rho-associated-, Rho-binding-, or Rho-interacting-kinases) in particular.

Furthermore, the protein of the present invention is a novel alternative splice form of a
- protein/gene provided by Applicants in U.S. Application No. 09/804,471, filed March 13,
2001.

Rho GTPases initiate specific kinase cascades upon activation. For example, the
kinase activity of Rho-binding serine/threonine kinase (ROCK) is increased upon binding to
Rho. The citron molecule (Madaule et al., 1995) interacts with Rho and Rac and shares
significant structural homology with ROCK. Di Cunto et al. (1998) 1dentified a novel
serine/threonine kinase, CRIK (citron Rho-interacting Kinase), in a mouse primary
keratinocyte cDNA library. CRIK is a member of the myotonic dystrophy kinase family. 2
different CRIK isoforms have been found: a long, 240-kD form of CRIK in which the kinase
domain is followed by the sequence of citron, and a short, 54-kD form known as CRIK-SK
(short kinase), which consists primarily of the kinase domain. CRIK and CRIK-SK proteins
are both capable of phosphorylating exogenous substrates as well as of autophosphorylation.
CRIK kinase activity is stimulated by constitutively active Rho. In keratinocytes, tull-length
CRIK moves into corpuscular cytoplasmic structures where it initiates recruitment of actin
into these structures. CRIK is expressed in keratinocytes, brain, spleen, lung, kidney, and
highly expressed in testis; Rho-associated kinases ROCK1 and ROCK2 are ubiquitously
expressed. CRIK contains a kinase domain, a coiled-coil domain, a leucine-rich domain, a
Rho-Rac binding domain, a zinc finger region, a pleckstrin homology domain, and a putative
SH3-binding domain. Di Cunto ef al. (1998) cloned a human homolog of CRIK and mapped
the gene to human chromosome 12q.

Di Cunto et al. (2000) used targeted disruption in mice to generate mice lacking citron
kinase (“citron-K -/- mice”). It was observed that these citron-K -/- mice grow at slower rates,
are severely ataxic, and die of seizures before adulthood. The brains of citron-K -/- mice
show defective neurogenesis with dramatic depletion of microneurons in the olfactory bulb,

hippocampus, and cerebellum. It was found that these abnormalities are caused by altered
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cytokinesis and extreme apoptosis during development of the central nervous system. Di
Cunto et al. (2000) concluded that citron-K is critical for in vivo cytokinesis in neuronal
precursor cells. For a further review of citron kinases, see D1 Cunto et al., J Biol Chem 1998
Nov 6;273(45):29706-11; Di Cunto, et al., Neuron 28: 115-127, 2000; Madaule et al., FEBS
Lett. 377: 243-248, 1995; and Nagase et al., DNA Res. 6: 63-70, 1999.

Kinase proteins, particularly members of the citron kinase subfamily, are a major target
for drug action and development. Accordingly, it 1s valuable to the field of pharmaceutical
development to identify and characterize previously unknown members of this subfamily of
kinase proteins. The present invention advances the state of the art by providing previously
unidentified human kinase proteins that have homology to members of the citron kinase

subfamily.

SUMMARY OF THE INVENTION

The present invention is based in part on the 1dentification of amino acid sequences of
human kinase peptides and proteins that are related to the citron kinase subfamily, as well as
allelic variants and other mammalian orthologs thereof. These unique peptide sequences, and
nucleic acid sequences that encode these peptides, can be used as models for the development
of human therapeutic targets, aid in the identification of therapeutic proteins, and serve as
targets fbr the development of human therapeutic agents that modulate kinase activity in cells
and tissues that express the kinase. Experimental data as provided in Figure 1 indicates
expression in liver, proliferating human erythroid cells of the blood, and glioblastomas of the

brain.

DESCRIPTION OF THE FIGURE SHEETS

FIGURE 1 provides the nucleotide sequence of a cDNA molecule that encodes the
kinase protein of the present invention. (SEQ ID NO:1) In addition, structure and functional
information is provided, such as ATG start, stop and tissue distribution, where available, that
allows one to readily determine specific uses of inventions based on this molecular sequence.
Experimental data as provided in Figure 1 indicates expression in liver, proliferating human

erythroid cells of the blood, and glioblastomas of the brain.
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FIGURE 2 provides the predicted amino acid sequence of the kinase of the present
invention. (SEQ ID NO:2) In addition structure and functional information such as protein
family, function, and modification sites is provided where available, allowing one to readily
determine specific uses of inventions based on this molecular sequence.

FIGURE 3 provides genomic sequences that span the gene encoding the kinase
protein of the present invention. (SEQ ID NO:3) In addition structure and functional
information, such as intron/exon structure, promoter location, etc., is provided where
available, allowing one to readily determine specific uses of inventions based on this
molecular sequence. As illustrated in Figure 3, SNPs were 1dentified at 13 different

nucleotide positions.

DETAILED DESCRIPTION OF THE INVENTION

General Description

The present invention is based on the sequencing of the human genome. During the
sequencing and assembly of the human genome, analysis of the sequence information
revealed previously unidentified fragments of the human genome that encode peptides that
share structural and/or sequence homology to profein/peptide/domains identified and
characterized within the art as being a kinase protein or part of a kinase protein and are
related to the citron kinase subfamily. Utilizing these sequences, additional genomic
sequences were assembled and transcript and/or cDNA sequences were 1solated and
characterized. Based on this analysis, the present invention provides amino acid sequences of
human kinase peptides and proteins that are related to the citron kinase subfamily, nucleic
acid sequences in the form of transcript sequences, cDNA sequences and/or genomic
sequences that encode these kinase peptides and proteins, nucleic acid variation (allelic
information), tissue distribution of expression, and information about the closest art known
protein/peptide/domain that has structural or sequence homology to the kinase of the present
invention.

In addition to being previously unknown, the peptides that are provided in the present
invention are selected based on their ability to be used for the development of commercially
important products and services. Specifically, the present peptides are selected based on
homology and/or structural relatedness to known kinase proteins of the citron kinase

subfamily and the expression pattern observed. Experimental data as provided in Figure 1
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indicates expression in liver, proliferating human erythroid cells of the blood, and
glioblastomas of the brain. The art has clearly established the commercial importance of
members of this family of proteins and proteins that have expression patterns similar to that
of the present gene. Some of the more specific features of the peptides of the present
invention, and the uses thereof, are described herein, particularly in the Background of the
Invention and in the annotation provided in the Figures, and/or are known within the art for

each of the known citron family or subfamily of kinase proteins.

Specific Embodiments

Peptide Molecules

The present invention provides nucleic acid sequences that encode protein molecules
that have been identified as being members of the kinase family of proteins and are related to
the citron kinase subfamily (protein sequences are provided in Figure 2, transcript/cDNA
sequences are provided in Figure 1 and genomic sequences are provided in Figure 3). The
peptide sequences provided in Figure 2, as well as the obvious variants described herein,
particularly allelic variants as 1dentified herein and using the information 1n Figure 3, will be
referred herein as the kinase peptides of the present invention, kinase peptides, or
peptides/proteins of the present invention.

The present invention provides isolated peptide and protein molecules that consist of,
consist essentially of, or comprise the amino acid sequences of the kinase peptides disclosed
in the Figure 2, (encoded by the nucleic acid molecule shown in Figure 1, transcnipt/cDNA or
Figure 3, genomic sequence), as well as all obvious variants of these peptides that are within
the art to make and use. Some of these variants are described 1n detail below.

As used herein, a peptide 1s said to be "isolated" or "purified” when it 1s substantially
free of cellular material or free of chemical precursors or other chemicals. The peptides of the
present invention can be purified to homogeneity or other degrees of purity. The level of
purification will be based on the intended use. The critical feature 1s that the preparation allows
for the desired function of the peptide, even if in the presence of considerable amounts of other
components (the features of an isolated nucleic acid molecule is discussed below).

In some uses, "substantially free of cellular matenal" includes preparations of the peptide
having less than about 30% (by dry weight) other proteins (i.e., contaminating protein), less than

about 20% other proteins, less than about 10% other proteins, or less than about 5% other
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proteins. When the peptide is recombinantly produced, it can also be substantially free of culture
medium, i.¢., culture medium represents less than about 20% of the volume of the protein
preparation.

The language "substantially free of chemical precursors or other chemicals" includes
preparations of the peptide in which it is separated from chemical precursors or other chemicals
that are involved 1n its synthesis. In one embodiment, the language "substantially free of
chemical precursors or other chemicals” includes preparations of the kinase peptide having less
than about 30% (by dry weight) chemical precursors or other chemicals, less than about 20%
chemical precursors or other chemicals, less than about 10% chemical precursors or other
chemicals, or less than about 5% chemical precursors or other chemicals.

The isolated kinase peptide can be purified from cells that naturally express it, punified
from cells that have been altered to express it (recombinant), or synthesized using known protein
synthesis methods. Experimental data as provided in Figure 1 indicates expression in liver,
proliferating human erythroid cells of the blood, and glioblastomas of the brain. For example, a
nucleic acid molecule encoding the kinase peptide is cloned into an expression vector, the
expression vector introduced into a host cell and the protein expressed in the host cell. The
protein can then be 1solated from the cells by an appropnate purification scheme using standard
protein purification techniques. Many of these techniques are described n detail below.

Accordingly, the present invention provides proteins that consist of the amino acid
sequences provided 1n Figure 2 (SEQ ID NO:2), for example, proteins encoded by the
transcript/cDNA nucleic acid sequences shown in Figure 1 (SEQ ID NO:1) and the genomic
sequences provided in Figure 3 (SEQ ID NO:3). The amino acid sequence of such a protein 1s
provided in Figure 2. A protein consists of an amino acid sequence when the amino acid
sequence is the final amino acid sequence of the protein.

The present invention further provides proteins that consist essentially of the amino acid
sequences provided in Figure 2 (SEQ ID NO:2), for example, profeins encoded by the
transcript/cDNA nucleic acid sequences shown in Figure 1 (SEQ ID NO:1) and the genomic
sequences provided in Figure 3 (SEQ ID NO:3). A protein consists essentially of an amino acid
sequence when such an amino acid sequence is present with only a few additional amino acid
residues, for example from about 1 to about 100 or so additional residues, typically from 1 to
about 20 additional residues 1n the final protein.

The present invention further provides proteins that comprise the amino acid sequences

provided in Figure 2 (SEQ ID NO:2), for example, proteins encoded by the transcript/cDNA
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nucleic acid sequences shown in Figure 1 (SEQ ID NO:1) and the genomic sequences provided
in Figure 3 (SEQ ID NO:3). A protein comprises an amino acid sequence when the amino acid
sequence 1s at least part of the final amino acid sequence of the protein. In such a fashion, the
protein can be only the peptide or have additional amino acid molecules, such as amino acid
residues (contiguous encoded sequence) that are naturally associated with it or heterologous
amino acid residues/peptide sequences. Such a protein can have a few additional amino acid
residues or can comprise several hundred or more additional amino acids. The preferred classes
of proteins that are comprised of the kinase peptides of the present invention are the naturally
occurring mature proteins. A brief description of how various types of these proteins can be
made/isolated is provided below.

The kinase peptides of the present invention can be attached to heterologous sequences
to form chimeric or fusion proteins. Such chimeric and fusion proteins comprise a kinase
peptide operatively linked to a heterologous protein having an amino acid sequence not
substantially homologous to the kinase peptide. "Operatively linked" indicates that the kinase
peptide and the heterologous protein are fused in-frame. The heterologous protein can be fused
to the N-terminus or C-terminus of the kinase peptide.

In some uses, the fusion protein does not affect the activity of the kinase peptide per se.
For example, the fusion protein can include, but 1s not imited to, enzymatic fusion proteins, for
example beta-galactosidase fusions, yeast two-hybnid GAL fusions, poly-His fusions, MY C-
tagged, HI-tagged and Ig fusions. Such fusion proteins, particularly poly-His fusions, can
facilitate the purification of recombinant kinase peptide. In certain host cells (e.g., mammalian
host cells), expression and/or secretion of a protein can be increased by using a heterologous
signal sequence.

A chimeric or fusion protein can be produced by standard recombinant DNA techmques.
For example, DNA fragments coding for the different protein sequences are ligated together 1n-
frame in accordance with conventional techniques. In another embodiment, the fusion gene can
be synthesized by conventional techniques including automated DNA synthesizers.
Altematively, PCR amplification of gene fragments can be carried out using anchor primers
which give rise to complementary overhangs between two consecutive gene fragments which
can subsequently be annealed and re-amplified to generate a chimeric gene sequence (see
Ausubel et al., Current Protocols in Molecular Biology, 1992). Moreover, many expression

vectors are commercially available that already encode a fusion moiety (e.g., a GST protein). A
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kinase peptide-encoding nucleic acid can be cloned into such an expression vector such that the
fusion moiety is linked in-frame to the kinase peptide.

As mentioned above, the present invention also provides and enables obvious vanants of
the amino acid sequence of the proteins of the present invention, such as naturally occurmng
mature forms of the peptide, allelic/sequence variants of the peptides, non-naturally occurring
recombinantly derived variants of the peptides, and orthologs and paralogs of the peptides. Such
vanants can readily be generated using art-known techniques in the fields of recombinant
nucleic acid technology and protein biochemistry. It 1s understood, however, that variants
exclude any amino acid sequences disclosed prior to the invention.

Such vanants can readily be identified/made using molecular techniques and the
sequence information disclosed herein. Further, such varnants can readily be distinguished from
other peptides based on sequence and/or structural homology to the kinase peptides of the
present invention. The degree of homology/identity present will be based primarily on whether
the peptide is a functional variant or non-functional variant, the amount of divergence present in
the paralog family and the evolutionary distance between the orthologs.

To determine the percent i1dentity of two amino acid sequences or two nucleic acid
sequences, the sequences are aligned for optimal comparison purposes (€.g., gaps can be
introduced in one or both of a first and a second amino acid or nucleic acid sequence for
optimal alignment and non-homologous sequences can be disregarded for comparison
purposes). In a preferred embodiment, at least 30%, 40%, 50%, 60%, 70%, 80%, or 90% or
more of the length of a reference sequence is aligned for comparison purposes. The amino
acid residues or nucleotides at corresponding amino acid positions or nucleotide positions are
then compared. When a position in the first sequence 1s occupied by the same amino acid
residue or nucleotide as the corresponding position in the second sequence, then the
molecules are identical at that position (as used herein amino acid or nucleic acid "identity" is
equivalent to amino acid or nucleic acid "homology"). The percent identity between the two
sequences 1s a function of the number of identical positions shared by the sequences, taking
into account the number of gaps, and the length of each gap, which need to be introduced for
optimal alignment of the two sequences.

The comparison of sequences and determination of percent identity and similarity
between two sequences can be accomplished using a mathematical al<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>