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Description
FIELD OF THE INVENTION

[0001] This invention relates to methods for determining interaction between molecules of interest. More particularly,
it relates to determining if a particular substance referred to as the test compound modulates the interaction of two or
more specific proteins of interest, via determining activation of a reporter gene in a cell, where the activation, or lack
thereof, results from the modulation or its absence. The determination occurs using transformed or transfected cells,
which are also a feature of the invention, as are the agents used to transform or transfect them.

BACKGROUND AND RELATED ART

[0002] The study of protein/protein interaction, as exemplified, e.g., by the identification of ligands for receptors, is an
area of great interest. Even when a ligand or ligands for a given receptor are known, there is interest in identifying more
effective or more selective ligands. GPCRs will be discussed herein as a non-exclusive example of a class of proteins
which can be studied in this way.

[0003] The G-protein coupled receptors, or "GPCRs" hereafter, are the largest class of cell surface receptors known
for humans. Among the ligands recognized by GPCRs are hormones, neurotransmitters, peptides, glycoproteins, lipids,
nucleotides, and ions. They also act as receptors for light, odors, pheromones, and taste. Given these various roles, it
is perhaps not surprising that they are the subject of intense research, seeking to identify drugs useful in various conditions.
The success rate has been phenomenal. Indeed, Howard, et al., Trends Pharmacol. Sci., 22:132-140 (2001) estimate
that over 50% of marketed drugs act on such receptors. "GPCRs" as used herein, refers to any member of the GPCR
superfamily of receptors characterized by a seven-transmembrane domain (7TM) structure. Examples of these receptors
include, but are not limited to, the class A or "rhodopsin-like" receptors; the class B or "secretin-like" receptors; the class
C or "metabotropic glutamate-like" receptors; the Frizzled and Smoothened-related receptors; the adhesion receptor
family or EGF-7TM / LNB-7TM receptors; adiponectin receptors and related receptors; and chemosensory receptors
including odorant, taste, vomeronasal and pheromone receptors. As examples, the GPCR superfamily in humansincludes
but is not limited to those receptor molecules described by Vassilatis, et al., Proc. Natl. Acad. Sci. USA, 100:4903-4908
(2003); Takeda, et al., FEBS Letters, 520:97-101 (2002); Fredricksson, et al., Mol. Pharmacol., 63:1256-1272 (2003);
Glusman, et al., Genome Res., 11:685-702 (2001); and Zozulya, et al., Genome Biol., 2:0018.1-0018,12 (2001), all of
which are incorporated by reference.

[0004] The mechanisms of action by which GPCRs function has been explicated to some degree. In brief, when a
GPCR binds a ligand, a conformational change results, stimulating a cascade of reactions leading to a change in cell
physiology. It is thought that GPCRs transduce signals by modulating the activity of intracellular, heterotrimeric guanine
nucleotide binding proteins, or "G proteins". The complex of ligand and receptor stimulates guanine nucleotide exchange
and dissociation of the G protein heterotrimer into o and By subunits.

[0005] Both the GTP-bound o subunit and the By dimer can act to regulate various cellular effector proteins, including
adenylyl cyclase and phospholipase C (PLC). In conventional cell based assays for GPCRs, receptor activity is monitored
by measuring the output of a G-protein regulated effector pathway, such as the accumulation of cAMP that is produced
by adenylyl cyclase, or the release of intracellular calcium, which is stimulated by PLC activity.

[0006] Conventional G-protein based, signal transduction assays have been difficult to develop for some targets, as
a result of two major issues.

[0007] First, different GPCRs are coupled to different G protein regulated signal transduction pathways, and G-protein
based assays are dependent on knowing the G-protein specificity of the target receptor, or require engineering of the
cellular system, to force coupling of the target receptor to a particular effect or pathway. Second, all cells express a large
number of endogenous GPCRs, as well as other signaling factors. As a result, the effector pathways that are measured
may be modulated by other endogenous molecules in addition to the target GPCR, potentially leading to false results.
[0008] Regulation of G-protein activity is not the only result of ligand/GPCR binding. Luttrell, et al., J. Cell Sci., 115:
455-465 (2002), and Ferguson, Pharmacol. Rev., 53:1-24 (2001), both of which are incorporated by reference, review
other activities which lead to termination of the GPCR signal. These termination processes prevent excessive cell
stimulation, and enforce temporal linkage between extracellular signal and corresponding intracellular pathway.
[0009] In the case of binding of an agonist to GPCR, serine and threonine residues at the C terminus of the GPCR
molecule are phosphorylated. This phosphorylation is caused by the GPCR kinase, or "GRK," family. Agonist complexed,
C-terminal phosphorylated GPCRs, interact with arrestin family members, which "arrest" receptor signaling. This binding
inhibits coupling of the receptor to G proteins, thereby targeting the receptor for internalization, followed by degradation
and/or recycling. Hence, the binding of a ligand to a GPCR can be said to "modulate” the interaction between the GPCR
and arrestin protein, since the binding of ligand to GPCR causes the arrestin to bind to the GPCR, thereby modulating
its activity. Hereafter, when "modulates" or any form thereof is used, it refers simply to some change in the way the two



10

15

20

25

30

35

40

45

50

55

EP 2 336 768 A9

proteins of the invention interact, when the test compound is present, as compared to how these two proteins interact,
in its absence. For example, the presence of the test compound may strengthen or enhance the interaction of the two
proteins, weaken it, inhibit it, or lessen it in some way, manner or form which can then be detected.

[0010] This background information has led to alternate methods for assaying activation and inhibition of GPCRs.
These methods involve monitoring interaction with arrestins. A major advantage of this approach is that no knowledge
of G-protein pathways is necessary.

[0011] Oakley, et al., Assay Drug Dev. Technol., 1:21-30 (2002) and U.S. Patent Nos. 5,891,646 and 6,110,693,
incorporated by reference, describe assays where the redistribution of fluorescently labelled arrestin molecules in the
cytoplasm to activated receptors on the cell surface is measured. These methods rely on high resolution imaging of
cells, in order to measure arrestin relocalization and receptor activation. It will be recognized by the skilled artisan that
this is a complex, involved procedure.

[0012] Various other U.S. patents and patent applications dealing with these points have issued and been filed. For
example, U.S. Patent No. 6,528,271 to Bohn, et al., deals with assays for screening for pain controlling medications,
where the inhibitor of B-arrestin binding is measured. Published U.S. patent applications, such as 2004/0002119,
2003/0157553, 2003/0143626, and 2002/0132327, all describe different forms of assays involving GPCRs. Published
application 2002/0106379 describes a construct which is used in an example which follows; however, it does not teach
or suggest the invention described herein.

[0013] It is an object of the invention to develop a simpler assay for monitoring and/or determining modulation of
specific protein/protein interactions, where the proteins include but are not limited to, membrane bound proteins, such
as receptors, GPCRs in particular. How this is accomplished will be seen in the examples which follow.

SUMMARY OF THE INVENTION

[0014] Thus, in accordance with the present invention, there is provided a method for determining if a test compound
modulates a specific protein/protein interaction of interest comprising contacting said compound to a cell which has been
transformed or transfected with (a) a nucleic acid molecule which comprises, (i) a nucleotide sequence which encodes
said first test protein, (ii) a nucleotide sequence encoding a cleavage site for a protease or a portion of a protease, and
(iii) a nucleotide sequence which encodes a protein which activates a reporter gene in said cell, and (b) a nucleic acid
molecule which comprises, (i) a nucleotide sequence which encodes a second test protein whose interaction with said
first test protein in the presence of said test compound is to be measured, and (ii) a nucleotide sequence which encodes
a protease or a portion of a protease which is specific for said cleavage site, and determining activity of said reporter
gene as a determination of whether said compound modulates said protein/protein interaction.

[0015] The first test protein may be a membrane bound protein, such as a transmembrane receptor, and in particular
a GPCR. Particular transmembrane receptors include 2-adrenergic receptor (ADRB2), arginine vasopressin receptor
2 (AVPR2), serotonin receptor 1a (HTR1A), m2 muscarinic acetylcholine receptor (CHRM2), chemokine (C-C motif)
receptor 5 (CCRS5), dopamine D2 receptor (DRD2), kappa opioid receptor (OPRK), or o.1a-adregenic receptor (ADRA1A)
although it is to be understood that in all cases the invention is not limited to these specific embodiments. For example,
molecules such as the insulin growth factor-1 receptor (IGF-1R), which is a tyrosine kinase, and proteins which are not
normally membrane bound, like estrogen receptor 1(ESR1) and estrogen receptors 2 (ESR2). The protease or portion
of a protease may be a tobacco etch virus nuclear inclusion A protease. The protein which activates said reporter gene
may be a transcription factor, such as tTA or GAL4. The second protein may be an inhibitory protein, such as an arrestin.
The cell may be a eukaryote or a prokaryote. The reporter gene may be an exogenous gene, such as -galactosidase
or luciferase.

[0016] The nucleotide sequence encoding said first test protein may be modified to increase interaction with said
second test protein. Such modifications include but are not limited to replacing all or part of the nucleotide sequence of
the C-terminal region of said first test protein with a nucleotide sequence which encodes an amino acid sequence which
has higher affinity for said second test protein than the original sequence. For example, the C-terminal region may be
replaced by a nucleotide sequence encoding the C-terminal region of AVPR2, AGTRLI, GRPR, F2RL1, CXCR2/IL-8b,
CCR4, or GRPR.

[0017] The method may comprise contacting more than one test compound to a plurality of samples of cells, each of
said samples being contacted by one or more of said test compounds, wherein each of said cell samples have been
transformed or transfected with the aforementioned nucleic acid molecules, and determining activity of reporter genes
in said plurality of said samples to determine if any of said test compounds modulate a specific, protein/protein interaction.
The method may comprise contacting each of said samples with one test compound, each of which differs from all
others, or comprise contacting each of said samples with a mixture of said test compounds.

[0018] In another embodiment, there is provided a method for determining if a test compound modulates one or more
of a plurality of protein interactions of interest, comprising contacting said test compound to a plurality of samples of
cells, each of which has been transformed or transfected with (a) a first nucleic acid molecule comprising, (i) a nucleotide
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sequence which encodes a first test protein, a nucleotide sequence encoding a cleavage site for a protease, and (ii) a
nucleotide sequence which encodes a protein which activates a reporter gene in said cell, (b) a second nucleic acid
molecule which comprises, (i) a nucleotide sequence which encodes a second test protein whose interaction with said
first test protein in the presence of said test compound of interest is to be measured, (ii) a nucleotide sequence which
encodes a protease or a protease which is specific for said cleavage site, wherein said first test protein differs from other
first test proteins in each of said plurality of samples, and determining activity of said reporter gene in at one or more of
said plurality of samples as a determination of modulation of one or more protein interactions of interest

[0019] The second test protein may be different in each sample or the same in each sample. All of said samples may
be combined in a common receptacle, and each sample comprises a different pair of first and second test proteins.
Alternatively, each sample may be tested in a different receptacle. The reporter gene in a given sample may differ from
the reporter gene in other samples. The mixture of test compounds may comprise or be present in a biological sample,
such as cerebrospinal fluid, urine, blood, serum, pus, ascites, synovial fluid, a tissue extract, or an exudate.

[0020] In yet another embodiment, there is provided a recombinant cell, transformed or transfected with (a) a nucleic
acid molecule which comprises, (i) a nucleotide sequence which encodes said first test protein, (ii) a nucleotide sequence
encoding a cleavage site for a protease or a portion of a protease, and (iii) a nucleotide sequence which encodes a
protein which activates a reporter gene in said cell, and (b) a nucleic acid molecule which comprises, (i) a nucleotide
sequence which encodes a second test protein whose interaction with said first test protein in the presence of said test
compound is to be measured, and (ii) a nucleotide sequence which encodes a protease or a portion of a protease which
is specific for said cleavage site.

[0021] One or both of said nucleic acid molecules may be stably incorporated into the genome of said cell. The cell
also may have been transformed or transfected with said reporter gene. The first test protein may be a membrane bound
protein, such as a transmembrane receptor, and in particular a GPCR. Particular transmembrane receptors include
ADRB2, AVPR2, HTR1A, CHRM2, CCR5, DRD2, OPRK, or ADRA1A.

[0022] The protease or portion of a protease may be a tobacco etch virus nuclear inclusion A protease. The protein
which activates said reporter gene may be a transcription factor, such as tTA or GAL4. The second protein may be an
inhibitory protein. The cell may be a eukaryote or a prokaryote. The reporter gene may be an exogenous gene, such as
B-galactosidase or luciferase. The nucleotide sequence encoding said first test protein may be modified to increase
interaction with said second test protein, such as by replacing all or part of the nucleotide sequence of the C-terminal
region of said first test protein with a nucleotide sequence which encodes an amino acid sequence which has higher
affinity for said second test protein than the original sequence. The C-terminal region may be replaced by a nucleotide
sequence encoding the C-terminal region of AVPR2, AGTRLI, GRPR, F2RL1, CXCR2/IL-8B, CCR4, or GRPR.

[0023] In still yet another embodiment, there is provided an isolated nucleic acid molecule which comprises, (i) a
nucleotide sequence which encodes a test protein (ii) a nucleotide sequence encoding a cleavage site for a protease
or a portion of a protease, and (iii) a nucleotide sequence which encodes a protein which activates a reporter gene in
said cell. The test protein may be a membrane bound protein, such as is a transmembrane receptor. A particular type
of transmembrane protein is a GPCR. Particular transmembrane receptors include ADRB2, AVPR2, HTR1A, CHRM2,
CCR5, DRD2, OPRK, or ADRA1A. The protease or portion of a protease may be a tobacco etch virus nuclear inclusion
A protease. The protein which activates said reporter gene may be a transcription factor, such as tTA or GAL4. As above,
the invention is not to be viewed as limited to these specific embodiments.

[0024] Instillafurther embodiment, there is provided an expression vector comprising an isolated nucleic acid molecule
which comprises, (i) a nucleotide sequence which encodes a test protein (ii) a nucleotide sequence encoding a cleavage
site for a protease or a portion of a protease, and (iii) a nucleotide sequence which encodes a protein which activates
a reporter gene in said cell, and further being operably linked to a promoter.

[0025] In still yet a further embodiment, there is provided an isolated nucleic acid molecule which comprises, (i) a
nucleotide sequence which encodes a test protein whose interaction with another test protein in the presence of a test
compound is to be measured, and (ii) a nucleotide sequence which encodes a protease or a portion of a protease which
is specific for said cleavage site. The test protein may be an inhibitory protein, such as an arrestin.

[0026] Also provided is an expression vector comprising an isolated nucleic acid molecule which comprises, (i) a
nucleotide sequence which encodes a test protein whose interaction with another test protein in the presence of a test
compound is to be measured, and (ii) a nucleotide sequence which encodes a protease or a portion of a protease which
is specific for said cleavage site, said nucleic acid further being operably linked to a promoter.

[0027] An additional embodiment comprises a fusion protein produced by expression of:

[0028] an isolated nucleic acid molecule which comprises, (i) a nucleotide sequence which encodes a test protein (ii)
a nucleotide sequence encoding a cleavage site for a protease or a portion of a protease, and (iii) a nucleotide sequence
which encodes a protein which activates a reporter gene in said cell, and further being operably linked to a promoter; or
[0029] an isolated nucleic acid molecule which comprises, (i) a nucleotide sequence which encodes a test protein
whose interaction with another test protein in the presence of a test compound is to be measured, and (ii) a nucleotide
sequence which encodes a protease or a portion of a protease which is specific for said cleavage site



10

15

20

25

30

35

40

45

50

55

EP 2 336 768 A9

[0030] In yet another embodiment, there is provided a test kit useful for determining if a test compound modulates a
specific protein/protein interaction of interest comprising a separate portion of each of (a) a nucleic acid molecule which
comprises, a nucleotide sequence which encodes said first test protein (i) a nucleotide sequence encoding a cleavage
site for a protease or a portion of a protease, (ii) a nucleotide sequence which encodes a protein which activates a
reporter gene in said cell, and (b) a nucleic acid molecule which comprises, (i) a nucleotide sequence which encodes a
second test protein whose interaction with said first test protein in the presence of said test compound is to be measured,
(i) a nucleotide sequence which encodes a protease or a portion of a protease which is specific for said cleavage site,
and container means for holding each of (a) and (b) separately from each other.

[0031] The first test protein may be a membrane bound protein, such as a transmembrane receptor. A particular type
of transmembrane receptor is a GPCR. A particular transmembrane protein is a GPCR. Particular transmembrane
receptors include ADRB2, AVPR2, HTR1A, CHRM2, CCR5, DRD2, OPRK, or ADRA1A. The protease or portion of a
protease may be tobacco etch virus nuclear inclusion A protease. The protein which activates said reporter gene may
be a transcription factor, such as tTA or GAL4. The second protein may be an inhibitory protein, such as an arrestin.
The kit may further comprise a separate portion of an isolated nucleic acid molecule which encodes a reporter gene.
The reporter gene may encode B-galactosidase or luciferase. The nucleotide sequence encoding said first test protein
may be modified to increase interaction with said second test protein, such as by replacing all or part of the nucleotide
sequence of the C-terminal region of said first test protein with a nucleotide sequence which encodes an amino acid
sequence which has higher affinity for said second test protein than the original sequence. The nucleotide sequence of
said C-terminal region may be replaced by a nucleotide sequence encoding the C-terminal region of AVPR2, AGTRLA1,
GRPR, F2RL1, CXCR2/IL-8B, CCR4, or GRPR.

[0032] Itis contemplated that any method or composition described herein can be implemented with respect to any
other method or composition described herein. The use of the word "a" or "an" when used in conjunction with the term
"comprising" in the claims and/or the specification may mean "one," but it is also consistent with the meaning of "one or
more," "at least one," and "one or more than one."

[0033] These, and other, embodiments of the invention will be better appreciated and understood when considered
in conjunction with the following description and the accompanying drawings. It should be understood, however, that
the following description, while indicating various embodiments of the invention and numerous specific details thereof,
is given by way of illustration and not of limitation. Many substitutions, modifications, additions and/or rearrangements
may be made within the scope of the invention without departing from the spirit thereof, and the invention includes all
such substitutions, modifications, additions and/or rearrangements.

BRIEF DESCRIPTION OF THE FIGURES

[0034] The following drawings form part of the present specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better understood by reference to one or more of these drawings
in combination with the detailed description of specific embodiments presented herein.

[0035] Figure 1 shows the conceptual underpinnings of the invention, pictorially, using ligand-receptor binding as an
example.

[0036] Figures 2a and 2b show that the response of targets in assays in accordance with the invention is dose
dependent, both for agonists and antagonists.

[0037] Figure 3 shows that a dose response curve results with a different target and a different agonist as well.
[0038] Figure 4 depicts results obtained in accordance with the invention, using the D2 dopamine receptor.

[0039] Figures 5a and 5b illustrate results of an assay which shows that two molecules can be studied simultaneously.
[0040] Figure 6 sets forth the result of another "multiplex" assay, i.e., one where two molecules are studied simulta-
neously.

[0041] Figure 7 presents data obtained from assays measuring EGFR activity.

[0042] Figure 8 presents data obtained from assays in accordance with the invention, designed to measure the activity
of human type | interferon receptor.

[0043] Figure 9 elaborates on the results in figure 7, showing a dose response curve for IFN-a in the cells used to
generate figure 7.

[0044] Figure 10 shows the results of additional experiments where a different transcription factor, and a different cell
line, were used.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0045] The present invention relates to methods for determining if a substance of interest modulates interaction of a

first test protein, such as a membrane bound protein, like a receptor, e.g., a transmembrane receptor, with a second
test protein, like a member of the arrestin family. The methodology involves cotransforming or cotransfecting a cell,
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which may be prokaryotic or eukaryotic, with two constructs. The first construct includes, a sequence encoding (i) the
first test protein, such as a transmembrane receptor, (ii) a cleavage site for a protease, and (iii) a sequence encoding a
protein which activates a reporter gene. The second construct includes, (i) a sequence which encodes a second test
protein whose interaction with the first test protein is measured and/or determined, and (ii) a nucleotide sequence which
encodes a protease or a portion of a protease sulfficient to act on the cleavage site that is part of the first construct. In
especially preferred embodiments, these constructs become stably integrated into the cells.

[0046] The features of an embodiment of the invention are shown, pictorially, in Figure 1. In brief, first, standard
techniques are employed to fuse DNA encoding a transcription factor to DNA encoding a first test protein, such as a
transmembrane receptor molecule, being studied. This fusion is accompanied by the inclusion of a recognition and
cleavage site for a protease not expressed endogenously by the host cell being used in the experiments.

[0047] DNA encoding this first fusion protein is introduced into and is expressed by a cell which also contains a reporter
gene sequence, under the control of a promoter element which is dependent upon the transcription factor fused to the
first test protein, e.g., the receptor. If the exogenous protease is not present, the transcription factor remains tethered
to the first test protein and is unable to enter the nucleus to stimulate expression of the reporter gene.

[0048] Recombinant techniques can also be used to produce a second fusion protein. In the depicted embodiment,
DNA encoding a member of the arrestin family is fused to a DNA molecule encoding the exogenous protease, resulting
in a second fusion protein containing the second test protein, i.e., the arrestin family member.

[0049] An assay is then carried out wherein the second fusion protein is expressed, together with the first fusion
protein, and a test compound is contacted to the cells, preferably for a specific length of time. If the test compound
modulates interaction of the two test proteins, e.g., by stimulating, promoting or enhancing the association of the first
and second test proteins, this leads to release of the transcription factor, which in turn moves to the nucleus, and provokes
expression of the reporter gene. The activity of the reporter gene is measured.

[0050] In an alternative system, the two test proteins may interact in the absence of the test compound, and the test
compound may cause the two test proteins to dissociate, lessen or inhibit their interaction. In such a case, the level of
free, functionally active transcription factor in the cell decreases in the presence of the test compound, leading to a
decrease in proteolysis, and a measurable decrease in the activity of the reporter gene.

[0051] In the depicted embodiment, the arrestin protein, which is the second test protein, binds to the receptor in the
presence of an agonist; however, it is to be understood that since receptors are but one type of protein, the assay is not
dependent upon the use of receptor molecules, nor is agonist binding the only interaction capable of being involved.
Any protein will suffice, although the interest in transmembrane proteins is clear. Further, agonist binding to a receptor
is not the only type of binding which can be assayed. One can determine antagonists, per se and also determine the
relative strengths of different antagonists and/or agonists in accordance with the invention.

[0052] Other details of the invention, include specific methods and technology for making and using the subject matter
thereof, are described below.

l. Expression Constructs and Transformation

[0053] The term "vector" is used to refer to a carrier nucleic acid molecule into which a nucleic acid sequence can be
inserted for introduction into a cell where it can be replicated. A nucleic acid sequence can be "exogenous," which means
that it is foreign to the cell into which the vector is being introduced or that the sequence is homologous to a sequence
in the cell but in a position within the host cell nucleic acid in which the sequence is ordinarily not found. Vectors include
plasmids, cosmids, viruses (bacteriophage, animal viruses, and plant viruses), and artificial chromosomes (e.g., YACs).
One of skill in the art would be well equipped to construct a vector through standard recombinant techniques (see, for
example, Maniatis, et al., Molecular Cloning, A Laboratory Manual (Cold Spring Harbor, 1990) and Ausubel, et al., 1994,
Current Protocols In Molecular Biology (John Wiley & Sons, 1996), both incorporated herein by reference).

[0054] The term "expression vector" refers to any type of genetic construct comprising a nucleic acid coding for a RNA
capable of being transcribed. In some cases, RNA molecules are then translated into a protein, polypeptide, or peptide.
In other cases, these sequences are not translated, for example, in the production of antisense molecules or ribozymes.
Expression vectors can contain a variety of "control sequences," which refer to nucleic acid sequences necessary for
the transcription and possibly translation of an operably linked coding sequence in a particular host cell. In addition to
control sequences that govern transcription and translation, vectors and expression vectors may contain nucleotide
sequences that serve other functions as well and are described infra.

[0055] In certain embodiments, a plasmid vector is contemplated for use to in cloning and gene transfer. In general,
plasmid vectors containing replicon and control sequences which are derived from species compatible with the host cell
are used in connection with these hosts. The vector ordinarily carries a replication site, as well as marking sequences
which are capable of providing phenotypic selection in transformed cells. In a non-limiting example, E. coli is often
transformed using derivatives of pPBR322, a plasmid derived from an E. colispecies. pBR322 contains genes for ampicillin
and tetracycline resistance and thus provides easy means for identifying transformed cells. The pBR plasmid, or other
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microbial plasmid or phage must also contain, or be modified to contain, for example, promoters which can be used by
the microbial organism for expression of its own proteins.

[0056] In addition, phage vectors containing replicon and control sequences that are compatible with the host micro-
organism can be used as transforming vectors in connection with these hosts. For example, the phage lambda GEM™-
11 may be utilized in making a recombinant phage vector which can be used to transform host cells, such as, for example,
E. coli LE392.

[0057] Bacterial host cells, for example, E. coli, comprising the expression vector, are grown in any of a number of
suitable media, for example, LB. The expression of the recombinant protein in certain vectors may be induced, as would
be understood by those of skill in the art, by contacting a host cell with an agent specific for certain promoters, e.g., by
adding IPTG to the media or by switching incubation to a higher temperature. After culturing the bacteria for a further
period, generally of between 2 and 24 h, the cells are collected by centrifugation and washed to remove residual media.
[0058] Many prokaryotic vectors can also be used to transform eukaryotic host cells. However, it may be desirable to
select vectors that have been modified for the specific purpose of expressing proteins in eukaryotic host cells. Expression
systems have been designed for regulated and/or high level expression in such cells. For example, the insect cell/
baculovirus system can produce a high level of protein expression of a heterologous nucleic acid segment, such as
described in U.S. Patents 5,871,986 and 4,879,236, both herein incorporated by reference, and which can be bought,
for example, under the name MAXBAC® 2.0 from INVITROGEN® and BACPACK™ BACULOVIRUS EXPRESSION
SYSTEM FROM CLONTECH®.

[0059] Other examples of expression systems include STRATAGENE®s COMPLETE CONTROL™ Inducible Mam-
malian Expression System, which involves a synthetic ecdysone-inducible receptor, or its pET Expression System, an
E.coli expression system. Another example of an inducible expression system is available from INVITROGEN®, which
carries the T-REX™ (tetracycline-regulated expression) System, an inducible mammalian expression system that uses
the full-length CMV promoter. INVITROGEN® also provides a yeast expression system called the Pichia methanolica
Expression System, which is designed for high-level production of recombinant proteins in the methylotropbic yeast
Pichia methanolica. One of skill in the art would know how to express a vector, such as an expression construct, to
produce a nucleic acid sequence or its cognate polypeptide, protein, or peptide.

Regulatory Signals

[0060] The construct may contain additional 5’ and/or 3’ elements, such as promoters, poly A sequences, and so forth.
The elements may be derived from the host cell, i.e., homologous to the host, or they may be derived from distinct
source, i.e., heterologous.

[0061] A "promoter" is a control sequence that is a region of a nucleic acid sequence at which initiation and rate of
transcription are controlled. It may contain genetic elements at which regulatory proteins and molecules may bind, such
as RNA polymerase and other transcription factors, to initiate the specific transcription a nucleic acid sequence. The
phrases "operatively positioned," "operatively linked," "under control," and "under transcriptional control" mean that a
promoterisin a correctfunctional location and/or orientation in relation to a nucleic acid sequence to control transcriptional
initiation and/or expression of that sequence.

[0062] A promoter generally comprises a sequence that functions to position the start site for RNA synthesis. The
best known example of this is the TATA box, but in some promoters lacking a TATA box, such as, for example, the
promoter for the mammalian terminal deoxynucleotidyl transferase gene and the promoter for the SV40 late genes, a
discrete element overlying the start site itself helps to fix the place of initiation. Additional promoter elements regulate
the frequency of transcriptional initiation. Typically, these are located in the region 3 0-110 bp upstream of the start site,
although a number of promoters have been shown to contain functional elements downstream of the start site as well.
To bring a coding sequence "under the control of" a promoter, one positions the 5’ end of the transcription initiation site
of the transcriptional reading frame "downstream" of (i.e., 3’ of) the chosen promoter. The "upstream" promoter stimulates
transcription of the DNA and promotes expression of the encoded RNA.

[0063] The spacing between promoter elements frequently is flexible, so that promoter function is preserved when
elements are inverted or moved relative to one another. In the tk promoter, the spacing between promoter elements can
be increased to 50 bp apart before activity begins to decline. Depending on the promoter, it appears that individual
elements can function either cooperatively or independently to activate transcription. A promoter may or may not be
used in conjunction with an "enhancer," which refers to a cis-acting regulatory sequence involved in the transcriptional
activation of a nucleic acid sequence.

[0064] A promoter may be one naturally associated with a nucleic acid molecule, as may be obtained by isolating the
5’ non-coding sequences located upstream of the coding segment and/or exon. Such a promoter can be referred to as
"endogenous." Similarly, an enhancer may be one naturally associated with a nucleic acid molecule, located either
downstream or upstream of that sequence. Alternatively, certain advantages will be gained by positioning the coding
nucleic acid segment under the control of a recombinant or heterologous promoter, which refers to a promoter that is
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not normally associated with a nucleic acid molecule in its natural environment. A recombinant or heterologous enhancer
refers also to an enhancer not normally associated with a nucleic acid molecule in its natural environment. Such promoters
or enhancers may include promoters or enhancers of other genes, and promoters or enhancers isolated from any other
virus, or prokaryotic or eukaryotic cell, and promoters or enhancers not "naturally occurring," i.e., containing different
elements of different transcriptional regulatory regions, and/or mutations that alter expression. For example, promoters
that are most commonly used in recombinant DNA construction include the B-lactamase (penicillinase), lactose and
tryptophan (trp) promoter systems. In addition to producing nucleic acid sequences of promoters and enhancers syn-
thetically, sequences may be produced using recombinant cloning and/or nucleic acid amplification technology, including
PCR™  in connection with the compositions disclosed herein (see U.S. Patents Nos. 4,683,202 and 5,928,906, each
incorporated herein by reference). Furthermore, it is contemplated the control sequences that direct transcription and/or
expression of sequences within non-nuclear organelles such as mitochondria, chloroplasts, and the like, can be employed
as well.

[0065] Naturally, it will be important to employ a promoter and/or enhancer that effectively directs the expression of
the DNA segment in the organelle, cell type, tissue, organ, or organism chosen for expression. Those of skill in the art
of molecular biology generally know the use of promoters, enhancers, and cell type combinations for protein expression,
(see, forexample Sambrook, et al., 1989, incorporated herein by reference). The promoters employed may be constitutive,
tissue-specific, inducible, and/or useful under the appropriate conditions to direct high level expression of the introduced
DNA segment, such as is advantageous in the large-scale production of recombinant proteins and/or peptides. The
promoter may be heterologous or endogenous.

[0066] Additionally any promoter/enhancer combination (as per, for example, the Eukaryotic Promoter Data Base
EPDB, www.cpd.isb-sib.ch/) could also be used to drive expression. Use of a T3, T7 or SP6 cytoplasmic expression
system is another possible embodiment. Eukaryotic cells can support cytoplasmic transcription from certain bacterial
promoters if the appropriate bacterial polymerase is provided, either as part of the delivery complex or as an additional
genetic expression construct.

[0067] A specific initiation signal also may be required for efficient translation of coding sequences. These signals
include the ATG initiation codon or adjacent sequences. Exogenous translational control signals, including the ATG
initiation codon, may need to be provided. One of ordinary skill in the art would readily be capable of determining this
and providing the necessary signals. It is well known that the initiation codon must be "in-frame" with the reading frame
of the desired coding sequence to ensure translation of the entire insert. The exogenous translational control signals
and initiation codons can be either natural or synthetic. The efficiency of expression may be enhanced by the inclusion
of appropriate transcription enhancer elements.

[0068] In certain embodiments of the invention, the use of internal ribosome entry sites (IRES) elements are used to
create multigene, or polycistronic, messages. IRES elements are able to bypass the ribosome scanning model of 5’
methylated Cap dependent translation and begin translation at internal sites (Pelletier and Sonenberg, Nature, 334:
320-325 (1988)). IRES elements from two members of the picornavirus family (polio and encephalomyocarditis) have
been described (Pelletier and Sonenberg, supra), as well an IRES from a mammalian message (Macejak and Sarnow,
Nature, 353:90-94 (1991))1991). IRES elements can be linked to heterologous open reading frames. Multiple open
reading frames can be transcribed together, each separated by an IRES, creating polycistronic messages. By virtue of
the IRES element, each open reading frame is accessible to ribosomes for efficient translation. Multiple genes can be
efficiently expressed using a single promoter/enhancer to transcribe a single message (see U.S. Patent Nos. 5,925,565
and 5,935,819, each herein incorporated by reference).

Other Vector Sequence Elements

[0069] Vectorscaninclude a multiple cloning site (MCS), which is a nucleic acid region that contains multiple restriction
enzyme sites, any of which can be used in conjunction with standard recombinant technology to digest the vector (see,
for example, Carbonelli, et al., FEMS Microbiol. Lett., 172(1):75-82 (1999), Levenson, et al., Hum. Gene Ther. 9(8):
1233-1236 (1998), and Cocea, Biotechniques, 23(5):814-816 (1997)), incorporated herein by reference.) "Restriction
enzyme digestion" refers to catalytic cleavage of a nucleic acid molecule with an enzyme that functions only at specific
locations in a nucleic acid molecule. Many of these restriction enzymes are commercially available. Use of such enzymes
is widely understood by those of skill in the art. Frequently, a vector is linearized or fragmented using a restriction enzyme
that cuts within the MCS to enable exogenous sequences to be ligated to the vector. "Ligation" refers to the process of
forming phosphodiester bonds between two nucleic acid fragments, which may or may not be contiguous with each
other. Techniques involving restriction enzymes and ligation reactions are well known to those of skill in the art of
recombinant technology.

[0070] Most transcribed eukaryotic RNA molecules will undergo RNA splicing to remove introns from the primary
transcripts. Vectors containing genomic eukaryotic sequences may require donor and/or acceptor splicing sites to ensure
proper processing of the transcript for protein expression (see, for example, Chandler, et al., 1997, herein incorporated



10

15

20

25

30

35

40

45

50

55

EP 2 336 768 A9

by reference).

[0071] The vectors or constructs of the present invention will generally comprise at least one termination signal. A
"termination signal" or "terminator" comprises a DNA sequence involved in specific termination of an RNA transcript by
an RNA polymerase. Thus, in certain embodiments a termination signal that ends the production of an RNA transcript
is contemplated. A terminator may be necessary in vivo to achieve desirable message levels.

[0072] Ineukaryotic systems, the terminator region may also comprise specific DNA sequences that permit site-specific
cleavage of the new transcript so as to expose a polyadenylation site. This signals a specialized endogenous polymerase
to add a stretch of about 200 adenosine residues (polyA) to the 3’ end of the transcript. RNA molecules modified with
this polyA tail appear to more stable and are translated more efficiently. Thus, in other embodiments involving eukaryotes,
it is preferred that that terminator comprises a signal for the cleavage of the RNA, and it is more preferred that the
terminator signal promotes polyadenylation of the message. The terminator and/or polyadenylation site elements can
serve to enhance message levels and to minimize read through from the cassette into other sequences.

[0073] Terminators contemplated for use in the invention include any known terminator of transcription described
herein or known to one of ordinary skill in the art, including but not being limited to, for example, the termination sequences
of genes, such as the bovine growth hormone terminator, viral termination sequences, such as the SV40 terminator. In
certain embodiments, the termination signal may be a lack of transcribable or translatable sequence, such as an un-
translatable/untranscribable sequence due to a sequence truncation.

[0074] In expression, particularly eukaryotic expression, one will typically include a polyadenylation signal to effect
proper polyadenylation of the transcript. The nature of the polyadenylation signal is not believed to be crucial to the
successful practice of the invention, and any such sequence may be employed. Preferred embodiments include the
SV40 polyadenylation signal or the bovine growth hormone polyadenylation signal, both of which are convenient, readily
available, and known to function well in various target cells. Polyadenylation may increase the stability of the transcript
or may facilitate cytoplasmic transport.

[0075] In order to propagate a vector in a host cell, it may contain one or more origins of replication (often termed
"ori"), sites, which are specific nucleotide sequences at which replication is initiated. Alternatively, an autonomously
replicating sequence (ARS) can be employed if the host cell is yeast.

Transformation Methodology

[0076] Suitable methods for nucleic acid delivery for use with the current invention are believed to include virtually
any method by which a nucleic acid molecule (e.g., DNA) can be introduced into a cell as described herein or as would
be known to one of ordinary skill in the art. Such methods include, but are not limited to, direct delivery of DNA such as
by ex vivo transfection (Wilson, et al., Science, 244:1344-1346 (1989), Nabel et al, Science, 244:1342-1344 (1989), by
injection (U.S. Patent Nos. 5,994,624, 5,981,274, 5,945,100, 5,780,448, 5,736,524, 5,702,932, 5,656,610, 5,589,466
and 5,580,859, each incorporated herein by reference), including microinjection (Harlan and Weintraub, J. Cell Biol.,
101(3):1094-1099 (1985); U.S. Patent No. 5,789,215, incorporated herein by reference); by electroporation (U.S. Patent
No. 5,384,253, incorporated herein by reference; Tur-Kaspa, et al., Mol. Cell Biol., 6:716-718 (1986); Potter, et al., Proc.
Natl. Acad. Sci. USA, 81:7161-7165 (1984); by calcium phosphate precipitation (Graham and Van Der Eb, Virology, 52:
456-467 (1973); Chen and Okayama, Mol. Cell Biol., 7(8):2745-2752 (1987); Rippe, et al., Mol. Cell Biol., 10:689-695
(1990); by using DEAE-dextran followed by polyethylene glycol (Gopal, Mol. Cell Biol., 5:1188-190 (1985); by direct
sonic loading (Fechheimer, et al., Proc. Natl. Acad. Sci. USA, 89(17):8463-8467 (1987); by liposome mediated trans-
fection (Nicolau and Sene, Biochem. & Biophys. Acta., 721:185-190 (1982); Fraley, et al., Proc. Natl. Acad. Sci. USA,
76:3348-3352 (1979); Nicolau, et al., Meth. Enzym., 149:157-176 (1987); Wong, et al., Gene, 10:879-894 (1980); Kaneda,
etal., Science, 243:375-378 (1989); Kato, etal., J. Biol. Chem., 266:3361-3364 (1991) and receptor-mediated transfection
(Wu and Wu, J. Biol. Chem., 262:4429-4432 (1987); Wu and Wu, 1988); by PEG-mediated transformation of protoplasts
(Omirulleh, et al., Plant Mol. Biol., 21(3):415-428 (1987); U.S. Patent Nos. 4,684,611 and 4,952,500, each incorporated
herein by reference); by desiccation/inhibition-mediated DNA uptake (Potrykus, et al. Mol. Gen. Genet., 199(2):169-177
(1985), and any combination of such methods.

Il. Components of the Assay System

[0077] As with the method described herein, the products which are features of the invention have preferred embod-
iments. For example, in the "three part construct," i.e., that contain sequences encoding a test protein, the cleavage
site, and the activator protein, the test protein is preferably a membrane bound protein, such as a transmembrane
receptor, e.g., a member of the GPCR family. These sequences can be modified so that the C terminus of the proteins
they encode have better and stronger interactions with the second protein. The modifications can include, e.g., replacing
a C-terminal encoding sequence of the test protein, such as a GPCR, with the C terminal coding region for AVPR2,
AGTRLI, GRPR, F2PLI, CCR4, CXCR2/IL-8, CCR4, or GRPR, all of which are defined supra.
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[0078] The protein which activates the reporter gene may be a protein which acts within the nucleus, like a transcription
factor (e.g., tTA, GAL4, etc.), or it may be a molecule that sets a cascade of reactions in motion, leading to an intranuclear
reaction by another protein. The skilled artisan will be well versed in such cascades.

[0079] The second construct, as described supra, includes a region which encodes a protein that interacts with the
first protein, leading to some measurable phenomenon. The protein may be an activator, an inhibitor, or, more, generically,
a "modulator" of the first protein. Members of the arrestin family are preferred, especially when the first protein is a
GPCR, but other protein encoding sequences may be used, especially when the first protein is not a GPCR. The second
part of these two part constructs encodes the protease, or portion of a protease, which acts to remove the activating
molecule from the fusion protein encoded by the first construct.

[0080] However, these preferred embodiments do not limit the invention, as discussed in the following additional
embodiments.

Host Cells

[0081] As used herein, the terms "cell," "cell line," and "cell cultures" may be used interchangeably. All of these terms
also include their progeny, which is any and all subsequent generations. It is understood that all progeny may not be
identical due to deliberate or inadvertent mutations. The host cells generally will have been engineered to express a
screenable or selectable marker which is activated by the transcription factor that is part of a fusion protein, along with
the first test protein.

[0082] Inthe contextof expressing a heterologous nucleic acid sequence, "host cell" refers to a prokaryotic or eukaryotic
cell that is capable of replicating a vector and/or expressing a heterologous gene encoded by a vector. When host cells
are "transfected" or "transformed" with nucleic acid molecules, they are referred to as "engineered" or "recombinant"
cells or host cells, e.g., a cell into which an exogenous nucleic acid sequence, such as, for example, a vector, has been
introduced. Therefore, recombinant cells are distinguishable from naturally-occurring cells which do not contain a re-
combinantly introduced nucleic acid.

[0083] Numerous cell lines and cultures are available for use as a host cell, and they can be obtained through the
American Type Culture Collection (ATCC), which is an organization that serves as an archive for living cultures and
genetic materials (www.atcc.org). An appropriate host can be determined by one of skill in the art based on the vector
backbone and the desired result. A plasmid or cosmid, for example, can be introduced into a prokaryote host cell for
replication of many vectors. Cell types available for vector replication and/or expression include, but are not limited to,
bacteria, such as E. coli (e.g., E. coli strain RR1, E. coli LE392, E. coliB, E. coli X 1776 (ATCC No. 31537) as well as
E. coliW3110 (F-, lambda-, prototrophic, ATCC No. 273325), DH5c, JM109, and KC8, bacilli such as Bacillus subtilis;
and other enterobacteriaceae such as Salmonella typhimurium, Serratia marcescens, various Pseudomonas specie,
as well as a number of commercially available bacterial hosts such as SURE® Competent Cells and SOLOPACK™ Gold
Cells (STRATAGENES®, La Jolla). In certain embodiments, bacterial cells such as E. coli LE392 are particularly contem-
plated as host cells for phage viruses.

[0084] Examples of eukaryotic host cells for replication and/or expression of a vector include, but are not limited to,
Hela, NIH3T3, Jurkat, 293, COS, CHO, Saos, and PC12. Many host cells from various cell types and organisms are
available and would be known to one of skill in the art. Similarly, a viral vector may be used in conjunction with either a
eukaryotic or prokaryotic host cell, particularly one that is permissive for replication or expression of the vector.

Test Proteins

[0085] The present invention contemplates the use of any two proteins for which a physical interaction is known or
suspected. The proteins will exist as fusions proteins, a first test protein fused to a transcription factor, and the second
test protein fused to a protease that recognizes a cleavage site in the first fusion protein, cleavage of which releases
the transcription factor. The only requirements for the test proteins/fusions are (a) that the first test protein cannot localize
to the nucleus prior to cleavage, and (b) that the protease must remain active following both fusion to the second test
protein and binding of the first test protein to the second test protein.

[0086] With respect to the first construct, the first test protein may be, e.g., a naturally membrane bound protein, or
one which has been engineered to become membrane bound, via standard techniques. The first test protein may be,
e.g., a transmembrane receptor such as any of the GPCRs, or any other transmembrane receptor of interest, including,
but not being limited to, receptor tyrosine kinases, receptor serine threonine kinases, cytokine receptors, and so forth.
Further, as it is well known that portions of proteins, will function in the same manner as the full length first test protein,
such active portions of a first test protein are encompassed by the definition of protein herein.

[0087] As will be evident to the skilled artisan, the present invention may be used to assay for interaction with any
protein, and is not limited in its scope to assaying membrane bound receptor, like the GPCRs. For example, the activity
of other classes of transmembrane receptors, including but not limited to: receptor tyrosine kinases (RTKs), such as
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IGF1R, such as the epidermal growth factor receptor (EGFR), ErbB2/HER2/Neu or related RTKs; receptor serine/
threonine kinases, such as Transforming Growth Factor-beta (TGFp), activin, or Bone Morphogenetic Protein (BMP)
receptors; cytokine receptors, such as receptors for the interferon family for interleukin, erythropoietin, G-CSF, GM-CSF,
tumor necrosis factor (TNF) and leptin receptors; and other receptors, which are not necessarily normally membrane
bound, such as estrogen receptor 1 (ESR1), and estrogen receptor 2 (ESR2). In each case, the method involves
transfecting a cell with a modified receptor construct that directs the expression of a chimeric protein containing the
receptor of interest, to which is appended, a protease cleavage site followed by a nucleic acid molecule encoding a
transcription factor. The cell is co-transfected with a second construct that directs the expression of a chimeric protein
consisting of an interacting protein fused, to the protease that recognizes and cleaves the site described supra. In the
case of RTKs, such as the EGFR, this interacting protein may consist of a SH2 (Src homology domain 2) containing
protein or portion thereof, such as phospholipase C (PLC) or Src homology 2 domain containing transforming protein 1
(SHC1). In the case of receptor serine/threonine kinases, such as TGFj, activin, BMP receptors, this interacting protein
may be a Smad protein or portion thereof. In the case of cytokine receptors, such as interferon-a/p or interferon-ygamma
receptors, this interacting protein may be a signal transducer and activator of transcription (STAT) protein such as, but
not being limited to, Stat1, Stat2; Janus kinase (JAK) proteins Jak1, Jak2, or Tyk2; or portions thereof. In each case,
the transfected cell contains a reporter gene that is regulated by the transcription factor fused to the receptor. An assay
is then performed in which the transfected cells are treated with a test compound for a specific period and the reporter
gene activity is measured at the end of the test period. If the test compound activates the receptor of interest, interactions
between the receptor of interest and the interacting protein are stimulated, leading to cleavage of the protease site and
release of the fused transcription factor, which is in turn measurable as an increase in reporter gene activity.

[0088] Other possible test protein pairs include antibody-ligands, enzyme-substrates, dimerizing proteins, components
of signal transduction cascades, and other protein pairs well known to the art.

Reporters

[0089] The protein which activates a reporter gene may be any protein having an impact on a gene, expression or
lack thereof which leads to a detectable signal. Typical protein reporters include enzymes such as chloramphenicol
acetyl transferase (CAT), B-glucuronidase (GUS) or -galactosidase. Also contemplated are fluorescent and chemillu-
minescent proteins such as green fluorescent protein, red fluorescent protein, cyan fluorescent protein luciferase, beta
lactamase, and alkaline phosphatase.

Transcriptions Factors and Repressors

[0090] In accordance with the present invention, transcription factors are used to activate expression of a reporter
gene in an engineered host cell. Transcription factors are typically classified according to the structure of their DNA-
binding domain, which are generally (a) zinc fingers, (b) helix-turn-helix, (c) leucine zipper, (d) helix-loop-helix, or (e)
high mobility groups. The activator domains of transcription factors interact with the components of the transcriptional
apparatus (RNA polymerase) and with other regulatory proteins, thereby affecting the efficiency of DNA binding.
[0091] The Rel/Nuclear Factor kB (NF-kB) and Activating Protein-1 (AP-1) are among the most studied transcription
factor families. They have been identified as important components of signal transduction pathways leading to patho-
logical outcomes such as inflammation and tumorogenesis. Other transcription factor families include the heat shock/E2F
family, POU family and the ATF family. Particular transcription factors, such as tTA and GAL4, are contemplated for use
in accordance with the present invention.

[0092] Though transcription factors are one class of molecules that can be used, the assays may be modified to accept
the use of transcriptional repressor molecules, where the measurable signal is downregulation of a signal generator, or
even cell death.

Proteases and Cleavage Sites

[0093] Proteases are well characterized enzymes that cleave other proteins at a particular site. One family, the Ser/Thr
proteases, cleave at serine and threonine residues. Other proteases include cysteine or thiol proteases, aspartic pro-
teases, metalloproteinases, aminopeptidases, di & tripeptidases, carboxypeptidases, and peptidyl peptidases. The
choice of these is left to the skilled artisan and certainly need not be limited to the molecules described herein. It is well
known that enzymes have catalytic domains and these can be used in place of full length proteases. Such are encom-
passed by the invention as well. A specific embodiment is the tobacco etch virus nuclear inclusion A protease, or an
active portion thereof. Other specific cleavage sites for proteases may also be used, as will be clear to the skilled artisan.
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Modification of Test Proteins

[0094] The firsttest protein may be modified to enhance its binding to the interacting protein in this assay. For example,
itis known that certain GPCRs bind arrestins more stably or with greater affinity upon ligand stimulation and this enhanced
interaction is mediated by discrete domains, e.g., clusters of serine and threonine residues in the C-terminal tail (Oakley,
et al., J. Biol. Chem., 274:32248-32257, 1999 and Oakley, et al., J. Biol. Chem., 276:19452-19460, 2001). Using this
as an example, it is clear that the receptor encoding sequence itself may be modified, so as to increase the affinity of
the membrane bound protein, such as the receptor, with the protein to which it binds. Exemplary of such modifications
are modifications of the C-terminal region of the membrane bound protein, e.g., receptor, such as those described supra,
which involve replacing a portion of it with a corresponding region of another receptor, which has higher affinity for the
binding protein, but does notimpact the receptor function. Examples 16 and 20, supra, show embodiments of this feature
of the invention.

[0095] In addition, the second test protein may be modified to enhance its interaction with the first test protein. For
example, the assay may incorporate point mutants, truncations or other variants of the second test protein, e.g., arrestin
that are known to bind agonist-occupied GPCRs more stably or in a phosphorylation-independent manner (Kovoor, et
al., J. Biol. Chem., 274:6831-6834, 1999).

lll. Assay Formats

[0096] As discussed above, the present invention, in one embodiment, offers a straightforward way to assess the
interaction of two test proteins when expressed in the same cell. A first construct, as described supra, comprises a
sequence encoding a first protein, concatenated to a sequence encoding a cleavage site for a protease or protease
portion, which is itself concatenated to a sequence encoding a reporter gene activator. By "concatenated" is meant that
the sequences described are fused to produce a single, intact open reading frame, which may be translated into a single
polypeptide which contains all the elements. These may, but need not be, separated by additional nucleotide sequences
which may or may not encode additional proteins or peptides. A second construct inserted into the recombinant cells is
also as described supra, i.e., it contains both a sequence encoding a second protein, and the protease or protease
portion. Together, these elements constitute the basic assay format when combined with a candidate agent whose effect
on target protein interaction is sought.

[0097] However, the invention may also be used to assay more than one membrane bound protein, such as a receptor,
simultaneously by employing different reporter genes, each of which is stimulated by the activation of a protein, such
as the classes of proteins described herein. For example, this may be accomplished by mixing cells transfected with
different receptor constructs and different reporter genes, or by fusing different transcription factors to each test receptor,
and measuring the activity of each reporter gene upon treatment with the test compound. For example, it may be desirable
to determine if a molecule of interest activates a first receptor and also determine if side effects should be expected as
a result of interaction with a second receptor. In such a case one may, e.g., involve afirst cell line encoding a first receptor
and a first reporter, such as lacZ, and a second cell line encoding a second receptor and a second reporter, such as
GFP. Preferred embodiments of such a system are seen in Examples 17 and 18. One would mix the two cell lines, add
the compound of interest, and look for a positive effect on one, with no effect on the other.

[0098] It is contemplated that the invention relates both to assays where a single pair of interacting test proteins is
examined, but more preferably, what will be referred to herein as "multiplex" assays are used. Such assays may be
carried out in various ways, but in all cases, more than one pair of test proteins is tested simultaneously. This may be
accomplished, e.g., by providing more than one sample of cells, each of which has been transformed or transfected, to
test each interacting pair of proteins. The different transformed cells may be combined, and tested simultaneously, in
one receptacle, or each different type of transformant may be placed in a different well, and then tested.

[0099] The cells used for the multiplex assays described herein may be, but need not be, the same. Similarly, the
reporter system used may, but need not be, the same in each sample. After the sample or samples are placed in
receptacles, such as wells of a microarray, one or more compounds may be screened against the plurality of interacting
protein pairs set out in the receptacles.

[0100] The fusion proteins expressed by the constructs are also a feature of the invention. Other aspects of the
invention which will be clear to the artisan, are antibodies which can identify the fusion proteins as well as various protein
based assays for determining the presence of the protein, as well as hybridization assays, such as assays based on
PCR, which determine expression of the gene.

IV. Kits

[0101] Any of the compositions described herein may be comprised in a kit. The kits will thus comprise, in suitable
container means for the vectors or cells of the presentinvention, and any additional agents that can be used in accordance
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with the present invention.

[0102] The kits may comprise a suitably aliquoted compositions of the present invention. The components of the kits
may be packaged either in aqueous media or in lyophilized form. The container means of the kits will generally include
at least one vial, test tube, flask, bottle, syringe or other container means, into which a component may be placed, and
preferably, suitably aliquoted. Where there are more than one component in the kit, the kit also will generally contain a
second, third or other additional container into which the additional components may be separately placed. However,
various combinations of components may be comprised in a vial. The kits of the present invention also will typically
include a means for containing reagent containers in close confinement for commercial sale. Such containers may
include injection or blow-molded plastic containers into which the desired vials are retained.

[0103] When the components of the kit are provided in one and/or more liquid solutions, the liquid solution is an
aqueous solution, with a sterile aqueous solution being particularly preferred. However, the components of the kit may
be provided as dried powder(s). When reagents and/or components are provided as a dry powder, the powder can be
reconstituted by the addition of a suitable solvent. It is envisioned that the solvent may also be provided in another
container means.

V. Examples

[0104] Specific embodiments describing the invention will be seen in the examples which follow, but the invention
should not be deemed as limited thereto.

EXAMPLE 1

[0105] A fusion construct was created, using DNA encoding human B2 adrenergic receptor, referred to hereafter as
"ADRB2", inaccordance with standard nomenclature. Its nucleotide sequence can be found at GenBank, under Accession
Number NM_000024 (SEQ ID NO: 1). The tetracycline controlled transactivator tTA, described by Gossen, et al., Proc.
Natl. Acad. Sci. USA, 87:5547-5551 (1992), incorporated by reference, was also used. A sequence encoding the rec-
ognition and cleavage site for tobacco etch virus nuclear inclusion A protease, described by Parks, et al., Anal. Biochem.,
216:413-417 (1994), incorporated by reference, is inserted between these sequences in the fusion coding gene. The
CMV promoter region was placed upstream of the ADRB2 coding region, and a poly A sequence was placed downstream
of the tTA region.

[0106] A fusion construct was prepared by first generating a form of ADRB2 which lacked internal BamHI and Bglll
restriction sites. Further, the endogenous stop codon was replaced with a unique BamHI site.

[0107] Overlapping PCR was used to do this. To elaborate, a 5’ portion of the coding region was amplified with:

gattgaagat ctgccttctt gctgge (SEQ ID NO: 2),

and

gcagaacttg gaagacctgc ggagtcc (SEQ ID NO: 3),

while a 3’ portion of the coding region was amplified with:
ggactccgca ggtcttccaa gttctge (SEQ ID NO: 4),

and

ttcggatcct agcagtgagt catttgt (SEQ ID NO: 5).

[0108] The resulting PCR products have 27 nucleotides of overlapping sequence and were purified via standard
agarose gel electrophoresis. These were mixed together, and amplified with SEQ ID NO: 2, and SEQ ID NO: 5.
[0109] PCR was also used to modify the coding region of tTA so that the endogenous start codon was replaced with
a TEV Nla-Pro cleavage site. The cleavage site, defined by the seven amino acid sequence ENLYFQS (SEQ ID NO:
6), is taught by Parks, et al., Anal. Biochem., 216:413-417 (1994), incorporated by reference. The seventh amino acid
is known as P1’ position, and replacing it with other amino acids is known to reduce the efficiency of cleavage by TEV
Nla-Pro. See Kapust, et al., Biochem. Biophys. Res. Commun., 294:949-955 (2002).

[0110] Variants where the seventh amino acid was changed to Tyr, and where it was changed to Leu, were produced.
These resulted in intermediate and low efficiency cleavage sites, as compared to the natural high efficiency site.
[0111] A DNA sequence encoding the natural high efficiency site was added to the tTA coding region in two steps.
Briefly, BamHI and Xbal restriction sites were added to the 5’ end and a Xhol restriction site was added to the 3’ end of
the tTA coding region by PCR with

ccggatcctc tagattagat aaaagtaaag tg (SEQ ID NO: 7)

and

gactcgagct agcagtatcc tcgcgecccce tacce (SEQ ID NO: 8),

and the TEV Nla-Pro cleavage site was added to the 5’ end by ligating an oligonucleotide with the sequence
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gagaacctgt acttccag (SEQ ID NO: 9)
between the BamHI and Xbal sites.
[0112] This DNA sequence was modified to encode the intermediate and low efficiency cleavage sites by PCR using:

ggatccgaga acctgtactt ccagtacaga tta (SEQ ID NO: 10),

and

ctcgagagat cctcgcgecc cctacccace (SEQ ID NO: 11).

for ENLYFQY (SEQ ID NO: 12), and

ggatccgaga acctgtactt ccagctaaga tta (SEQ ID NO: 13),

and

ctcgagagat cctcgegece cctacccace (SEQ ID NO: 11) for ENLY-FQL (SEQ ID NO: 14).

[0113] These PCR steps also introduced a BamHI restriction site 5’ to the sequence encoding each cleavage site,
and an Xhol restriction site 3’ to tTA stop codon.

[0114] The thus modified ADRB2 coding region was digested with Pstl, which cuts at nucleotide position 260 in the
coding region, and BamHI. This 3’ fragment was ligated with the three variants of tTA modified with the TEV Nla-Pro
cleavage sites, that had been digested with BamHI and Xhol, and the resulting complexes were cloned into pBlueScript
I, which had been digested with Pstl and Nhol.

[0115] A Notl restriction site was introduced 5’ to the start codon of the ADRB2 coding region, again via PCR, using
gcggcecgceca ccatgaacgg taccgaagge cca (SEQ ID NO: 15),

and

ctggtgggtg gcccggtacc a (SEQ ID NO: 16).

[0116] The 5 fragment of modified ADRB2 coding region was isolated, via digestion with Notl and Pstl and was ligated
into each of the constructs of the 3’ fragment of ADRB2-TEV-Nla-Pro-cleavage site tTA fusions that had been digested
previously, to produce three, full length constructs encoding fusion proteins.

[0117] Each construct was digested with Notl and Xhol, and was then inserted into the commercially available ex-
pression vector pcDNA 3, digested with Notl and Xhol.

EXAMPLE 2

[0118] A second construct was also made, whereby the coding sequence for "B arrestin 2 or ARRB2" hereafter
(GenBank, NM_004313) (SEQ ID NO: 17), was ligated to the catalytic domain of the TEV Nla protease (i.e., amino acids
189-424 of mature Nla protease, residues 2040-2279) in the TEV protein. To do this, a DNA sequence encoding ARRB2
was modified, so as to add a BamHI restriction site to its 5’ end. Further, the sequence was modified to replace the
endogenous stop codon with a BamHI site. The oligonucleotides

caggatcctc tggaatgggg gagaaacccg ggacc (SEQ ID NO: 18),

and

ggatccgcag agttgatcat catagtcgtc (SEQ ID NO: 19)

were used. The resulting PCR product was cloned into the commercially available vector pGEM-T EASY (Promega).
The multiple cloning site of the pGEM-T EASY vector includes an EcoRlI site 5’ to the start codon of ARRB2.

[0119] The TEV Nla-Pro coding region was then modified to replace the endogenous start codon with a Bglll site, and
to insert at the 3’ end a sequence which encodes influenza hemagluttinin epitope YPYDVPDYA (SEQ ID NO: 20) in
accordance with Kolodziej, et al., Meth. Enzymol., 194:508-519 (1991), followed by a stop codon, and a Notl restriction
site. This was accomplished via PCR, using

agatctagct tgtttaaggg accacgtg (SEQ ID NO: 21),

and

gcggccgctc aagegtaatce tggaacatca tatgggtacg agtacaccaa ttcattcatg ag (SEQ ID NO: 22).

[0120] The resulting, modified ARRB2 coding region was digested with EcoRI and BamHlI, while the modified TEV
coding region was cleaved with Bglll and Notl. Both fragments were ligated into a commercially available pcDNA3
expression vector, digested with EcoRI and Notl.

EXAMPLE 3

[0121] Plasmids encoding ADRB2-TEV-NIa-Pro cleavage site-tTA and the ARRB2-TEV-NIa protease fusion proteins
were transfected into HEK-293T cells, and into "clone 41," which is a derivative of HEK-293T, that has a stably integrated
B-galactosidase gene under control of a tTA dependent promoter. About 5x104 cells were plated in each well of a 24
well plate, in DMEM medium supplemented with 10% fetal bovine serum, 2mM L-glutamine, 100 units/ml penicillin, 100
p.g/ml G418, and 5 pg/ml purimycin. Cells were grown to reach 50% confluency the next day, and were then transfected,
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using 0.4 pg plasmid DNA, and 2 pl Fugene (a proprietary transfection reagent containing lipids and other material).
The mix was combined in 100 wl of DMEM medium, and incubated for 15 minutes at room temperature prior to adding
cells. Transfected cells were incubated for 8-20 hours before testing by adding drugs which are known agonists for the
receptor, and then 16-24 hours after drug addition.

EXAMPLE 4

[0122] The levels of B-galactosidase activity in the cells were first measured by staining the cells with a chromogenic
substance, i.e., "X-gal," as taught by MacGregor, et al., Somat. Cell Mol. Genet., 13:253-265 (1987), incorporated by
reference. Following culture, cells were washed, twice, in D-PBS with calcium and magnesium, fixed for 5 minutes in
4% paraformaldehyde, and then washed two additional times with D-PBS, calcium and magnesium, for 10 minutes each
time. Fixed cells were incubated with 5mM potassium ferricyanide, 5mM potassium ferrocyanide, 2mM MgCl,, 0.1% X-
Gal, that had been prepared from a 1:40 dilution of 4% X-Gal stock in dimethylformamide, in D-PBS with calcium and
magnesium.

[0123] The reaction was incubated in the dark at room temperature for from 3-4 hours, to overnight. Substrate solution
was removed, and cells were mounted under glass coverslips with mowiol mounting medium (10% mowiol, 0.1% 1.4-
diazabicyclo[2.2.2]octane, 24% glycerol).

[0124] Theresultsindicated that cells transfected with either the ADRB2-TEV-NIa-Pro cleavage site-tTA plasmid alone
or the ARRB2-TEV-NIla protease plasmid alone did not express B-galactosidase. A small fraction of cells transfected
with both plasmids did express 3-galactosidase, probably due to basal levels of interaction between unstimulated ADRB2
and ARRB2. About 3-5 fold more cells expressed the reporter gene after treatment with either 10 .M isoproterenol, or
10 p.M epinephrine, both of which are ADRB2 agonists.

[0125] When the cells were pretreated for 5 minutes with the ADRB2 antagonist alprenolol (10 wM), the agonist induced
increase in B-galactosidase expressing cells was blocked, and treatment with alprenolol alone had no apparent effect.
[0126] These results show that one can link agonist binding and GPCR stimulation to transcriptional activation of a
reporter gene.

EXAMPLE 5

[0127] A set of experiments were carried out in order to quantify the level of reporter gene activity in the cells more
precisely and to maximize the signal-to-background ratio of the assay. This was accomplished by measuring the level
of reporter gene induction using a commercially available chemiluminescence assay for -galactosidase activity. Clone
41 cells were transfected with the ADRB2-tTA fusion constructs, containing either the high, medium or low efficiency
cleavage sites, and the ARRB2-TEV-NIla protease expression plasmid described supra. Cells were either untreated or
treated with 1 wM isoproterenol 20 hours after the transfection, and the luminescence assay was carried out 24 hours
after the drug addition. In brief, following cell culture, the medium was removed, and 50 pl of lysis buffer (100 mM
potassium phosphate, pH7.8, 0.2% Triton X-100) was added to each well. The cells were lysed via incubation for 5
minutes, at room temperature, with mild agitation. Lysates were collected and analyzed via commercially available
products.

[0128] In all cases, treatment with agonist increased levels of -galactosidase activity. However, the background level
of reporter gene activity in untreated cells was lowest with the low efficiency cleavage site, relative to the medium and
high efficiency sites. Further, agonist treatment resulted in a 4.8-fold stimulation of reporter gene activity in cells trans-
fected with the low efficiency cleavage site, compared to 2.8-fold for the medium efficiency cleavage site and 1.2-fold
for the high efficiency cleavage site. Thus, the highest signal-to-background ratio is obtained by using the low efficiency
protease cleavage site.

EXAMPLE 6

[0129] These experiments were designed to verify that the agonist stimulated increase in reporter gene expression
is dependent on binding and activation of the receptor by the agonist.

[0130] To do this, variants of the ADRB2-tTA fusion constructs were generated following the protocols supra, except
each contained a mutant form of the receptor with a single amino acid change from D to S at position 113, which results
in a greatly reduced affinity for the agonist isoproterenol. See Strader, et al., J. Biol. Chem., 266:5-8 (1991). Three forms
of the mutant receptor-tTA fusion construct with each of the different cleavage sites were formed.

[0131] The levels of B-galactosidase activity were measured in clone 41 cells co-transfected with the ADRB2-tTA
fusion constructs containing the D113S point mutation and the ARRB2-TEV-NIa protease expression plasmid described
previously. The activity tests were carried out exactly as described, supra. The results indicated that the agonist isopro-
terenol did not stimulate reporter gene expression in cells expressing the mutant ADRB2-tTA fusion contructs.
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EXAMPLE 7

[0132] These experiments were designed to examine whether the agonist stimulated increase in reporter gene ex-
pression is dependent on fusion of TEV Nla-Pro to ARRB2.

[0133] Todothis, the levels of B-galactosidase activity were measured in clone 41 cells co-transfected with the ADRB2-
tTA fusion construct containing the low efficiency cleavage site and either the ARRB2-TEV-NIa protease expression
plasmid described supra, or a control TEV-Nla protease fusion to the SH2 domain of phospholipase C. The activity tests
were carried out exactly as described, supra. The results indicated that agonist-stimulated increase in reporter gene
expression was detected only when the TEV protease was fused to ARRB2 and not when fused to an unrelated polypep-
tide.

EXAMPLE 8

[0134] These experiments were designed to determine if gene expression is induced selectively by agonists of the
target receptor, or if it can be stimulated by other molecules.

[0135] ATP is an agonist for G protein coupled receptors P2Y1 and P2Y2, which are expressed endogenously by
HEK-293T cells.

[0136] Experiments were carried out using clone 41 cells which were cotransfected with the ADRB2-tTA fusion con-
struct containing the low efficiency cleavage site and the arrestin-TEV-Nla protease fusion as described supra, which
were treated with isoproterenol, ATP, or untreated. The assays were carried out as described, supra.

[0137] The results indicated that induction of reporter gene activity was specific to activation of target receptor. Stim-
ulation of another GPCR pathway was irrelevant.

EXAMPLE 9

[0138] A setof experiments were carried out using clone 41 cells which were cotransfected with the ADRB2-tTA fusion
construct containing the low efficiency cleavage site and the ARRB2-TEV-NIa protease fusion as described supra, which
were treated with varying amounts of one of the adrenergic receptor agonists isoproterenol and epinephrine. The assays
were carried out as described, supra. The results presented in figure 2a show a dose-response curve for the stimulation
of reporter gene expression by these two ligands. Each point represents the mean value obtained from three experiments.
[0139] A set of experiments were carried out as described supra, in which the co-transfected clone 41 cells were
pretreated with varying concentrations of the adrenergic receptor antagonist alprenolol for 15 minutes, followed by
treatment with 1 wM epinephrine. The results shown in figure 2b indicate a dose-inhibition curve for this antagonist.

EXAMPLE 10

[0140] A similar set of constructs were made to establish an assay for the G protein coupled arginine vasopressin
receptor 2 (AVPR2). The AVPR2 coding region (Genbank Accession Number: NM_000054) (SEQ ID NO: 23) was
modified to place an EcoRI site at the 5’ end and replace the stop codon with a BamHI site using PCR with the primers
gaattcatgc tcatggcgtc caccac (SEQ ID NO: 24)

and

ggatcccgat gaagtgtcect tggccag (SEQ ID NO: 25).

[0141] The modified AVPR2 coding region was ligated into the three ADRB2- tTA constructs described supra, which
had been cut with EcoRI and BamHI. This replaced the entire coding sequence of the ADRB2 with the coding sequence
of AVPR2.

[0142] Clone 41 cells were co-transfected with the AVPR2-tTA fusion construct containing the low efficiency cleavage
site and the ARRB2-TEV-NIa protease fusion described supra, and assays were carried out using varying concentrations
(1 pM to 2 wM) of [Arg8] vasopressin, an agonist for AVPR2. The data, presented in figure 3, shows a dose-response
curve for this agonist, with an EC50 of 3.3 nM, which agrees with previously published data (Oakley, R., et. al., Assay
and Drug Development Technologies, 1:21-30, (2002)). The maximal response resulted in an approximately 40-fold
induction of reporter gene expression over the background level.

EXAMPLE 11
[0143] A similar set of constructs were made to establish an assay for the G protein coupled serotonin receptor 1a
(HTR1A). The HTR1A coding region (Genbank Accession Number: NM_000524) (SEQ ID NO: 26) was modified to

place an EcoRl site at the 5’ end and replace the stop codon with a BamHI site using PCR with the primers
gaattcatgg atgtgctcag ccctgg (SEQ ID NO: 27)

16



10

15

20

25

30

35

40

45

50

55

EP 2 336 768 A9

and

ggatccctgg cggcagaact tacac (SEQ ID NO: 28).

[0144] The modified HTR1A coding region was ligated into the AVPR2- tTA constructs described supra, which had
been cut with EcoRI and EamHI. This replaced the entire coding sequence of AVPR2 with the coding sequence of
HTR1A. The resulting construct will be referred to as "HTR1A-tTA" hereafter.

[0145] Clone 41 cells were co-transfected with the HTR1A-tTA fusion construct containing the low efficiency cleavage
site and the ARRB2-TEV-NIa protease fusion construct described supra, and assays were carried out using 10 uM 8-
hydroxy-DPAT HBr (OH-DPAT), an agonist for the HTR1A, as well as with 10 M serotonin, a natural agonist for HTR1A.
The assays were carried out as described, supra. The maximal response to OH-DPAT resulted in a 6.3-fold induction
of reporter gene expression over background level and the maximal response to serotonin resulted in a 4.6+old induction
of reporter gene expression over background level.

EXAMPLE 12

[0146] Similar constructs were made to establish an assay for the G protein coupled m2 muscarinic acetylcholine
receptor (CHRM2). The CHRM2 coding region (Genbank Accession Number: NM_000739) (SEQ ID NO: 29) was mod-
ified to place an EcoRl site at the 5’ end and replace the stop codon with a Bglll site using PCR with the primers
gaattcatga ataactcaac aaactcc (SEQ ID NO: 30)

and

agatctcctt gtagcgcecta tgttc (SEQ ID NO: 31).

[0147] The modified CHRM2 coding region was ligated into the AVPR2 - tTA constructs described supra, which had
been cut with EcoRl and BamHI. This replaced the entire coding sequence of AVPR2 with the coding sequence of CHRM2.
[0148] Clone 41 cells were co-transfected with the CHRM2-tTA fusion construct containing the high efficiency cleavage
site and the ARRB2-TEV-NIa protease fusion described supra, where the ARRB2-protease fusion protein was expressed
under the control of the Herpes Simplex Virus thymidine kinase (HSV-TK) promoter, and assays were carried out using
10 wM carbamylcholine CI (carbochol), an agonist for CHRM2, as described supra. The maximal response to carbochol
resulted in a 7.2-fold induction of reporter gene expression over background.

EXAMPLE 13

[0149] o Constructs were also made to establish an assay for the G protein coupled chemokine (C-C motif) receptor
5 (CCR5). The CCRS5 coding region (Genbank Accession Number: NM_000579) (SEQ ID NO: 32) was modified to place
Not | site at the 5’ end and replace the stop codon with a BamHI site using PCR with the primers

gcggcecgcat ggattatcaa gtgtcaagtc ¢ (SEQ ID NO: 33)

and

ggatccctgg cggcagaact tacac (SEQ ID NO: 34).

[0150] The CCRS coding region was also modified to place a Bsal site at the 5’ end which, when cut, leaves a nucleotide
overhang which is compatible with EcoRI cut DNA using the primers

ggtctccaat tcatggatta tcaagtgtca agt (SEQ ID NO: 35)

and

gacgacagcc aggtacctat ¢ (SEQ ID NO: 36).

[0151] The first modified coding region was cut with Clal and BamHI and the second was cut with Bsal and Clal. Both
fragments were ligated into the AVPR2 - tTA constructs described supra, which had been cut with EcoRI and BamHI.
This replaced the entire coding sequence of AVPR2 with the coding sequence of CCR5.

[0152] The CCR5-tTA fusion construct containing the low efficiency cleavage site was transfected into "clone 34" cells,
which are a derivative of the HEK cell line "clone 41" described supra, but which contain a stably integrated ARRB2-
TEV-NIa protease fusion gene under the control of the CMV promoter. Assays were carried out using 1 p.g/ml "Regulated
on Activation, Normal T-Cell Expressed and Secreted" (RANTES), a known agonist for CCR5. The maximal response
to RANTES, measured as described supra resulted in an approximately 40-fold induction of reporter gene expression
over the background.

EXAMPLE 14

[0153] Next, a set of constructs were made to establish an assay for the G protein coupled dopamine 2 receptor
(DRD2). The DRD2 coding region (Genbank Accession Number: NM_000795) (SEQ ID NO: 37) was modified to place
an EcoRI site at the 5' end and replace the stop codon with a Bglll site using PCR with the primers

gaattcatgg atccactgaa tctgtcc (SEQ ID NO: 38)

and
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agatctgcag tggaggatct tcagg (SEQ ID NO: 39).

[0154] The modified DRD2 coding region was ligated into the AVPR2 - tTA constructs described supra, cut with EcoRI
and BamHI. This replaced the entire coding sequence of AVPR2 with the coding sequence of DRD2.

[0155] Clone 41 cells were co-transfected with the DRD2-tTA fusion construct containing the medium efficiency cleav-
age site and the ARRB2-TEV-NIa protease fusion described supra, and assays were carried out using 10 uM dopamine
HCI (dopamine), an agonist for DRD2. Results were measured as in the assays described supra. The maximal response
to dopamine resulted in a 2.7-fold induction of reporter gene expression over the background.

EXAMPLE 15

[0156] These experiments were designed to demonstrate enhancements of the assay using arrestin variants that bind
agonist-occupied GPCRs more stably. First, a fusion of the TEV Nla protease to f-arrestin-1 (ARRB1) was constructed.
The coding region of ARRB1 (Genbank Accession Number: NM_004041) (SEQ ID NO: 40) was modified to place an
Asp718 site at the 5’ end and replace the stop codon with a BamHI site using PCR with the primers

ggtaccatgg gcgacaaagg gacgcgagtg (SEQ ID NO: 41)

and

ggatcctctg ttgttgaget gtggagagcc tgtaccatce tectcttc (SEQ ID NO: 42).

[0157] The resulting modified ARRB1 coding region was cut with Asp718 and EcoRI and with EcoRI and BamHI, while
the modified TEV Nla-Pro coding region described supra was cut with Bglll and Notl. All three fragments were ligated
into a commercially available pcDNA3 expression vector, which had digested with Asp718 and Notl.

[0158] Clone 41 cells were co-transfected with the DRD2-tTA fusion construct containing the medium efficiency cleav-
age site and the ARRB1-TEV-NIa protease fusion, and assays were carried out using 20 .M dopamine HCI (dopamine),
an agonist for the D2 receptor, as described supra. The maximal response to dopamine resulted in a 2.1-fold induction
of reporter gene expression over the background.

[0159] Truncation of ARRB1 following amino acid 382 has been reported to result in enhanced affinity for agonist-
bound GPCRs, independent of GRK-mediated phosphorylation (Kovoor A., et. al., J. Biol. Chem., 274(11):6831-6834
(1999)). To demonstrate the use of such a "constitutively active" arrestin in the present assay, the coding region of -
arrestin-1 was modified to place an Asp718 site at the 5’ end and a BamHI site after amino acid 382 using PCR with
SEQ ID NO: 41, supra

and

ggatccattt gtgtcaagtt ctatgag (SEQ ID NO: 43).

[0160] This results in a an ARRb1 coding region which is 36 amino acids shorter than the full-length coding region.
The resulting modified ARRB1 coding region, termed "ARRB1 (A383)", was cut with Asp718 and EcoRI and with EcoRI
and BamHI, while the modified TEV Nla-Pro coding region described supra was cut with Bglll and Notl. All three fragments
were ligated into a commercially available pcDNA3 expression vector, digested with Asp718 and Notl.

[0161] Clone 41 cells were co-transfected with the DRD2-tTA fusion construct containing the medium efficiency cleav-
age site and the ARRB1 (A383)-TEV-Nla protease fusion, and assays were carried out using 10 M dopamine HCI
(dopamine), an agonist for the DRD2 receptor, as described supra. The maximal response to dopamine resulted in an
8.3-fold induction of reporter gene expression over the background.

[0162] To examine the effect of a comparable truncation of the ARRB2 coding region the coding region of ARRB2
was modified to place an Asp718 site at the 5’ end and replaced 81 nucleotides at the 3’ end with a BamHI site using
PCR with the primers

ggtaccatgg gggagaaacc cgggacc (SEQ ID NO: 44)

and

ggatcctgtg gcatagttgg tatc (SEQ ID NO: 45).

[0163] This results in a ARRB2 coding region which is 27 amino acids shorter than the full-length coding region. The
resulting modified ARRB2 coding region was cut with Asp718 and BamH]I, while the modified TEV Nla-Pro coding region
described supra was cutwith Bglll and Notl. Both fragments were ligated into a commercially available pcDNA3 expression
vector, digested with Asp718 and Notl.

[0164] Clone 41 cells were co-transfected with the DRD2-tTA fusion construct containing the medium efficiency cleav-
age site and the ARRB2 (A383)-TEV-Nla protease fusion, and assays were carried out using 10 wuM dopamine HCI
(dopamine), an agonist for the DRD2 receptor, as described supra. The maximal response to dopamine resulted in a
2.1-fold induction of reporter gene expression over the background.

[0165] These results, presented in figure 4, demonstrate that DRD2 dopamine receptor assay shows the highest
signal-to-background ratio using the arrestin variant ARRB1 (A383).
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EXAMPLE 16

[0166] This set of experiments was carried out to demonstrate enhancements of the assay using receptor modifications
that are designed to increase affinity for the interacting protein. In this example, the C-terminal tail domain of a test
receptor was replaced with the corresponding tail domain from AVPR2, a receptor known to bind arrestins with high
affinity. In these examples the fusion junction was made 15-18 amino acids after the conserved NPXXY motif at the end
of the seventh transmembrane helix, which typically corresponds to a position immediately after a putative palmitoylation
site in the receptor C-terminus.

[0167] First, PCR was used to produce a DNA fragment encoding the C-terminal 29 amino acids from AVPR2, followed
by the low efficiency TEV cleavage site and tTA transcription factor. The fragment was also designed such that the first
two amino acids (Ala, A and Arg, R) are encoded by the BssHII restriction site GCGCGC. This was accomplished by
amplifying the AVPR2-tTA construct with the low efficiency cleavage site described supra, with the primers
tgtgcgcgeg gacgcacccece acccagectg ggt (SEQ ID NO: 46)

and

ctcgagagat cctcgegecce cetacccace (SEQ ID NO: 11).

[0168] Next, the coding region of the DRD2 was modified to place an EcoRI site at the 5’ end and to insert a BssHII
site after the last amino acid in the coding region (Cys-443). This was done using PCR with the primers

gaattcatgg atccactgaa tctgtcc (SEQ ID NO: 47)

and

tgtgcgegeg cagtggagga tettcaggaa gge (SEQ ID NO: 48).

[0169] The resulting modified D2 coding region was cut with EcoRI and BssHII and the resulting AVPR2 C-terminal
tail-low efficiency cleavage site-tTA fragment was cut with BssHIl and BamHI. Both fragments were ligated into the
AVPR2-low efficiency cleavage site-tTA construct described supra, cut with EcoRIl and BamH].

[0170] Clone 41 cells were co-transfected with the DRD2-AVPR2 Tail-tTA fusion construct containing the low efficiency
TEV cleavage site and the ARRB2-TEV-NIa protease fusion described supra, and assays were carried out using 10 uM
dopamine HCI (dopamine), an agonist for the DRD2 receptor. The maximal response to dopamine resulted in an ap-
proximately 60-fold induction of reporter gene expression over the background.

[0171] A construct was made which modified the ADRB2 receptor coding region by inserting an Asp718 site at the 5’
end and by placing a BssHII site after Cys-341. This was done using PCR with the primers

gcggccgeca ccatgaacgg taccgaaggc cca (SEQ ID NO: 49)

and

tgtgcgecgeg cacagaagct cctggaagge (SEQ ID NO: 50).

[0172] The modified ADRB2 receptor coding region was cut with EcoRI and BssHII and the AVPR2 C-terminal tail-
low efficiency cleavage site-tTA fragment was cut with BssHIl and BamHI. Both fragments were ligated into the AVPR2-
low efficiency cleavage site-tTA construct described supra cut, with EcoRI and BamHI. The resulting construct is "ADRB2-
AVPR2 Tail-tTA." (Also see published application U.S. 2002/0106379, supra, SEQ ID NO: 3 in particular.)

[0173] Clone 41 cells were co-transfected with the ADRB2-AVPR2 Tail-tTA fusion construct containing the low effi-
ciency TEV cleavage site and the ARRB2-TEV-NlIa protease fusion described supra, and assays were carried out using
10 wM isoproterenol, an agonist for the ADRB2 receptor. The maximal response to isoproterenol resulted in an approx-
imately 10-fold induction of reporter gene expression over the background.

[0174] A construct was made which modified the kappa opioid receptor (OPRK; Genbank Accession Number: NM_
000912) (SEQID NO: 51) coding region by placing a BssHII site after Cys-345. This was done using PCR with the primers
ggtctacttg atgaattcct ggee (SEQ ID NO: 52)

and

gcgcgcacag aagtcccgga aacaccg (SEQ ID NO: 53)

[0175] The modified OPRK receptor coding region was cut with EcoRI and BssHIl and AVPR2 C-terminal tail-low
efficiency cleavage site-tTA fragment was cut with BssHIl and Xhol. Both fragments were ligated into a plasmid containing
the modified OPRK receptor sequence, cloned into pcDNA3.1+ at Asp718 (5’) and Xhol (3’), which had been digested
with EcoRI and Xhol.

[0176] Clone 41 cells were co-transfected with the OPRK-AVPR2 Tail-tTA fusion construct containing the low efficiency
cleavage site and the ARRB2-TEV-NIa protease fusion described supra, and assays were carried out using 10 uM U-
69593, an agonist for the OPRK. The maximal response to U-69593 resulted in an approximately 12-fold induction of
reporter gene expression over the background.

EXAMPLE 17

[0177] This experiment was designed to demonstrate the use of the assay to measure the activity of two test receptors
simultaneously using a multiplex format.
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[0178] Clone 41 cells and "clone 1H10" cells, which are cells of an HEK-293T cell line containing a stable integration
of the luciferase gene under the control of a tTA-dependent promoter, were each plated on 24-well culture dishes and
were transiently transfected with the chimeric ADRE2-AVPR2 Tail-tTA or the DRD2-AVPR2 Tail-tTA fusion constructs
described supra, respectively. Transient transfections were performed using 100wl of media, 0.4p.g of DNA and 2.l of
FuGene reagent per well. After 24 hr of incubation, Clone 41 cells expressing ADRB2-AVPR2 Tail-tTA and clone 1H10
cells expressing DRD2-AVPR2 Tail-tTA were trypsinized, mixed in equal amounts, and replated in 12 wells of a 96-well
plate. Triplicate wells were incubated without drug addition or were immediately treated with 1 .M isoproterenol, 1 uM
dopamine, or a mixture of both agonists at 1..M. Cells were assayed for reporter gene activity approximately 24 hours
after ligand addition. Medium was discarded, cells were lysed in 40p.l lysis buffer [100 mM potassium phosphate pH 7.8,
0.2% Triton X-100] and the cell lysate was assayed for beta-galactosidase and for luciferase activity using commercially
available luminescent detection reagents.

[0179] The results are presented in Figure 5A and 5B. Treatment with isoproterenol resulted in an approximately
seven-fold induction of beta-galactosidase reporter gene activity, whereas luciferase activity remained unchanged. Treat-
ment with dopamine resulted in a 3.5-fold induction of luciferase activity, while beta-galactosidase activity remained
unchanged. Treatment with both isoproterenol and dopamine resulted in seven-fold and three-fold induction of beta-
galactosidase and luciferase activity, respectively.

EXAMPLE 18

[0180] This experiment was designed to demonstrate the use of the assay to measure the activity of two test receptors
simultaneously using a multiplex format.

[0181] "Clone 34.9" cells, which are a derivative of clone 41 cells and containing a stably integrated ARRB2 - TEV
Nla protease fusion protein gene, were transiently transfected with the chimeric OPRK-AVPR2 Tail- TEV-NIa-Pro cleav-
age (Leu)-tTA fusion construct described supra. In parallel, "clone HTL 5B8.1" cells, which are an HEK-293T cell line
containing a stable integrated luciferase gene under the control of a tTA-dependent promoter, were transiently transfected
with the ADRB-AVPR2 Tail- TEV-Nla-Pro cleavage (Leu)-tTA fusion construct described supra. In each case 5x10%
cells were plated in each well of a 6-well dish, and cultured for 24 hours in DMEM supplemented with 10% fetal bovine
serum, 2 mM L-Glutamine, 100 units/ml penicillin, 500 w.g/ml G418, and 3 wg/ml puromycin. Cells were transiently
transfected with 100 pl of DMEM, 0.5 p.g of OPRK-AVPR2 Tail-TEV-NIa-Pro cleavage (Leu)-tTADNA, and 2.5 pl Fugene
("clone 34.9 cells") or with 100 pl of DMEM, 0.5 pn.g of ADRB2-AVPR2 Tail-TEV-NIa-Pro cleavage (Leu)-tTA DNA, 0.5
g of ARRB2-TEV Nla Protease DNA and 5 ul Fugene ("clone HTL 5B8.1 cells"). Transiently transfected cells were
cultured for about 24 hours, and were then trypsinized, mixed in equal amounts and replated in wells of a 96 well plate.
Cell were incubated for 24 hours before treatment with 10 uM U-69593, 10 wM isoproterenol or a mixture of both agonists
at 10 pM. Sixteen wells were assayed for each experimental condition. After 24 hours, cells were lysed and the activity
of both beta-galactosidase and luciferase reporter genes were assayed as described supra. The results are presented
in Figure 6. Treatment with U-69593 resulted in an approximately 15-fold induction of beta-galactosidase reporter gene
activity, whereas luciferase activity remained unchanged. Treatment with isoproterenol resulted in a 145-fold induction
of luciferase activity, while beta-galactosidase activity remained unchanged. Treatment with both U-69593 and isopro-
terenol resulted in nine-fold and 136-fold induction of beta-galactosidase and luciferase activity, respectively.

EXAMPLE 19

[0182] This experiment was carried out to demonstrate the use of a different transcription factor and promoter in the
assay of the invention.

[0183] Afusion construct was created, comprising DNA encoding AVPR2, fused in frame to a DNA sequence encoding
the amino acid linker GSENLYFQLR (SEQ ID NO: 54) which included the low efficiency cleavage site for TEV N1a-Pro
described supra, fused in frame to a DNA sequence encoding amino acids 2-147 of the yeast GAL4 protein (GenBank
Accession Number P04386) (SEQ ID NO: 55) followed by a linker, i.e., of the sequence PELGSASAELTMVF (SEQ ID
NO: 56), followed by amino acids 368-549 of the murine nuclear factor kappa-B chain p65 protein (GenBank Accession
Number A37932) (SEQ ID NO: 57). The CMV promoter was placed upstream of the AVPR2 coding region and a polyA
sequence was placed downstream of the GAL4-NFkB region. This construct was designated AVPR2-TEV-Nla-Pro
cleavage (Leu)-GAL4.

[0184] HUL 5C1.1is a derivative of HEK-293T cells, which contain a stably integrated luciferase reporter gene under
the control of a GAL4 upstream activating sequence (UAS), commercially available pFR-LUC.

[0185] This AVPR2-TEV-NIla-Pro cleavage (Leu)-GAL4 plasmid was co-transfected along with the B-arrestin2-TEV
N1a Protease described supra into HUL 5C1.1 cells. About 2.5 x 104 cells were plated into each well of a 96 well-plate,
in DMEM medium supplemented with 10% fetal bovine serum, 2 mM L-Glutamine, 100 units/ml penicillin, 500 pg/ml
G418, and 3 p.g/ml puromycin. Cells were grown to reach 50% confluency the next day and were transfected with 10
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.l per well of a mixture consisting of 85 pl of DMEM, 0.1 pg of AVPR2-TEV-Nia-Pro cleavage (Leu)-GAL4 DNA, 0.1 p.g
of ARRB2-TEV N1a Protease DNA, and 1 pl Fugene, which had been incubated for 15 minutes at room temperature
prior to addition to the cells. Transfected cells were cultured for about 16 hours before treatment with 10 wM vasopressin.
After six hours, cells were lysed and luciferase activity was assayed as described supra. Under these conditions, treatment
with vasopressin resulted in a 180-fold increase in reporter gene activity.

EXAMPLE 20

[0186] This set of experiments were carried out to demonstrate enhancements of the assay using further receptor
modifications that are designed to increase the affinity for the interacting protein. In this example, the C-terminal tail
domain of the test receptor is replaced with the corresponding tail domain of one of the following receptors: apelin J
receptor - AGTRL1 (accession number: NM_005161) (SEQ ID NO: 58), gastrin-releasing peptide receptor - GRPR
(accession number: NM_005314) (SEQ ID NO: 59), proteinase-activated receptor 2 - F2RL1 (accession number: NM_
005242) (SEQ ID NO: 60), CCR4 (accession number: NM_005508) (SEQ ID NO: 61), chemokine (C-X-C motif) receptor
4 - CXCR4 (accession number: NM_003467) (SEQ ID NO: 62), and interleukin 8 receptor, beta - CXCR2/IL8b (accession
number: NM_001557) (SEQ ID NO: 63).

[0187] First PCR was used to produce a DNA fragment encoding the C-terminal tail of the above receptors. These
fragments were designed such that the first two amino acids (Ala, A and Arg, R) are encoded by the BssHII restriction site.
[0188] The AGTRL1 C-terminal fragment was amplified with the primers

tgtgcgegeg gecagagceag gtgegea (SEQ ID NO: 64)

and

gaggatccgt caaccacaag ggtctc (SEQ ID NO: 65).

[0189] The GRPR C-terminal fragment was amplified with the primers

tgtgcgcgeg gectgatcat ceggtet (SEQ ID NO: 66)

and

gaggatccga cataccgctc gtgaca (SEQ ID NO: 67).

[0190] The F2RL1 C-terminal fragment was amplified with the primers

tgtgcgegea gtgtcegeac tgtaaage (SEQ ID NO: 68)

and

gaggatccat aggaggtctt aacagt (SEQ ID NO: 69).

[0191] The CCR4 C-terminal fragment was amplified with the primers

tgtgcgegceg gecttttigt getetge (SEQ ID NO: 70)

and

gaggatccca gagcatcatg aagatc (SEQ ID NO: 71).

[0192] The CXCR2/IL8b C-terminal fragment was amplified with the primers

tgtgcgegeg gettgatcag caagggac (SEQ ID NO: 72)

and

gaggatccga gagtagtgga agtgtg (SEQ ID NO: 73).

[0193] The CXCR4 C-terminal fragment was amplified with the primers

tgtgcgegeg ggtccagect caagate (SEQ ID NO: 74)

and

gaggatccgce tggagtgaaa acttga (SEQ ID NO: 75).

[0194] The resulting DNA fragments encoding the modified C-terminal tail domains of these receptors were cut with
BssHIl and BamHI and the fragments were ligated in frame to the OPRK receptor coding region, replacing the AVPR2-
C-terminal tail fragment, in the OPRK-AVPR2 Tail- TEV-Nla-Pro cleavage (Leu)-tTA expression construct described
supra.

[0195] HTL 5B8.1 cells described supra were co-transfected with each of the above modified OPRK coding region -
TEV-NIa-Pro cleavage (Leu)- tTA constructs and the B-arrestin 2 - TEV Nla protease fusion described supra. About 2.5
x 104 cells per well were plated onto a 96 well-plate, in DMEM medium supplemented with 10% fetal bovine serum, 2
mM L-Glutamine, 100 units/ml penicillin, 500 pg/ml G418, and 3 wg/ml puromycin. Cells were grown to reach 50%
confluency the next day and were transfected with 10 wl per well of a mixture consisting of 85 pl of DMEM, 0.25 p.g of
AVPR2-TEV-Nla-Pro cleavage (Leu)-GAL4 DNA, 0.25 png of ARRB2-TEV Nla protease DNA, and 2.5 ul Fugene (a
proprietary transfection reagent containing lipids and other material), which had been incubated for 15 minutes at room
temperature prior to addition to the cells. Transfected cells were cultured for about 16 hours before treatment 10 uM U-
69593. After six hours, cells were lysed and luciferase activity was assayed as described supra. Under these conditions,
treatment with U-69593 resulted in the following relative increases in reporter gene activity for each of the modified
OPRK receptors: OPRK-AGTRL1 C-terminal tail - 30 fold; OPRK-GRPR C-terminal tail - 312 fold; OPRK-F2RL1 C-
terminal tail - 69.5 fold; OPRK-CCR4 C-terminal tail - 3.5 fold; OPRK-CXCR4 C-terminal tail - 9.3 fold; OPRK-IL8b C-
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terminal tail-113 fold.
EXAMPLE 21

[0196] This experiment was designed to produce a cell line that stably expressed the ARRB2-TEV Nla protease fusion
protein described supra.

[0197] A plasmid was made which expressed the ARRB2-TEV Nla protease fusion protein under the control of the
EF1o promoter and also expressed the hygromycin resistance gene under the control of the thymidine kinase (TK)
promoter.

[0198] This plasmid was transfected into HTL 5B8.1, and clones containing a stable genomic integration of the plasmid
were selected by culturing in the presence of 100 p.g/ml hygromycin. Resistant clones were isolated and expanded and
were screened by transfection of the ADRB2-AVPR2 Tail- TEV-Nla-Pro cleavage (Leu)-tTA plasmid described supra.
Three cell lines that were selected using this procedure were designated "HTLA 4C2.10", "HTLA 2C11.6" and "HTLA
5D4". About 2.5 x 104 cells per well were plated onto a 96 well-plate, in DMEM medium supplemented with 10% fetal
bovine serum, 2 mM L-Glutamine, 100 units/ml penicillin, 500 p.g/ml G418, 3 pg/ml puromycin, and 100 p.g/ml hygromycin.
Cells were grown to reach 50% confluency the next day and were transfected with 10 .l per well of a mixture consisting
of 85 wl of DMEM, 0.25 n.g of ADRB2-AVPR2-TEV-NIa-Pro cleavage (Leu)-GAL4 DNA and 0.5 pl Fugene, which had
been incubated for 15 minutes at room temperature prior to addition to the cells. Transfected cells were cultured for
about 16 hours before treatment 10 p.M isoproterenol. After six hours, cells were lysed and luciferase activity was assayed
as described supra. Under these conditions, treatment with isoproterenol resulted in a 112-fold ("HTLA 4C2.10"), 56-
fold ("HTLA 2C11.6") and 180-fold ("HTLA 5D4") increase in reporter gene activity in the three cell lines, respectively.

EXAMPLE 22

[0199] This experiment was designed to produce a cell line that stably expressed the AR12E2-TEV Nla protease and
the ADRB2-AVPR2 Tail- TEV-NIa-Pro cleavage (Leu)-tTA fusion proteins described supra.

[0200] The ARRB2-TEV Nla protease plasmid containing the hygromycin resistance gene was transfected together
with the ADRB2-AVPR?2 Tail- TEV-Nla-Pro cleavage (Leu)-tTA fusion protein plasmid described supra into HTL 5B8.1
cells and clones containing stable genomic integration of the plasmids were selected by culturing in the presence of 100
prg/ml hygromycin. Resistant clones were isolated and expanded, and were screened by treating with 10 wM isoproterenol
and measuring the induction of reporter gene activity as described supra. Three cell lines that were selected using this
procedure were designated "HTLAR 1E4.", "HTLAR 1C10" and "HTLAR 2G2". Treatment with isoproterenol for 6 hours
resulted in a 208-fold ("HTLAR 1E4"), 197-fold ("HTLAR 1C10") and 390-fold ("HTLAR 2G2") increase in reporter gene
activity in the three cell lines, respectively.

EXAMPLE 23

[0201] This experiment was designed to demonstrate the use of the assay to measure the activity of the receptor
tyrosine kinase epidermal growth factor receptor (EGFR).

[0202] A first fusion construct was created, comprising DNA encoding the human EGFR, which can be found at
GenBank under the Accession Number NM_005228 (SEQ ID NO: 76), fused in frame to a DNA sequence encoding
amino acids 3-335 of the tetracycline-controlled transactivator tTA, described supra. Inserted between these sequences
is a DNA sequence encoding the amino acid sequence GGSGSENLYFQL (SEQ ID NO: 77) which includes the low
efficiency cleavage site for TEV Nla-Pro, ENLYFQL (SEQ ID NO: 14), described supra. The CMV promoter was placed
upstream of the Epidermal Growth Factor Receptor coding region, and a polyA sequence was placed downstream of
the tTA region. This construct is designated EGFR-TEV-Nla-Pro cleavage (Leu)-tTA.

[0203] A second fusion construct was created, comprising DNA encoding the two SH2 domains of human Phosphol-
ipase C Gamma 1, corresponding to amino acids 538-759 (GeneBank accession number NP_002651.2) (SEQ ID NO:
78) fused in frame to a DNA sequence encoding the catalytic domain of mature TEV Nla protease, described supra,
corresponding to amino acids 2040-2279 (GeneBank accession number AAA47910) (SEQ ID NO: 79). Inserted between
these sequences is a linker DNA sequence encoding the amino acids NSSGGNSGS (SEQ ID NO: 80). The CMV
promoter was placed upstream of the PLC-Gamma SH2 domain coding sequence and a polyA sequence was placed
downstream of the TEV Nla protease sequence. This construct is designated PLC Gammal-TEV.

[0204] The EGFR-TEV-NIa-Pro cleavage (Leu)-tTA and PLC Gammal-TEV fusion constructs were transfected into
clone HTL5B8.1 cells described supra. About 2.5 x 104 cells were plated into each well of a 96 well-plate, in DMEM
medium supplemented with 10% fetal bovine serum, 2 mM L-Glutamine, 100 units/ml penicillin, 500 p.g/ml G418, and
3 png/ml puromycin. Cells were grown to reach 50% confluency the next day and were transfected with 15 wl per well of
a mixture consisting of 100 w! of DMEM, 0.4 n.g of pcDNA3 DNA ("carrier" vector DNA), 0.04 pn.g of EGFR-TEV-NIa-Pro
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cleavage (Leu)-tTA DNA, 0.04 pg of PLC Gammal-TEV DNA, and 2 pl Fugene (a proprietary transfection reagent
containing lipids and other material), which had been incubated for 15 minutes at room temperature prior to addition to
the cells. Transfected cells were cultured for about 16 hours before treatment with specified receptor agonists and
inhibitors. After six hours, cells were lysed and luciferase activity was assayed as described supra. Results are shown
in Figure 7.

[0205] The addition of 2.5 ng/ml human Epidermal Growth Factor (corresponding to the EC80 for this ligand) resulted
in a 12.3 fold increase of luciferase reporter gene activity, while addition of 100 ng/ml human Transforming Growth Factor
- Alpha resulted in an 18.3 fold increase. Prior treatment with tyrosine kinase inhibitors (70 uM AG-494; 0.3 pM AG-
1478; 2 mM RG-130022) before addition of human Epidermal Growth Factor blocked the induction of reporter gene
activity.

EXAMPLE 24

[0206] This experiment was designed to demonstrate the use of the assay to measure the activity of the human Type
| Interferon Receptor.

[0207] A fusion construct was created, comprising DNA encoding human Interferon Receptor | (IFNAR1) (5657 amino
acids), which can be found in Genbank under Accession Number NM_000629 (SEQ ID NO: 81), fused in frame to a
DNA sequence encoding amino acids 3-335 of the tetracycline controlled transactivator tTA, described supra. Inserted
between these sequences is a DNA sequence encoding the amino acid sequence GSENLYFQL (SEQ ID NO: 82) which
includes the low efficiency cleavage site for TEV Nla-Pro, ENLYFQL (SEQ ID NO: 14), described supra. The CMV
promoter was placed upstream of the Human Interferon Receptor | (IFNAR1) coding region, and a poly A sequence was
placed downstream of the tTA region. This construct is designated IFNAR1 - TEV- Nla-Pro cleavage (L)-tTA.

[0208] A second fusion construct was created, using DNA encoding Human Interferon Receptor 2, splice variant 2
(IFNAR2.2) (515 amino acids), which can be found at Genbank, under Accession Number L41942 (SEQ ID NO: 83),
fusedin frame to a DNA sequence encoding the catalytic domain of the TEV Nla protease, described supra, corresponding
toamino acids 2040-2279 (GenBank accession number AAA47910) (SEQ D NO: 84). Inserted between these sequences
is a DNA sequence encoding the amino acid sequence RS (Arg-Ser). The CMV promoter region was placed upstream
of the Human Interferon Receptor 2 (IFNAR2.2) coding region, and a poly A sequence was placed downstream of the
TEV region. This construct is designated IFNAR2.2-TEV.

[0209] Expression constructs were also generated in which the genes for Human Signal Transducer and Activator of
Transcription 1 (STAT1), found in Genbank, under Accession Number NM_007315 (SEQ ID NO: 85), Human Signal
Transducer and Activator of Transcription 2 (STAT2) found in Genbank, under Accession Number NM_005419 (SEQ
ID NO: 86), were expressed under the control of the CMV promoter region. These constructs were designated CMV-
STAT1 and CMV-STAT2 respectively.

[0210] ThelFNAR1- TEV- Nla-Pro cleavage (L)-tTA and IFNAR2.2-TEV fusion constructs, together with CMV-STAT1
and CMV-STAT2 were transiently transfected into HTL5B8.1 cells described supra. About 2.5 x 104 cells were seeded
in each well of a 96 well plate and cultured in DMEM medium supplemented with 10% fetal bovine serum, 2mM L-
glutamine, 100 units/ml penicillin, 100pn.g/ml G418, and 5 pg/ml puromycin. After 24 hours of incubation, cells were
transfected with 15ng of each IFNAR1- TEV- Nla-Pro cleavage (L)-tTA, IFNAR2.2-TEV, CMV-STAT1 and CMV-STAT2
DNA, or with 60ng control pcDNA plasmid, together with 0.3 pl Fugene per well. Transfected cells were cultured for
8-20 hours before treatment with 5000 U/ml human interferon-alpha or 5000 U/ml human interferon-beta. At the time of
interferon addition, medium was aspirated and replaced with 293 SFM Il media supplemented with 2mM L-glutamine,
100 units/ml penicillin, 3p.g/ml puromycin and 500.g/ml of G418. Interferon-treated cells were cultured for an additional
18-20 hours before they were assayed for luciferase reporter gene activity as described supra. Results are shown in
Figure 8. Treatment with 5000U/ml IFN-o resulted in 15-fold increase in reporter gene activity, while treatment with
5000U/ml IFN-B resulted in a 10-fold increase. Interferon treatment of HTL5B8.1 cells transfected with the control plasmid
pcDNA3 had no effect on reporter gene activity. Figure 9 shows a dose-response curve generated for IFN-o.in HTL5B8.1
cells transfected with IFNAR1(ENLYFQ(L)-tTa, IFNAR2.2-TEV, STAT1 and STAT2 expression constructs as described

supra.

EXAMPLE 25

[0211] This experiment was designed to demonstrate the use of the assay to measure the activity of the human Type
I Interferon Receptor using a different transcription factor and a different cell line.

[0212] A fusion construct was created, using DNA encoding Human Interferon Receptor | (IFNAR1), fused in frame
to a DNA sequence encoding the GAL4-NF-«xB-fusion, described supra. Inserted between these sequences is a DNA
sequence encoding the amino acid sequence GSENLYFQL (SEQ ID NO: 87), which includes the low efficiency cleavage
site for TEV Nla,Pro, ENLYFQL (SEQ ID NO: 14), described supra. The CMV promoter was placed upstream of the
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Human Interferon Receptor | (IFNAR1) coding region, and a poly A sequence was placed downstream of the GAL4-NF-
kB region. This construct is designated IFNAR1-TEV- Nla-Pro cleavage (L)-GAL4-NF-xB.

[0213] CHO-K1 cells were then transiently transfected with a mixture of five plasmids: IFNAR1-TEV-Nla-Pro cleavage
(L)-GAL4-NF-xB, IFNAR2.2-TEV, CMV-STAT1, CMV-STAT2 and pFR-Luc, a luciferase reporter gene plasmid under
the control of a GAL4-dependent promoter. About 1.0 x 104 cells per well were seeded in a 96 well plate 24 hours prior
to transfections in DMEM medium supplemented with 10% fetal bovine serum, 2mM L-glutamine, 100 units/ml penicillin.
Cells were transfected the following day with 10 ng of reporter plasmid (pFR-Luc), plus 20 ng of each of the expression
constructs described supra, or with 10 ng reporter plasmid plus 80 ng of control pcDNA3 plasmid, together with 0.3 pll
Fugene per well. Transfected cells were cultured for 8-20 hours before treatment with 5000 U/ml human interferon-
alpha. At the time of interferon addition, medium was aspirated and replaced with DMEM media supplemented with
2mM L-glutamine, 100 units/ml penicillin. Interferon-treated cells were cultured for an additional 6 hours before they
were assayed for luciferase reporter gene activity as described supra. Results are shown in Figure 10. IFN-o. treatment
of CHO-K1 cells transfected with the reporter, IFNAR and STAT constructs resulted in 3-fold increase in reporter gene
activity, while interferon treatment of cells transfected with the reporter and control plasmids had no effect on reporter
gene activity.

EXAMPLE 26

[0214] This set of experiments was carried out to demonstrate additional enhancements of the assay using receptor
modifications designed to increase the affinity of the test receptor for the interacting protein. In these examples, the
fusion junction between the test receptor and a C-terminal tail domain of GRPR (Genbank Accession Number: NM_
005314) (SEQ ID NO: 59) was made 17-23 amino acids after the conserved NPXXY motif at the end of the seventh
transmembrane helix.

[0215] First, PCR was used to produce a DNA fragment encoding the C-terminal 42 amino acids from GRPR beginning
2 amino acids after the putative palmitoylation site (hereafter referred to as GRPR 42aa). The fragment was designed
such that the first amino acid of the C-terminal tail is preceded by two amino acids (Ser, S and Arg, R) which are encoded
by the Xbal restriction site TCTAGA, and the stop codon is replaced by two amino acids (Gly, G and Ser, S) which are
encoded by a BamHI restriction site GGATCC. This was accomplished by amplifying a plasmid containing the GRPR
coding region with primers

tctagaggcctgatcatccggtctcac (SEQ ID NO: 88)
and
gaggatccgacataccgctcgtgaca (SEQ ID NO: 67)

[0216] Next the coding region of OPRK (Genbank Accession Number: NM_000912) (SEQ ID NO: 51) was modified
to place insert an Xbal site after Pro-347. This was done using PCR with the primers

ggtctacttgatgaattcctggec (SEQ ID NO: 52)
and
tctagatggaaaacagaagtcccggaaac (SEQ ID NO: 89)

[0217] In addition, the coding region of ADRA1A (Genbank Accession Number: NM_000680) (SEQ ID NO: 90) was
modified to insert an Xbal site after Lys-349. This was done using PCR with the primers

ctcggatatctaaacagctgcatcaa (SEQID NO: 91)
and
tctagactttctgcagagacactggattc (SEQ ID NO: 92)

[0218] In addition, the coding region of DRD2 (Genbank Accession Number: NM_000795) (SEQ ID NO: 37) was
modified to insert two amino acids (Leu and Arg) and an Xbal site after Cys-343. This was done using PCR with the primers

gaattcatggatccactgaatctgtcc (SEQ ID NO: 38)
and
tctagatcgaaggcagtggaggatcttcagg (SEQ ID NO: 93)

[0219] The modified OPRK receptor coding region was cut with EcoRI and Xbal and the GRPR 42aa C-terminal tail
fragment was cut with Xbal and BamHI. Both fragments were ligated into a plasmid containing the OPRK receptor with
the AVPR2 C-terminal tail-low-efficiency cleavage site-tTA described supra which had been digested with EcoRI and
BamHI.

[0220] The modified ADRA1A receptor coding region was cut with EcoRV and Xbal and the OPRK-GRPR 42aa Tail-
tTA fusion construct containing the low efficiency cleavage site was cut with Xbal and Xhol. Both fragments were ligated
into a plasmid containing the ADRA1A receptor which had been digested with EcoRV and Xhol.

[0221] The modified DRD2 receptor coding region was cut with EcoRI and Xbal and the OPRK-GRPR 42aa Tail-tTA
fusion construct containing the low efficiency cleavage site was cut with Xbal and Xhol. Both fragments were ligated
into a pcDNAG plasmid digested with EcoRI and Xhol

[0222] HTLA 2C11.6 cells, described supra, were transfected with OPRK-GRPR 42aa Tail-{TA fusion construct con-
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taining the low efficiency cleavage site and assays were carried out using 10 uM U-69593, an agonist for OPRK. The
maximal response to U-69593 resulted in an approximately 200-fold increase in reporter gene activity.

[0223] HTLA 2C11.6 cells were transfected with ADRA1A-GRPR 42aa Tail-tTA fusion construct containing the low
efficiency cleavage site and assays were carried out using 10 .M epinephrine, an agonist for ADRA1A. The maximal
response to epinephrine resulted in an approximately 14-fold increase in reporter gene activity.

[0224] HTLA 2C11.6 cells were transfected with DRD2-GRPR 42aa Tail-tTA fusion construct containing the low effi-
ciency cleavage site and assays were carried out using 10 wuM dopamine, an agonist for DRD2. The maximal response
to dopamine resulted in an approximately 30-fold increase in reporter gene activity.

EXAMPLE 27

[0225] This set of experiments were carried out to demonstrate further enhancements of the assay using a different
set of test receptor modifications designed to increase the affinity for the interacting protein. In these examples, the C-
terminal domain of the test receptor was replaced with a portion of the endogenous C-terminal tail domain of GRPR.
[0226] First, PCR was used to produce a DNA fragment encoding the truncated GRPR tail, specifically a sequence
encoding 23 amino acids from Gly-343 to Asn-365. The fragment was designed such that the first amino acid of the C-
terminal tail is preceded by two amino acids (Ser, S and Arg, R) which are encoded by the Xbal restriction site TCTAGA,
and the Ser-366 is replaced by two amino acids (Gly, G and Ser, S) which are encoded by a BamHI restriction site
GGATCC. This was accomplished by amplifying a plasmid containing the GRPR coding region with primers

tctagaggcctgatcatcecggtctcac (SEQ ID NO: 94)
and
cggatccgttggtactcttgagg (SEQ ID NO: 95)

[0227] Next the truncated GRPR fragment (hereafter referred to as GRPR 23aa Tail) was cut with Xbal and BamHI
and inserted into the OPRK-GRPR 42aa Tail-tTA fusion construct containing the low efficiency cleavage site described
herein, digested with Xbal and BamHI.

[0228] Similarly, the GRPR 23aa Tail fragment was cut with Xbal and BamHI and inserted into the ADRA1A-GRPR
42aa Tail-tTA fusion construct containing the low efficiency cleavage site described herein, digested with Xbal and BamH].
[0229] HTLA 2C11.6 cells were transfected with OPRK,GRPR 23aa Tail -tTA fusion construct containing the low
efficiency cleavage site and assays were carried out using 10 .M U-69593, an agonist for OPRK. The maximal response
to U-69593 resulted in an approximately 115-fold induction of reporter gene expression over the background.

[0230] HTLA 2C11.6 cells were transfected with ADRA1A-GRPR 23aa Tail-tTA fusion construct containing the low
efficiency cleavage site and assays were carried out using 10 wM epinephrine, an agonist for ADRA1A. The maximal
response to epinephrine resulted in an approximately 102-fold induction of reporter gene expression over the background.

EXAMPLE 28

[0231] This experiment was designed to demonstrate the use of the assay to measure the activity of the receptor
tyrosine kinase Insulin-like Growth Factor-1 Receptor (IGF1R), specifically by monitoring the ligand-induced recruitment
of the intracellular signaling protein SHC1 (Src homology 2 domain-containing transforming protein 1),

[0232] A first fusion construct was created, comprising DNA encoding the human IGF-1R, which can be found at
GenBank under the Accession Number NM_000875 (SEQ ID NO: 96), fused in frame to a DNA sequence encoding
amino acids 3-335 of the tetracycline-controlled transactivator tTA, described supra. Inserted between these sequences
is a DNA sequence encoding the amino acid sequence GSENLYFQL (SEQ ID NO: 82) which includes the low efficiency
cleavage site for TEV Nla-Pro, ENLYFQL (SEQ ID NO: 14), described supra. The CMV promoter was placed upstream
ofthe IGF1R coding region, and a polyA sequence was placed downstream of the tTA region. This construct is designated
IGF1R-TEV-NIla-Pro cleavage (Leu)-tTA.

[0233] A second fusion construct was created, comprising DNA encoding the PTB domain of human SHC1, corre-
sponding to amino acids 1-238 (GeneBank accession number BC014158) (SEQ ID NO: 97) fused in frame to a DNA
sequence encoding the catalytic domain of mature TEV Nla protease, described supra, corresponding to amino acids
2040-2279 (GeneBank accession number AAA47910) (SEQ ID NO: 79). Inserted between these sequences is a linker
DNA sequence encoding the amino acids NSGS (SEQ ID NO: 98). The CMV promoter was placed upstream of the
SHC1 PTB domain coding sequence and a polyA sequence was placed downstream of the TEV Nla protease sequence.
This construct is designated SHC1-TEV.

[0234] The IGF1R-TEV-NIa-Pro cleavage (Leu)-tTA and SHC1-TEV fusion constructs were transfected into clone
HTL5B8.1 cells described supra. About 2.5 x 104 cells were plated into each well of a 96 well-plate, in DMEM medium
supplemented with 10% fetal bovine serum, 2 mM L-Glutamine, 100 units/ml penicillin, 500 png/ml G418, and 3 p.g/ml
puromycin. Cells were grown to reach 50% confluency the next day and were transfected with 15 .l per well of a mixture
consisting of 100 wl of DMEM, 0.2 p.g of IGF1R-TEV-NIla-Pro cleavage (Leu)-tTA DNA, 0.2 g of SHC1-TEV DNA, and
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2 pl Fugene (a proprietary transfection reagent containing lipids and other material), which had been incubated for 15
minutes at room temperature prior to addition to the cells. Transfected cells were cultured for about 16 hours before
treatment with a specific receptor agonist. After 24 hours, cells were lysed and luciferase activity was assayed as
described supra.

[0235] The addition of 1 wM human Insulin-like Growth Factor 1 resulted in a 90 fold increase of luciferase reporter
gene activity.

EXAMPLE 29

[0236] This experiment was designed to demonstrate the use of the assay to measure the interaction of two test
proteins that are not normally membrane bound. In this example, the assay was used to measure the ligand-induced
dimerization of the nuclear steroid hormone receptors, ESR1 (estrogen receptor 1 or ER alpha) and ESR2 (estrogen
receptor 2 or ER beta). In this example, ESR1 is fused to the transcription factor tTA, where the cleavage site for the
TEV Nla-Pro protease is inserted between the ESR1 and tTA sequences. This ESRI-tTA fusion is tethered to the
membrane by a fusion to the intracellular, C-terminal end of the transmembrane protein CD8. CD8 essentially serves
as an inert scaffold that tethers ESR1 to the cytoplasmic side of the cell membrane. The transcription factor fused thereto
cannot enter the nucleus until interaction with ESR2 and protease. Any transmembrane protein could be used. This
CD8-ESR1-TEV Nla Pro cleavage-tTA fusion protein is expressed together with a second fusion protein comprised of
ESR2 and the TEV Nla-Pro protease in a cell line containing a tTA-dependent reporter gene. The estrogen-induced
dimerization of ESR1 and ESR2 thereby triggers the release of the tTA transcription factor from the membrane bound
fusion, which is detected by the subsequent induction in reporter gene activity.

[0237] A fusion construct was created, comprising DNA encoding human CD8 gene (235 amino acids), which can be
found in Genbank under Accession Number NM_001768 (SEQ ID NO: 99), fused in frame to a DNA sequence encoding
the human ESR1 (596 amino acids), which can be found in Genbank under Accession Number NM_000125 (SEQ ID
NO: 100). Inserted between these sequences is a DNA sequence encoding the amino acid sequence GRA (Gly-Arg-
Ala). The resulting construct is then fused in frame to a DNA sequence encoding amino acids 3-335 of the tetracycline
controlled transactivator tTA, described supra. Inserted between these sequences is a DNA sequence encoding the
amino acid sequence GSENLYFQL (SEQ ID NO: 82) which includes the low efficiency cleavage site for TEV Nla-Pro,
ENLYFQL (SEQ ID NO: 14), described supra. The CMV promoter was placed upstream of the Human CD8 coding
region, and a poly A sequence was placed downstream of the tTA region. This construct is designated CD8-ESR1- TEV-
Nla-Pro cleavage (L)-tTA.

[0238] A second fusion construct was created, using DNA encoding Human Estrogen Receptor beta (ESR2) (530
amino acids), which can be found at Genbank, under Accession Number NM_001437 (SEQ ID NO: 101), fused in frame
to a DNA sequence encoding the catalytic domain of the TEV Nla protease, described supra, corresponding to amino
acids 2040-2279 (GenBank accession number AAA47910) (SEQ ID NO: 84). Inserted between these sequences is a
DNA sequence encoding the amino acid sequence RS (Arg-Ser). The CMV promoter region was placed upstream of
the Human Estrogen Receptor beta (ESR2) coding region, and a poly A sequence was placed downstream of the TEV
region. This construct is designated ESR2-TEV.

[0239] The CD8-ESR1- TEV-Nla-Pro cleavage (L)-tTA and ESR2-TEV fusion constructs, together with pCDNA3 were
transiently transfected into HTL5B8.1 cells described supra. About 2.0 x 104 cells were seeded in each well of a 96 well
plate and cultured in phenol-free DMEM, medium supplemented with 10% fetal bovine serum, 2mM L-glutamine, 100
units/ml penicillin, 100pn.g/ml G418, and 5 ng/ml puromycin. After 24 hours of incubation, cells were transfected with a
mixture of 5ng of ESR1- TEV- Nla-Pro cleavage (L)-tTA, 15ng of ESR2-TEV and 40ng of pCDNAZ3, together with 0.3 p.l
Fugene per well. 6 hours after transfection, the cells were washed with PBS and incubated in 100l of phenol-free DMEM
without serum for 24 hours before treatment with 50nM 17-3 Estradiol. Ligand-treated cells were cultured for an additional
18-20 hours before they were assayed for luciferase reporter gene activity as described supra. Treatment with 50nM
17-B Estradiol resulted in a 16-fold increase in reporter gene activity.

[0240] Other features of the invention will be clear to the skilled artisan and need not be reiterated here.

The following items are part of the description
[0241]

1. A method for determining if a test compound modulates a specific protein/protein interaction of interest comprising
contacting said compound to a cell which has been transformed or transfected with

(a) a nucleic acid molecule which comprises:
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(i) a nucleotide sequence which encodes said first test protein,
(i) a nucleotide sequence encoding a cleavage site for a protease or a portion of a protease, and
(iii) a nucleotide sequence which encodes a protein which activates a reporter gene in said cell, and
(b) a nucleic acid molecule which comprises:
(i) a nucleotide sequence which encodes a second test protein whose interaction with said first test protein
in the presence of said test compound is to be measured, and
(i) a nucleotide sequence which encodes a protease or a portion of a protease which is specific for said
cleavage site,
and determining activity of said reporter gene as a determination of whether said compound modulates
said protein/protein interaction.
2. The method of item 1, wherein said first test protein is a membrane bound protein.
3. The method of item 2, wherein said membrane bound protein is a transmembrane receptor.

4. The method of item 3, wherein said transmembrane receptor is a GPCR.

5. The method of item 1, wherein said protease or portion of a protease is tobacco etch virus nuclear inclusion A
protease.

6. The method of item 1, wherein said protein which activates said reporter gene is a transcription factor.
7. The method of item 6, wherein said transcription factor is tTA or GAL4.
8. The method of item 1, wherein said second protein is an inhibitory protein.

9. The method of item 8, wherein said inhibitory protein is an arrestin, and said first protein is a transmembrane
receptor.

10. The method of item 1, wherein said cell is a eukaryote.
11. The method of item 1, wherein said reporter gene is an exogenous gene.
12. The method of item 11, wherein said exogenous gene encodes -galactosidase or luciferase.

13. The method of item 1, wherein the nucleotide sequence encoding said first test protein is modified to increase
interaction with said second test protein.

14. The method of item 13, wherein said modification comprises replacing all or part of the nucleotide sequence of
the C-terminal region of said first test protein with a nucleotide sequence which encodes an amino acid sequence
which has higher affinity for said second test protein than the original sequence.

15. The method of item 14, wherein the nucleotide sequence of said C-terminal region is replaced by a nucleotide
sequence encoding all or a part of the C-terminal region of AVPR2, AGTRLI, GRPR, F2PL1, CXCR2/IL-8B, CCR4,
or GRPR.

16. The method of item 1, comprising contacting more than one compound to a plurality of samples of cells, each
of said samples being contacted by one or more of said compounds, wherein each of said cell samples have been
transformed or transfected with (a) and (b), and determining activity of reporter genes in said plurality of said samples
to determine if any of said compounds modulates said specific, protein/protein interaction.

17. The method of item 2, wherein said membrane bound protein is 32-adrenergic receptor (ADRB2), arginine
vasopressin receptor 2 (AVPR2), serotonin receptor 1a (HTR1A), m2 muscarinic acetylcholine receptor (CHRM2),
chemokine (C-C motif) receptor 5 (CCR5), dopamine D2 receptor (DRD2), kappa opioid receptor (OPRK), or
ADRA1A.
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18. The method of item 16, comprising contacting each of said samples with one compound, each of which differs
from all others.

19. The method of item 16, comprising contacting each of said samples with a mixture of said compounds.
20. A method for determining if a test compound modulates one or more of a plurality of protein interactions of
interest, comprising contacting said test compound to a plurality of samples of cells, each of which has been trans-
formed or transfected with
(a) a first nucleic acid molecule comprising:
(i) a nucleotide sequence which encodes a first test protein,
(i) a nucleotide sequence encoding a cleavage site for a protease, and
(iii) a nucleotide sequence which encodes a protein which activates a reporter gene in said cell,
(b) a second nucleic acid molecule which comprises:
(i) a nucleotide sequence which encodes a second test protein whose interaction with said first test protein
in the presence of said test compound of interest is to be measured,
(i) a nucleotide sequence which encodes a protease or a protease which is specific for said cleavage site,
wherein said first test protein differs from other first test proteins in each of said plurality of samples,
and determining activity of said reporter gene in at one or more of said plurality of samples as a determination
of modulation of one or more protein interactions of interest
21. The method of item 20, wherein said second test protein is different in each sample.

22. The method of item 20, wherein said second test protein is the same in each sample.

23. The method of item 20, wherein all of said samples are combined in a common receptacle, and each samples
comprises a different pair of first and second test proteins.

24. The method of item 20, wherein each sample is tested in a different receptacle.
25. The method ofitem 20, wherein the reporter gene in a given sample differs from the reporter gene in other samples.
26. The method of item 19, wherein said mixture of compounds comprises a biological sample.

27. The method of item 26, wherein said biological sample is cerebrospinal fluid, urine, blood, serum, pus, ascites,
synovial fluid, a tissue extract, or an exudate.

28. Recombinant cell, transformed or transfected with:

(a) a nucleic acid molecule which comprises:
(i) a nucleotide sequence which encodes said first test protein,
(i) a nucleotide sequence encoding a cleavage site for a protease or a portion of a protease, and
(iii) a nucleotide sequence which encodes a protein which activates a reporter gene in said cell, and

(b) a nucleic acid molecule which comprises:
(i) a nucleotide sequence which encodes a second test protein whose interaction with said first test protein
in the presence of said test compound is to be measured, and
(ii) a nucleotide sequence which encodes a protease or a portion of a protease which is specific for said

cleavage site.

29. The recombinant cell of item 28, wherein one or both of said nucleic acid molecules are stably incorporated into
the genome of said cell.
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30. The recombinant cell of item 28, wherein said cell has been transformed or transfected with said reporter gene.
31. The recombinant cell of item 28, wherein said first test protein is a membrane bound protein.
32. The recombinant cell of item 31, wherein said membrane bound protein is a transmembrane receptor.
33. The recombinant cell of item 32, wherein said transmembrane receptor is a GPCR.

34. The recombinant cell of item 28, wherein said protease or portion of a protease is tobacco etch virus nuclear
inclusion A protease.

35. The recombinant cell of item 28, wherein said protein which activates said reporter gene is a transcription factor.

36. The recombinant cell of item 31, wherein said membrane bound protein is ADBR2, AVPR2, HTR1A, CHRM2,
CCR5, DRD2, or OPRK.

37. The recombinant cell of item 28, wherein said transcription factor is tTA or GAL4.
38. The recombinant cell of item 28, wherein said second protein is an inhibitory protein.

39. The recombinant cell of item 38, wherein said inhibitory protein is an arrestin, and said first protein is a trans-
membrane receptor.

40. The recombinant cell of item 28, wherein said cell is a eukaryote.

41. The recombinant cell of item 28, wherein said cell is a prokaryote.

42. The recombinant cell of item 28, wherein said reporter gene is an exogenous gene.

43. The recombinant cell of item 42, wherein said exogenous gene encodes B-galactosidase or luciferase.

44. The recombinant cell of item 28, wherein the nucleotide sequence encoding said first test protein is modified to
increase interaction with said second test protein.

45. The recombinant cell of item 44, wherein said modification comprises replacing all or part of the nucleotide
sequence of the C-terminal region of said first test protein with a nucleotide sequence which encodes an amino acid

sequence which has higher affinity for said second test protein than the original sequence.

46. The recombinant cell of item 44, wherein the nucleotide sequence of said C-terminal region is replaced by a
nucleotide sequence encoding the C-terminal region of AVPR2, AGTRLI, GRPR, F2PL1, CXCR2/IL-8B, or CCR4.

47. An isolated nucleic acid molecule which comprises, in 5’ to 3’ order,
(i) a nucleotide sequence which encodes a test protein,
(i) a nucleotide sequence encoding a cleavage site for a protease or a portion of a protease, and
(iii) a nucleotide sequence which encodes a protein which activates a reporter gene in said cell.

48. The isolated nucleic acid molecule of item 47, wherein said test protein is a membrane bound protein.

49. The isolated nucleic acid molecule of item 48, wherein said membrane bound protein is a transmembrane
receptor.

50. The isolated nucleic acid molecule of item 49, wherein said transmembrane receptor is a GPCR.

51. The isolated nucleic acid molecule of item 47, wherein said protease or portion of a protease is tobacco etch
virus nuclear inclusion A protease.

52. The isolated nucleic acid molecule of item 47, wherein said protein which activates said reporter gene is a
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transcription factor.

53.

The isolated nucleic acid molecule of item 52, wherein said transcription factor is tTA or GAL4.

54. The isolated nucleic acid molecule of item 48, wherein said membrane bound proteinis ADBR2, AVPR2; HTR1A,
CHRM2, CCR5, DRD2, or OPRK.

55.

56.

57.

58.

59.

60.

61.

62.

Expression vector comprising the isolated nucleic acid molecule of item 47, operably linked to a promoter.

An isolated nucleic acid molecule which comprises:

(i) nucleotide sequence which encodes a test protein whose interaction with another test protein in the presence
of a test compound is to be measured, and

(i) a nucleotide sequence which encodes a protease or a portion of a protease which is specific for said cleavage
site.

The isolated nucleic acid molecule of item 56, wherein said test protein is an inhibitory protein.

The isolated nucleic acid molecule of item 57, wherein said inhibitory protein is an arrestin.

Expression vector comprising the isolated nucleic acid molecule of item 56, operably linked to a promoter.

A fusion protein produced by expression of the isolated nucleic acid molecule of item 47.

A fusion protein produced by expression of the isolated nucleic acid molecule of item 56.

A test kit useful for determining if a test compound modulates a specific protein/protein interaction of interest

comprising a separate portion of each of:

63.

64.

65.

66.

(a) a nucleic acid molecule which comprises:
(i) a nucleotide sequence which encodes said first test protein,
(i) a nucleotide sequence encoding a cleavage site for a protease or a portion of a protease,
(iii) a nucleotide sequence which encodes a protein which activates a reporter gene in said cell, and
(b) a nucleic acid molecule which comprises:
(i) a nucleotide sequence which encodes a second test protein whose interaction with said first test protein
in the presence of said test compound is to be measured,
(i) a nucleotide sequence which encodes a protease or a portion of a protease which is specific for said
cleavage site, and
(c) container means for holding each of (a) and (b) separately from each other.
The test kit of item 62, wherein said first test protein is a membrane bound protein.
The test kit of item 63, wherein said membrane bound protein is a transmembrane receptor.

The test kit of item 64, wherein said transmembrane receptor is a GPCR.

The test kit of item 62, wherein said protease or portion of a protease is tobacco etch virus nuclear inclusion A

protease.

67. The test kit of item 62, wherein said protein which activates said reporter gene is a transcription factor.

68. The test kit of item 67, wherein said transcription factor is tTA or GAL4.

69. The test kit of item 62, wherein said second protein is an inhibitory protein.
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70. The test kit of item 69, wherein said inhibitory protein is an arrestin, and said first protein is a transmembrane
receptor.

71. The test kit of item 61, further comprising a separate portion of an isolated nucleic acid molecule which encodes
a reporter gene.

72. The test kit of item 71, wherein said reporter gene encodes -galactosidase or luciferase.

73. The test kit of item 62, wherein the nucleotide sequence encoding said first test protein is modified to increase
interaction with said second test protein.

74. The test kit of item 73, wherein said modification comprises replacing all or part of the nucleotide sequence of
the C-terminal region of said first test protein with a nucleotide sequence which encodes an amino acid sequence

which has higher affinity for said second test protein than the original sequence.

75. The test kit of item 74, wherein said nucleotide sequence of said C-terminal region is replaced by a nucleotide
sequence encoding the C-terminal region of AVPR2, AGTRLI, GRPR, F2PL1, CXCR2/IL-8B or CCR4.

76. The test kit of item 63, wherein said membrane bound protein is ADRB2, AVPR2, HTR1A, CHRM2, CCR5,
DRD2, or OPRK.
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<110> LEE, Kevin
AXEL, Richard
STRAPPS, Walter
BARNEAR, Gilad
<120> Method For Assaying Protein-Protein Interaction
<130> SENTI 203.2 CIP
<140>
<141>
<150> 60/566,113
<151> 2004-04-27
<150> 60/511,918
<151> 2003-10-15
<150> 60/485,968
<151> 2003-07-09
<160> 101
<210> 1
. <211> 2015
<212> DNA
<213> Homo sapiens
<400> 1 ‘
actgcgaage ggcttettcea gagecacgggce tggaactgge aggcacegceg agcccctagc 60
acccgacaag ctgagtgtge aggacgagtce cccaccacac ccacaccaca gccogetgaat 120
gaggcttcea ggcgtecgct cgeggccege agageccege cgtgggtecyg cccgctgagy 180
cgcceccage cagtgegett acctgccaga ctgegcecgeca tggggcaacc cgggaacggc 240
agegecttet tgetggecace caatagaage catgegecgg accacgacdgt cacgcagcaa 300
agggacgagg tgtgggtggt gggcatggge atcgtecatgt ctetcatcgt cctggecate 360
gtgtttggeca atgtgetggt catcacagee attgcecaagt tegagegtet gecagacggtce 420
accaactact tcatcactte actggecectgt getgatcectgg tecatgggect ggecagtggtg 480
ccectttgggg cegececatat tettatgaaa atgtggactt ttggcaactt ctggtgegag 540
ttttggactt cecattgatgt getgtgegte acggecagea ttgagaccet gtgegtgatce 600
gecagtggatc gectactttge cattacttca cctttcaagt accagagecct gctgaccaag 660
aataaggeccc gggtgatcat tetgatggtg tggattgtgt caggecttac ctccttettg 720
cccattcaga tgcactggta ccgggccacce caccaggaag ccatcaactg ctatgeccaat 780
gagacctget gtgacttcectt cacgaaccaa gectatgeca ttgectcette catcgtgtec 840
ttetacgtte ccetggtgat catggtette gtcotacteca gggtettteca ggaggeccaaa 900
aggcagctcce agaagattga caaatctgag ggcegettece atgtccagaa ccttagecag 960
gtggagcagg atgggeggac ggggcatgga ctccgcagat cttcececaagtt ctgettgaag 1020
gagcacaaag ccctcaagac gttaggecatc atcatgggea ctttcacect ctgetggetg 1080
cccticettea tegttaacat tgtgeatgtg atccaggata accteatecg taaggaagtt 1140
tacatcctec taaattggat aggctatgtce aattctggtt tcaatcececet tatctactge 1200
cggagcccag atttcaggat tgccttccag gagcecttetgt gcocetgegeag gtettetttg 1260
aaggcctatg ggaatggcta ctecagcaac ggcaacacag gggageagag tggatatcac 1320
gtggaacagg agaaagaaaa taaactgctg tgtgaagacc tcccaggcac ggaagacttt 1380
gtgggccatc aaggtactgt gcctagcegat aacattgatt cacaagggag gaattgtagt 1440
acaaatgact cactgctgta aagcagtttt tctactttta aagacccece ccccceccaac 1500
agaacactaa acagactatt taacttgagg gtaataaact tagaataaaa ttgtaaaaat 1560
tgtatagaga tatgcagaag gaagggcatc cttckgectt ttttattttt ttaagetgta 1620
aaaagagaga aaacttattt gagtgattat ttgttatttg tacagttcag ttcctctttg 1680
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catggaattt
attttcatga
tgctggtaat
gagtatcteg
acacggggta
tctaaagttt

gtaagtttat
cttttccatg
ttgtatctga
gacctttcag
ttttaggcag
acagtaaata

<210>
<211l>
<212>
<213>
<400>

2

26

DNA

Homo Sapiens
2

gattgaagat ctgccttett

<210>
<21ll>
<212>
<213>
<400>

3

27

DNA

Homo Sapiens
3

gcagaacttg gaagacctgc

<210>
<211>
<212>
<2133
<400>

4

27

DNA

Homo Sapiens
4

ggactccgca ggtcttccaa

<210>

<211>
<212>
<213>
<400>

5

27

DNA

Homo Sapiens
5

ttecggatcct agcagtgagt

<210>
<211>
<212>
<213>
<400>

6

7

PRT

Homo Sapiens
6

EP 2 336 768 A9

gtctaaagag
tatctaccte
aggagatttt
ctgtgaacat

ggatttgagg
aaatgtttga

gctggce

ggagtcc

gttctgce

catttgt

Glu Asn Leu Tyr Phe Gln Ser

<210>
<211l>
<212>
<213>
<400>

5

7

32

DNA

Homo Sapiens
7

ctttagtect

actattcaag

ccttectaca
ggactcttce
agcagctteca
ccatyg

ceggatecte tagattagat aaaagtaaag tg

33

agaggacctg agtctgctat
tattaggggt aatatattgce
ccettggact tgaggatttt
cccactecte ttatttgetce
gttgttttee cgagcaaagg

1740
1800
1860
1920
1980
2015

26

27

27

27

32



10

15

20

25

30

35

40

45

50

55

<210>
<211>
<212>
<213>
<400>

EP 2 336 768 A9

8

35

DNA

Homo Sapiens
8

gactcgagct agcagtatce tegegecccece tacce

<210>
<211>
<212>
<213>
<400>

9

18

DNA

Homo Sapiens
S

gagaacctgt acttccag

<210>
<211>
<212>
<213>
<400>

10

33

DNA

Homo Sapiens
10

ggatccgaga.acctgtactt ccagtacaga tta

<210>
<211l>
<212>
<213>
<400>

11

30

DNA

Homo Sapiens
11

ctcgagagat cctcgegecc cctacccace

.<210>

<211>
<212>
<213>
<400>

12

7

PRT

Homo Sapiens
12

Glu Asn Leu Tyr Phe Gln Tyr

<210>
<211>
<212>
<213>
<400>

5

13

33

DNA

Homo Sapiens
13

ggatccgaga acctgtactt ccagctaaga tta

<210>
<211l>
<212>
<213>
<400>

14

7

PRT

Homo Sapiens
14

Glu Asn Leu Tyr Phe Gln Leu

5

34

35

18

33

30

33
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<210> 15
«<21l> 33
<212> DNA
<213>
<400> 15
gcggceegeca

<210> 16
<21l> 21
<212> DNA
<213>
<400> 16

ctggtgggtg

<210> 17
<21l1l>
<212>
<213>
<400> 17

cceegegtgt
atctggecce
cgcggagggce
gaggctgcga
ccecgggaccea
aagcgggact
gaccectgact
ggccgtgaag
tacecaggect
ctgctgagga
ccatgecteeg
tttgagatte
gtgcggetgg
gccgaaaccea
gacaaggagce
tccaccaaga
ttcagcaccg
‘cccagctoca
aagcggggte
accatcgtga
aaggtgaagc
atgcacccca
acagatgtcc
gacattgtgt
gatgatcaac
tgagggcagg
ccetecaccetyg
tacacactgg
cteecagcecee
tgaaaagagg
caacacctcc
caaggccgtt
aaaaaaaaaa

DNA

Homo Sapiens

ccatgaacgg

Homo Sapiens

gceeggtacce

1936

Homo sapiens

ctgctaggag
ggttceccaa
gcgegtgege
gcgageegceg
gggtcttcaa
tcgtagatca
acctgaagga
acctggatgt
tcccceeggt
agetgggeca
tcacactgca
gageccttctg
tgatccgaaa
cacgccactt
tgtactacca
ccgtcaagaa
cccagtacaa
cattctgtaa
tcgeectgga
aggagggtge
tggtggtgtc
agccccacga
ctgtggacac
ttgaggactt
tctgctagga
attaagatce
gaagcttett
accctetett
gcegtgggty
agtgacagga
cattatcact
tcttigttte
aaaaaa

EP 2 336 768 A9

taccgaaggce

agggcgggcea
gaccagagcg
attggegegg
aaccgagegg
gaagtcgage
cctggacaaa
ccgcaaagtg
gctgggcttg
gcccaaccca
gcatgeccac
geccaggcccea
tgctaaatca
ggtgcagttc
cctecatgtcet
tggggagccc
gatcaaagtc
gtgtecectgtg
ggtgtacacc
tgggaaactc
caacaaggag
tegaggeggyg
ccacatccce
caacctcatt
tgceceggett
agcggggtgg
ccactgtcaa
caaccaatcc
gctgaatgtg
gcaagctgtyg
gggaaagggyg
ctectetgecce
tgagcataaa

cca

gecgecgeggce
gggccgggag
ggaggagcag
gcggegggcyg
cctaactgca
gtggaccctg
tttgtgacce
tecttecgea
ccecggecce
cecttettet
gaggatacag
ctagaagaga

_gececcggaga

gaccggtccce
ctcaatgtaa
tctgtgagac
gctcaactcg
ataaccccac
aagcacgadyg
gtgctgggaa
gatgtctcetg
ctececccagac
gaatttgata
cggctgaagyg
gaagaaggda
tgggggattg
cttcacactce
ggcattaatt
ttcataccta
gagacaaaac
ccattcectte
gaagaaaata

35

gcgegegate
ggagggggaa
ggatcttgge
cgegcecacceat
agctcaccegt
tagatggegt
tecacctgege
aagacctgtt
ccaccegect
tcaccatacce
gaaaggcectg
aaagccacaa
aacccggcecce
tgecacctaga
atgtccacgt
agtacgecega
aacaagatga
tgcteagega
acaccaacct
tcectggtgte
tggagctgece
ccecagteage
ccaactatgce
ggatgaagga
ggggatgggg
tececagecec
tctecceecat
ttttgactge
aattttctgg
tectactete
aagaggagac
aatcttttac

cggctgacgce
gaggcgagag
agcgggcgag
gggggagaaa
gtacttgggc
ggtgettgtyg
cttccgectat
catcgeccacca
gcaggacegyg
ccagaatctt
cggcgtagac
aaggaactct
ccagccttca
ggcttecctg
caccaacaac
catctgeecte
ccaggtatct
caaccgggag
ggcttecagc
ctacagggtc
ttttgttctt
cgcteceggag
cacagatgat
tgacgactat
ttgggagagg
tcttecette
ccccccaaga
agctcetgett
aaggggacag
aacctcacac
cetttgggga
taagecatgaa

33

21

60
120
180
2490
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1936
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<210> 18
<211> 35
<212> DNA
<213>

<400> 18

Homo Sapiens

EP 2 336 768 A9

caggatcctc tggaatgggg gagaaacccg ggacc

<210> 19
<211> 30
<212> DNA
<213>

<400> 19

Homo Sapiens

ggatccgcag agttgatcat catagtcgte

<210> 20
<21l> 9
<212> PRT
<213>

<400> 20

Homo Sapiens

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala

<210> 21
<211l> 28
<212> DNA
<213> Homo
<400> 21

5

Sapiens

agatctagcet tgtttaaggg accacgtg

<210> 22
<211l> 62
<212> DNA
<213>
<400> 22

Homo Sapiens

gcggcogete aagegtaatce tggaacatca tatgggtacg agtacaccaa ttcatteatg

ag

<210> 23

<211> 18098
<212> DNA
<213>
<400> 23

agaagatcct
aggactggce
gecatctctat
aggctgagtc
catggecgtce
cagcagccag
gctgctctec
agctcggegg
cctggccéac
cgaccgette

Homo sapiens

gggttetgtyg
atactgccac
aagggctcca
cgcacatcac
accacttceeg
gagaggccac
atagtcttty
ggccggeggd
ctggccgtgg
cgtgggccag

catecegtetg
cgcacacgtg
gteccagagac
ctccaggece
ctgtgectgyg
tggacacccg
tggetgtgge
gccactgggce
ctectgtteca
atgccetgtg

tectgaccate cctetecaatce
cacacacgcce aacaggcatc
cctgggecat tgaacttgcet
tcagaacacce tgcecccagcee
gcatcectet ctgececagece
ggacccgetg ctagcececggg
cctgageaat ggcctggtge
acccatacac gtcttcattg
agtgctgece cagetggect
tegggecgtg aagtatctge

36

ttecectgecee
tgecatgetg
cctcaggcag
ccaccatgct
tgcecagecaa
cggagetggce
tggcggecct
gccacttgtyg

ggaaggccac

agatggtggg

35

30

28

60
62

60
120
180
240
300
360
420
480
540
600
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catgtatgcce
ccgteccatg
ggcttgggee
cgtggaaggt
tcgecacctat
cgcctgeeag
gaggcctggg
gtcagcagct
gtgctgggca
ggaaggggceg
ctggatctat
tgccecgggga
ctcectecetyg
ctttgagaag
gtggagaatt
ccacagccec
gactgtgggy
gcctgaggag
gcctgaaaag
cectecectect
tecttggaa

<210> 24
<211> 26
<212> DNA
<213>
<400> 24
gaattcatge

<210> 25
<211> 27
<212> DNA
<213>
<400> 25
ggatccecgat

<210> 26
<21l>
<212>
<213>
<400> 26

atggatgtgc
accggeggea
ctgctgetgg
atcgecttgg
accgacctca
aagtggacac
acctcatcca
cceatcgact
cttattggct
tecggaccecg
ggagctttct
gcgegettee
catggagcat

DNA

tcetectaca
ctggcgtacc
ttctegetece
ggcagegygyg
gtcacectgga
gtgctecatct
gggcgecgea
gtggccaaga
cccttettec
ccctttgtge
gcatctttca
cgcaccccac
gccaaggaca
ctcagectgec
ggccagagec
tgcectgggte
gececctecagg
tggcaggaaa
gaaggaccag
cattctetce

Homo Sapiens

tcatggcgtce

Homo Sapiens

gaagtgtcct

1266

Homo sapiens

tcagccetgg
acactactgg
gcacgcteat
agcgecteect
tggtgteggt
tgggccaggt
tcttgecacct
acgtgaacaa
tccteatcete
acgcatgcac
acatcccget
gcateccgecaa
ctcecegeccece

EP 2 336 768 A9

tgatcctgge
gccatggaag
ttctecagect
tcactgactg
ttgcectgat
tcecgggagat
ggggacgcced
ctgtgaggat
tggtgcagcet
tactecatgtt
gecagcagegt
ccagectggg
cttecategtyg
ttectgggge
tgtggececccg
tccacatccee
tcagctcact
gagggagcag
gctggggeca
ctaataaaaa

caccac

tggccag

tcagggcaac
tatcteegac
cttctgegeg
gcagaacgtg
gttggtgctg
aacctgegac
gtgcgcecatc
gaggacgccce
tatcecgece
cattagcaag
gctgcteatg
gacggtcaaa
gcageccaag

catgacgctg
tggggctcac
gccccecagete
ctgggectge
ggtgttegtg
tcatgccagt
gacaggcagc
gacgctagtg
gtgggcegeg
gctggecage
gtcctcagag
tccecaagat
aggagctgtt
tggtcctggg
aggctgggac
cagetgtatg
gagctgggtg
gtgccceccag
ggggaccttc
ttggagctcet

aacaccacat
gtgaccgtca
gtgetgggea
gccaattatce
cccatggecg
ctgtteateg
gcgetggaca
cggcegegtyg
atcctggget
gatcatggcet
ctggttctcet
aaggtggaga
aagagtgtga

37

gaccgccacc
tggaaccggc
ttecatctteg
tttgcggagce
gcacctacce
ctggtgccag
cceggtgagg
attgtggtcg
tgggaccegg
ctcaacagct
ctgcgaagct
gagtcctgeca
gggtgtctty
agccactggy
actgtgtggc
aggagagett
taggaggagc
gtgagacagc
ctgtectcecege
tttceccacatg

caccaccggce
gctaccaagt
atgcgtgegt
ttattggctc
cgctgtatca
ccctcgacgt
ggtactgggce
cgctecatcte
ggegcacecce
acactatcta
atgggcgeat
agaccggagce
atggagagtc

gtgccatectg
cggtgctagt
cccagcegeaa
cctggggecyg
tgggtatcge
ggccatcaga
gagcccacgt
tectatgtget
aggcacctct
gcaccaacce
tgetetgetg
ccaccgcecag
cctetagagg
agggggaccc
cctggacaag
caggccccag
tgcagcagagq
ggtcccaggg
ctttctaate

gcaaggggte

26

27

tcectttgag
gatcacctct
ggtggctgec
tttggecggte
ggtgctcaac
gctgtgetge
catcacggac
gcteacttgg
ggaagaccge
ttccacettt
attccgagcet
ggacaccage

ggggagcagg

660

720

780

840

5040

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1809

60
120
180
240
300
360
420
480
540
600
660
720
780
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aactggaggc
aggcaaggtg
aaagagcact
gagaggaaaa
aagacagtga
ttecategtgg
ggcgccataa
tacttcaaca
cagtga

<210>
<211>
<212>
<213 >
<400> 27

gaattcatgg

27
26
DNA

<210>
<211>
<212>
<213>
<400> 28

ggatcectgg

28
25
DNA

<210>
<211>
<212>
<213>
<400> 29

atgaataact
tttgaagtgg
aacatcctag
tttttattea
accctctaca
gecectggact
aggtacttct
ggtatgatga
ttctggeagt
ttttccaatyg
atcatgactg
aagaaggagc
gtgaagccaa
cagaatggca
gagagctcca
ataacccagg
aagcaaacat
aataccaccg
gtagcccgceca
cgggaaaaga
geccccataca
gtgtggacaa
gcactttgca
aacataggeg

29

DNA

1401

tgggcgtgga
acgatggcge
tgcctetgee
atgagcgcaa
agacgetggg
ctcttgttet
tcaattgget
aggactttca

Homo Sapiens

atgtgctcag

Homo Sapiens

cggeagaact

Homo Sapiens

caacaaactce
tgtttattgt
tcatggtttc
gcttggectg
ctgtgattgg
atgtggtcag
gtgtcacaaa
ttgecagetge
tcattgtagg
ctgctgtcecac
tgctatattg
ctgttgccaa
acaataacaa
aagcceecag
atgactccac
atgaaaacac
gcatcagaat
tggaggtagt
agattgtgaa
aagtcaccag
atgtcatggt
ttggttactg
atgccacctt
ctacaaggta

EP 2 336 768 A9

gagcaaggct
cgcecctggag
cagcgaggct
cgecgaggeg
catcatcatg
gcecttctge
gggctactcecc
aaacgegttt

ccetgg

tacac

ctctaacaat
cectggtgget
cattaaagtc
tgctgacctt
ttactggeet
caatgccteca
acctctgacc
ctgggtcctc
ggtgagaact
ctttggtacg
gcacatatcc
ccaagacccc
catgecccage
ggatcctgtg
ctcagtcagt
agttteccact
tggcaccaag
ggggtcttca
gatgactaag
gacaatcttg
gctcattaac
gctttgttac
Caagaagacc
a

gggggtgcte
gtgatcgagg
ggtcctacce
aagcgcaaga
ggcaccttea
gagagcagct
aactctctge
aagaagatca

agectggcete
ggatcectea
aaccgccace
atcataggtyg
ttgggacctg
gttatgaatce
tacccagtea
tectttecatce
gtggaggatg
gectattgcag
cgagccagca
gtttctcceaa
agtgacgatg
actgaaaact
gctgttgect
tcecectgggece
accccaaaaa
ggtcagaatg
cagcctgcaa
gctattetgt
accttttgtg
atcaacagca
tttaaacacc

38

tgtgcgeccaa
tgcaccgagt
cttgtgecece
tggccecctgge
tectetgetg
gccacatgcce
ttaacccegt
ttaagtgtaa

ttacaagtcc
gtttggtgac
tccagaccegt
ttttetecat
tggtgtgtga
tgecteateat
agcggacceac
tetgggctec
gggagtgcta
ccttetattt
agagcaggat
gtctggtaca
gcectggagea
gtgttcaggg
ctaatatgag
attccaaaga
gtgactcatg
gagatgaaaa
aaaagaagcc
tggettteat
caccttgcat
ctatcaacce
ttctcatgtg

tggcgeggtyg
gggcaactce
cgcctettte

ccgagagagg

gctgecctte
caccctgttg
catttacgca
cttectgeege

ttataagaca
cattateggg
caacaattac
gaacttgtac
cctttggeta
cagctttgac
aaaaatggca
agccattete
cattcagttt
gccagtgate
aaagaaggac
aggaaggata
caacaaaatc
agaggagaag
agatgatgaa
tgagaactct
taccccaact
gcagaatatt
tecetecttee
catcacttygg
ccccaacact
tgcctgectat
tcattataag

26

25

840
900
960
1020
1080
1140
1200
1260
1266

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1401
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<210> 30
<211> 27
<212> DNA
<213>
<400> 30
gaattecatga

<210> 31
<211> 25
<212>
<213>
<400> 31

agatctcett

<210> 32
<211>
<212>
<213>
<400> 32

ckttcagatag
ctgtgtagtg
taaaccttca
actgttetect
aaagaaacag
gccagaagag
gattatcaag
aaaatcaatg
atctttggtt
aagagcatga
actgtcecect
caactcttga
ctgacaatcg
gtcacctttg
ccaggaatca
tttccataca
gggctggtec
ctteggtgte
attgtttatt
gaattctttg
acagagactce
gagaagttca
aaatgctgtt
tccactgggg
ccagtcagag
ggagaggtct
ttggcatctg
aaaatatgtt
gacaaactct
attgctgatt
caacttttta
gtcttgctat
gtgatttecce
ttgtggectg
tattgctgge

DNA

DNA
Homo Sapiens

Homo Sapiens

ataactcaac

gtagcgcecta

3655

Homo sapiens

attatatctg
ggatgagcag
gaccagagat
gattcttttce
catttectac
ctgagacatc
tgtcaagtcce
tgaagcaaat
ttgtgggcaa
ctgacatcta
tctgggeteca
cagggctcta
ataggtacct
gggtggtgac
tetttaccag
gtcagtatca
tgcegetget
gaaatgagaa
ttectettetg
gcctgaataa
ttgggatgac
gaaactacct
ctatttteca
agcaggaaat
ttgtgcacat
tttttaaaag
tttaaagtag
gatgaaaaat
ccetteacte
cttgagttta
cctagtacaa
ggggagaaaa
ctccaaggta
ggagagctgg
aaagacagaa

EP 2 336 768 A9

aaactce

tgtte

gagtgaagga
agaacaaaaa
ctattcteca
gccttcaata
ttttatactg
cgttececcta
aatctatgac
cgecageccgce
catgctggtce
cctgetecaac
ctatgctgec
tettatagge
ggctgtegte
aagtgtgatc
atctcaaaaa
attctggaag
tgtcatggtce
gaagaggcac
ggctcectac
ttgcagtage
gcactgetge
Ccttagtctte
gcaagaggct
atectgtggge
ggcttagttt
gaagttactg
attagatctt
agcaaccttt
cgaaagttcc
gtgatctgaa
ggcaacatat
gacatgaata
tggttaataa
ggaagcttct
gcctecactge

teetgecace
caaaataatc
gcttatttta
cacttaatga
tctatatgat
caagaaactc
atcaattatt
ctectgectc
atccteatce
ctggccatct
gcccagtggg
ttettetetg
catgctgtgt
acttgggtgy
gaaggtctte
aatttccaga
atctgctact
agggctgtga
aacattgtce
tctaacaggt
atcaacccca
ttccaaaagce
ccecgagegag
ttgtgacacyg
tcatacacag
ttatagaggyg
ttaagcecat
ttatctecce
ttatgtatat
cagaaatacc
aggttgtaaa
tgattagtaa
gtttcactga
taaatgagaa
aagcactgeca

39

tacgtatctg
cagtgagaaa
agctcaactt
tttaactceca
tgatttgcac
teceegggty
atacatcgga
cgctctactc
tgataaactg
ctgacctgtt
actttggaaa

gaatcttett-

ttgctttaaa
tggctgtgtt
attacacctyg
cattaaagat
cgggaatccet
ggcttatett
ttctectgaa
tggaccaagce
tcatctatge
acattgccaa
caagctecagt
gactcaagtg
cctgggetygg
tctaagatte
caattataga
ttcacatgea
ttaaaagaaa
aaaattattt
tgtgtttaaa
agaaatgaca
cttagaacca
ggaatttgag
tgggcaaget

gcatagtatt
agcccgtaaa
aaaaadaaga
ccetccttea
agctcatctyg
gaacaagatg
gccctgecaa
actggtgtte
caaaaggctg
tttecttett
tacaatgtgt
catcatccte
agccaggacg
tgegtetete
cagctctecat
agtcatcttyg
aaaaactctg
caccatcatyg
caccttecag
tatgcaggtg
ctttgteggg
acgettetge
ttacaccega
ggctggtgac
gggtggggatg
atccatttat
aagccaaatc
tcaagttatt
gcctecagaga
cagaaatgta
acaggtcettt
cttttecatgt
ggcgagagac
ttggatcate
tggctgtaga

27

25

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1580
2040
2100
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aggagacaga
cttgacggca
agaaggttta
ccaccaacag
gggaaggagg
gatgcagagt
agagagaatc
aaggaggagg
gtttgcagag
tgacttcata
tagatttatg
ctaggtgagg
caaccacadg

tcattcaggg

gcectgaaaaa
tttaaccgte
agccttaaaa
g9999999¢cg
aaaaaatcgt
tttcaaaggg
gagactgttt
tagtaagtgg
actttcteag
gggaaatgte
accctcectggg
tgaaagttac

<210> 33
<211= 31
<212> DNA
<213>
<400> 33
gcggeegeat

<210> 34
<211 25
<212> DNA
<213>
<400> 34
ggatccetgg

<210> 35
<211> 33
<212> DNA
<213>
<400> 35
ggtctcecaat

<210> 36
<211l> 21
<212> DNA
<213>
<400> 36

gctggttggg
ttgctecgte
ctctgtggec
ccctecaggte
gaggtatteg
cagcagaact
cctagtcette
aggaggttta
cttgaacaca
gatttectte
aatacacgag
attgattacc
cagcatttag
atagcactga
ctaagatgct
aataggcaaa
cccacaaaag
ccttaggtac
ctetecctee
agagagagag
tgaatttggg
tgagaactac
cctectgaata
tttecttttg
ccaagtcaaa
aaattgcttg

Homo Sapiens

ggattatcaa

Homo Sapiens

cggcagaact

Homo Sapiens

tcatggatta

Homo Sapiens

EP 2 336 768 A9

aagacatggg
taagtcatga
aaaggagggt
agggtgagga
taaggatggg
ggggtggatt
aagcagattg
ggtcaagaag
gtctcaccca
ccatecccage
gtatgaggtc
tagtagtcat
cacatactac
gcaaagcatt
gecctgececcag
ggggggaagg
tacaatttac
ttattccaga
ctttgaaatg
gtttttttet
ggatggctaa
tcagggaatg
tgaacggtga
ctcttaagtt
gacattctga
aaagaaaata

gtgtecaagte

tacac

tcaagtgtca

gaggaaggac
gctgagcagg
caggaaggat
tggecctetge
aaggagggag
tggtttggaa
gagaaaccct
aagatggatt
gactccaggc
tgaaatactg
taggaacata
ttecatgggtt
acattcaata
gagcaaaggg
tgeacacaag
gacatatteca
cagcctecgt
tgecttetee
aatataccce
gttctttcte
aaccatcata
aaggtgtcag
gcattgtggc
gtggagagtg
catcttagta
tgcatctaat

agt

40

aaggctagat
gagatcctgyg
gagcatttag
taagctcaag
gtattegtge
gtgagggtca
tgaaaagaca
ggtgtaaaag
tgtcttteac
aggggtctece
cttcagctca
gttgggagga
agcatcaaac
gtccecatata
tgtaggtatc
tttggaaata
attteagact
agacaaacca
ttagtgtttg
atatgattgt
gtacaggtaa
aataataaga
tgtcagcagg
caacagtage
tttgcatatt
aaaaaacacc

catgaagaac
ttggtgttge
ggcaaggaga
gegtgaggat
agcatatgag
gagaggagtc
tcaagcacag
gatgggtctg
tgaatgcttce
aggaggagac
cacatgagat
ttctatgagg
tettagttac
ggtgagggaa
attttetgea
agctgeettg
gaatgggggt
gaagcaacag
ggtatattca
gcacatactt
ggtgagggaa
ggtgctactg
aagcaacgaa
ataggaccct
cttatgtatg
ttcta

2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3655

31

25

33
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gacgacagcc aggtacctat ¢

<210> 37
<211> 2643
<212> DNA
<213>
<400> 37
ggcagecgte
cgtggatgeg
cctatggett
ctgtectggt
gacgggaady
gctgtcatceg
cagaccacca
ctggteatge
cactgtgaca
tgtgccatca
tacagctcca
atctectgee
aacccggect
ctgctggtcet
aaacgcagca
caccccgagg
aacaggcgga
agcaccagcce
actctcceceg
gagaagaatg
atgcecaatg
cagaaggaga
tggctgcect
gtcctgtaca
tacaccacct
tgctgectge
ccttgegaac
cctgcagtgt
cagtgctagt
gctcatagag
geccttecttg
gctgagtttt
cacaccctge
cagtectggg
caaaaacctt
acccacctcea
ctcatcettga
tgctgccttce
ggcctggcag
ggttctttga
cttectggect
ccacggctaa
ggggaagctg
caccaaacta
aaa

<210> 38
<21ll> 27

Homo sapiens

cggggecgee
gcgggagcetg
gaagagcctg
atgatgatga
cggacagacc
tctteggeaa
ccaactacct
cctgggttgt
tecttegteac
gcatcgacag
agcgcecocgggt
cactccetett
tegtggtceta
acatcaagat
gccgagettt
acatgaaact
gagtggaggc
cacccgagag
acccgtccca
ggcatgccaa
gcaaaacceg
agaaagccac
tcttcatcac
gegectteac
tcaacattga
ccgcacagca
cgtgagcagg
tcgettgget
gagctgggca
tcecccectee
accttecetct
ctetttgtgg
aaggcccaca
agacccatgt
agctecctec
cecccgttaca
agggcccagyg
tgacggcecect
ggaggtcagy
gggactgecct
ttectctete
gaggctgctg
cagcttggga
ataaaacttt

actctccteg
gaagcctcaa
gccacccagt
tctggagagg
ccactacaac
cgtgetggtg
gatecgtcagce
ctacctggag
tectggacgte
gtacacagct
caccgtecatg
cggactecaat
ctectecate
ctacattgte
cagggcceac
ctgcaccgtt
tgceeggega
gacccggtac
ccatggtcetc
agaccacccc
gacctceete
tcagatgete
acacatcctg
gtggetggge
gttcegecaag
gcetgettce
aaggcctggg
ccatgeteocet
tggtaccagce
cacctcecagt
ggggctctag
ggcttggegt
ggaggcaage
aaataccaga
cgcacccega
gcteccecaag
agggtctatg
gcaatgtatc
ccctggaact
ctgcecacact
ctgtttcect
aaaaccatct
gagcccctgg
gacgagtcac

geeggtecet
gcagcecgged
ggctccaccg
cagaactgga
tactatgcca
tgcatggetg
ctcgecagtgg
gtggtaggtg
atgatgtgca
gtggccatge
atctccatcg
aacgecagacc
gtctecttet
ctccgeagac
ctgagggctce
atcatgaagt
gcecaggadce
agccccatee
cacagcactc
aagattgcca
aagaccatga
gecattgtte
aacatacact
tatgtcaaca
gccttectga
cacctceetg
tggatcggcce
cactgcecge
cctggggctg
cceectatee
ggttgetgga
ggagcaggcyg
aagctctctt
ctgecaggttg
tgtggaccte
tggtttccac
gggagaggaa
ccttctcaca
ctatctggge
ctgacgcaaa
tcecttececac
ggcctggect
ggectagact
cttececaggac

41

ggctecccgga
cegtetetge
ccctgatgga
geecggecectt
cactgctcac
tgtcecgega
ccgacctect
agtggaaatt
cggcgageat
ccatgectgta
tctgggtect
agaacgagtg
acgtgccecett
gecgeaageg
cactaaaggg
ctaatgggag
tggagatgga
cacccagcca
cegacagecc
agatctttga
geccgtaggaa
teggegtgtt
gtgactgcaa
gegecgtgaa
agatcctceca
cccaggecgg
tcecctettecac
acaccctcac
ggccececcayg
ttggcaccaa
gcectgagtea
gtggggagag
gccgaggage
gaccccagag
tactttccag
atgctectgag
ctcettggec
gcacatgctg
ctgggctagyg
accactttecce
tgectetgee
ggccectgcecece
ctgtaacate
ccectgggtaa

ggcggecgeg
cccggggege
tccactgaat
caacgggtca
cctgcteate
gaaggcgetg
cgtcgcecaca
cageaggatt

cctgaacttyg

caatacgcgce
gtcctteace
catecattgeco
cattgtcace
agtcaacacce
caactgtact
ttteccagtg
gatgctetce

ccaccagetg:

cgccaaacca
gatccagace
gectcteeccag
catcatctge
catececcgect
ccceateate
ctgctgactc
ccagcectcecac
ccoggcaggce
tctgecagag
ctcaggggca
agatgcagee
gggcccagdgag
atggacagtt
caggcaactt
attcccaage
gctagtcegg
aagaggagca
tagcccacce
gccagectgg
ggacatcaga
ttttetatte
ttagaggagce
tgaggaagga
actatccatg
aaaaaaaaaa

21

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440

. 1500

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2643
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<212>
<213>
<400>

EP 2 336 768 A9

DNA
Homo Sapiens
38

gaattcatgg atccactgaa tetgtece

<210>
<211>
<212>
<213>
<400>

agatctgecag tggaggatct

<210>
<211l>
<212>
<213>
<400>

atgggcgaca
tacctgggaa
gtcetggtgg
ttcegetatg
gtggccaacg
caggaacgcec
ccaaacctte
ggtgtggact
cggaattetg
cagcccacag
gcctectetgg
accaacaaca
atctgecttt
actgtggcac
aaccgagaga
gcctotagea
tacaamagtga
agcgacgtgg
ccgecatcggg
acaaatgatg
gatgacaagg
ggccggcecect

<210>
<211l>
<212>
<213>
<400>

ggtaccatgg gcgacaaagg

<210>
<21l>
<212>
<213>
<400>

ggatcctetyg ttgttgaget

39

25

DNA

Homo Sapiens

39

tcagg

40

1301

DNA

Homo sapiens

40

agtgttcaag
tgtggaccac
tctcaaagag
cctggatgte
cccaccggee
gctdgggcegag
gacactgcag
agecttctge
cateccggaag
caggecagtte
ctattaccat
ggtgaagaag
tcagtacaag
gttetgcaag
cgecttggac
ggaaggtgce
ggtggtgtcet
gccectteace
gaacgagacyg
atttgaggac
ggatggtacc
ggcteegget

aagggacgeyg
agcgggactt
atcctgagta
gcecgggagga
tacagtcgtt
tcatcaagaa
catgttctgt
atgaagtcaa
tgegtetggt
ccgagaccac
ataaggagat
ccaacaagac
tcaacacagc
ccagctcgac
agcggggecet
ccctgttgag
aagtgaagcet
cegtggaact
aagttccaga
acgacattgt
aggaagagga
gcctecacgt

41

30

DNA

Homo Sapiens

41

gacgegagtg

42

48

DNA

Homo Sapiens

42

gtggagagcc

aaggccagte
atcgaccteg
cggagagtct
ctgggccectga
cccgaggaca
cacgcttacc
ccggggceccey
gcggagaatt
gttecagtatg
ctecatgtcegg
ggagaaccca
atcaagatct
tgceectgttyg
gtctacacac
gggaagctca
aaccgtgaga
cggggeggec
ctaatgcacc
ccagtagata
tttgctegee
ggctcteecac
ccactctegt

tgtaccatcc

42

caaatggaaa
tggaccctgt
atgtgacgct
cetttegeaa
agaagccccet
ctttecacctt
aagacacgygg
tggaggagaa
cecccagagag
acaagccectt
tcagcgtceaa
cagtgcgcca
ccatggaaga
tgacccectt
agcacgaaga
tcetggggat
tgttgggaga
ccaagcccaa
ccaatctcat
agagactgaa
agctcaacaa
g

tectette

27

25

gcteacegte
ggatggtgtg
gacctgegece
ggacctgttt
gacgcggetg
tgagatccct
gaaggcttge
gatccacaag
gcectggeece
gcacctagaa
cgtccacgte
gtatgcagac
ggctgatgac
cctageccaat
cacgaacttyg
cattgtttece
tettgeatcee
agaggaaccce
agaacttgac
aggcatgaag
cagatagacyg

30

48

60
120
180
240
300
360
420
480
540
600
660
720
780
840 .
800
960

1020
1080
1140
1200
1260
1301
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<210>
<211>
<212>
<213>
<400>

43

27

DNA

Homo Sapiens
43

ggatcecattt gtgtcaagtt

<210>
<211>
<212>
<213>
<400>

44

27

DNA

Homo Sapiens
44

ggtaccatgg gggagaaacc

<210>
<211>
<212>
<213>
<400>

45

24

DNA

Homo Sapiens
45

ggatecctgtg gecatagttgg

<210>
<211l>
<212>
<213>
<400>

46

33

DNA

Homo Sapiens
46

tgtgcgegeyg gacgcaccce

<210>
<21l
<212>
<213>
<400>

47

27

DNA

Homo Sapiens
47

gaattcatgg atccactgaa

<210>
<211>
<212>
<213>
<400>

48

32

DNA

Homo Sapiens
48

tgtgegegeg cagtggagga

<210>
<211>
<212>
<213>
<400>

49

33

DNA

Homo Sapiens
49

gceggecgeca ccatgaacgg

EP 2 336 768 A9

ctatgag

cgggacc

tate

acccagcetg ggt

tetgtee

tcttecaggaa gge

taccgaagge cca

43

27

27

24

33

27

32

33



10

15

20

25

30

35

40

45

50

55

<210>
<211>
<212>
<213>
<400> 50

tgtgegegeg

50
30
DNA

<210>
<211>
<212
<213>
<400> 51

gagctcegtg
cagttceccacc
gaaggaacga
ggcagcgaga
ccgeaggete
gtcecageegg
tgcaatcegec
tgcgocecega
cccgacagea
cegggeatec
ggcaactege
atttacatat
agtacggtct
tccattgatt
cgctacattg
aagatcatca
cttggaggceca
gatgatgact
gtgatccectg
gtcecggetec
gtcctggtgyg
gtggaggctce
atcgcecttag
aacttcaagc
agcactagca
atgaataaac
gagttcaatg

51
1602
DNA

<210>
<211>
<212>
<213>
<400> 52

ggtctacttg

52
24
DNA

<210>
<211l>
<212>
<213>
<400> 53

gecgegeacag

53
27
DNA

Homo Sapiens

cacagaagct

Homo sapiens

ctgggaggtg
aggggceggt
gcgetetteg
agtcegttet
cgggtcecca
ttettteget
ccaccatgga
gegcectgect
acggcagecgce
cggtecatcat
tggtcatgtt
ttaacctgge
acttgatgaa
actacaacat
ccgtgtgeca
atatctgcat
ccaaagtcag
actectggtg
tcctcatcat
tttectggete
tggtggcagt
tggggagcac
gctataccaa
ggtgtttceg
gagtccgaaa
cagtatgact
atctaggttt

Homo Sapiens

atgaattcct

Homo Sapiens

aagtccegga

EP 2 336 768 A9

cctggaagge

ggaagggggc
gcctagaatt

ccectetetg
ccectgtectg
gcgcegetgg
ceegeagege
ctceceegate
gecececcccaac
cggctcggag
cacggceggte
cgtgatecatce
tttggcagat
ttectggect
gtteaccage
ccecgtgaag
ctggctgctg
ggaagacgtc
ggacctctte
catcgtctge
ccgagagaaa
cttegtegte
ctcccacage
cagtagcctg
ggacttctge
tacagttcag
agtcgtggag
aactcagatc

ggcce

aacaccg

ttgaccectgg
ggtgagggag
gcacccagcg
ccecceggega
ccagggcgeg
cgcaggtgece
cagatcttee
agcagcgcect
gacgcgcage
tactcegtag
cgatacacaa
getttagtta
tttggggatg
atcttecacct
getttggact
tcgtcatectg
gatgtcattg
atgaagatct
tacaccctga
gatcgcaacce
tgctggacte
acagctgete
aatcceccecatte
tttccactga
gatcectgett
atgtecttegt
actactgcag

44

ggactcaggc
gcacctcagg
gegegectge
cttgecggeee
ggcaaagttt
gccotgteetce
gcggggagcec
ggtttecegg
tggageccege
tgttegtegt
agatgaagac
ctacaaccat
tgctgtgcaa
tgaccatgat
teegeacace
ttggecatcte
agtgctcctt
gegtettcat
tgatcectgeg
tgcgtaggat
ccattcacat
tcteccageta
tctacgectt
agatgaggat
acctgaggga
acagttctte
te

agtctgggga
ggctggggga
tggccggaaa
gggtgggagt
gecectetecge
gecetteetge
gggccctace
ctgggccgag
gecacatctece
gggettggtg
agcaaccaac
gccetttcag
gatagtaatt
gagcgtggac
cttgaaggca
tgcaatagte
gcagttcceca
ctttgectte
tectecaagage
caccagactg
attcatectg
ttacttetge
tcttgatgaa
ggagcggcag
catcgatggg
gggaagagag

24

27

30

60
120
i80
240
300
360
420
480
540
600
660
720
780
840
800
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1602
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<210> 54
<211> 10
<212> PRT
<213> Homo
<400> 54

Gly Ser Glu

<210>
<211>
<212>

<213>

<400>
Met Lys Leu

55
881
PRT
Homo
55

Lys Lys Leu

Lys
Leu
Glu
65

Leu
Phe
Ser
Ala
Thr
145
Leu
Glu
Asn
Ile
Pro
225
Ser
Ile
Ile
Ile

Tyr
305
Gly

Asn
Thr
50

Gln
Lys
val
val
Thr
130
val
Asp
Asp
Asn
Gly
210
Thr
Arg
Val
Ala
Gly
290
Tyr

Sexr

Asn
35

Arg
Leu
Metbt
Gln
Glu
115
Ser
Ser
Phe
Asp
Gly
1958
Phe
Met
Leu
His
Ser
278
Ala
Gln

Ile

Sapiens

EP 2 336 768 A9

Asn Leu Tyr Phe Gln Leun

5

sapiens

Leu
Lys
20

Trp
Ala
Phe
Asp
Asp
100
Thr
Ser
Ile
Met
Met
180
Phe
Lys
Ile
Leu
Ser
260
Lys
Trp

Asn

Ile

Ser
5
Cys
Glu
His
Leu
Ser
85
Asn
Asp
Ser
Asp
Pro
165
Ser
Phe
Pro
Thx
Gln
245
Pro
Asp
Cys
Ala

Leu

Ser
Ser
Cys
Leu
Leu
70

Leu
Val
Met
Glu
Ser
150
Arg
Asp
Gly
Glu
Asp
230
Ser
Thr
Gln
Ile
Lys

310
Val

Ile
Lys
Arg
Thr
55

Ile
Gln
Asn
Pro
Glu
135
Ala
Asp
Gly
Asp
Asn
215
Arg
TYL
Leu
Trp
Glu
295

Ser

Thr

Glu
Glu
40

Glu
Phe
Asp
Lys
Leu
120
Ser
Ala
Ala
Leu
CGly
200
Tyr
Tyr
Leu
Met
Gln

280
Gly

Ala

Gln
Lys
25

ser
val
Pro
Ile
Asp
105
Thr
Ser
His
Leu
Pro
185
Ser
Thr
Thy
Asn
Met
265
Ile
Glu

Leu

Leu

45

Axg
10

Ala
10

Pro
Pro
Glu
Arg
Lys
a0

Ala
Leu
Asn
His

His
170

Phe

Leu
Asn
Leu
Asn
250
Leu
Len
Ser

Thr

His

Cys
Lys
Lys
Ser
Glu
75

Ala
val
Arg
Lys
Asp
155
Gly
Leu
Leu
Ser
Ala
235
Phe
Tyr
Phe
Thx
sexr

315
Leu

Asp

Cys’

Thr
Arg
60

Asp
Leu
Thr
Gln
Gly
140
Asn
Phe
Lys
Cys
Asn

220
Ser

Asn
Asn
Asp
300
Lys

Leu

Ile
Ala
Lys
45

Leu
Leu
Leu
Asp
His
125
Gln
Ser
Asp
Thr
Ile
205
Val
Arg
Pro
Asn
Cys
285
Ile

Val

Ser

Cys
Lys
30

Arg
Glu
Asp
Thr
Arg
110
Arg
Arg
Thr
Trp
Asp
190
Leu
Asn
Ser
TyY
Gln
270
Ile
Asp
Phe

Arg

Arg
15

cys
Ser
Arg
Met
Gly
95

Leu
Ile
Gln
Ile
Ser
175
Pro
Arg
Arg
Thr

Cys
258
Ile
Leu
Vval
Glu

Tyx

Leu
Leu
Pro
Leu
Ile

80
Leu

Ser
Leu
Pro
160
Glu
Asn
Ser
Leu
Thr
240
Pro
Glu
Ala
Phe
Ser

320
Thr
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Gln
Ile
Phe
val
385
Gln

Gln

Val

Cys
465
Met

Trp
Ile
Ser
Arg
545
val
Asn
Leu
Leu
Thr
625
Val
Ile
Ser
Asn
Val
705
Ser
Thr

Leu

Asn

Trp
Arg

Ser
370

Ty
Leu
Arg
Arg
Thr
450
Asn
Asp
Leu

Ile

Gln
530

Cys
Ser
Cys
Leu
Leu

610
Phe

Cys
Ser
Ala
Ile
690
Pro
Asn
Pro

Gln

Phe
770

Arg
Met
355
Asp
Sexr
Ser
Thr
Leu
435
Ala
Glu
Ile
Ser
Tyr
515
Leu
Ser
Ser
Ser
Ser
595
Gln
Lys

Ala

‘ Thx

675
Sex

Leu
Arg
Ser
Ser

755
Asn

Gln
340
Ala
Ser
Trp
Gln
Thr
420
Leun
Glu
Ile
Ser
Phe
500
val
Glu
Ile
Tyxr
Tyr
580
Asn
Gln
Ile
Pro
Asn
660
Ile
Val
Lys
Pro
His
740

Leu

Gln

325
Lys

Ile
Ser
Glu
Asn
405
Thr
Gln
Lys
Glu
Thr
485
Thr
Leu
Gln

Met

Met
565

Tyr
Ser
Ile
Gln
Phe
645
Asn
Ala
Lys
Ser
Pro
725
Arg
vVal

Ser

Thr
Ser
Ile
Ile
390
Thr
Gly
Val
Ser
Glu
470
Thr
Arg
Axrg
Asp
Leu
550
Asp
Leu
Lys
Asn
Thr
630
Leu
Ser
Gln
Tyr
Gly
710
Ser
Ser

Pro

Gly

EP 2 336 768 A9

Asn
Leu
Leu
375
Gln
Ile
Pro
Phe
Pro
455
val
Ala
Phe
Asp
Gln
535
Ser
Asn
Phe

Ser

Thr
615

Cys
Leu
Asn
TYyT
val
695
Ala
Arg
Val

Leu

Asn
775

Thr
Gly
360
Glu
Leu
Ser
Thx
Thr
440
Ile
Ser
Leu
Glu
Phe

520
Asn

Asn
Asn
600
Val
Glu
Ser
Gly
Pro
680
Ser
Ser
Asn
Thr
Thr

760
Ile

Ser
345
Leu
Gln
Ser
Phe
Ile
425
Lys
Cys
Arg
Thr
Leu
505
Phe
Asp
Ala
Asn
Ala
585
Ala
Leu
Lys
Gln
Ser
665
Thx
Pro
Phe
Ser
Pro
745

Pro

Ala

46

330
Tyr

Agn
Arg
Leu

Pro
410

Tyx
Ile
aAla
Gln
Asn
490
Lys
Thr
His
Ala
val
570
Val
Glu

Met

Tyr

Asn
Arg
Arg
Leu
395

Ser

His

Lys
Ala

475
Leu

TP
Asn
Gln
Gln
555
Thxr
Leu
Asn

Leu

Ile

. 635

Cys
650
Ala
Leu
Gly
Ser
Pro
730
Phe

Ser

Asp

Ala
Ile
Pro
Ser
Asp
715
val
Leu

Ala

Ser

Phe
Asp
Arg
380
Tyr
Ser
Gly
Glu
Lys
460
Pro
Leu
Lys
Phe
Ser
540
Arg
Pro
Val
Asn
Leu
620
Gln
Ile
Lys
Glu
Val
700
Leu
Thr
Gly

Leu

Ser
780

Leu
365
Ile
Gly
Val
Ile

Leu
445

Cys
Lys
Lys
Gln
Thr

525

Thxr

Pro
Glu
605
Lys
vVal
Pro
Asn
Glu
685
Gly
val
Ile
Gln
Phe

765
Leu

Ser
350
Pro

Trp
Arg
Asp
Ile
430
Asp
Leu
Phe
Glu
Leu
510
Gln
Glu
val
Phe
Ile
590
Thr
Lys
Leu
Leu
Ile
670
Asn
Pro
Lys
Pro
Gln
750
Gly

Ser

335
Phe

Sex
Trp
Sex
Asp
415
Glu
Lys
Met
Leu

s

His
495
Serx
Lys
val
Met
Ala
575
Lys
Ala
Leu
Glu
Pro
655
val
val
Serx
Leu
Arg
735
Gln
Gly

Phe

Ser
Ser
Ser
Ile
400
Val
Thr
Thr
Ile
Gln
480
Pro
Leu
Lys
Lys

Ser
560

Trp
Thr
Gln
Ala
Glu
640
His
Gly
Asn
Pro
Leu
720
Ser
Gln

Ala

Thr
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Phe
785
Ser
Phe

Sexr

Phe

YT
865
Glu

Thr Asn
Gln Ala
Met Asn

Lys Pro
835
Gly Ile
850
Asn Tyr

<210> 56
<211> 13
<212> PRT

<213>

Homo

<400> 56

Pro

Gln Lys

<210> 57
<211> 545
<212> PRT

<213>

Homo

<400> 57

Met
Ser
Arg
Glu
Gly
65

Pro
Asp
Phe
Ala
Ile
145
Phe
Pro

Glu

Gly

Asp Asp
Gly Pro

Phe Arg
35

Arg Ser

50

Tyr Thr

Pro His

Gly Tyr

Gln Asn
115

Ile Ser

130

Glu Glu

Gln Val
Val Leu
Leu Lys

195

Asp Glu
210

Ser Ber

Leu Ser
805

Asn Glu

820

Leu Ser

Thr Thr

Leu Phe

Sapiens

Gly Ser
5

sapiens

Leu Phe

5
Tyr Val
20

Tyr Lys
Thr Asp
Gly Pro

Arg . Pro
85

Tyr Glu

100

Leu Gly

Gln Arg

Gln Arg

Thr val
165

Ser His

180

Ile Cys

Tle phe

Asn
790
Gln
Ile
Pro

Gly

Asp
870
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Gly
Pro
Thr
Gly
Met

855
Asp

Pro
Ile
Ala
Trp
840
Phe

Glu

Asn
Ala
Ser
825
Thr

Asn

Asp

Ala Ser Glu Lys

Pro
Glu
Cys
Thr
Gly
70

His
Ala
Ile
Ile
Gly
150
Arg
Pro

Axrg

Leu

Leu
Ile
Glu
Thr
55

Thr
Pro
Asp
Gln
Gln
135
Asp
Asp
Ile

Val

Leu
215

Ile
Ile
Cly
40

Lys
Val
His
Leu
Cys

120
Thr

TYT
Pro
Phe

Asn
200

Cys

Phe
Glu
25

Arg
Thr
Arg
Glu
Cys
105
Val
Asn
Asp
Ala
Asp
185
Arg

Asp

47

Leu
Ser
810
Lys
Asp
Thr

Thr

Thx
10

Pro
10

Gln
Ser
His
Ile
Leu
90

Pro
Lys
Asn
Leu
Gly
170
Asn

Asn

Lys

Ile

.795

Ser

Ile

Gln

Thr

Pro
875

Thr Thr Gln Thr

Asn
Asp
Thr
Thr

860
Pro

val

Asp

His

Asp
815

Gly Asn

830

Ala Tyxr Asn

845
Met

Asn

Met Val Phe

Ser
Pro
Ala
Pro
Ser
75

val
Asp
Lys
Asn
Asn
155
Arg
Arg

Ser

Val

Glu
Lys
Gly
Thr
60

Leu
Gly
Arg
Arg
Pro
140
Ala
Pro
Ala

Gly

Gln
220

Pro
Gln
Ser
45

Ile
Val
Lys
Ser
Asp
125
Phe
Val
Leu
Pro
Ser

205
Lys

Asp Asp

Pro

Ala
Arg
30

Ile
Lys
Thr
Asp
Ile

110
Leu

Leu
Asn
190
Cys

Glu

Lys

Gin
15

Gly
Pro
Ile
Lys
Cys
95

His
Glu
val
Leu
Len
175
Thr

Leu

Asp

Asn
800
Asn
Asn
Ala
Val

Lys
880

Ala
Met
Gly
Asn
Asp
80

Arg
Ser
Gln
Pro
Cys
160
Thr
Ala

Gly

Ile
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Glu
225
Gln

Tyr

Leu
Thr
305
Pro
Asn
Ala
Pro
Ala
385
Leu
Gln
Thr
Leu
Leu
465
val
Glu
Ala
Asp

Ser
545

val
Ala
Ala
Arg

Pro
290

Tyr
Thr
Sex
Ser
Sexr
370
Pro
Ala
Sex
Leu
Gly
450
Ala
Ser
Ala
Pro
Glu

530
Gln

<210>
<211>
<212>
<213>

Tyr
Asp
Asp
Pro
275
Asp
Glu
Glu
Thr
Leu
355
Gly
Val
Gln
Len
Ser
435
Ala
Ser
Met
Ile
Thr
515

Asp

Ile

58

1833
DNA
Homo sapiens

Ser

Phe
val
Pro
260
Ser
Thr
Thxr
Pro
Ser
340
Ser
Gln
Leu
Pro
Sexr
420
Glu

Leu

val

Thr
500
Pro
Phe

Ser

Thr
His
245
Ser
Asp
Asp
Phe
Arg
325
Vval
Thr
Ile
Ala
Pro
405
Ala
Ala
Leu
Asp
His
485
Axrg
Leu

Ser

Ser

Gly
230
Axrg
Leu
Arg
Asp
Lys
310
Pro
Pro
Ile
Ser
Gln
350
Ala
Pro
Leu
Gly
Asn
470
Ser
Leu

Gly

Ser

Pro
Gln
Gln
Glu
Arg
295

Ser

Pro

Lys

Asn
Asn
375
Thr
Pro
Val
Leu
Asn
455
Ser
Thr
Val

Thr

Ile
538
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Gly
val
Ala
Leu
280
His
Ile
Thr
Pro
Phe
360
Gln
Met
Ala
bro

3

His
440
Ser
Glu
Ala
Thr
Ser

520
Ala

Trp
Ala
Pro
265
Ser
Arg
Met
Arg
Ala
345
Asp
Ala
val
Pro
Lys
425
Leu
Thr
Phe
Glu
Gly
5058

Gly

Asp

Glu
Ile
250
Val
Glu
Ile
Lys
Arg
330
Pro
Glu
Leu
Pro
val
410
Serx
Gln
Asp
Gln
Pro
490
Ser

Leu

Met

Ala
235
Val
Arg
Pro
Glu
Lys
315
Ile
Gln
Phe
Ala
Ser
395
Leu
Thr
Phe
Pro
Gln
475
Met
Gln

Pro

Asp

Arg
Phe
val
Met
Glu
300
Ser
Ala
Pro
Ser
Leu
380
Ser
Thr
Gln
Asp
Gly
460
Leu
Leu
Arg

Asn

Phe
540

Gly
Arg
Ser
Glu
285
Lys

Pro

val

Pro
365
Ala
Ala
Pro
Ala
Ala
445
Val
Leu
Met
Pro
Gly

525
Ser

Ser
Thr
Met
270
Phe
Axrg
Phe
Pro
Thr
350
Met
Pro
Met
Gly
Gly
430
Asp
Phe
Asn
Glu
Pro
510

Leu

Ala

Phe
Pro
255
Gln
Gln
Lys
Asn
Thr
335
Phe
Leu
Ser
Val
Pro
415
Glu
Glu
Thr
Gln
495
Asp

Ser

Leu

Sex
240
Pro
Leu
Tyr
Axrg
Gly
320
Arg
Pro
Leu
Ser
Pro
400
Pro
Gly
Asp
Asp
Gly
480
Pro
Pro

Gly

Leu

<400> 58

ggaggtggga
aagtgtctta
aggetteete
ctgggcatct
agagtgggtg
actccccage
tgagtgtgag
ggtcttecte

ggagggagtg
actgagacgg
cagggtetgg
tcagccctte
acagagccac
atggaggaag
tacacagact
ctgggcacca

acgagtcaag
gggtaaggea
agaacccaga
ttactetetg
ggagctggtyg
gtggtgattt
ggaaatcecte
cgggcaacgg

gaggagacag
agagagggtyg
ggcagctect
aggctcaagce
tceetgggac
tgacaactac
gggggcccte
tctggtgcte

48

ggacgcagga
gaggaaattc
cctgagtgcet
cagaaattca
cctetgeecy
tatggggcag
atccetgeoea
tggacecgtgt

gggtgcaagg
tgcaggagac
gggaaggact
ggctgcecttge
tettetetee
acaaccagtc
tctacatgtt
ttcggagcag

60
120
180
240
300
360
420
480



10

15

20

25

30

35

40

45

50

55

ccgggagaag
cttegtggtyg
tgggaccttc
cttetgectce
tgcteggcetyg
cgcecteetg
taaggtgcag
ggaggtgggce
gctgacctgt
tgagggcctg
tgccectgtge
gcactggecc
cagctacgtc
ccaggcectge
cagecagtggg
catgggcaag
tgtggttgac
tgeecttget
cagtgaacac
gtgacctgea
gctgectget
cttctgatcce

ccaaaaaaaa
f

<210> 59
<211>
<212>
<213>
<400> 589

aactgcagcc
ttaattctaa
gtattgcact
tttgaatace
cccggeatag
atctaaggga
ttctgaactt
tececegtgaa
gggttatcat
tcaagtccat
tectectaat
ttggcaggat
tcttcacact
teccaggecte
ccatgetget
gcaccaacca
aaatccattc
tttactacta
ggaatataca
tgtttgtggg
cctaccacta
gccteectgge
gtttecaggaa
ctcacagcac
tggccacctt
cttgattttg
attgttgtgt

DNA

1726

aggcgctecag
acgectgcecce
ttctgcaage
acecggcectea
aggctgcggg
gccatgectg
tgctacatgg
cttggggtct
tacttcttea
cggaagcggc
tggatgcecet
tgtgactttg
aacagctgcc
acctccatge
gagaagtcag
ggtggagaac
tagggctggg
ttctgaaaat
tggaagagge
gagacttecet
gtgataccce
tgttagtcac
aaaaaaaaaa

Homo sapiens

agggagactc
geettttigt
ggtcatgtga
atagttagta
atcttatctt
acttttagat
ggaggtggac
cgatgactgg
tctgataggce
gcgaaacgtt
aacgtgtget
tggctgcaaa
cacggegete
ccatgccecectg
ggccatteca
gaccttcatt
tatggcttcc
cttecattget
tgtcaagaag
cctgttcgec
ctctgaggtg
cttcaccaac
acagttcaac
tggaaggagt
tagcctceatc
ccecectgagg
ctgtgeccte
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ctgatatctt
tgtgggctac
tcagcagcta
gcttegaceg
tcagegggge
tcatggtgtt
actactccat
cgtecaccac
tcgeccaaac
gccggctget
accacctggt
acctettect
tcaacccett
tctgectgtgg
ccagctactce
agatgcacga
agcagagaga
cagagtcacc
ttctagaagg
gcectggaact
cttacctece
tgtggttecat
aaaaaaaaaa

agactagaat
ggctaagttt
aagccagage
tatatgtact
catcttcact
gggaaaaaaa
catttecatge
tcccacecegg
ctcattggca
ccaaacctgt
ccagtggatg
ctgatceeet
tocggcagaca
atgaagatct
gaggecgtgt
agctgtgece
tttetggtet
aaaaatctga
cagattgaat
ttctgetgge
gacacctcca
tcctgegtga
actcagetge
acaacctgca
aatggaaaca
gacggttttg
caaagagcct

cattgctagce
ctacacgtac
cctecatctte
ctacctggece
cgtggecacg
acgcaccacce
ggtggccact
cgtgggettt
catcgctagge
cagcatcatc
gaagacgctg
catgaacatc
cctectatgee
ccagagcagg
ttcggggeac
gaaatccate
agcctggege
tcetetgecee
gaagaaattg
catctgtgaa
ccagtgectt
caaataaaac
aaa

ggaggtagaa
tgttgttgtt
agcaccagty
cagagtattt
cggttgcaaa
atctagagat
actgcaacat
ggatectcta
acatcacttt
tecatttccag
ccagcaggta
ttatacaget
gatacaaagc
gecctcaaage
tttctgacct
catacccaca
tctacgtcat
tecagagtgce
cccggaageg
tcecccaatcea
tgctecactt
accectttge
tctgttgeca
tgacctceccect
tctgtecacga
ctttatgget
tcagaatgct

49

ctggceggtag
cgggactatg
gtcaacatgt
atcgtgagge
gcagttettt
ggggacttgg
gtgagctcag
gtggtgeecct
cacttecgeca
gtggtgetgg
tacatgctgg
ttececectact
tttttegace
tgcgeaggea
agcecaggggce
cecctacagec
ccteggececet
agagctgtcece
tcecectetgag
ctgggacaga
cttcagaata
tgtttgtgea

agaactgatg
aacttattga
tcaaaatagt
ttattaaaga
atcaatagtt
ggctctaaat
ctccagtcac
tgtcatcect
gatcaagatc
tctggetttg
cctggetgac
tacctetgtt
cattgtcegyg
cgectttate
ccateccctte
ctctaatgag
cccactgteg
ttacaatett
acttgccaag
tgtecatctac
tgtcaccagce
cctetacetg
gcctggectg
caagagtacc
gcggtatgtc
agacaggaac
cctgagtggt

ctgacctgac
actggecctt
acgccagegt
cagtggccaa
gggtgctgge
agaacaccac
agtgggcctg
tcaccatcat
aggaacgcat
tggtgacctt
gcagectget
gcacctgeat
ccegettecg
cctceccacag
ccggeccecaa
aggagaccct
cceeggectt
tcaaagcatc
gecgeegtgg
agcagaggayg
tctgcactgt
actgttgtgt

cagagtgggt
atttagagtt
gacagagagt
aggcaaagag
aagaaatagc
gactgtttee
agtgcggatc
gcagtttatg
ttctgtacag
ggagacctge
agatggctat
ggggtgtctg
ccaatggata
tggatcatct

catgaggaaa

cttecacccea
atcatctetg
ccegtggaag
acagtgctgg
ctgtacecgct
atctgtgecce
ctgagcaaga
atcatceggt
aacccctecyg
tagattgacc
ccttgeatee

gtaggtgggyg

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680

-1740

1800
1833

120
180
240
300
360
420
480
540

" 600

660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
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gtggggaggc ccaaatgatg

<210> 60

<21l> 2876
<212> DNA
<213>
<400> 60

tgaaacctaa
ggctgacttt
tcecececgegeyg
getgggggcee
caatagatcc
tggaaaagga
cactggaaaa
tttgccaagt
tgctgtgatt
cttgaagatt
tgtgettatt
cagtgtgecag
cattgccatt
gtatgtcgtyg
tttgectgag
ggtctttcectg
gcgatcttct
tgtcactgte
gcattatttt
cctctgeete
tgatttcagg
gatgcaagta
ttcaaccact
taggatgtgg
tctcaccaca
catgagaaaa
atgaccccayg
ccagtaactt
tatacacata
ctcagagatg
tgccagaatce
gteccagtgag
tgcctcatge
ggagttcgag
ttaaccaggt
attgagtatc
actccagctt
tcctecagatt
aaacctgecat
catttgacaa
tgttcagctt
taaccctetyg
atgtaaatac
gtaatagatt
gttggagtat
cagagggttt
atgccaaaat
gtgtaattga

Homo sapiens

ccecgeectgg
ctcteggtge
ccecggegteyg
gccatcctgce
tctaaaggaa
gttacagttg
ctgaccactg
aacggcatgg
tacatggcca
gcctatcaca
ggctttttet
aggtattggg
ggcatctceo
aagcagacca
cagetcettgy
ttceccagect
gcecatggatg
ctggecatgt
ctgattaaga
tctaccetta
gatcatgcaa
teceetcacct
gttaagacct
aacctgttta
taccatgtgyg
gtagtcccce
aaactgaacc
gcaaaaagta
tatatatttt
atcagtccaa
aggtttccaa
tgaggttctt
ctgtaatcct
accagcctag
gtgtggtgeca
actttaactc
gggtgataaa
caataatgag
ggtgtttatg
agtgecegtga
ataatgaaat
agtttttgta
aaattttgta
gttttgcecac
ttattgtcag
ggaccacatc
gactttatac
tttataaata
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gatcaccatt

ggaggcgcege
gtccagtgga
gggcttccag
tagcagcctc
gaagccttat
aaacagtctt
tcttecttceco
cectgtgggt
atctggectt
tacatggcaa
atggcaacat
tcategtgaa
tggcaatatg
tctteattee
tgggagacat
tcctcacage
aaaactcaga
acctgatctg
gccagggcca
acagctgcat
agaacgctct
caaagaaaca
cctattgagt
atgttatgag
atgcagcacc

aaattaacat’

aacagaagea
gacttggtgt
acatctggga
ctgaacgacce
tcaacagcag

gtaccacttc'

agcactttgg
ccatcatggce
cgtttgtaat
aggaggcaga
ataaaataaa
agctcagact
cacacagaga
taatttttga
ctgtttgttg
tgtattatta
taacttttga
ttagaatage
ttttgttecac
tctttggaaa
aacgattgta
acaaaatttt

atattttgaa

agcagaggct
gctctgagtt
gaggatgcgg
tctetectge
tggtaaggtt
ttctgtggat
aattgtctac
ctttectttte
ggctgacctce
caactggatt
gtactgttce
ccccatgggy
gctgectgatt
tgecccetgaac
gttcaattac
ctetgectat
gaagaaaadg
cttcactect
gagccatgtc
cgaccccttt
cctttgecga
ctccaggaaa
tttccaggte
gacgtgtctg
tctecaggatt
cagtgtetgt
gactttteag
gaagactcac
tcatgataga
ttacaaatga
tgagttggga
atcaaaatea
gaggctgagg
gaaacctcat
cccagttact
ggttgcagtg
atagtcgtga
gggaacaggg
tttgagaace
aaagagaagc
acttattagg
ttaaagaaaa
tgacttcagt
atttgccact
ttgttatcta
atagtttgca
tttgtgactt
ttttacaact

50

agaagc

ccgatteggg
tcgaatcgge
agcecccageg
agtggcacca
gatggcacat
gagttttetg
acaattgtgt
cgaactaaga
ctctectgtea
tatggggaag
attctcttca
cactccagga
ctgctggtca
atcacgacct
tteectetete
gtgectgatga
aagagggcca
agtaaccttc
tatgccctgt
gtctattact
agtgtccgea
tccagetcett
ctcagatggyg
ttatttccta
gctaggaget
ttcagaatct
aagatggtga
ttectecagetg
cttgttaggg
ggaaaccaag
ttggacagta
tggatcttgg
caggcaatca
ctctactaaa
caggaggctg
agccgagatt
atcttgttca
cccaggaatc
attgttctga
aaacaatggt
actttgaatt
atgcaatcag
gaaattttca
tagtatttta
atacaaaatt
acatatttaa
ttaaaaataa
taaaaaaaaa

gecaggtgaga
ggcggcggat
cggegtgget
tccaaggaac
cccacgtceac
catctgtcct
ttgtggtggg
agaagcaccece
tetggttece
ctetttgtaa
tgacctgecet
agaaggcaaa
ccatcecttt
gtcatgatgt
tggecattgg
tcagaatgcet
tcaaactcat
tgettgtggt
acattgtage
ttgtttcaca
ctgtaaageca
actcttcaag
aattgcacag
atcaaaaagg
ceectgtttyg
ctctactcag
agacagaaac
aaattatata
cttcaaggece
ataaatgage
gaatttcaat
ctgggtgcgy
cttgaggtca
aatacaaaag
aggcacaaga
gcaccactgce
aaatgcagat
tgtgtggtac
atgetgcette
gtctctttta
atttctttat
gattttaaac
ggtagtctga
aaaaataatt
ataaagecett
gagatacttg
ttattttatt
aaaaaa

1726

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2876
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<210> 61

<211> 1668
<212> DNA
<213>
<400> 61
gggagataac
gcategtget
agaaaagcaa
aaatgaaccc
atctgtatga
tctteetgee
tggttetggt
accttgecat
cagaccagtyg
gcttttacag
tgcacgeggt
ctacatggtc
ctgagcgcaa
ttctecagetc
tttgetacte
cggtgaagat
tagtgctctt
gatacttgga
atcecatecat
aaacctgcag
ctgacaccce
tgtagaaaaa
taaaattgta
agtggaaaga
cctggcaagg
tgagtcagtce
ggcaaagact
actggctgat

<210> 62
<211l>
<212>
<213>
<400> " 62

gtttgttgge
caccgeatct
ctacaccgag
agaaaatgct
tggcattgtg
catgacggac
tccettetgg
agtccatgtce
tectggacecge
ggctgaaaag
cttecatettt
caatgacttg
tggtattgtc
ccaccagaag
ttggctgecect
gcaagggtgt

DNA

Homo sapiens

tegtgeteac
tecctgageaa
getgettetg
cacggatata
aagtatcccce
ccecactgtat
cctgttcaaa
ctcggatetg
ggtttttggg
tggcatattc
gttttecttg
agtggetgtg
ccatacctac
cctggaaatce
catgatcatc
gatctttgec
cctagagace
ctatgeccecate
ctactttttt
gggccttttt
cagctcatct
tgaaatggtg
ttttggtaag
cagettctea
gttcacctgg
tgatgagaac
attcecttet
ggagtaaatc

1679

Homo sapiens

tgcggecagea
ggagaaccag
gaaatgggct
aatttcaata
ggcaatggat
aagtacaggc
gcagttgatg
atctacacag
tacctggeca
gtggtctatg
gccaacgtca
tgggtggttg
atcctgtect
cgcaaggccc
tactacattg
gagtttgaga
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aggaagccac
gcctggcatt
gttgggccecca
gcagacacca
aagccttgca
tecttggttt
tacaagcggce
ctecttegtgt
ctaggtctgt
tttgtecatge
agggcaagga
ttegeetece
tgcaaaacca
aacattctceg
aggaccttgc
gtggtggtec
ctggtggage

caggccacag

ctgggggaga
gtgctctgcee
tacacgcagt
aaatgcagag
agatcecctga
tecectgecagge
gctgaggcat
tctgageagt
aacctgaact
gctacctttt

ggtagcaaag
cggttaccat
caggggacta
aaatcttect
tggtcatcct
tgecacctgtce
ccgtggcaaa
tcaaccteta
tcgteccacgce
ttggecgtetg
gtgaggcaga
tgtteccagtt
gctattgeat
tcaagaccac
ggatcagecat
acactgtgca

gcaccecttga
gcctcacaga
gacctgectt
ccetegatga
ccaaagaagyg
ttgtatttgg
tcaggtccat
ttteceeteee
gcaagatgat
tcatgagecat
ccttgactta
ttecectggett
agtactctct
gattggtgat
agcattgtaa
tctteettgg
tagaagtcct
aaactctgge
aatttegeaa
aatactgtagg
ccaccatgga
tcaatgaact
gecagtgtea
agetttttet
ccttectecac
gcttgaatga
gatgggttte
gctgtggcaa

tgacgccgag
ggaggggate
tgactceccatg
gccacaccate
ggtcatgggt
agtggccgac
ctggtacttt
cagcagtgte
caccaacagt
gatcecetgee
tgacagatat
tcagcacate
tatcatctce
agtcatcctce
cgactectte
caagtggatt

51

aaggcaccgyg
ccttecteag
gaggagcctg
aagcatatac
catcaaggca
tetgettgga
gactgatgtg
tttttggggc
ttectggatg
tgatagatac
tggggtcatc
tctgtteage
caactccacg
ccecttaggg
aaatgagaag
gttctggaca
tcaggactgce
ttttgttcac
gtacatccta
gctcectcecaa
tcatgatcett
tteccacatte
ggaggaaggce
ctecececactag
accaggcttg
agttgtaggt
tccagaggga
atgggccece

ggcctgagtg
agtatataca
aaggaaccct
tactccatca
taccagaaga
ctectetttg
gggaacttec
ctcatcctgg
cagaggccaa
cteectgetga
atctgtgacc
atggttggece
aagctgtcac
atcectggett
atcctectgg
tcecatecaccg

gtccttctta
agecgettte
tagagttaaa
agcaattact
tttggggagce
aattetgtgg
tacctgcecteca
tactatgcag
tacttggtgg
ctggcaattg
accagtttgg
acttgttata
acgtggaagg
atcatgetgt
aagaacaagg
ccttacaaca
acctttgaaa
tgctgectta
cagctcttca
atttactctg
catgatgcectce
agagcttact
ttacaccecac
acaagtccag
cctgecaggca
aatattgecaa

attgeagagt

ctccagtage
cttecagataa
gtttcegtga
tcttettaac
aactgagaag
tcatcacgct
tatgcaaggce
ccttcatecag
ggaagctgtt
ctattccega
gcttctacce
ttatcctgee
actccaaggyg
tcttegectg
aaatcatcaa
aggccctage

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1668

60
120
180
240
300
360
420
480
540
600
660
720
780
840
S00
960
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tttecttecac
ctetgececag
aggaaagcga
cagctaacac
acatttttca
ttgtcttgtg
tgtttcatat
ctegtggtag
aagctagaaa
ttttectgtt
agtggtatag
tgtacagtct

<210> 63
<211>
<212>
<213>
<400> 63

cattcagaga
aagccatcag
acctgtectg
caggagggca
gtttecatett
aagacatcgg
caggtgaaaa
aacatggaga
tacagctcta
gaaatcaaca
ggaaactcce
gtctacetge
gcecgecteca
ctgaaggaag
tacctggcca
atatgtetca
aggaccgtct
gcaaactggce
ctgatcatge
cagaagecacc
ctgcectaca
acctgtgage
cttcacagct
ctcctecaaga
aggccttect
cctaagtgca
tcecactggtt
aggaggccac
accecttgee
atggcactct
cattaggatg
tctctactaa
atcacagcta
cagtgageccg
tccatgaaga
tggtgtgace
aacacatgat
ttgaaccecat

DNA

2859

tgttgtctga
cacgcactca
ggtggacatt
agatgtaaaa
gatataaaag
tttetttagt
tgatgtgtgt
gactgtagaa
tgatccccag
cttaagacgt
aaatgctggt
tgtattaagt

Homo sapiens

cagaaggtgg
acaggaagat
ggccaaagtc
teetggattt
ttttttectg
tggccactce
gcccagegac
gtgacagcett
ccectgeceee
agtattttgt
tegtgatget
tgaacctage
aggtgaatgg
tcaacticta
ttgtccatge
gcatctgggyg
actcatccaa
ggatgctgtt
tgttetgeta
gggccatgcg
acctggtcect
gceegeaatca
gcetcaaccce
ttctagetat
ttgttggete
gcecegtggyg
cttettggte
gttcttacta
ataattacta
atgttctaag
gctagtatca
aaatacaaaa
cttgggaggce
agattgtgec
tgtagaggag
actgcagaag
cctgecaatte
atttgtacac

EP 2 336 768 A9

accccatcct
cctctgtgag
catctgttte
gacttttttt
actgaccaat
ttttgtgaag
ctaggcagga
aagggaactyg
ctgtttatgce
gattttgetyg
ttttcagttt
tgttaataaa

atagacaaat
gtgaaaatcc
ccaggacaga
cccecttgea
tctaacaget
aataacagca
ccagtcagga
tgaagatttc
ttttctacta
ggtcattatc
ggtcatctta
cttggecgac
ctggattttt
tagtggcatc
cacacgcaca
tetgtecttyg
tgttagccca
acggatcctg
cggattcace
ggtecatcttt
gctggcagac
catcgacagy
cctcatctac
acatggettg
ttettcaggg
gttecectecct
tecagtgtcaa
gttteecttg
tgtecatttgce
aagtgaaaat
aaagaaagaa
aaaaaaaaaa
tgagatgaga
cctgecactee
aaactggaac
acagtatggc
cacttatagg
caatattecat

ctatgetttc
cagagggtcc
cactgagtct
tatacgataa
attgtacagt
tttaattgac
cctgtggeeca
aacattccag
atagataatc
tagaagatgg
tcaggagtag
agtacatgtt

ctecacctte
ccagcactca
ccteattgtt
acccaggtca
ctgactacca
ggtcacagct
tttaagttta
tggaaaggtg
gatgcegecce
tatgeceetgg
tacagcaggg
ctactetttg
ggecacattcce
ctgctactgg
ctgacccaga
cteoctggeee
gcetgcetatyg
ccecagtect
ctgegtacge
gctgtegtee
accctcatga
gctectggatyg
gccttcattyg
atcagcaagg
cacacttcca
tctetteaca
tgcagccececc
catggtttag
tggagctctg
ctacactcca
aatcaggctg
attageccggg
gaatcacttg
agcctgageg
tctegagegt
agetttecte
aattgaccca
agcagcttat

52

cttggagcca
agcctcaaga
gagtcttcaa
ataacttttt
ttttattgct
ttatttatat
agttettagt
agcgtgtagt
tcteecatteco
cacttataac
gttgatttca
aaacttactt

agactggtag
tecccagaatce
cctectgtggg
gaagtttcat
cccaaccttg
gctecttctgg
cctcaaaaat
aagatcttag
catgtgaacc
tattcectgcet
tcggecegete
ccectgaccett
tgtgcaaggt
cctgecatecag
agegcetactt
tgcctgtett
aggacatggyg
ttggetteat
tgtttaagge
tecatettect
ggacccaggt
ccacegagat
gccagaagtt
actcectgec
ctactctecta
gtcacattec
attgtggtca
aaagcttgec
ccecatceetge
gtgagacagc
gccaacgggg
egtggtggtg
aacccggdad
acagtgagac
tgctggaggy
aaaacttcag
caagaaatga
tecacaagacce

aatttaaaac
tectetecaa
gttttcactec
tttaagttac
tgttggattt
aaattttttt
tgctgtatgt
gaatcacgta
cgtggaacgt
caaagcccaa
gcacctacag
agtgttatg

gctectocag
actaagtgge
aatacctcce
cgtecaaggtt
aggcacagtg
aggtgtecta
ggaagatttt
taattacagt
agaatcccetg
gagcctgctg
cgtcactgat
geccatetgg
ggtctcactc
tgtggaccgt
ggtcaaattce
acttttecoga
caacaataca
cgtgecactg
ccacatgggg
gctetgetgg
gatccaggag
tetgggeate
tcgecatgga
caaagacagc
agacctcetg
aagccteatg
caggaagtag
ctggtgectce
ccctgagecce
tctgcatact
tgaaaccctg
agtgcctgta
gcagaggttg
tctgteteag
gattgtaaaa
acatagaatt
aagcagggac
caaaaggcag

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1679

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
%60

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
21860
2220
2280
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aagcaaccca
taacgaagta
cgaaccttga
tgatteccacc
gtgattacca
tttatgttta
tgtgacttaa
tatattttat
ctgattaaac
atcttttttt

aatgttcatc
tcettcagece
aaactttatg
tacatgaggt
gggactgagg
ggatgttgaa
tgccactaaa
atcaatttaa
caaggctaga
taataaacca

<210>
<211>
<212>
<213>
<400>

64

27

DNA

Homo Sapiens
64

tgtgegegeg gccagagcag

<210>
<211l>
<212>
<213>
<400>

65

26

DNA

Homo Sapiens
65 ’

gaggatcegt caaccacaag

<210>
<211>
<212>
<213>
<400>

66

27

DNA -

Homo Sapiens
66

tgtgegegeg gectgatceat

<210>
<211>
<212>
<213>
<400>

67

26

DNA

Homo Sapiens
67

gaggatcega cataccgcte

<210>
<211>
<212>
<213>
<400>

68

28

DNA

Homo Sapiens
68

tgtgegegea gtgtecgcac

<210>
<211>
<212>
<213>

69

26

DNA

Homo Sapiens

EP 2 336 768 A9

aatgaatgaa
tgaaagagga
ctaagtgaaa
actgagagtg
ggaggggagc
aaagttctge
ttgacactta
aaaaaaacct
accacctgec
tttttacttyg

gtgcgca

ggtcte

ccggtet

gtgaca

tgtaaagc

tgaatggcta
atgaagtact
taagccagac
aacaaattta
atgggaagtg
agataaacag
aaaatggttt
gagccccaaa
tatatttttt
ggtgtttat

53

agcaaaatgt
catacatgtt
atcaacagat
cagagacaga
acggtttaat
tagtgatagt
aaatggtcaa
aggtatttta
gttaaatgat

gatatgtacc
acaacacgga
aaatagttta
aagcagaaca
gggcacaggg
tgtaccgcaa
ttttgttatg
atcaccaagg
ttcattcaat

27

26

27

26

28

2340
2400
2460
2520
2580
2640
2700
2760
2820
2859
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<400>

gaggatccat aggaggtctt

<210>
<211>
<212>
<213
<400>

tgtgegegeg gecetttttgt

<210>
<211>
<212>
<213>
<400>

gaggatccca gagcatcatg

<210>
<211>
<212>
<213>
<400>

tgtgcgegeg gettgatceag

<210>
<211>
<212>
<213>
<400>

gaggatccga gagtagtgga

<210>
<211>
<212>
<213>
<400>

tgtgecgegeg ggtccagect

<210>
<211l>
<212>
<213>
<400>

gaggatcege tggagtgaaa

<210>
<21l1>
<212>
<213>
<400>

69

70

27

DNA

Homo Sapiens
70

71

26

DNA

Homo Sapiens
71

72

28

DNA

Homo Sapiens
72

73

26

DNA

Homo Sapiens
73

74

27

DNA

Homo Sapiens
74

75

26

DNA

Homo Sapiens
75

76

5616

DNA

Homo Sapiens
76

EP 2 336 768 A9

aacagt

gctctge

aagatc

caagggac

agtgtg

caagatc

acttga

54

26

27

26

28

26

27

26
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ccececggegea
gccgaggegd
aggccacctc
gcacggceccc
gecagegatge
tgcceggega
acgcagttgg
gaggtggtcc
ttaaagacca
attcctttgy
ttagcagtct
aatttacagg
gtggagagca
gacttccaga
tgetggggtg
tgcteecggge
ggctgecacag
acgtgcaagg
gtgaaccececg
tatgtggtga
gaggaagacg
ggaataggta
ttcaaaaact
gacteccttea
aaggaaatca
gcetttgaga
gcagtcgtca
ggagatgtga
aaactgtttg
tgcaaggcca
gagcccaggy
tgecaacctte
cacccagagt
tgtatccagt
gtcatgggag
ctgtgccate
aatgggccta
gtggtggcce
ctgecggaggce
cccaaccaad
ggctceggtyg
aaaattcecg
atcctcgatg
ggcatctgec
ctggactatg
gtgcagateg
gcagcecagga

. gccaaactge

aagtggatgg
agctacgggg
cctgecageg
tgtaccatcg
ccaaagttec
cttgtcatte
cgtgecctga
ccacagcagg
agtgcaacca

gcgeggeege
ccggagtecce
gteggegtcece
ctgactecegt
gaccctcecegg
gtcgggetct
gecacttttga
ttgggaattt
tccaggaggt
aaaacctgca
tatctaacta
aaatcctgea
teccagtggeg
accacctggg
caggagagga
gctgeegtygg
gccceeggga
acacctgccec
agggcaaata
cagatcacgg
gegteegeaa
ttggtgaatt
gcacctccat
cacatactee
cagggttttt
acctagaaat
gcetgaacat
taatttcagg
ggaccteegg
caggceaggt
actgegtcte
tggagggtga

gectgectca-

gtgcceacta
aaaacaacac
caaactgcac
agatcecegte
tggggatecgg
tgetgcagga
ctetettgag
cgtteggeac
tegetatcaa
aagcctacgt
tcacctecac
tcegggaaca
caaagggcat
acgtactggt
tgggtgegga
cattggaatc
tgaccgttty
agatctccte
atgtctacat
gtgagttgat
agggggatga
tggatgaaga
gettettcag
gecaacaattc

EP 2 336 768 A9

agcagcctec
gagctagccce
gecegagtee
ccagtattga
gacggceggg
ggaggaaaag
agatcatttt
ggaaattacc
ggctggttat
gatcatcaga
tgatgcaaat
tggegecegtg
ggacatagtc
cagctgcecaa
gaactgccag
caagtceccce
gagegactge
cccactcatg
cagcetttggt
ctegtgegte
gtgtaagaag
taaagactca
cagtggcgat
tectetggat
gctgattcag
catacgcgge
aacatccttg
aaacaaaaat
tcagaaaacc
ctgccatgec
ttgccggaat
gccaagggag
ggccatgaac
cattgacgge
cetggtetgg
ctacggatge
catecgccact
cetetteatg
gagggagcett
gatcttgaag
ggtgtataag
ggaattaaga
gatggccage
cgtgecagete
caaagacaat
gaactacttg
gaaaacacecg
agagaaagaa
aattttacac
ggagttgatg
catcectggag
gatcatggtc
catcgaattc
aagaatgcat
agacatggac
cagecccctec
caccgtggcet

gccccoecgea
cggcggecgce
ccgectegece
tcgggagage
gcagcgctce
aaagtttgcc
ctecagectec
tatgtgcaga
gtcecteoattg
ggaaatatgt
aaaaccggac
cggttcagea
agcagtgact
aagtgtgatc
aaactgacca
agtgactgct
ctggtectgec
ctectacaacc
gccacctgeg
cgagectgtyg
tgcgaaggge
ctctecataa
ctccacatce
ccacaggaac
gettggectg
aggaccaagc
ggattacgct
ttgtgctatg
aaaattataa
ttgtgetcce
gtcagcegag
tttgtggaga
atcacctgca
ccccactgeg
aagtacgcag
actgggccag
gggatggtgg
cgaaggcgceo
gtggagccte
gaaactgaat
ggactctgga
gaagcaacat
gtggacaacce
atcacgcage
attggctcce
gaggaccgto
cagcatgtca
taccatgeag
agaatctata
acctttggat
aaaggagaac
zagtgctgga
tccaaaatgg
ttgccaagtce
gacgtggtgg
acgtcacgga
tgeattgata

55

cggtgtgage
cgccgccecag
gccaacgecca
cggagcgage
tggegetget
aaggcacgag
agaggatgtt
ggaattatga
ccctcaacac
actacgaaaa
tgaaggagcet
acaaccctge
ttctcagcaa
caagctgtce
aaatcatctg
gccacaacca
gcaaattccg
ccaccacgta
tgaagaagtg
gggccgacag
cttgccgecaa
atgctacgaa
tgccggtgge
tggatattct
aaaacaggac
aacatggtca
ccetcaagga
caaatacaat
gcaacagagdg
ccgagggetg
gcagggaatg
actctgagtyg
caggacgggg
tcaagacctg
acgeecggeca
gtcttgaagg
gggcectect
acatcgttceg
ttacacccag
tcaaaaagat
tcecagaagg
ctcecganage
cccacgtgtg
tcatgeccett
agtacctgct
gettggtgea
agatcacaga
aaggaggcaa
ccecaccadag
ccaagecata
gccteeckca
tgatagacgc
ccecgagacce
ctacagactc
atgccgacga
ctececctect
gaaatgggct

gceccgacgeg
accggacgac
caaccaccgc
tcttegggga
ggctgegcte
taacaagctc
caataactgt
tctttectte
agtggagega
ttectatgee
gcecatgaga
cctgtgeaac
catgtecgatg
caatgggagc
tgccececageag
gtgtgctgca
agacgaagcc
ccagatggat
teoccegtaat
ctatgagatg
agtgtgtaac
tattaaacac
atttaggggt
gaaaaccgta
ggaccteccat
gttttctcett
gataagtgat
aaactggaaa
tgaaaacagc
ctggggcceg
cgtggacaag
catacagtge
accagacaac
ccceggeagga
tgtgtgecac
ctgtccaacyg
cttgetgetg
gaagegcacy
tggagaaget
caaagtgctg
tgagaaagtt
caacaaggaa
ccgectgetg
cggctgectc
caactggtgt
ccgegacctyg
ttttgggetg
agtgcctatce
tgatgtctgy
tgacggaatc
gccacccata
agatagtecge
ccagegetac
caacttctac
gtacctcatce
gagctctetg
gcaaagctgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
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cccatcaagg
gaggacagca
aaaaggeceg
cccagcagag
ctecaacactg
cagaaaggca
aaggaagceca
agggtcgcge
ctaaaaatcc
agecatgeca
gccaggaagt
tgtgaagecat
ctttecaaaga
ggatcttgga
gaagaagctt
gagcacaage
ccactgcaaa
ctgtatcaag
agaaacqggag
cttactecce
cttceattce
caagagagda
atttggacca
tctecgecaaaa
catagatcag
acceccccaaa
aaaagctttt
cttacgettt
ctctggecac
aattcaggta
agatgtttta
gaagattcag
actggttaac
catccaattt
gtcacacaca
gtcagagccce
ctatattcat

<210> 77
<211> 12
<212> PRT
<213>
<400> 78

aagacagctt
tagacgacac
ctggetetgt
acccacacta
tccagcccac
gccaccaaat
agccaaatgg
cacaaagcag
agactctttc
gcattagctc
acttccacct
ttacagaaac
ggtatatttg
gtttttecatt
getggtagea
cacaagtctt
acactaaaga
tcatggcagg
gggatggaat
actgatggac
attgttttga
tgacacatca
atagceccaca
acgtatctce
aagactacaa
attagtttgt
tactcaaaga
gtcacacaaa
aacagggcat
gtaaatatga
gaaggaaaaa
ctagttagga
agcagteoctt
atcaaggaag
catacaaaat
ctacagcatt
ttcecactcta

Homo Sapiens

EP 2 336 768 A9

cttgcagcga
cttcectecea
gcagaatcct
ccaggacccec
ctgtgtecaac
tagecctggac
catetttaag
tgaatttatt
gatacccagg
ttagacccac
cgggcacatt
geatccagea
aaaaaaaaaa
gtcgctattg
cttgectacee
ccagaggatg
tcecaagaagg
tacagtagga
tctteecttag
cagtggttte
aactcagtat
aataataact
gctgagaatg
taatttgagg
aaatgaagct
gttacttatg
gtatatgtte
aagtgtctct
tttacaggtg
aactagggtt
agttecttcee
gcceaccttt
tgtaaacagt
aaatggttca
gttecttttg
gttaagaaag
aaaaaaaaaa

tacagctcag
gtgcctgaat
gtctatcaca
cacagcactg
agcacattcg
aaccctgact
ggctcocacag
ggagcatgac
accaagccac
agactggttt
ttgggaagtt
agaatattgt
aaagtatatg
atttttactt
tgagttecatc
cttgattcca
cettcatgge
taagccactc
acttactttt
cagtcatgag
gctgeececetg
cggattccag
tggaatacct
ctecagatgaa
gctctgaaat
gaagatagtt
cctccaggto
gcecttgagte
cgaatgacag
tgaaattgat
taaaataatt
tttectaatc
gttttaaact
gaaaatattt
cttttaaagt
tatttgattt
aaaaaa

accccacadgg
acataaacca
atcagectct
cagtgggcaa
acagccctgce
accagcagga
ctgaaaatgc
cacggaggat
agcaggtcct
tgcaacgttt
gcattccttt
cecctttgage
tgaggatttt
caatgggctce
caggcccaac
gtggttctgc
cccagecagge
tgtcecettce
gtaaaaatgt
cgttagactg
tcttgetgte
cccacattgg
aaggatagca
atgcatcagg
cteectttage
ttcteetttt
agctgecccce
atctattcaa
tagecattatg
aatgctttca
tectetacaat
tgtgtgtgee
ctcctagtceca
tcagcctaca
aatttttgac
ttgtctecaat

Gly Gly Ser Gly Ser Glu Asn Leu Tyr Phe Gln Leu

5

<210> 78

<21l1> 1291

<212> PRT

<213> Homo sapiens

<400> 78

10

cgecttgact
gtcegttceec
gaaccecgeg
cccegagtat
ccactgggcec
cttctttcee
agaataccta
agtatgagece
ccatecccaac
acaccgacta
gtcttéaaac
agaaatttat
tattgattgg
ttccaacaag
tgtgagecaag
ttcaaggett
cggatecggta
tgggcaaaga
ccccacggta
acttgtttgt
atgaaatcag
attcatcagce
ccgettttgt
tecetttgagg
catcacccca
acttcactte
aaacccecte
gcacttacag
agtagtgtgg
caacatttgc
tggaagattg
ctgtaacctg
atatecaccc
gttatgttca
teeccagatca
gaaaataaaa

Met Ala Gly Ala Ala Ser Pro Cys Ala Asn Gly Cys Gly Pro Gly Ala

5

10

15

Pro Ser Asp Ala Glu Val Leu His Leu Cys Arg Ser Leu Glu Val Gly

20

25

56

30

3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5616
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Thr
Lys
Gly
65

Ile
Pro
Met

Glu

Leu
145

) Phe

Leu
Phe
Thr
Gln
225
Gly
Phe
Vval
Glu
Lys
305
Thr

Thr

Trp
Thr

385
Ala

Cys
Leu
Leun
Lys

465
Tyr

Val
Thxr
50

Ala
Arg
Ala
Glu
Val

130
Gln

Lys
Leu
210
Lys
Glu
Leu
Gln
Glu
290

Glu

Met

Ala
Asp
370
Thr
bPhe
Ser
Gly
Pro
450

Leu

Ser

Met
35

Phe
Asp
Pro
Phe
Phe
115
Asn
Ala
Ser

Asn

Arg
185

Qly

Thr
Arg
Leu
Glu
275
Pro
Asn
Asn
Leu
Arg
355
Gly
Lys
val
Ile
Asp
435
Ser

Ala

Glu

Thr
Gln
Lys
Gly
Arg
100
Arg
Met
Pro
Val
Met
180
Glu
Gln
Met
Pro
Asp

260
Phe

Ser
Asn
Thr
340
Cys
Pro
Ile
Ala
Ala
420
Thr
Pro

Glu

Asn

Leu
val
Ile
Lys
85

Pro
Leu
Trp
Thr
Asp
165
Leu
Arg
Phe
Asp
Glu
245
Met
Phe
val
Pro
325
Cly
Leu
Asp
Lys

Ser

Phe
Lys
Glu
70

Thr
Asp
Lys
Ile
Pro
150
Arg
Sexr
Len
Ala
Leu
230
Leu
Gln
Leu

Phe

Trp
310
Leu
Asp
Arg
Gly
Phe

390
Glu

405 -

Gln
Leu
Asn
Gly

Asp

Gln
Leu
Gln
Ser

470
Ile
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Tyr Ser Lys

Leu
55

Gly
Ser
Gln
Thx
Lys
135
Leu
Asn
Gln
Thr
Gln

215
Pro

Cys
Gly
Ser

Leu

295

Asn
Ser
Gln
Met
Met

375
Ser

Tyr
Arg
Thr
Leu
455

Ala

Sexr

40
Glu

Ala
Arg
Ser
Leu
120
Gly
Gln
Arg
Val
Asp
200
Leu
Phe
Arg
Glu
Phe
280
Asp

Ser

Phe
Gly
360
Pro
Asp
Pro
Asn
Lys
440
Lys

Tyr

Asn

Thr
Ile
Asp
His
105
Ser
Leu
Ile
Glu
Asn

185
Leu

Tyx
Leu
val
Leu
265
Leu
Glu
Gln
Tyxr
Ser
345
Cys
Val
Val
Val
Met
425
Pro
Arg

Glu

Ser

57

Lys
Arg
Asp
Phe
90

Leu
Thr
Glu
asp
170
Tyr
Glu
Arg
Glu

Ser
250

Trp
Arg
Phe

Leu

Trp
330
Serxr
Arg
Ile
Leu
Ile
410
Ala
Val
Lys
Glu

Ile

Ser
Gln
Ile
75

Asp
Phe
Gln
Trp
Axrg
155
Arg
Arg
Gln
ser
Ala
235
Leu
Ala
Asp
Val
Asp
315
Ile
Glu
Cys
Tyx
His
395
Leu
Gln
Glu
Ile
Val

475
Lys

Gln
Ile
60

Arg
Arg
val
Ala

Leu

140

Trp
Ile
val
Arg
Leu
220
Ser
Pro

Val

Pro

Arg Pro Glu Arg

45
Thr

Glu
Tyr
Ile
Thr
125
Met
Leu
Sexr
Pxo
Ser
205
Met
Thr
Glu
Asp

Leu
285

ThrP he

300
Ala

Ser
Ser
Ile
His
380
Thr
Sexr
Tyr
Tle
Leu
460

Pro

Asn

Val
Ser
Ser
Glu
365
Gly
Ile
Ile
Phe
Ser
445
Ile
Thr

Gly

Trp
Ile
Gln
Leu
110
Ser
Glu
Arg
Ala
Asn
190
Gly
Tyr
Leu
Phe
Arg
270
Arg
Leu
Cys
Ser
Leu

350
Leu

Lys
Ser

Ile

Ser
Lys

Glu
85

Tyr
Glu
Asp
Lys
Lys
175
Met
Asp
Ser
Arg
Gln
255
Leu
Glu
Phe
Pro
His
335
Glu
Asp
Thr
Glu
Asp
415
Lys
Asp
His
Met

Leu

Arg
Glu
80

Asp
Gly
Asp
Thr
Gln
160
Asp
Arg
Ile
Ala
Ala
240
Gln
Gln
Ile
Ser
Asp
320
Asn
Ala
Cys
Leu
His
400
His
val
Gly
Lys

Met
480
Tyx
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Leu
Thr
Asn
His
545
Gly
Gly

Gly

Asp,
625
Gln
Val
Leu
Gly
Ser
705
Gly

Leu

Pro
Glu
785
Asp

Ile

Met

Asn
865

Cys
Phe
Ala

Val

Glu
Serx
Glu
53¢
Sex
Arg
Ala
Asp
Ile
610
Asn
Val
Pro
Thx
Ala
690
Phe
Gln

Ile

Tyr

Asgp
770
Ala

Tyr
Ile
Gly
Val
850
Ser
Gln
Sexr

Asp

Ala
930

Asp
Ser
515
Asp
Asn
His
Pro

Tyr
595
His
Leu
Pro
Gln
Arg
675
Phe
Arg
Thr
Ser
Pro
7858
Tvr
Asn
Lys
Gln
Gly
835
Asn
Pro
Ile
Ile
Ser

915
Gln

Pro
500
Lys
Glu
Glu
Ile
Asp
580
Thr
Ser
Val

Leu

Thr

660

Ala
Leu
Ala

val

Tyr
740
Ile
Gly
Pro
Ala
Asn
820
Lys
Pro
Leu
Ala
Ser
900
Gln

Thr

485
Val

Ile
Glu
Lys
Ala
565
Gly
Leu
Arg
Phe
Arg
645
Asn
Gln
Val
Glu
Met
725
Asn
Ala
Met
Gln
805
val
Lys
val
Gly
Ile
885
Met

Glu

Ala

Asn

Iyr

Glu

Trp
550
Glu
Ser
Ser
Gln
Asp
630
Cys
Ala
Ala
Arg
Gly
710
Leu
Glu
Glu
Leu
Pro
790
Arg
Glu
Gln
Ala
Asp
870
Arg
Ala
Glu

Asp
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His
Tyr
Pro
535
Phe
Arg
Phe
Phe
Asp
615
Ser
Asn
His
Glu
Lys
695
Lys
Gly
Lys
Glu

Tyx
775
Thr
Glu
Lys
Leu
Leu
855
Leu
Pro
Ser

Leu

Ala
935

Glu
Ser
520
Lys
His
Leu

Leu

Trp

600

Ala
Leu
Glu
Glu
His
680
Arg
Ile
Asn
His
Ala
760
Glu
Phe
Asp

Gln

Trp
840
Glu
Leu
Glu
val
Gln

820
Arg

Trp
505
Glu
Glu
Gly
Leu
Val
585
Arg
Gly
Tyx
Phe
Ser
665
Met
Asn
Lys

Ser

Pro

490

Tyr

Glu
val
Lys
Thr
570
Arg
Asn
Thr
Asp
Glu
650
Lys
Leu
Glu
His
Glu

730
Leu

745 |

Leu
Gly
Lys
Glu
Glu
825
Phe
Pro
Arg
Gly

Ala
905

Asp

Leu

58

Glu
Arg
Cys
Leu
810
Gly
Pro
Glu
Gly
Lys
890
His
Trp

Thx

Pro
Thr
Ser
Leu
555
Glu
Glu
Gly
Pro
Leu
638
Met
Glu
Met

Pro

Cys
715
Phe

Tyr
Lys
Asn
Ala
795
Thr
Gly
Ser
Arg
Val

875
Asn

Trp
val

Glu

His
Ser
Ser
540
Gly
Tyr
Ser
Lys
Lys
620
Ile
Arg
Trp
Arg
Asn
700
Arg
Asp
Arg
Ile
Pro
780
val
Phe
Trp
Asn
Glu
860
Leu
Asn
Ser

Lys

Gly
940

Tyr
Ser
525
Ser
Ala
Cys
Glu
Val
605
Phe
Thr

Leu

Val
685
Ser
Val
Ser
Lys
Gly
765
Gly
Lys
Ile
Trp
Tyr
845
His
Asp

Arg

Leu

Lys
925
Lys

Phe
510
Asp
Thr
Gly
Ile
Thr
530
Gln
Phe
His
Ser
His

670
Pro

Gln
Leu
Met
750
Thxr
Phe
Ala
Lys
Arg
830
Val
Leu
Val
Leu
Asp
910
Ile

Ile

495
Val

Gln
Glu
Arg
Glu
575
Phe
His
Leu
Tyxr
Glu
655
Ala
Arg
Ala
Gln
val
735
Lys

Ala

Leu
Ser
815
Gly
Glu
Asp
Pro
Phe
895
Val
aArg

Met

Leu
Gly
Leu
Asp
560
Thr
val
Cys
Thr
Gln
640
Pro
Ser
Asp
Ile
Glu
720
Asp
Leu
Glu
val
Phe
800
Ala
Asp
Glu
Glu
Ala
880
val
Ala
Glu

Glu
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Arg Arg Lys Lys Ile Ala Leu Glu Leu Ser Glu Leu Val Val Tyr Cys
945 : S50 955 860
Arg Pro Val Pro Phe Asp Glu Glu Lys Ile Gly Thr Glu Arg Ala Cys
965 870 975
Tyr Arg Asp Met Ser Ser Phe Pro Glu Thr Lys Ala Glu Lys Tyr Val
980 985 990
Asn Lys Ala Lys Gly Lys Lys Phe Leu Gln Tyr Asn Arg Leu Gln Leu
995 31000 1005
Ser Arg Ile Tyr Pro Lys Gly Gln Arg Leu Asp Ser Ser Asn Tyr Asp
1010 1015 1020
Pro Leu Pro Met Trp Ile Cys Gly Ser Gln Leu Val Ala Leu Asn Phe
1025 1030 1035 1040
Gln Thr Pro Asp Lys Pro Met Gln Met Asn Gln Ala Leu Phe Met Thr
. 1045 1050 1055
Gly Arg His Cys Gly Tyr Val Leu Gln Pro Ser Thr Met Arg Asp Glu
1060 1065 1070
Ala Phe Asp Pro Phe Asp Lys Ser Ser Leu Arg Gly Leu Glu Pro Cys
1075 1080 1085
Ala Ile Ser Ile Glu Val Leu Gly Ala Arg His Leu Pro Lys Asn Gly
1090 1095 1100
Arg Gly Ile Val Cys Pro Phe Val Glu Ile Glu Val Ala Gly Ala Glu
1105 1110 1115 1120

“Tyr Asp Ser Thr Lys Gln Lys Thr Glu Phe Val Val Asp Asan Gly Leu

1125 1130 1135
Asn Pro Val Trp Pro Ala Lys Pro Phe His Phe Gln Ile Ser Asn Pro
1140 ; 1145 1150
Glu Phe Ala Phe Leu Arg Phe Val val Tyr Glu Glu Asp Met Phe Ser
1155 1160 1165
Asp Gln Asn Phe Leu Ala Gln Ala Thr Phe Pro Val Lys Gly Leu Lys
1170 1175 1180
Thr Gly Tyr Arg Ala Val Pro Leu Lys Asn Asn Tyr Ser Glu Asp Leu
1185 1180 1195 1200
Glu Leu Ala Ser Leu Leu Ile Lys Ile Asp Ile Phe Pro Ala Lys Gln
1205 ’ 1210 1215
Glu Asn Gly Asp Leu Ser Pro Phe Ser Gly Thr Ser Leu Arg Glu Arg
1220 1225 1230
Gly Ser Asp Ala Ser Gly Gln Leu Phe His Gly Arg Ala Arg Glu Gly
1235 1240 1245
Ser Phe Glu Ser Arg Tyr Gln Gln Pro Phe Glu Asp Phe Arg Ile Ser
1250 1255 1260
Gln Glu His Leu Ala Asp His Phe Asp Ser Arg Glu Arg Arg Ala Pro
1265 1270 1275 1280
Arg Arg Thr Arg Val Asn Gly Asp Asn Arg Leu
1285 1290

<210> 79
<211> 3054
<212> PRT
<213> Homo sapiens
<400> 79
Met Ala Leu Ile Phe Gly Thr Val Asn Ala Asn Ile Leu Lys Glu Val
5 10 15
Phe Gly Gly Ala Arg Met Ala Cys Val Thr Ser Ala His Met Ala Gly
20 25 30
Ala Asn Gly Ser Ile Leu Lys Lys Ala Glu Glu Thr Ser Arg Ala Ile
35 40 45

59
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Met
Leu
65

Met

val

Glu
Ala
145
Lys
Trp
Lys
Phe
Arg
225
Phe
Gly
His
Ala
Ser
305
Phe
Val
Leu
Pro
Lys
385
Glu
Asn
Gln
Gly
Leu
465
Gly

Asn

His
50
Pro

Tyr
ser
vVal
Arg
130
Thr
Asn
Ser
Ser
Ala
210
Ile
Lys
Leu
Gly
Axrg
290
Asp
Leu
sSer
Ser
Asp
370
Leu
Lys
Leu
Ala
Asn
450
Glu

His

Asn

Lys

Tyr

Val
Gly
115
Lys
Thr
Phe
Ile
val
195
Ser
Asp
Asn
val
Met
275
Ala
Lys
Glu
vVal
Pro
355
Ile
Leu
Leu
Thx
Pro
435
Lys
Ile

Leu

Ala

Pro
Thr
Leu
Asn
100
Arg
val
Gln
Leu
Val
180
Arg
val
Asn
Glu
Leu
260
Phe
Lys
Ser
Leu
Glu
340
Cys
val
Ala
Leu
Ala
420
Phe
Leu
Ala
Gly

Leu

val
Pro
Gly
85

Asn
Asp
Asp
Leu
Pro
165
Arg
Ala
Arg
Trp
Axg
245
Arg
Ile
val
Ile
Arg
325
Arg
Gly
Glu

Met

Thr
405

Cys
Thr
Thr
Arg
Ser

485
Met

Ile
Leu
70

Arg
Lys
Ser
Thx
val
150
Ala
Lys

Arg

Gln
230
val
Gln
val
Thr
Ser

310
Pro

cys
Lys
Gly
Leu
390

Arg

val

Gly
Phe
470
Phe

Cys
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Phe
55

His
Axg
Arg
Ile

Thr
1385

His
Thr
Arg
Val
Met
215
Gln
Asp
Gly
Arg
Phe
295
Glu

Asp

Gly

-Ile

Glu
375
Lys
Phe
Ser
val
Ala
455
Leu

Arg

Asp

Gly
Leu
Ala
Asn
val
120
Ala

Asn

Ser

Lys
200
Tyr
Glu
Gln
Ser
Gly
280
Ala
Ala
Gly
Glu
Thr
360
Ser
Glu
Leu
Val
Leu
440
Asp
Asn

Asn

Asn

Glu
Glu
Leu
Arg
105
Glu
Ala
Ser
Leu
Met
185
Arg
Gly
Thr

Ser

Tyxr
265
Arg
val
Phe
Ile

Val
345

Cys
Gly
Gln
Gln
Lys
425
Ala
Leu
Asn
Lys

Gln

60

Asp
val
Thr
90

Arg
Lys
val
Met
Ser
170
Glo
Phe
Glu
Leu
Lys
250
Gly
Ser
Cys
Phe
Ser
330
Ala
Lys
Glu
Tyr
Gln
410
Gln
val
Glu
Arg
Ile

490
Leu

Tyr
Asp
75

His
Arg
Ile
Glu
Pro
155
Asn
val
Glu
Arg
Leu
235

Leu

Pro

Axrg
Ser
Pro
395
Lys
Leu
Ser
Glu
Thr
475

Ser

Asp

Ile
60

Ala
Gly
Lys
val
Asp
140
Lys
Val
Glu
Gly
Lys
220
Asp
Thr
Ala
Gly
Ser
300
Pro
Glu
Ile
Cys
val
380
Asp
Ser
Ile
Glu
Ala
460
Glu

Ser

Gln

Thr
Glu
Lys
val
val
125
Ile
Arg
Tyr
Ile
ser
205
Arg
Leu
Phe
His
Met

285
Met

Tyr
Cys
Leu
Met
365
Thr
Phe
Leu
Gly
Ile
445
Ser
Asn
Lys

Asn

Glu »

Met
Arg
Ala

110
Pro

cys
Lys
Alza
Ile
190
val
val
Als
Gly
Trp
270
Leu
Thr
Ser
Thr
Thr
350
val
Asn
Pro
val
Asp
430
Leu
Thx
Met

Ala

Gly

Ala
Glu
Arg
95

Lys
His
Asn
Lys
Gln
175

Ser

Gln

Lys
Arg
335
Gln
Glu
Gln
Met
Asn
415
Arg

Phe

Arg

His
495
Asn

Asp
Arg
80

Lys
Thr
Thr
Glu
Gln
160
Thr
Lys
Leu
Leu
Arg

240
Ser

Asp

Tyxr
Lys
320
Gly
Ala
Thr
Gly
Ala
400
Thr
Lyé
Lys
Met
Ile
480
val

Phe
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Ile
Phe
Lys
545
Ser
Glu
Tyr
Tyr
Ser
625
Met
Leu
Ile
Asp
Leu
705
Met
Leu
Leu
Val
Pro
785
Leu
Thr
Ala
Ala
Val
865
Ser
Asp
His
Asp

Lys
945

Trp
Thr
530
His
Thr
Axrg
val
Ser

610
Gly

Leu
Arg
Val
690
Arg
His
Lys
Glu
Val
770
His
Ala
Phe
Asn
Asp
850
Ile
Leu
Met
Glu
Glu

930
Leu

Gly
515
Glu
Ile
Asp
Lys
Tyr
595
Asp
Asp
Ile
val
Asp
675
Ala
Ala
val
Met
Ser
755
Thr
Leu
Ile
Glu
Leu
835
Leu
Leu
Ala
Ala
Met
915

Leu

Leu

500

Leu
Ile
Arg
Phe
Glu
580
Pro
Leu
Ser
Ala
Asn
660
Thxr
Thr
Glu
Leu
Asn
740
Glu
Gln
Met
Val
Gln
820
Ala
Phe
Asp
Met
Leu
900
Leu

Thr

Lys

Arg
Asp
Gly
Gln

565
Ile

Cys
Lys
Lys
Asn
645
val
Ile
Ala
Leu
Asp
725
Thr
Met
ely
Lys
Ser
805
Ala
Ala
Val
Asn
Glu
885
Arg
Glu
Trp

Phe

Gly
Pro
Ser

550
Thr

Cys
Pro
710
Sex
Thx
Lys
Ala
Gln
790
Pro
Leu
Ile
Gln
Leu
870
Ile
Glu
Lys

Leu

Gly
S50
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Ala
Asn
535
Arg
Leu
Asn
Cys
Pxro
615
Leu
Gly
Glu

Pro

Tyr
695
Arg
Tyr
Ser
Thr
Ile
775
Leu
Ser
Gln
Leu
Gln
B55
Ile
val
Gly
Asn
Glu

935
Arg

His
520
Glu

Lys

val
600
Thr
Asp
Tyxr
Glu
Lys
680
Leu
Ile
Gly
Gln

Tyx
760
Glu
Leu
Ile
Met
Ser
840
Arg
Asp
Thr
Gly
920
Lys

Lys

505
Ala

Gly
Leu
Gln
Cys
585
Thr
Lys
Leu
Cys
Asp
665
Leu
Leu
Leu
Ser
Leu
745
Asn
Met
Glu

Leu

Trp
825
Ala
Asn

Gly

Ile

Tyr
905
Val
Phe

Pro

61

Lys

Tyr

Gln
570
Ile
Leu
Arg

Pro

Tyr
650
Ala
Gly

Serxr

Vval

Arg
730
Ile
val
Leu
Glu
Ile
810
Leu
Leu
Leu
val
Lys
890
Ala
Lys

Ser

Leu

Arg Phe Leu

Asp
Ile
555
Ile
Ser
Glu
His
val
635
Met
Lys
Ala
Ile
ASp
715
Thx
Glu

Gly

Ile

Glu
795
Ala
Pro
Ala
Ile
Arg
875
Leu
val
Ala
Ala

Ile
955

Lys
540
Gly
Gln
Met
Asp
Leu
620
Leu
Asn
Asp
Trp
Leu
700
His
Thr
Phe
Gly
Lys
780
Pro
Met
Asn
Gln
Asn
860
Val
Ala
Thr
Leu
Ile

940
Met

525
TyT

Asn
Gly
Arg
Gly
605
val
Asn
Ile
Phe
Pro
685
Asp
Gly
Val
Met

765
Ser

Tyr
Tyr
Thr
Lys
845
Glu
Asn
Thr
Ser
Lys
925
Arg

Lys

510
Lys

val
Leu
Glu
Asn
590
Lys
Ile
Glu
Phe
Thr
670
Thr
Pro
Asn
Tyxr
His
750
Asn
Ile
Ile
Asn
Met

830
Leu

Tyr
His
Gln
Glu
510
Asp
His

Asn

Gly
Ile
Ile
Thr
575
Gly
Ala
Gly
Glu
Phe
655
Lys
Met
Asp
Lys
His
735
Ser
Arg
Tyr
Ile
Ser
815
Arg
Thr
Ala
Ser
Glu
895
Lys
Ala

Ser

Thr

Phe
Arg
Met
560
Ile
Asn
Gln
Asn
Lys
640
Ala
Phe
Gln
Val
Thr
720
Met
Gly
Asp
Lys

val
800

Gly

Leu
Leu
Gln
Leu
880
Met
val
Trp
Arg

Val
860
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Asp Cys Gly Gly His Ile Asp Leu Ser Val Lys Ser
865 970
His Leu Glu Leu Leu Lys Gly Thr Ile Ser Arg Ala
280 985
Ala Arg Lys Val Arg Val Ala Lys Asn Ala Met Thr
985 1000
Leu Lys Ile Tyr Ser Met Leu Pro Asp Val Tyr Lys
1010 1015 1020
Ser -Ser Val Leu Ser Leu Leu Leu Thr Phe Leu Phe
1025 1030 1035
Met Ile Arg Ala His Arg Glu Ala Lys Val Ala Ala
1045 1050
Glu Ser Glu Trp Asp Asn Ile Ile Asn Arg Thr Phe
1060 1065
Leu Glu Asn Pro Ile Gly Tyr Arg Ser Thr Ala Glu
1075 1080
Ser Glu His Pro Glu Ala Phe Glu Tyr Tyr Lys Phe
1090 1095 1100

Leu Phe Lys Phe
975
Val Asn Gly Gly
9950
Lys Gly Val Phe
1005
Phe Ile Thr Vval

Gln Ile Asp Cys
1040

Gln Leu Gln Lys
. 1055

Gln Tyr Ser Lys
1070

Glu Arg Leu Gl

1085 :

Cys Ile Gly Lys

Glu Asp Leu Val Glu Gln Ala Lys Gln Pro Glu Ile Ala Tyr Phe Glu

1105 1110 1115
Lys Ile Ile Ala Phe Ile Thr Leu Val Leu Met Ala
1125 1130

1129
Phe Asp Ala Glu
1135

Arg Ser Asp Gly Val Phe Lys Ile Leu Asn Lys Phe Lys Gly Ile Leu

1140 1145

1150

Ser Ser Thr Glu Arg Glu Ile Ile Tyr Thr Gln Ser Leu Asp Asp Tyr

1155 1160

1165

Val Thr Thr Phe Asp Asp Asn Met Thr Ile Asn Leu Glu Leu Asun Met

1170 1175 1180
Asp Glu Leu His Lys Thr Ser Leu Pro Gly Val Thr
1185 1180 1195

Phe Lys Gln Trp
1200

Trp Asn Asn Gln Ile Ser Arg Gly Asn Val Lys Pro His Tyr Arg Thr

1205 1210

1220 1225

1215

Glu Gly His Phe Met Glu Phe Thr Arg Asp Thr Ala Ala Ser Val Ala

1230

Ser Glu Ile Ser His Ser Pro Ala Arg Asp Phe Leu Val Arg Gly Ala

1235 1240

1245

Val Gly Ser Gly Lys Ser Thr Gly Leu Pro Tyr His Leu Ser Lys Arg

1250 1255 1260

Gly Arg Val Leu Met Leu Glu Pro Thr Arg Pro Leu Thr Asp Asn Met

1265 1270 1275

1280
Pro Thr Leu Arg

His Lys Gln Leu Arg Ser Glu Pro Phe Asn Cys Phe

1285

Met Arg Gly Lys Ser
1300
Ser Gly Phe Ala Leu
1315
Thr Tyr Asp Phe Val
1330

Ala Ile Ala Phe Axrg
1345

Thr

His

Ile

Asn

1350

1290
Phe Gly Ser Ser Pro
1305
His Phe Ala Arg Asn
1320
Ile Asp Glu Cys His
1335
Leu Leu Phe Glu His
1355

Val Leu Lys Val Ser Ala Thr Pro Pro Gly Arg

1365

1370

Thr Gln Phe Pro Val Lys Leu Lys Ile Glu Glu

1380

1385

Glu Phe Val Ser Leu Gln Gly Thr Gly Ala Asn

1355

1400

Ile
Ile
Val
1340
Glu
Glu
Ala

Ala

Cys Gly Asp Asn Ile Leu Val Tyr Val Ala Ser Tyr

62

12385

Thr vVal Met
1310

Ala Glu val

1325

Asn Asp Ala

Phe Glu Gly

Val Glu Phe

1375

Leu Ser Phe
1390

Asp val Ile

1405

Asn Asp Val

Thr
Lys
Ser
Lys
1360
Thr
Gln

Ser

Asp
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1410 1415 1420
Ser Leu Gly Lys Leu Leu Val Gln Lys Gly Tyr Lys Val Ser Lys Ile
1425 1430 : 1435 1440
Asp Gly Arg Thr Met Lys Sexr Gly Gly Thxr Glu Ile Ile Thr Glu Gly
1445 1450 1455
Thr Ser Val Lys Lys His Phe Ile val Ala Thr Asn Ile Ile Glu Asn
1460 1465 1470
Gly Val Thr Ile Asp Ile Asp Val Val val Asp Phe Gly Thr Lys Val
1475 1480 1485
Val Pro Val Leu Asp Val Asp Asn Arg Ala Val Gln Tyr Asn Lys Thr
1450 1495 1500
Val Val Ser Tyr Gly Glu Arg Ile Gln Lys Leu Gly Arg Val Gly Arg
1505 ,1510 1515 1520
His Lys Glu Gly Val Ala Leu Arg Ile Gly Gln Thr Asn Lys Thr Leu
1525 1530 1535
Val Glu Ile Pro Glu Met Val Ala Thr Glu Ala Ala Phe Leu Cys Phe
1540 1545 1550 ’
Met Tyr Asn Leu Pro Val Thr Thr Gln Ser Val Ser Thr Thr Leu Leu
1555 1560 1565
Glu Asn Ala Thr Leu Leu Cln Ala Arg Thr Met Ala Gln Phe Glu Leu
1570 1575 1580
Ser Tyr Phe Tyr Thr Ile Asn Phe Val Arg Phe Asp Gly Ser Met His
1585 1590 1595 1600
Pro Val Ile His Asp Lys Leu Lys Arg Phe Lys Leu His Thr Cys Glu
, 1605 1610 1615
Thr Phe Leu Asn Lys Leu Ala Ile Pro Asn Lys Gly Leu Ser Ser Trp
1620 1625 1630
Leu Thx Ser Gly Glu Tyr Lys Axrg Leu Gly Tyr Ile Ala Glu Asp Ala
1635 1640 1645
Gly Ile Arg Ile Pro Phe Val Cys Lys Glu Ile Pro Asp Ser Leu His
1650 1655 1660 ’
@lu Glu Ile Trp His Ile Val Val Ala His Lys Gly Asp Ser Gly Ile
1665 ) 1670 : 1675 , 1680
Gly Arg Leu Thr Ser Val Gln Ala Ala Lys Val Val Tyr Thr Leu Gln
1685 1690 1695
Thr Asp Val His Ser Ile Ala Arg Thr Leu Ala Cys Ile Asn Arg Arg
1700 1705 , 1710
Ile Ala Asp Glu Gln Met Lys Gln Ser His Phe Glu Ala Ala Thr Gly
1715 1720 1725
Arg Ala Phe Ser Phe Thr Asn Tyr Ser Ile Gln Ser Ile Phe Asp Thr
1730 1735 1740 i
Leu Lys Ala Asn Tyr Ala Thr Lys His Thr Lys Glu Asn Ile Ala Val
1745 1750 1755 1760
Leu Gln Gln Ala Lys Asp Gln Leu Leu Glu Phe Ser Asn Leu Ala Lys
1765 1770 1775
Asp Gln Asp Val Thr Gly Ile Ile Gln Asp Phe Asn His Leu Glu Thr
1780 1785 1730
Ile Tyr Leu Gln Ser Asp Ser Glu Val Ala Lys His Leu Lys Leu Lys
1795 1800 1805
Ser His Trp Asn bys Ser Gln Ile Thr Arg Asp Ile Ile Ile Ala Leu
1810 1815 1820
Ser Val Leu Ile Gly Gly Gly Trp Met Leu Ala Thr Tyr Phe Lys Asp
1825 1830 1835 1840
Lys Phe Asn Glu Pro Val Tyr Phe Gln Gly Lys Lys Asn Gln Lys His
1845 1850 1855
Lys Leu Lys Met Arg Glu Ala Arg Gly Ala Arg Gly Gln Tyr Glu Val
1860 1865 1870
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Ala Ala Glu Pro Glu Ala Leu Glu His Tyr Phe Gly Ser Ala Tyr Asun
1875 1880 1885
Asn Lys Gly Lys Arg Lys Gly Thr Thr Arg Gly Met Gly Ala Lys Ser
1890 1895 1900
Arg Lys Phe Ile Asn Met Tyr Gly Phe Asp Pro Thr Asp Phe Ser Tyr
1905 1910 1915 1920
Ile Arg Phe Val Asp Pro Leu Thr Gly His Thr Ile Asp Glu Ser Thr
1925 1930 ) 1935
Asn Ala Pro Ile Asp Leu Val Gin His Glu Phe Gly Lys Val Arg Thr
1940 1545 1950
Arg Met Leu Ile Asp Asp Glu Ile Glu Pro Gln Ser Leu Ser Thr His
1955 1960 1965
Thr Thr Ile His Ala Tyr Leu Val Asn Ser Gly Thr Lys Lys Val Leu
1970 1975 1980
Lys Val Asp Leu Thr Pro His Ser Ser Leu Arg Ala Ser Glu Lys Ser
1985 1990 1595 2000
Thr Ala Tle Met Gly Phe Pro Glu Arg Giu Asn Glu Leu Arg Gln Thr
2005 2010 2015
Gly Met Ala Val Pro Val Ala Tyr Asp Gln Leu Pro Pro Lys Asn Glu
2020 2025 2030
Asp Leu Thr Phe Glu Gly Glu Ser Leu Phe Lys Gly Pro Arg Asp Tyr
2035 2040 2045
Asn Pro Ile Ser Ser Thr Ile Cys His Leu Thr Asn Glu Ser Asp Gly
2050 2055 2060
His Thr Thr Ser Leu Tyr Gly Ile Gly Phe Gly Pro Phe Ile Ile Thr
2065 2070 2075 2080
Asn Lys His Leu Phe Arg Arg Asn Asn Gly Thr Leu Leu Val Gln Ser
2085 2090 2095
Leu His Gly Val Phe Lys Val Lys Asn Thr Thr Thr Leu Gln Gln His
2100 2105 2110
Leu Ile Asp Gly Arg Asp Met Ile Ile Ile Arg Met Pro Lys Asp Phe
2115 2120 2125
Pro Pro Phe Pro Gln Lys Leu Lys Phe Arg Glu Pro Gln Arg Glu Glu
2130 2135 2140
Arg Ile Cys Leu Val Thr Thr Asn Phe Gln Thr Lys Ser Met Ser Ser
2145 2150 2155 2160
Met Val Ser Asp Thr Ser Cys Thr Phe Pro Ser Ser Asp Gly Ile Phe
2165 2170 2175
Trp Lys His Trp Ile Gln Thr Lys Asp Gly Gln Cys Gly Ser Pro Leu
2180 2185 2190
Val Ser Thr Arg Asp Gly Phe Ile Val Gly Ile His Ser Ala Ser Asn
2195 2200 2205
Phe Thr Asn Thr Asn Asn Tyr Phe Thr Ser Val Pro Lys Asn Phe Met
2210 2215 2220
Glu Leu Leu Thr Asn Gln Glu Ala Gln Gln Trp Val Ser Gly Trp Arg
2225 2230 2235 2240
Leu Asn Ala Asp Ser Val Leu Trp Gly Gly His Lys Val Phe Met Ser
2245 2250 2255
Lys Pro Glu Glu Pro Phe Gln Pro Val Lys Glu Ala Thr Gln Leu Met
2260 2265 2270
Asn Glu Leu Val Tyr Ser Gln Gly Glu Lys Arg Lys Trp Val Val Glu
2275 2280 2285
Ala Leu Ser Gly Asn Leu Arg Pro Val Ala Glu Cys Pro Ser Glmn Leu
2290 2255 : 2300
Val Thr Lys His Val Val Lys @Gly Lys Cys Pro Leu Phe Glu Leu Tyr
2305 2310 2315 2320
Leu Gln Leu Asn Pro Glu Lys Glu Ala Tyr Phe Lys Pro Met Met Gly
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2325 2330 2335
Ala Tyr Lys Pro Ser Arg Leu Asn Arg Glu Ala Phe Leu Lys Asp Ile
2340 2345 2350 '
Leu Lys Tyr Ala Ser Glu Ile Glu Ile Gly Asn Val Asp Cys Asp Leu
2355 2360 2365
Leu Glu lLeu Ala Ile Ser Met Leu Val Thr Lys Leu Lys Ala Leu Gly
2370 2375 2380
Phe Pro Thr Val Asn Tyr Ile Thr Asp Pro Glu Glu Ile Phe Ser Ala
2385 2390 2395 2400
Leu Asn Met Lys Ala Ala Met Gly Ala Leu Tyr Lys Gly Lys Lys Lys
2405 2410 2415
Glu Ala Leu Ser Glu Leu Thr Leu Asp Glu Gln Glu Ala Met Leu Lys
2420 2425 2430
Ala Ser Cys Leu Arg Leu Tyr Thr Gly Lys Leu Gly Ile Trp Asn Gly
2435 2440 2445 :
Ser Leu Lys Ala Glu Leu Arg Pro Ile Glu Lys Val Glu Asn Asn Ly
2450 2455 2460
Thr Arg Thr Phe Thr Ala Ala Pro Ile Asp Thr Leu Leu Ala Gly Lys
2465 2470 2475 2480
Val Cys Val Asp Asp Phe Asn Asn Gln Phe Tyr Asp Leu Asn Ile Lys
2485 2490 2495
Ala Pro Trp Thr Val Gly Met Thr Lys Phe Tyr Gln Gly Trp Asn Glu
2500 2505 ) . 2510
Leu Met Glu Ala Leu Pro Ser Gly Trp Val Tyr Cys Asp Ala Asp Gly
2515 2520 2525
Ser Gln Phe Asp Ser Ser Leu Thr Pro Phe Leu Ile Asn Ala Val Leu
2530 2535 2540
Lys Val Arg Leu Ala Phe Met Glu Glu Trp Asp Ile Gly Glu Gln Met
2545 2550 2555 2560
Leu Arg Asn Leu Tyr Thr Glu Ile Val Tyr Thr Pro Ile Leu Thr Pro
2565 ) 2570 2575
Asp Gly Thr Ile Ile Lys Lys His Lys Gly Asn Asn Ser Gly Glu Pro
. 2580 - 2585 : 2550 )
Ser 'Thr Val Val Asp Asn Thr Leu Met Val Ile Ile Ala Met Leu Tyr
2595 2600 2605
Thr Cys Glu Lys Cys Gly Ile Asn Lys Glu Glu Ile Val Tyr Tyr Val
2610 2615 2620
Asn Gly Asp Asp Leu Leu Ile Ala Ile His Pro Asp Lys Ala Glu Arg
2625 2630 2635 2640
Leu Ser Arg Phe Lys Glu Ser Phe Gly Glu Leu Gly Leu Lys Tyr Glu
2645 2650 2655
Phe Asp Cys Thr Thr Arg Asp Lys Thr Gln Leu Trp Phe Met Ser His
2660 . 2665 2670
Arg Ala Leu Glu Arg Asp Gly Met Tyr Ile Pro Lys Leu Glu Glu Glu
2675 2680 2685
Arg Ile Val Ser Ile Leu Glu Txrp Asp Arg Ser Lys Glu Pro Ser His
2690 2695 2700
Arg Leu Glu Ala Ile Cys Ala Ser Met Ile Glu Ala Trp Gly Tyr Asp
2705 2710 2715 2720
Lys Leu Val Glu Glu Ile Arg Asn Phe Tyr Ala Trp Val Leu Glu Gln
2725 2730 2735
Ala Pro Tyr Ser Gln Leu Ala Glu Glu Gly Lys Ala Pro Tyr Leu Ala
2740 2745 2750
Glu Thr Ala Leu Lys Phe Leu Tyr Thr Ser Gln His Gly Thr Asn Ser
2755 2760 2765
Glu Ile @lu Glu Tyr Leu Lys Val Leu Tyr Asp Tyr Asp Ile Pro Thr
2770 2775 2780

65



10

15

20

25

30

35

40

45

50

55

EP 2 336 768 A9

Thr Glu Asn Leu Tyr Phe Gln Ser Gly Thr Val Asp Ala Gly Ala Asp
2785 2790 2795 2800
Ala Gly Lys Lys Lys Asp Gln Lys Asp Asp Lys Val Ala Glu Gln Ala
2805 2810 2815
Ser Lys Asp Arg Asp Val Asn Ala Gly Thr Ser Gly Thr Phe Ser Val
2820 2825 2830
Pro Arg Ile Asn Ala Met Ala Thr Lys Leu Gln Tyr Pro Arg Met Arg

<2135

283

5

2840

2845

Gly Glu Val Val Val Asn Leu Asn His Leu Leu Gly Tyr Lys

2850

2855

Gln Ile Asp Leu Ser Asn Ala Arg Ala Thr His
2870

2865

Trp His Gln Ala Val Met Thr Ala Tyr Gly

Lys

Val
2930

2885

2900

2875
Val Asn Glu Glu Gln Met

2890

2905
Ser Pro Asn Leu Asn Gly Thr Trp Val Met Met Asp Gly Glu
2915

2920

2935

2860
Glu Gln Phe

Ile Leu Leu Asn Gly Phe Met Val Trp Cys Ile Glu Asn

291

2925

Ser Tyr Pro Leu Lys Pro Met Val Glu Asn Ala Gln Pro

2540

Arg Gln Ile Met Thr His Phe Ser Asp Leu Ala Glu Ala Tyr
2950
Met Arg Asn Arg Glu Arg Pro Tyr Met Pro Arg Tyr Gly Leu

2945

2965

2955

2970

Asn Ile Thr Asp Met Ser Leu Ser Arg Tyr Ala Phe Asp Phe
2985
Leu Thr Ser Lys Thr Pro Val Arg Ala Arg Glu Ala His Met Gln Met

299

2980

5

3000

299

3005

Pro Gln

Ala Ala
2880

2895
Gly Thr
0

Asp Gln

Thr Leu

Ile Glu
2960

Gln Arg

2975

Tyr Glu
0

Lys Ala Ala Ala Val Arg Asn Ser Gly Thr Arg Leu Phe Gly Leu Asp

3010

3015

3020

Gly Asn Val Gly Thr Ala Glu Glu Asp Thr Glu Arg His Thr Ala His
3030
Bsp Val Asn Arg Asn MET et His Thr Leu Leu Gly Val Arg Gln

3025

<210> 80
<211> 9
<212> PRT
<213>

<400> 80

3045

t
Homo Sapiens

3035

3050

Asn Ser Ser Gly Gly Asn Ser Gly Ser

<210> 81
<211> 2755
<212> DNA

<400> 81

ttaggacggg
atctgeggeg
gcegtgggec
aaagtagagg
tctgteggga
aaattgtctg
aatgtttatg
tatgaggttg

5

Homo sapiens

gcgatggegg
gctececagat
catgggtgtt
tcgacatcat
atgtgacttt
ggtgtcagaa
aagaaattaa
actcatttac

ctgagaggag
gatggtecgtce
gteccgeagec
agatgacaac
ttcattecgat
tattactagt
attgcgtata
accatttege

ctgegegtge
ctectgggeg
gcaggtggaa
tttatectga
tatcaaaaaa
accaaatgca
agagcagaaa
aaagctcaga

66

gcgaacatgt
cgacgaccect
aaaatctaaa
ggtggaacag
ctgggatgga
acttttette
aagaaaacac
ttggtecectec

3040

adctggtggg
agtgctegte
atcteccteaa
gagcgatgag
taattggata
actcaagctg
ttctteatgg
agaagtacat

60
120
180
240
300
360
420
480
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ttagaagctyg
atgtgggctt
ggtgtagaag
gagactactt
tatagtccag
atagaagtca
atgaccttte
tataaatgga
caaaacgttt
acatcttttt
ccagtcttta
cagtctggaa
gaaaacactt
aatttgaaac
ctgaataaaa
tctaaaattt
tatgetgcga
tcttccagta
tctgaggaac
gaagaaacta
tcaggaaatt

gactttgtat.

tgggagcetg
ggaaagaaaa
taaaaatgaa
aggctgaggce
aaccccatct
gtcttagecta
cagtgagecyg
aaagaaatta
gaaaaagcecct
ccgtettect
acgtectgtgt
ttegecatte
tttcttttaa
atcacttggt
gatccctaaa
cacagtatct

<210> 82
<211> 9
<212> PRT
<213>
<400> 82

aagataaggc
tggatggttt
aaaggattga
attgtctaaa
tacattgtat
gtgtccaaaa
aagttcagtg
aacaaatacc
tccaaaaagg
ggtctgaaga
acattagatc
acacgectgt
caaatgctga
cactgactgt
gcagtgtttt
ggettatagt
aagtcttctt
tagatgagta
aaatcgaaaa
atcaaactga
attctaatga
gaccagaaat
aggtcctcac
aacatcttca
attacaggcee
aggcagatca
ctactaaaaa
ctcaggaggc
agatcacgce
aaagagttga
gtcaccggac
cctgtgagee
tcetgteecat
ctaacattct
cactgagggt
tttectggaaa
aatgttgagg
acccttacat

Homo Sapiens

EP 2 336 768 A9

aatagtgata
aagctttaca
aaatatttat
agttaaagca
aaagaccaca
tcagaactat
gcteccacgcec
tgactgtgaa
aatttacctt
gataaagttt
ccttagtgat
gatccaggat
gagaaaaatt
atattgtgtg
tagtgacgct
tggaatttgt
gagatgcatc
tttectctgaa
atgtttcata
tgaagatcat
agatgaaagc
gaactgtgtce
cttectectea
gatcataggt
cgggcacggt
tgaggtcaag
tacaaaaatt
tgaggcagga
actgcactec
gacaaacgtt
ttgcattgga
taagtgcage
cactgatget
gtttcattcet
aggcccttag
gtagcttace
gacttctgtt
ggtttaggat

cacatctctc
tatagcttac
tcecagacata
gcactactta
gttgaaaatg
gttecttaaat
tttttaaaaa
aatgtcaaaa
ctcecgegtac
gatactgaaa
tcattecata
tatccactga
atcgagaaaa
aaagccagag
gtatgtgaga
attgcattat
aattatgtct
cagccattga
attgaaaata
aaaaaataca
gaaagtaaaa
aagtataagg
gtaactacag
cctaaaaata
ggctcacacc
agatcgagac
agccgggtag
gaategettg
agcctggtga
tcctacatte
tgagatgagt
cgtgetaget
gectggctact
tectecgggag
gaaatttatt
ctagaaaaca
cattcatcce
taaagccagg

Gly Ser Glu Asn Leu Tyr Phe Gln Leu

5

<210> 83

<211> 2897

<212> DNA

<213> Homo sapiens

<400> 83

ctggaacaaa
ttatctggaa
aaatttataa
cgtcatggaa
aactacctce
gggattatac
ggaatcctgg
ctacccagtg
aagcatctga
tacaagcttt
tctatategg
tttatgaaat
aaactgatgt
cacacaccat
aaacaaaacc
ttgectctece
tetttececate
agaatcttect
taagcacaat
gtteccaaac
caagtgaaga
tttttcagea
agaggacgtt
cgggcaaget
tgtaatceca
cagectggcee
taggtaggcg
aaaacaggag
cagcegtgaga
ttttecatgt
cagaccaaaa
gagcaccgtg
gcatgtgcca
atatttcaaa
taggaaagtc
getgcaaatg
gagaacattg
caatctttta

agatagtgtt
aaactcttca
actctcacca
aattggtgtc
accagaaaat
atatgcaaac
aaaccatttg
tgtctttecct
tggaaataac
cctactteet
tgctcecaaaa
tattttttgg
tacagttcct
ggatgaaaag
aggaaatacc
gtttgteatt
acttaaacct
gctttcaact
tgctacagta
tagccaagat
actacagcag
ggagttacac
tcectgtttag
cttaactatt
gcactttggg
aacgtggtga
cgegectgtt
gtggaggttg
ctectttaaaa
gtaaaatcat
cagtggccac
gctaaggatg
cacctgtetyg
catttggtet
tgaacacgtt
ccagaaagat
gcttccacat
ctatg

ccegcactaa agacgettet tceceggeggg taggaatcce gocggegage cgaacagttc
ccegagegea gcccegeggac caccaccegd ccgcacggge cgettttgbe ccecegecege
cgcttetgte cgagaggecg ccecgegagge geatcectgac cgecgagegte gggtceccaga

67

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2755

60
120
180
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gcecgggegeg
aagtttaatt
aagagaagac
cacttaattt
ctgattacac
tatcatggga
tecatgagtaa
tttgtgacct
gattcagcgg
tgtecttttga
tgaaatttcc
aacagtcaga
atttcaccta
tagagcacag
ctggceagga
tgatagecatt
taagaaatag
acctgccacce
aagtgtggga
caagtggcgg
ccacctctac
aggttgatgt
gtgggccetg
gctccacgga
tgagagttct
atctggaaga
ccagcgggga
aagatgctcc
atataatgag
tctttgtetce
aggaggaaac
ggggaccata
agcacatgtg
cagggagcag
tttegttett
caatggtgtg
ctcagectec
ttgtattttt
cctcaagtga
gtgcctgget
aagaaaagga
gtgagcagtg
cagteggtga
caccttgtec
actaatacag
aagttaaaaa

<210> B84

<211> 3054
<212> PRT
<213>
<400> 84

getggggeec
agacacttca

tctaaaaata
ggttctcatg
agatgaatct
attaaaaaac
accagaagat
cacagatgag
gaacacaacg
accaccagag
atctattgtt
gggaattgtt
tatcattgac
tgatgagcaa
atcagaatca
ggtcttgaca
cctecccaaa
gttggaagce
ttataattat
tggctatacc
agaatcccag
ggagctccec
tgagaggaga
ggggtetggg
tgatgacgag
gatggttgac
agggacacag
atctgatcaa
atgactccaa
tgcatcctaa
tgtggtgtte
gtatcattca
cacctttcct
ggttececac
ttttttektt
atcttggcetce
ctegcaagta
agtggagaca
tetgeectec
ggccectgtga
aaatagtagce
gagagaagdg
gcettgggea
agccctecce
aaaggaaaca
aaaaaaa

Homo sapiens

EP 2 336 768 A9

gaggctagca
gaattttgat
gecaaagatge
gtgtatatca
tgcactttca
cactccattg
ttgaaggtgg
tggagaagca
ttgttcagtt
tttgagattg
gaggaagaat
aagaagcata
aagttaattc
gcagtaataa
gcagaatctg
agcaccatag
gtcttgaatt
atggatatgg
gatgatgaaa
atgcatggac
ttgatagacc
acgatgccaa
aagagtccac
ggcagaatta
gacagtgacg
ccagaggatc
ccaaccttte
agtgacactt
aactattgaa
cttgectgect
ctttcttcecea
gtgcattgtt
ttacactaat
agtttcagag
ttttgagaca
actgcaacat
gctgggatta
ggattttacc
tecagectegt
tatttctgtg
aagagctgeca
gggcecctgea
cctcacceat
agttaaagtg
tggegteggg

tctcteggga
cacctaatgt
ttttgagcceca
gcetegtgtt
agatatecatt
taccaactca
ttaagaactyg
cacacgaggc
gctecacacaa
ttggttttac
tacagtttga
aacccgaaat
caaacacgaa
agtctececett
ccaaaatagg
tgacactgaa
tteataactt
tggaggtcat
gtgatagcga
tgactgtcag
cggagtcecga
aggacagccc
tcecaggacce
ccttcaatgt
acttagaage
ctgataatgt
ccagcccecte
ctgagtcaga
tgaacttgga
tatcgtetge
ggtgacatca
tacatattca
gcacttagga
gtggtccagg
gagtectegtt
ccgecteceg
caggecgcectyg
atgttggcca
aaagtgctgyg
aaataaattg
aagcaggcag
caaggaaaca
gtcacatcct
gggaagacag
gagagggata

gcegecaagge
tgatttcaga
gaatgecctte
tggtattteca
gcgaaattte
ctatacattg
tgcaaatacc
ctatgtcacc
tttetggetg
caaccacatt
tttatctete
aaaaggaaac
ctactgtgta
aaaatgcacc
aggaataatt
atggattggt
tttagectgg
ttacatcaac
tactgaggca
gecetetgggt
ggaggagcct
tcagecagttg
tttteecgaa
ggacttaaac
ccctetgatg
gcaatcaaac
ttcagagggce
tgttgacctt
cagacaagca
aagtgttcte
cctatgcaca
aagtggtgca
tgtttctgea
accctatgat
ctgtegecea
ggttecaggtyg
ccaccatgee
ggctggtctc
gattacaggg
ggccagggtg
gaagggagga
gggaagagcc
gtecteetgea
actttaggat
aaacctgaat

gagagctgca
tgtaaaagtc
atcttcagat
tatgattege
cggtccatct
ctgtatacaa
acaagatcat
gtcectagaag
gccatagaca
aatgtgatgg
gtcattgaag
atgagtggaa
tctgtttatt
ctcctteccac
actgtgtttt
tatatatgcet
ccatttecta
agaaadaaga
gogeccagga
caggcectetyg
gacctgectyg
gaactcttga
gaggactaca
tctgtgtttt
ctategtcte
catttgctgy
ctgtggtceg
ggggatggtt
cctacagggt
caagggaagg
ttceccagtat
ctttgaagga
tecatgtctac
atttctette
agctggageg
atteteetge
tagcaaattt
gaactcctga
gtgagcecgct
ggagcaggga
ggagagccag
atcgaagttt
attggaattce
cacgtgtgtg
gccatatttt

Met Ala Leu Ile Phe @Gly Thr Val Asn Ala Asn Ile Leu Lys Glu Val

1

5

10

15

Phe Gly Gly Ala Arg Met Ala Cys Val Thr Ser Ala His Met Ala Gly

20

25

68

30

240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2897
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Ala
Met
Leu
65

Met

Val

Glu

Ala
145
Lys

. TYp

Lys
Phe
Arg

225
Phe

Ser
305
Phe
Val
Leu
Pro
Lys
385
Glu
Asn
Gln
Gly
Leu

465
Gly

Asn
His
50

Pro

Tyr
Ser
val
Arg
130
Thr
Asn
ser
Ser
Ala
210
Ile
Lys
Leu
Gly
Arg
290
Asp
Leu
Ser
Ser
AsSp
370
Leu
Lys
Leu
Ala
Asn
450

Glu

His

Gly
35
Lys

Val
Gly

115
Lys

Phe
Ile
Val
195
Ser
Asp
Asn
Val
Met
275
Ala
Lys
Glu
val
Pro
355
Ile
Leu
Leu
Thr
Pro
435
Lys
Ile

Leu

Ser

Pro

Thr

Leu

Asn

100

Arg
Val
Gln
Leu
val
180
Arg
Val
Asn
Glu
Leu
260
Phe
Lys
Ser

Leu

Glu
340

Cys
vVal
Ala
Leu
Ala
420
Phe
Leu

Ala

Gly

Ile
val
Pro
Gly
85

Asn
Asp
Asp
Leu
Pro
165
Arg
Ala
Arg
Trp
Arg
245
Arg
Ile
Val
Ile
Arg
325
Arg
Gly
Glu
Met
Thr
405
Cys
Thr
Thr
Arg

Ser

Leu
Ile
Leu
70

Arg
Lys
Ser
Thr
val
150
Ala
Lys
Axrg
His
Gln
230
val
Gln
Vval
Thx
Ser
310
Pro
Cys
Lys
Gly
Leu
390
Arg

val

Gly

Phe
470
Phe

EP 2 336 768 A9

Lys
Phe
55

His
Arg
Arg
Ile
Thr
135
His
Thr
Arg
val
Met
215
Gln
Asp
Gly
Arg
Phe
295
Glu
Asp
Gly
Ile
Glu
375
Lys
Phe
Ser
val
Ala
455

Leu

Arg

Lys
40
Gly

Ala Glu Glu

Glu

Asp

Leu Glu Val

Ala
Asn
val
120
Ala
Asn
Ser
His
Lys
200
Glu
Gln
Ser
Gly
2890
Ala
Ala
Gly

Glu

Leu
Arg
105
Glu
Ala
Ser
Leu
Met
185
Arg
Gly
Thr

Ser

Tyr
265
Arg
Val
Phe
Ile

Val

© 345

Thr
360
Ser
Glu
Leu
Val
Leu
440
Asp

Asn

Asn

Cys
Gly
Gln
Gln
Lys
425
Ala
Leu

Asn

Lys

69

Thr
90

Arg
Lys
val
Met
Ser
170
Gln
Phe
Glu
Leu
Lys
250
Gly
Ser
Cys
Phe
Ser
330
Ala
Lys
Glu
Tyx
Gln
410
Gln
val
Glu
Arg

Ile

Tyr
Asp
75

His
Arg
Ile
Glu
Pro
155
Asn
val
Glu
Arg
Leu
235
Leu

Pro

Asp

Ile
315
His
Ala
Arg
Ser
Pro
395
Lys
Leu
Ser
Glu
Thxr

475
Ser

Thr
Ile
60

Ala
Gly
Lys
Val
Asp
140
Lys
Val
Glu
Gly
Lys
220
Asp
Thxr
Ala
Gly
Ser
300
Pro
Glu
Ile
Cys
Val
380
Asp
Ser
Ile
Glu
Ala
460

Glu

Ser

Ser
45

Thr
Glu
Lys
Val
val
125
Ile
Arg
Tyr
Ile
Ser
205
Arg
Leu
Phe
His
Met
285
Met
Tyr
Cys
Leu
Met
365
Thr
Phe
Leu
Gly
Ile
445
Ser

Asn

Lys

Arg
Glu
Met
Arg
Ala

110
Pro

cys
Lys
Ala
Ile
190
val
val
Ala
Gly
Trp
270
Leu
Thr
Serxr
Thr
Thr
350
Vval
Asn
Pro
Val
Asp
430
Leu
Thr

Met

Ala

Ala
Ala
Glu
Arg
95

Lys
His
Asn
Lys
Gln
175
Ser
Gln
Asp
Lys

Ser
255

Tyr
val
His
Lys
Arg
335
Gln
Glu
Gln
Met
As1
415
Arg

Phe

Arg

His

Ile
Asp
Arg
80

Lys
Thr
Thr
Glu
Gln
160
Thr
Lys
Leu
Leu
Arg
240
Ser

Arg

Asp

Lys
320
Gly
Ala
Thr
Gly
Ala
400
Thr
Lys
Lys
Met
Ile

480
Val



10

15

20

25

30

35

40

45

50

55

Asn
Ile
Phe
Lys
545

Ser

Glu

Tyr
Ser
625
Met
Leu
Ile
Asp
Leu
705
Met
Leu
Leu
val
Pro
785
Leu
Thr
Ala
Ala
Val
865

Sexr

Asp

Asp

Asn

TIp
Thr
530
His
Thr
Arg
val
Ser
610
Gly
Tyxr
Leu
Arg
val

690
Arg

Lys
Glu
val
770
His
Ala
Phe
Asn
Asp
850
Ile
Leu
Met

Glu

Glu
930

Ala
Gly
515
Glu
Ile
Asp
Lys
Tyr
595
Asp
Asp
Ile
Val
Asp
675
Ala
Ala
Val
Met
Ser
755
Thx
Leu
Ile
Glu
Leu
835
Leu
Leu
Ala
Ala
Met

9185
Leu

Leu
500
Leu
Ile
Arg
Phe
Glu
580
Pro
Leu
Ser
Ala
Asn
660
Thr
Thr
Glu
Leu
Asn
740
Glu
Gln
Met
val
Gln
820
Ala
Phe
Asp
Met
Leu
800

Leu

Thr

485
Met

Arg
Asp
Gly
Gln

565
Ile

Cys
Lys
Lys
Asn
645
Val
Ile
Ala
Leu
Asp
725
Thr
Met
Gly
Lys
Ser
805
Ala
Ala
Val
Asn
Glu
885
Arg
Glu

Trp

Cys
Gly
Pro
Ser
550
Thr
Gly
Cys
His
Tyr
630
Glu
Lys
val
Cys
Pro
710
Ser
Thr
Lys
Ala
Gln
790
Pro
Leu
Ile
Gln
Leu
870
Ile
Glu
Lys

Leu
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Asp
Ala
Asn
535
Arg
Leu
Asn
Cys
Pro
615
Leu
Gly
Glu
Pro
695
Arg
Tyr
Sex
Thr
Ile
775
Leu
Ser
Gln
Leu
Gln
855
Ile
val
Gly

Asn

Glu
935

Asn
His
520
Glu
Lys

Arg

Val
600
Thr
Asp
Tyr
Glu
Lys
680
Leu
Ile
Gly
Gln

Tyr
760
Glu
Leu
Ile
Met
Ser
840
Arg
Asp
Thr
Gly
Tyr

920
Lys

Gln
505
Ala
Gly
Leu
Gln
Cys
585
Thr
Lys
Leu
Cys
Asp
665
Leu
Leu
Leu
Ser
Leu
745
Asn
Met
Glu
Leu
825
Ala
Asn
Gly
Ile
Tyr
905

val

Phe

70

490
Leu

Lys

Ala
Gln
570
Ile
Leu
Arg

Pro

Tyr
650
Ala
Gly
Ser
Val
Arg
730
Ile
val
Leu
Glu
Ile
810
Leu
Leu
Leu
val
Lys
890
Ala
Lys

Ser

Asp
Arg
Asp
Ile
555
Ile
Sexr
Glu
His
Val
635
Met
Lys
Ala
Ile
Asp
715
Thr
Glu
Gly
Ile
Glu
795
Ala
Pro
Ala
Ile
Arg
875
Leu
val
Ala

Ala

Gln
Phe
Lys
540
Gly
Gln
Met
Asp
Leu
620
Leu
Asn
Asp
Trp
Leu
700
His
Thr
Phe
Gly
Lys
780
Pro
Met
Asn
Gln
Asn
860
val
Ala
Thr

Leu

Ile
940

Asn

Leu
525

VT
Asn
Gly
Arg
Gly
605
Val
Asn
Ile
Phe
Pro
6§85
Asp
Gly
Val
Met

765
Ser

Tyr
Tyr
Thr
Lys
845
Glu
Asn
Thr
Ser
Lys

925
Arg

Gly
510
Lys
Val
Leu
Glu
Asn
590
Lys
Ile
Glu

Phe

Thr

670
Thr

Pro
Asn

Tyr

His
750
Asn
Ile
Ile
Asn
Met

830
Leu

Tyr
His
Gln
Glu

810
Asp

495
Asn

Gly
Ile
Ile
Thr
575
Gly
Ala
Gly
Glu
Phe
655
Lys
Met
Asp
Lys
His
735
Ser
Arg
Tyr
Ile
Ser
815
Arg
Thr
Ala
Ser
Glu
895
Lys

Ala

Ser

Phe
Phe
Arg
Met
560
Ile
Asn
Gln
Asn
Lys
640
Ala
Phe
Gln
Val
Thxr
720
Met
Gly
Asp
Lys
Val
800
Gly
Leu
Leu
Gln
Leu
880
Met
val

Trp

Arg
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Lys
945
Asp

Ala
Leu
val
Asp
Leu
Gln
Glu
Lys
Pro
Val
Ile
Ile
Asp
Lys

Glin

Glu

Val

Asn
Thr
Thr
Ile
His
Glu

Pro

EP 2 336 768 A9

Leu Leu Lys Phe Gly Arg Lys Pro Leu Ile Met Lys Asn Thr Val
950 955 960

Cys Gly Gly His Ile Asp Leu Ser Val Lys Ser Leu Phe Lys Phe

965 970 975
Leu Glu Leu Leu Lys Gly Thr Ile Ser Arg Ala Val Asn Gly Gly
980 985 990
Arg Lys Val Arg Val Ala Lys Asn Ala Met Thr Lys Gly Val Phe
995 1000 1005

Lys Ile Tyr Ser Met Leu Pro Asp Val Tyr Lys Phe Ile Thr

1010 1015 1020

Ser Ser Val Leu Ser Leu Leu Leu Thr Phe Leu Phe Gln Ile

1025 1030 1035

Cys Met Ile Arg Ala His Arg Glu Ala Lys Val Ala Ala Gin

1040 1045 1050

Gln ILys Glu Ser Glu Trp Asp Asn Ile Ile Asn Arg Thr Phe

1055 1060 1065

Tyr Ser Lys Leu Glu Asn Pro Ile Gly Tyr Arg Ser Thr Ala

1070 1075 1080

Glu Arg Leg Gln Ser Glu His Pro Glu Ala Phe Glu Tyr Tyr

1085 1090 1055

Phe Cys Ile Gly Lys Glu 2Asp Leu Val Glu Gln Ala Lys Gln

1100 1105 1110

Glu Ile Ala Tyr Phe Glu Lys Ile Ile Ala Phe Ile Thr Leu

1115 1120 1125

Leu Met Ala Phe Asp Ala Glu Arg Ser Asp Gly Val Phe Lys

1130 1135 1140

Leu Asn Lys Phe Lys Gly 1Ile Leu Ser Ser Thr Glu Arg Glu

1145 1150 1155

Ile Tyr Thr Gln Ser Leu Asp Asp Tyr Val Thr Thr Phe Asp

1160 1165 1170

Asn Met Thr Ile Asn Leu Glu Leu Asn Met Asp Glu Leu His

1175 1180 ' 1185

Thr Ser Leu Pro Gly Val Thr Phe Lys Gln Trp Trp Asn Asn

1190 1195 1200

Ile Ser Arg Gly Asn Val Lys Pro His Tyr Arg Thr Glu Gly

1205 1210 1215

Phe Met Glu Phe Thr Arg 2aAsp Thr Ala Ala Ser Val Ala Ser

1220 1225 1230

Ile Ser His Ser Pro Ala Arg Asp Phe Leu Val Arg Gly Ala

1235 1240 1245

Gly Ser Gly Lys Ser Thr @Gly Leu Pro Tyr His Leu Ser Lys

1250 1255 1260

Gly Arg val Leu Met Leu Glu Pro Thr Arg Pro Leu Thr Asp

1265 1270 1275

Met His Lys Gln Leu Arg Ser Glu Pro Phe Asn Cys Phe Pro

1280 1285 1290

Leu Arg Met Arg Gly Lys Ser Thr Phe Gly Ser Sex Pro Ile

1295 1300 1305

Val Met Thr Ser Gly Phe Ala Leu His His Phe Ala Arg Asn

1310 1315 1320

Ala Glu Val Lys Thr Tyr Asp Phe Val Ile Ile Asp Glu Cys

1325 1330 1335

Val 2Asn Asp Ala Ser Ala Ile BRla Phe Arg Asn Leu Leu Phe

1340 1345 1350

His Glu Phe Glu Gly Lys Val Leu Lys Val Ser Ala Thr Pro

1355 1360 1365

Gly Arg Glu Val Glu Phe Thr Thr Gln Phe Pro Val Lys Leu

71
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Lys
Gly
Leu
Leu
Thr
Val
Val
Val
Thr
Gly
Lys
Phe
Ser

Met

Thr

Ala

Leu

His

1370
Ile
1385
Thr
1400
val
1415
Leu
1430
Met
1445
Lys
1460
Thr
14785
Pro
1490
val
1505
Arg
1520
Thr
1535
Leu
1550
Thr
1565
Ala
1580
Phe
1595
Phe
1610
Pro
1625
Arg
1640
val
1655
Ile
1670
Ser
1685
His
1700
Asp
1715
Ala
1730
Leu
1745
val
1760
Ala
1775
Leu
1790

Glu

Gly

Val
Lys
Lys
Ile
Vval

val

Leu
Cys
Thr
Gln
Asp
Lys
As#
Leu
Cys
Val
Val
Ser
Glu
Phe
Lys
Leu
Lys

Glu

Glu Ala Leu
Ala Asn Ala
Val Ala Ser
Gln Lys Gly
Ser Gly Gly
His Phe Ile
Asp Ile Asp
Leu Asp Val
Ser Tyr Gly
Lys Glu Gly
Val Glu Ile
Phe Met Tyr
Leu Leu Glu
Phe Glu Leu
Gly Ser Met
Leu His Thr
Lys Gly Leu
Gly Tyr Ile
Lys Glu Ile
val Ala His
Gln Ala Ala
Ile Ala Arg
Gln Met Lys
Ser Phe Thr
Ala Asn Tyr
Gln Gln Ala
Asp Gln Asp

Thr Ile Tyr
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1375
Ser
1390
Asp
1405

1420
Tyr
1435
Thr
1450
Val
1465
Val
1480
Asp
1495
Glu
1510
Val
1525
Pro
1540
Agn
1555
Asn
1570
Ser
1585
His
1600
Cys
1615
Ser
1630
Ala
1645
Pro
1660
Lys
1675
Lys
1690
Thr
1705
Gln
1720
Asn
1735
Ala
1750
Lys
1765
Vval
1780
Leun
1795

Phe
Val
Asn
Lys
Glu
Ala
vVal
Asn
Arg
Ala
Glu
Leu

Ala

Pro
Glu
Ser
Glu
Asp
Gly
Val
Leu
Ser
Tyr
Thr
Asp
Thr

Gln

72

Gln
Ile
Asp
Val
Ile
Thr
val
Arg
Ile
Leun
Met
Pro
Thr
Phe
val
Thr
Trp
Asp
Ser
Asp
val
Ala
His
Ser
Lys
Gln
Gly

Ser

Glu
Ser
Val
Ser
Ile
Asn
Asp
Ala
Gln
Arg
Val
Val
Leu
Tyr
Ile
Phe
Leu
Ala
Leu
Ser
Tyr
Cys
Phe

Ile

Leu
Ile

Asp

Phe
Cys
Asp
Lys
Thr
Ile
Phe
val
Lys
Ile
Ala
Thr
Leu
Thr
His
Leu
Thr
Gly
His
Gly
Thr
Ile
Glu
Gln
Thr
Leu
Ile

Ser

1380
val
1355
Gly
1410
Ser
1425
Ile
1440
Glu
1455
Ile
1470
Gly
1485
Gln
1500
Leu
1515
Gly
1530
Thxr
1545
Thr
1560
Gln
1575
Ile
1590
Asp
1605
Asn
1620
Ser
1635
Ile
1650
Glu
1665
Tle
1680
Leu
1655
Asn
1710
Ala
1725
Ser
1740
Lys
1755
Glu
1770
Gln
1785
Glu
1800

Ser
Asp
Leu
Asp
Gly
Glu
Thr
VY
Gly
Gln
Glu
Gln
Ala
Asn
Lys
Lys
Gly
Arg
Glu
Gly
Gln
Arg
Ala
Ile
Glu
Phe
Asp

Val

Leu
Asn
Gly
Gly
Thr
Asn
Lys
Asn
Arg
Thr
Ala
Ser
Arg
Phe
Leu
Leu
Glu
Ile
Ile
Arg
Thr
Arg
Thr
pPhe
Asn
Ser
bhe

Ala

Gln
Ile
Lys
Arg
Ser
Gly
val
Lys
Val
Asn
Ala
Val
Thr
Val
Lys

Ala

Pro
Txrp
Leu
Asp
Ile
Gly
Asp
Ile
Asn
Asn

Liys
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Asp
Leu

Gln

Leu
Lys
Asn
Val
Pro
Met
Thr
Leu
Lys
Arg
Pro
Gly
Thx
Phe
Asn
Lys
Met
Lys
Val

Asp

Ser
Phe

Met

Leu
1805
Ile
1820
Ala
1835
Gly
1850
Gly
1865
Glu
1880
Gly
1895
Met
1910°
Asp
1925
Ile
1940
Leu
1955
Thx
1970
Lys
1985
Ser
2000
Gln
2015
Lys
2030
Pro
2045
Asn
2060
Gly
2075
Gly
2090
Asn
2105
Ile
2120
Leu
2135
Thr
2150
Thr
2165
Trp
2180
Thr
2185
Thr
2210
Glu

Lys
Ile
Thr
Lys
Ala
His
Thr
Tyx
Pro
Asp
Ile
Ile

Val

Thr
Asn
Arg
Glu
Pro
Thr
Thr
Ile
Lys
Thr
Ser
Ile
Arg

Asn

Leu

Leu
Ile
Tyr
Lys
Arg
Tyr
Thr
Gly
Leu
Leu

Asp

Asp
Ala
Gly
Glu
Asp
Ser
Phe
Leu
Thr
Ile
FPhe
Asn
Cys
Gln
Asp
Thr

Leu

Lys
Ala
FPhe
Asn
Gly
Phe
Arg
Phe
Thr
val
Asp
Ala
Leu
Ile
Met

Asp

Tyr

Asp
Ile
Leu
Thr

Arg

Phe
Thr
Thr
Gly
Asn

Thr

Ser
Leu
Lys
Gln
Gln
Gly
Gly
Asp
Gly
Gln
Glu
Tyr
Thr
Met
Ala
Leu
Asn
Gly
Ile
Val
Leu
Met
Glu
Gln
Phe
Lys
Phe
Asn

Asn
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His
1810
Ser
1825
Asp
1840
Lys
1855
Tyr
1870
Ser
1885
Met
1900
Pro
1915
His
13830
His
1945
Ile
1960
Leu
1975
Pro
1990
Gly
2005
Val
2020
Thr
2035
Pro
2050
His
2065
Thr
2080
Gln
2095
Gln
2110
Pro
2125
Pro
2140
Thr
2155
Pro
2170
Asp
2185
Ile
2200
Tyr
2215
Gln

Trp
val

Lys

Glu
Ala
Gly
Thr
Thr

Glu

Pro
Phe
I}e
Thr
Asn

Ser

Gln

Lys
Gln
Lys
Sexr
Gly
Val
Phe

Glu

73

Aén
Leu
Phe
Lys

val

Ala
Asp
Ile
Phe
Pro
Asn
Ser
Pro
val
Glu
Ser
Thr
Lys
Leu
His
Asp
Arg
Ser
Ser
Gln
Gly
Thr

Ala

Lys
Ile
Asn
Leu
Ala
Asn
Lys

Phe

Asp

Gly
Gln
Sexr
Ser
Glu
Ala
Gly
Ser

Ser

Leu
Phe
Glu
Met
As?
Cys
Ile
Ser

Gln

Sexr
Gly
Glu
Lys
Ala
Asn
Ser
Ser
Glu
Lys
Ser
Gly
Leu
Arg
Tyr
alu
Thr
Leu
Leu
Gly
Ile
Pro
Glu
Ser
Gly
Gly
His
val

Gln

Gln
1815
Gly
1830
Pro
1845
Met
1860
Glu
1875
Lys
1890
Arg
1905
Tyr
1920
Ser
1835
val
1950
Leu
1965
Thr
1980
Arg
1995
Glu
2010
Asp
2025
Ser
2040
Ile
2055

2070
Phe
2085
Val
2100
Asp
2115
Pro
2130
Arg
2145
Ser
2160
Ile
2175
Ser
2150
Ser
2205
Pro
2220

Trp

Ile
Gly
val
Axrg
Pro
Gly
Lys
Ile
Thr
Arg
Ser
Lys
Ala
Asn
Gln
Leu
Cys
Gly
Arg
Phe
Gly
Phe
Ile
Met
Phe
Pro
Ala
Lys

Val

Thr
TIp
Tyr
Glu
Glu
Lys
Phe
Arg
Asn
Thr
Thr
Lys
Ser
Glu
Leu
Phe
His

Ile

Arg
Lys

Arg
Pro
Cys

Val

Trp

Leu
Ser
Asn

Ser

Arg
Met
Phe
Ala
Ala
Arg
Ile
Phe
Ala

Arg

Val
Glu.
Leu
Pro
Lys
Leu
Gly
Asn
Vai
Asp
Gln
Leu
Ser_
Lys
Val
Asn
Phe

Gly
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Trp
Phe
Thr
Lys
Glu
cys
Ala
Asn
Ile
Serx
Asn
Lys
Leu
Sex
Ser
Lys
Gly
Asn
Gly
Cys
Leu
Trp

val

Thx
Gly
Leu

Phe

2225
Arg
2240
Met
2255
Gln
2270
Trp
2285
cys
2300
Pro
2315

2330
Arg
2345
Glu
2360
Met
2378
Tyr
2390
Ala
2405
Ser
2420
Cys
2435
Leu
2450
Thr
2465
Lys
2480
Ile
2495
Trp
2510
Asp
2525
Ile
2540
Asp
2555
TyY
25170
Lys
2585
Leu
2600
Ile
2615
Leu
2630
Lys
2645

Leu
Ser
Leu
Val
Pro
Leu
Phe
Glu
Ile
Leu
Ile
Ala
Glu
Leu
Lys
Arg
Vval
Lys
Asn
Ala
Asn
Ile
Thr
Gly
Met
Asn
Ile

Glu

Asn
Lys
Met
val
Ser
Phe
Lys
Ala
Gly
Val
Thr
Met
Leu
Arg
Ala
Thr
Cys
Ala
Glu
Asp
Ala
Gly
Pro
Asn
val
Lys
Ala

Ser

Ala
Pro
Asn
Glu
Gln
Glu
Pro
Phe
Asn
Thr
BAsp
Gly
Thr
Leu
Glu
Phe
val
Pro
Leu
Gly
Val
Glu
Ile
Asn
Ile
Glu
Ile

Phe

Asp
Glu
Glu
Ala
Leu
Leu
Met
Leu
Val
Lys
Pro
Ala
Leu
Tyx
Leu
Thr
Asp
Trp
Met
Ser
Leu
Gln
Leu

Ser
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2230
Ser
2245
Glu
2260
Leu
2275
Leu
2290
Val
2305
Tyr
2320
Met
2335
Lys
2350
Asp
2365
Leu
2380
Glu
2395
Leu
2410
Asp
2425
Thr
2440
Arg
2455
Ala
2470
Asp
2485
Thr
2500
Glu
2515
Gln
2530
Lys
2545
Met
2560
Thr
2575
Gly
2590
Ala
2605
Ile
2620
Pro
2635
Glu
2650

Val
Pro
val
Serx
Thr
Leu
Gly
Asp
Cys
Lys

Glu

Glu
Gly
Pro
Ala
Phe
Val
Ala
Phe
val
Leu
Pro
Gln
Met
Val
Asp

Leu

74

Leu
Phe
Tyr
Gly
Lys
Gln
Ala
Ile
Asp
Ala
Ile
Lys
Gln
Lys
Ile
Pro
Asn
Gly
Leu
Asp
Arg
Arg
Asp
Pro
Leu
Tyr
Lys

Gly

Trp
Gln
Ser
Asn
His
Leu
Tyr
Leu
Leu
Leu
Phe
Gly
Glu
Leu
Glu
Ile
Asn
Met
Pro
Ser
Leu
Asn
Gly
Ser
Tyxr
Tyr
Ala

Leu

Gly
Pro
Gln
Leu
Val
Asn
Lys
Lys
Leu
Gly
Ser
Lys
Ala
Cly
Lys
Asp
Gln
Thr
Ser
Ser
Ala
Leu
Thr
Thxr
Thr
Vval
Glu

Lys

2235
Gly
2250
val
2265
Gly
2280
Arg
2285
val
2310
Pro
2325
Pro
2340
TyT
2355
Glu
2370
Phe
2385
Ala
2400
Lys
2415
Met
2430
Ile
2445
val
2460
Thr
2475
Phe
2490
Lys
2505
Gly
2520
Leu
2535
Phe
2550
Tyr
2565
Ile
2580
val
2595
Cys
2610
Asn
2625
Arg
2640
TyT
2655

His
Lys
Glu
Pro
Lys
Glu
Ser
Ala
Leu
Pro
Leu
Lys
Leu
Trp
Glu

Leu

Phe
Trp
Thr
Met
Thr
Ile
Val
Glu
Gly
Leu

Glu

Lys
Glu
Lys
val
Gly
Lys
Arg
Ser
Ala
Thr
Asn
Glu
Lys
Asn
Asn
Leu
Asp
Tyr
val
Pro
Glu
Glu
Lys
Asp
Lys
Asp
Sexr

Phe

val
Ala
Arg
Ala
Lys
Glu
Leu
Glu
Ile
val
Met
Ala
Ala
Gly
Asn
Ala
Leu
Gln
TyT
Phe
Glu
Ile
Lys
Asn
Cys
Asp
Arg

Asp
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Cys Thr
2660
Ala Leu
2675
Arg Ile
2690
His Arg
2705

'Tyr Asp

2720
Leu Glu
2735
Pro Tyx
2750
His Gly
2765

Thr
Glu
val
Leu
Lys
Gln
Leu

Thr

Asp Tyr Asp

2780

Thr Vval BAsp

2795
Asp Asp
2810

Ala Gly

2825
Ala Thr
2840

Lys
Thr

Lys

Asn Leu Asn

2855
Ser Asn
2870
Ala val
2885
Leu Leu
2900
Pro Asn
2918
Val Ser
2930
Leu Axrg
2945
Ile Glu
2960
Leu Gln
2975
Asp Phe
2990
Ala His
3005
Arg Leu
3020
Thr Glu
3035
Leu Leu
3050

<210> 85

Ala
Met
Asn
Leu
Tyr
Gln
Met
Arg
Tyr
Met
Phe
Axg

Gly

Arg
Arg
Ser
Glu
Leu
Ala
Ala
Asn
Ile
Ala
val
Ser
Leu
His
Arg

Thr

‘Gly

Asn
Pro

Ile

Asn
Glu
Gln
Gly
His

val

Asp
Asp
Ile
Ala
Val
Pro
Glu
Ser
Pro
Gly
Ala
Gly
Gln
Leu
Ala
Ala
Phe
Gly
Leu
Met
Asn
Ile
Leu
Met
Leu
Thr

Arg

Lys
Gly
Leu
Ile

Glu

Thr
Glu
Thr
Ala

Glu

4

Thr
TyTr
Leu

Thr

Tyr

Met

Thr

Lys
Thr
Arg
Thr
Thr
Lys
Asp
Ala

Gln
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Thr
2665
Met
2680
Glu
2695
Cys
2710
Glu
2725
Ser
2740
Ala
2755
Ile
2770
Thr
2785
Asp
2800
Gln
2815
Phe
2830
Pro
2845
Gly
2860
His
2875
Gly
2890
Val
2905
Trp
2920
Pro
2935
His
2950
Glu
2965
Asp
2980
Ser
2985
Ala
3010
Gly
3025
His
3040

Gln
TYyT
Trp
Ala
Ile
Gln
Leu
Glu
Glu
Ala
Ala
Ser
Arg
Tyr
Glu
val
Trp
Val
Met
Phe
Arg
Met
Lys
Ala
Asn

Asp

75

Leu
Ile
Asp
Ser
Arg
Leu
Lys
Glu
Asn
Gly
Ser
Val
Met
Lys
Gln
Asn
Cys
Met
val
Sex
Pro
Ser
Thr
Ala
Val

Val

Trp
Pro
Arg
Met
Aén
Ala
Phe
Tyr
Leu
Lys
Lys
Pro
Arg
Pro
Phe
Glu
Ile
Met
Glu
Asp
Tyr
Leu
Pro
Val
Gly

Asn

Phe
Lys
Ser
Ile
Pﬁe
Glu
Leu
Leu
Tyr

Lys

Asp

Arg
Gly
Gln
Ala
Glu
Glu
Asp
Asn
Leu
Met
Sex
val
aArg
Thr

Arg

Met
2670
Leu
2685
Lys
2700
Glu
2715

2730
Glu
2745
Tyr
2760
Lys
2775
Phe
2790
Lys
2805
Arg
2820
Ile
2835
Glu
2850
Gln
2865
Ala
2880
Gln
2895
Asn
2910
Gly
2925
Ala
2940
Ala
2955
Pro
2870
Arg
2985
Arg
3000
Asn
3015
Ala
3030
Asn
3045

Ser
Glu
Glu
Ala
Ala
Gly
Thr
val
Gln
Asp
Asp
Asn
Val
Ile
Trp
Met
Gly
Glu
Gln
Glu

Arg

Ala
Ser
Glu

Met

His
Glu
Pro
Trp
Trp
Lys
Ser
Leu
Ser
Gln
val
Ala
Val
Asp
His
Lys
Thr
Asp
Pro
Ala
TYY
Ala
Arg
Gly
Glu

His

Arg
Glu
Ser
Gly
val
Ala

Gln

Gly
Lys
Asn
Met
Val
Leu
Gln
Ile
Ser
Gln
Thr
Tyr
Gly
Phe
Glu
Thr
Asp

Thr
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<211>
<212>
<213>
<400> 85

agcggggcegy
gagtctgegg
cagaggcgac
ggatcctgeg
aacgttcgeca
ctgcteettt
tggtacgaac
gacagttttce
gagcacgctyg
ctggatgatce
aggaaaagca
atcatttaca
caggctcagt
agtaaagtca
gaagatttac
accaatggtg
ttaatgcttg
actgaactta
cagagcgcct
actatagttg
gaacagaaat
cgcaccttea
tgcatgccaa
aagttgagac
tttgataaag
ggcacgcaca
ttteggceace
ctecatecgtta
ttggtaattg
ctecegageg
ctgteccttet
tggeagtttt
gagaagcttc
aaggaaaata
ctcattaaaa
aaggagcgag
agtgagagct
ggcgaacctg
ttececctgaca
ctgaagtatc
ccaaaggaag
actgagttga
ctecccecatgt
gacagtatga
tectteteat
aaatgaaaga
aactcagaaa
aggcattcte
aggacgagaa
gcataaagtc
ctgcttgacg
aagtgtaact
tacaattata

DNA

4157

Homo sapiens

ggegecageyg
aggggctegg
ccagcgegcet
cgcagaaaag
ctetgtgtat
ggttgaatcce
ttecagcaget
ccatggaaat
ccaatgatgt
aatatagtcg
agcgtaatct
gctgtctgaa
cggggaatat
gaaatgtgaa
aagatgaata
tggcaaagag
acaataagag
cccagaatge
gtattggggy
cggagagtet
acacctacga
gtctttteca
cgcaccctca
tgttggtgaa
atgtgaatga
caaaagtgat
tgcaattgaa
ctgaagagct
acctegagac
gttgggccte
tecetgactee
cttetgteac
ttggtcctaa
taaatgataa
aacacctgct
agcgtgccect
ccegggaagyg
acttcecatgce
tcattegcaa
tgtateccaaa
caccagagcce
tttetgtgtce
ctecctgagga
tgaacacagt
ctgtgittee
aaggccagca
catcagttac
tgaagagtag
tgagggtcct
agtgccecaac
taggaacggt
ggcagttttce
tcagtectcect

EP 2 336 768 A9

ctgecetttte
ctgcaccggg
cgggagaggce
ttteatttge
ataacctcga
ccaggcecctt
tgactcaaaa
cagacagtac
ttcatttgee
cttttctttg
tcaggataat
ggaagaaagg
tcagagcaca

‘ggacaaggtt

tgacttcaaa
tgatcagaaa
aaaggaagta
cctgattaat
gcecgeccaat
gcagcaagtt
acatgaccct
gcagctecatt
gaggccgctyg
attgcaagag
gagaaataca
gaacatggag
agaacagaaa
tcactcectt
gacctctetg
catcetttgyg
accatgtgca
caaaagaggt
cgecagecec
aaattttece
ccctctetgg
gttgaaggac
ggccatcaca
ggttgaaccc
ttacaaagtc
tattgacaaa
aatggaactt
tgaagttcac
gtttgacgag
atagagcatg
ctectgetac
aattcgectgce
tctgaagggce
gtttcacaag
ttgggaaagg
tgttataggt
aaatttctgt
cattggttta
ttcaaaggta

tcctgeeggg
gggatcgcge
tgcaccgccg
tgtatgcceat
cagtcttgge
gttggggcac
ttectggage
ctggcacagt
accatccgtt
gagaataact
tttcaggaag
aaaattctgg
gtgatgttag
atgtgtatag
tgcaaaacct
caagaacage
gttcacaaaa
gatgaactag
gcttgettgg
cggcagcage
atcacaaaaa
cagagctegt
gtcttgaaga
ctgaattata
gtaaaaggat
gagtccacca
aatgctggca
agttttgaaa
ccegttgtgg
tacaacatgce
cgatgggctce
ctecaatgtgg
gatggtctca
ttetggettt
aatgatgggt
cagcagccgg
ttecacatggg
tacacgaaga
atggctgetyg
gaccatgcct
gatggcccta
ccttetagac
gtgtctcgga
aattttttte
teotgttectt
aacctgttga
atcatgcatc
tgaaaaacat
agaagttaag
tgttggataa
gggagaattc
cctgtgaaat
gccatcatgg
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tagtttegcet
ctggcagace
cgecceccegec
cctegagage
acctaacgtg
aaggtggcag
aggttcacca
ggttagaaaa
ttecatgacct
tcttgetaca
acccaatcca
aaaacgccca
acaaacagaa
agcatgaaat
tgcagaacag
tgttactcaa
taatagagtt
tggagtggaa
atcagctgca
ttaaaaagtt
acaaacaagt
ttgtggtgga
caggggtcca
atttgaaagt
ttaggaagtt
atggecagtct
ccagaacgaa
ccecaattgtg
tgatctcecaa
tggtggegga
agctttcaga
accagctgaa
ttcegtggac
ggattgaaag
gcatcatggg
ggaccttect
tggageggte
aagaactttc
agaatattcc
ttggaaagta
aaggaactgg
ttcagaccac
tagtgggctc
atcttctetg
cacatcctgt
tagcaagtga
ttactgaagg
ccagatacac
caacatctag
atcagtggtt
ttacatgttt
agttcaaage
atctggtagg

ttcetgegea
ccagaccgag
tagccecttee
tgtctaggtt
ctgtgegtag
gatgtctcag
getttatgat
gecaagactgg
cctgtcacag
gcataacata
gatgtctatg
gagatttaat
agagcttgac
caagagcctg
agaacacgag
gaagatgtat
gctgaatgte
gcggagacag
gaactggttc
ggaggaattyg
gttatgggac
aagacagccece
gttcactgtg
caaagtcetta
caacattttg
ggcggctgaa
tgagggtcct
ccagectggt
cgtcageccag
acccaggaat
agtgctgagt
catgttggga
gaggttttgt
catcctagaa
cttcatcage
gctgeggtte
ccagaacgga
tgectgttact
tgagaatccc
ttactccagg
atatatcaag
agacaacctg
tgtagaattc
gcgacagttt
gtttctaggg
atttttctet
taaaattgaa
ccaaagtatc
caaatgttat
atttagggaa
tctttgecttt
caagtttata
gggaaaaktgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180



10

15

20

25

30

35

40

45

50

55

gtattttatt
gaagagaata
aggatgtaca
tttecatcttg
aaccactcat
atgtttctta
ccacaaaatt
gataatatga
catatgtttc
tactttttcee
ctttttcett
ttcectttta
aactatatta
ttgttttaaa
tttecgtgge
aacctaagtt
aaacaatatt

<210> 86
<21l>
<212>
<213>
<400> 86

gctcatacta
ctaatcagca
caggatcagc
ttggctgtet
aaggctacca
agcecaggacce
cagcecctttt
gaaaaaagaa
gaaacacctg
atgatggaga
ttcegatata
gagcagaaga
gatgcctceca
ttggaggagt
ttggaacagce
ctgctgaagg
aaadggggtgg
gcctttgtag
aagactggca
gagtcactga
aagttcaaca
ggtttgattt
aagggcagea
gtcaaatata
attatttcca
ctcagccececaa
ttgetgggec
gaccagctga
ttattgtcect
acatggctgg
ggacgcatca
tctggecaccet
gtggagcacc

DNA

acatctttca
ttagctttac
tttccaaatt
gtcacataca
tcaaaagttg
aatgggctac
gggaaaggayg
gaatcagate
gctgatatat
agacactttt
ccttatcact
catactgctg
tcatgcaaat
attaaagcta
actgcataca
tcagttgatt
gtttcta

4451

Homo sapiens

gggacgggaa
gagcccaaat
tgcaccagct
ggattgaaga
tgctattett
cagagtcctt
cccaggatcce
ttttgatececa
tggagagcca
agctggtaaa
agatccagge
ttctgeagga
aagcactgct
ggaaggccca
tggagacatg
agctgaaggg
acctacgcaa
tagaaacceca
gcaagttcac
ctgtggaagt
ttctgactte
gggactttgg
ataaggggcce
cctaccaggg
acatgaacca
accttecagaa
ctgctetcag
gcatgetgag
gggctgactt
acaaaattct
tgggcetttgt
ttectactgeg
aggatgatga

EP 2 336 768 A9

cattggctat
tgtttgttat
cacaagttgt
attattttta
aaattaacca
tttgtecttt
tagaaaaagc
atttcaaaac
gtgttttteca
ttgagtggat
gacacaaaaa
tetatgtggce
gctgtattct
aagtatctgt
atctgaggcce
ttacaattga

gtegegacca
ggcgcagtgyg
ttactecgecac
ccagaactgg
ccacttcttyg
gttgctgcag
tacccagttg
ggctcagagg
gcaacatgag
atccatcage
caaagggaag
aactctcaat
aggccgatta
gcagcaaaaa
gttcacagct
actgagttge
cgcccaggte
gccectgeatg
cgtccgaaca
ctecattgac
aaaccagaaa
ttacctgact
actaggtgtg
tctgaagcag
gctctecaatt
ccagcagtte
ttggcagttce
aaacaagctg
cactaagcga
ggagttggta
gagtcggage
cttcagtgaa
caaggtgcte

ttaaagacaa
ggcttaatga
gtttgatatc
cagttcteccee
tagatgtaga
ttgttattag
agtaactgac
tcatttccta
catttgcgaa
gatgtttcegt
gtagattaag
tgtatcttgt
tetttggtagg
attgcattaa
tcectectetea
aatgactaaa

gagcecattgg
gaaatgctge
agccteetge
caggaagcty
gatcagctga
cacaatttge
gctgagatga
gcccaattgyg
attgaatccc
caactgaaag
acaccctcete
gaactggaca
actaccctaa
gcctgcatca
ggagcaaagc
ctggttaget
acagagttgc
ccccaaacte
aggctgctgg
aggaatcctce
actttgaccc
ctggtggagc
acagaggaac
gagctgaaaa
gecetgggett
ttctecaace
tcectectatg
ttegggeaga
gagagcccte
catgaccacc
caggagcgcece
tcgtcagaag
atctactcetg

77

agacaaattc
cactagctaa
caaagctgaa
aagggagtta
taaactcaga
ggtggtattt
aacttgaata
tgtaactgca
tggttecatt
gaagtatact
agatgggttt
ttttecacta
agataaagat
atataatatg
gtttttatat
aaacaaagaa

agggcgeggg
agaatcttga
ctgtggacat
cacttgggag
actatgagtg
ggaaattctg
tetttaacct
aacaaggaga
ggatcectgga
accagcagga
tggaccceccca
aaaggagaaa
tegagetact
gagctecccat
tgttgttteca
atcaggatga
tacagegtct
ccecategace
tgagactecca
ctcaattaca
ccgagaaggyg
aacgttcagg
tgcacateat
cggacaccct
cagttctetg
cceccaaggce
ttggccgagg
actgtaggac
ctggcaagtt
tgaaggatct
ggctgctgaa
ggggcattac
tgcaaccgta

tgtttecttga
tatcaataga
tacattctge
ggctattcac
aatttaatte
agtctattag
atacaccaga
ttgagaactg
ctctcteectg
gtatttttac
gacaaggttc
ctgctaccac
ttcttgagtt
cacacagtge
agatggcgag
gaéaacatta

gactgcaacc
cagccccettt
tcgacagtac
tgatgattee
tggcegttge
ccgggacatt
ccttctggaa
gccagttcte
tttaagggct
tgtettetge
tcagaccaaa
ggaggtgctg
gctgecaaag
tgaccacggyg
cctgaggeag
ccctetgace
gctecacaga
ccteatecte
ggaaggcaat
aggcettecgg
gcagagtcag
tggttecagga
cagcttcacyg
ccectgtggtyg
gttcaatttyg
ccectggage
cctcaactca
tgaggatcca
accattctgyg
ctggaatgat
gaagaccatyg
ctgctcectgy
cacgaaggag

3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4157

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
860

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1520
1980
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gtgctgcagt
aatatacctg
gggtgctact
ctcattgtgg
gagccagagce
ctggacttag
ctggagtcca
ccagagccag
ctgagacatt
atcatgecga
tceccgeecea
catttcctcet
ctccaaggat
gcectgtgtga
aatgaatcag
tgctgggagg
tcagggcagt
taaactggtg
atttectttcet
ggctcaageco
ccatgtgaaa
agtctcctec
cctgecaate
tttctcaatg
attttttett
tcacagctca
gggtagctag
cttgctatat
cccaaagtge
ttttttgaga
ctcactgeaa
ctgggattac
gtttctecat
ggcctceccag
ttatagtatt
tctetattat
tttctattecg
aggtctgtca
ggcaactgac
ctgcacaggt
ctcttectgag
aaaaaaaaaa

<210> 87
<21l> 9
<212> PRT
<213>
<400> 87

cactcccget
aaaacccact
accaggagaa
tctectaatag
tggagtcatt
agccactgct
ctetggagcce
accaaggacc
tgaacactga
atggtgaccc
gccacttceta
gttcttttca
gggaatcagg
ctecattggg
aacagatget
tataggggtce
ggcttettte
catactggca
tccatteett
ctgaatttet
ctctaccctg
cctactctgce
taatgtgagt
cttaggagac
ttttaaacag
ctgcagcctc
caccatggeca
tgccecagget
tgggattata
tggagtttet
cctecgectt
agatctgcecac
gttggtcagg
agtgctggygga
ggataaagtt
gttatcatcce
ttggttgtgg
taggactctg
attgctccaa
ggctgtttct
cagaaatggc
a

Homo sapiens

EP 2 336 768 A9

gactgaaatc
gcgettecte
agttaatctce
acaggtggat
agagctggaa
gaaggcaggg
tgtgatagag
tgtatcacag
gccaatggaa
actgttggct
cactgatgga
tatctcttge
catgtgtccece
gtgagaggtg
gagecatagg
ctgggggceag
cagtatggaa
ttggcecttg
catgtetagg
tcttttectg
aagaaaggga
ccctaagcetg
gtgaagcttt
agatcactec
ggtetcacte
aacctcetgg
tgcgecacca
ggtcttgaac
ggcatgagcce
ctcttgttgt
ccgggttcaa
caccatgcce
ctggtctecga
ttacaggcgt
tggtgttttt
tcecetttktt
acctggacaa
gacaatctca
gatgttctcece
tgtetgttat
taataaactt

atccgeecatt
tatccecgaa
caggaacgga
gaactgcaac
ctagggctgg
ctggatctgg
cccacactat
ccagtgecag
atcttcagaa
ggccagaaca
cecttgatge
cettectact
ttecaagetg
aaagcataac
tectaaatagg
gccagggeag
ggatttcaac
gtggggagca
ataacttget
caggggttga
tggataggaa
gctgtacctg
gcacactagt
tggaggetgg
tgttgeceag
gttcaagcaa
tgeectattt
tgggctcaag
actgtgettg
ccaggctgga
gtgactctec
agctaatttt
actecctgacc
gagccactgt
acagaggaga
gtacaatatg
agtccaagtc
caccttagcect
tgatgtaget
gtecagaggaa
tgtgctgatc

Gly Ser Glu Asn Leu Tyr Phe Gin Leu

<210> 88
<211l> 27
«212> DNA
<213>

<400> 88

5

homo sapiens

78

accagttget
tcceccggga
ggaaatacct
aaccgctgga
tgccagagee
ggccagaget
gcatggtatc
agccagattt
actgtgtaaa
ccgtggatga
cttectgactt
cctcatageca
tgttaactgt -
atgggtacag
atcctggagg
ttgacaggta
attttaatag
cagacacagg
ttecttettte
gagctttetg
gtagacctct
ttcetececce
ttatgctace
ggatggtagg
gctagagtge
tecctectace
ttttttttta
tgatcctecac
gccaggattt
gtgcaatggt
tgceteagec
gtatttttag
tcaagtgatc
tecccagcagyg
agcaatgggt
ttgtttacct
tgtggaactt
attcccagygg
tgagatataa
cagtcctgtt
tggaaaaaaa

cactgaggag
tgaagetttt
gaaacacagg
gcttaageca
agagctcagce
agagtctgtg
acaaacagtg
gcecctgtgat
gattgaagaa
ggtttacgtc
ctaggaacca
tgatattgtt
tcaaactcag
aggggacaac
ctgectgetg
cttggaggge
ttggttagge
ataggactcc
ctttactect
ccttagecta
ttttettace
ataaaatgat
tagtctecac
attgctgggg
aatggtgcaa
tcagcectect
aagacagggt
gcettggect
ttttttttte
gtgatctcgg
tceccagtag
tagagacggg
tgtccaccte
aatttctttt
cttagctett
gaaaggaagg
aaaaccttga
aaccccagygg
aggaaaggcce

cagaaagdggdg
aaaaaaaaaa

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2540

"3000

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4451
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tctagaggcece

<210> 89
<211> 29
<212>
<213>
<400> B89

tctagatgga

<210>
<211>
<212>
<213>
<400> 50

gaattccgaa
cggaaaagca
gcacccagcect
agagggtcce
gtggccttcet
caccceecagce
tececgegete
ggcccocegget
ccaaccgecdg
cctcattett
acacctgcac
cacctccacy
cagggtcttce
gggectctge
aaccatcgte
ggtcatatcce
ctgccagatce
gcctetggee
ccggggectce
catccategg
gcacttcteca
catcgtggte
gtctttette
atatctaaac
ggcctttcag
cctgggcectac
gcgcateccce
tgaatggaaa
ccaatcctec
tgtagggeccce
caccatctce
gggaataatc
caagacagga
catcaggcag
aatgatacgg
caacgaaaac
gattatgatt
tggaagtgag
gcecggaatte

20

DNA

DNA
homo sapiens

2290

tgatcateceg

aaacagaagt

Homo sapiens

tcatgtgceayg
gattctegta
tcgggtaggg
cggecageccc
gagggttcce
caaacccecace
ccgeectecge
gggaccatgg
gcaccggtga
tteggggtge
tcagtcacgce
gtgctgcccet
tgcaacatct
atcatctecea
acccagagga
attggacccc
aacgaggagc
atcatcectgg
aagtctggcece
aaaaacgcce
gtgaggctce
ggctgctteg
cctgatttea
agctgcatca
aatgtcttga
accctgeace
gtgggatcaa
tttttetett
tgtaccacag
tcaaceccceca
ctcagtgaga
ttaggtaccc
ccaatcaaag
cgggtaggge
aacagcattt
caccatggga
tecatcatgaa
gggattttat

EP 2 336 768 A9

gtctcac

ccecggaaac

aatgctgaat
attctggaat
agggagtcceg
gcgcgecect
agggctggec
tggcagggct
gccagecegg
tgtttctete
acatttcecaa
tgggtaacat
actactacat
tcteegecat
gggcggcagt
tcgaccgeta
ggggtctcat
tgtteggetg
cgggctacgt
tcatgtactg
tcaagaccga
cggcaggagyg
tcaagttctc
tcetetgetg
agccctctga
accccatecat
gaatccagtg
cgcccageca
gagagacctt
cecatgececeg
ccegggtgag
geccettgacaa
acggggagga
accccactte
aggggacctg
acagggaagdga
ccetgeaget
aacagaattt
tattttgage
tttcaggetce

cttecececcag
tgecatgttge
ggtccecggge
ggccatgtet
agggttgttt
ccctecagece
gaggtggcce
gggaaatgcect
ggcecattety
cctagtgate
cgtcaacctyg
cttecgaggte
ggatgtgctyg’
catcggegty
ggctctgcte
gaggeagceceyg
gctettctea
ccgegtetac
caagtcggac
cagcgggatg
ccgggagaag
gctgectitt
aacagttttt
ataccecatge
tctecgecaga
ggccgtggaa
ctacaggatc
tggatctgee
aagtaaaagc
gaaccatcaa
agtctaggac
cttcteggaa
ctgggaatgyg
gggagggtgt
aatgetttet
catgcacaat
acacactcta
aacctactga

79

ccaggacgaa
aaggagtcetce
taggeccagee
ttaatgcecect
cccacecgeg
gagacctttt
tggacagccg
tcecgacagcet
cteggggtga
ctectecgtag
geggtggeeg
ctaggctact
tgctgecaccg
agctaceccge
tgcgtctggg
gcececgagg
gegetggget
gtggtggcca
tcggagecaag
gccagegeca
aaagecggccea
ttecttagtea
aaaatagtat
tccagccaag
aagcagtctt
gggcaacaca
tccaagacygg
aggattacag
tttttggagg
gttccaacca
aggaaagatg
ggccagctcet
ggtgggtagt
ctcacaacca
tggtcactct
ccaaaagact
agtttggage
cagccacatt

taagacagecg
ctggatctte
cggcaggtgg
gececectteat
cgegegetet
gattcecegge
gacctcgece
ccaactgcac
tettgggggg
cctgtcecacceyg
acctectget
gggecttegg
cgtccatcat
tgcgctacce
cactctcect
acgagaccat
ccttctacct
agagggagag
tgacgcectecg
agaccaagac
aaacgetggg
tgcccattgg
tttggectegg
agttcaaaaa
ccaaacatge
aggacatggt
atggegtttg
tgtccaaaga
tctgectgcetyg
ttaaggtcecea
cagaggaaag
tcttggagga
agacccaact
accagttcag
gtgccecactt
ataaatatag
tatttcttga
tgacatttat

27

29

60
120
180
240
300
360
420
480
540
600
€660
720
780
840
200
960

1020
1080
1140
1200
1260
1320
1380
1440
1500

‘1560

1620
1680
1740
1800
1860
1220
1980
2040
2100
2160
2220
2280
2290
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<210> 51

<211l> 26

<212> DNA

<213> homo sapiens
<400> 91

ctcggatate taaacagetg
'<210> 92

<211> 28

<212> DNA

<213> homo sapiens
<400> 92

tctagacttt ctgcagagac
<210> 93

<211> 31

<212> DNA

<213> homo sapiens
<400> 93

tctagatcga aggcagtgga
<210> 54

<211> 27

<212> DNA

<213> homo sapiens
<400> 954

tetagaggece tgatcatcceg
<210> 95

<211> 23 i
<212> DNA

<213> homo sapiens
<400> 95

cggatccgtt ggtactcttg
<210> 96

<211> 4989

<212> DNA

<213> homo sapiens
<400> 96

ttttttttet ttttgagaaa
ggaggagggt ccccgacctc
tggcecgacga gtggagaaat
ctgaagecgee tggagaactg
aaggccgagg actaccgcag
ctgctgttec gagtggetgg
atccgegget ggaaactett
aaggatattg ggctttacaa
aatgetgacc tctgttacct
aataactaca ttgtggggaa
atggaggaga agccgatgtg
tggaccacaa accgctgceca
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catcaa

actggattc

ggatcttecag g

gtcteac

agg

gggaatttca
gectgtggggg
ctgecgggcca
cacggtgatc
ctaccgcette
cctegagage
ctacaactac
cctgaggaac
ctccactgtg
taagcececcca
tgagaagacc
gaaaatgtgce

tceccaaataa
ctecctgttte
ggcatcgaca
gagggctace
cccaagctcea
ctcggagacce
gccctggtea
attactceggg
gactggtcece
aaggaatgtg
accatcaaca
ccaagcacgt

80

aaggaatgaa
tectcegecge
tccgeaacga
teccacatcecet
cggtecattac
tcttcccecaa
tecttegagat
gggccaktcag
tgatcctgga
gggacctgtg
atgagtacaa
gtgggaagcg

gtctggctcec
gctctegete

ctatcagcag
gctcatectce
cgagtacttg
ccteacggte
gaccaatcte
gattgagaaa
tgcggtgtce
tccagggacce
ctaccgetge
ggcgtgeace

26

29

31

27

23

60
120
180
240
300
360
420
480
540
600
660
720
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gagaacaatg
acggcctgtg
cccaacacct
ctecagegecyg
gagtgccect
ggtccttgece
tctgctcaga
cgggggaata
ggctacgtga
cgectcecatcece
cagaacttge
atgtactttg
acggggacta
gecctectgtg
atcataacct
tactacaagg
tccaacaget
atcttactac
ctecacecatgg
accaatgctt
cagttaatcg
gtgcgetgge
gacaaaatcc
aaccccaaga
gaagccgaga
ctgcacaact
gccaacacca
accgaccegg
gagagaactg
tgcaaccacg
atgececcgeag
aactccatct
gaaataaaat
aggaagtatg
caggccacat
gccaaaacag
ttgatcgtgg
aggctgggga
gtgtacgttce
gggcaggggt
cctgaaacca
gagtttcteca
ctgggtgtgg
gatctcaaaa
cctccaagec
ctecaacgcceca
gatttcacag
taceggaaag
gatggagtct
gccacactgg
atggagggcg
cgcatgtget
atcaaagagg
aagctgeceg
gacccctegg
gagaacggcc
tacgcceaca

agtgctgceca
tagcttgecg
acaggtttga
agagcagcgda
cgggcttceat
cgaaggtctg
tgctcecaagg
acattgcttc
agatccgcca
taggagagga
agcaactgtg
ctttcaatce
aagggegeca
aaagtgacgt
ggcaceggta
aagcaccctt
ggaacatggt
atgggctgaa
tggagaacga
cagttectte
tgaagtggaa
agcggecagcce
ccatcaggaa
ctgaggtgtg
agcaggecga
ccatcttegt
ccatgtecag
aagagctgga
tcatttctaa
aggctgagaa
aaggagcaga
ttttaaagtg
acggatcaca
gaggggccaa
ctetetetgg
gatatgaaaa
gagggttggt
atggagtgcet
ctgatgagtg
cgtttgggat
gagtggccat
acgaagctte
tgteccecaagyg
gttatecteeg
tgagcaagat
ataagttcgt
tcaaaatcgg
gaggcaaaqg
tcaccactta
ccgagcagcece
gecttetgga
ggcagtataa
agatggagec
agcecggagga
cctectegte
ccggecctgg

tgaacggggg
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ccecegagtge
ccactactac
gggctggege

ctcecgagggg.

ccgcaacgge
tgaggaagaa
atgcaccatc
agagctggag
ttctecatgece
gcagctagaa
ggactgggac
caaattatgt
aagcaaaggyg
cctgeattte
ccggeccech
taagaatgtc
ggacgtggac
gccectggact
ccatatecegt
cattcecettg
cccteeetet
tcaggacggce
gtatgccgac
tagtggggag
gaaggaggag
gcecagaccet
ccgaagcagg
gacagagtac
cctteggect
getgggctge
tgacattccect
gecggaacct
agttgaggat
gectaaaccgyg
gaatgggteg
cttcatccat
gattatgctyg
gtatgcetct
ggaggtgget
ggtctatgaa
taaaacagtg
tgtgatgaag
ccagccaaca
gtctctgagg
gattcagatg
ccacagagac
agattttggt
gctgetgeece
cteggacgtc
ctaccagggce
caagccagac
ccccaagatg
tggcttccgg
gctggacctg
ctcectgceccea
ggtgctggte
ccgcaagaac

ctgggcagct
tatgceggtyg
tgtgtggacc
tttgtgatcc
agccagagcea
aagaaaacaa
ttcaagggca
aacttcatgg
ttggtctect
gggaattact
caccgcaacce
gtttccgaaa
gacataaaca
acctccacca
gactacaggg
acagagtatg
cteecgecca
cagtacgccyg
ggggccaaga
gacgttettt
ctgecccaacg
tacctttace
ggcaccatcyg
aaagggcctt
gctgaatace
gaaaggaagc
aacaccacgg
cctttetttg
ttcacattgt
agecgccteca
gggccagtga
gagaatccca
cagcgagaat
ctaaacccgyg
tggacagatc
ctgatcateg
tacgtettee
gtgaacccgg
cgggagaaga
ggagttgcca
aacgaggccg
gagttcaatt
ctggtcatca
ccagaaatgg
gceggagaga
cttgetgeee
atgacgcgag
gtgegetgga
tggtcetteg
ttgteccaacg
aactgtcctg
aggccttect
gaggtctcct
gagccagaga
ctgecegaca
ctcegegeca
gagcgggect

81

gcagegegcec
tetgtgtgec

gtgacttetyg

acgacggega
tgtactgecat
agaccattga
atttgctcat
ggctcatcga
tgtecttect
ccttctacgt
tgaccatcaa
tttaccgeat
ccaggaacaa
ccacgtcgaa
atctcatcag
atgggcagga
acaaggacgt
tttacgtcaa
gtgagatctt
cagcatcgaa
gcaacctgag
ggcacaatta
acattgagga
gctgegectg
geaaagtett
ggagagatgt
ccgceagacac
agagcagagt
accgcatcga
acttecgtcett
cctgggagee
atggattgat
gtgtgtccag
ggaactacac
ctgtgttett
ctetgeecegt
atagaaagag
agtacttcag
tcaccatgag
agggtgtggt
caagcatgcg
gtecaccatgt
tggaactgat
agaataatcc
ttgcagacgg
ggaattgeat
atatctatga
tgtcteoctga
gggtcgtect
agcaagtcct
acatgctgtt
tcectggagat
tctactacag
acatggagag
gacactcagg
gcttcgacga
tgccgetgee

tgacaacgac
tgcetgeccg
cgccaacate
gtgcatgcag
cccecttgtgaa
ttctgttact
taacatccga
ggtggtgacg
aaaaaacctt
cctegacaac
agcagggaaa
ggaggaagtg
cggggagaga
gaatcgeate
cttcaccgtt
tgcetgegge
ggagcccgge
ggctgtgace
gtacattcge
ctecctettet
ttactacatt
ctgcteccaaa
ggtcacagag
cccecaaaact
tgagaatttc
catgcaagtyg
ctacaacate
ggataacaag
tatccacage
tgcaaggact
aaggectgaa
tctaatgtat
acaggaatac
agceccggatt
ctatgtccag
cgctgtectyg
aaataacagdc
cgctgetgat
ccgggaactt
gaaagatgaa
tgagaggatt
ggtgcgattg
gacacgggge
agtcctagea
catggcatac
ggtagccegaa
gacagactat
gtccetcaag
ctgggagatc
tcgettegte
tgaactgatg
catcagcagce
cgaggagaac
cgtcccecty
acacaaggcce
gagacagcct
ccagtetteg

780

840

200

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

12220

2280
2340
2400
2460
2520
2580
2640

2700

2760
2820
2880
2940
3000

‘3060

3120
3180
32490
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3860
4020
4080
4140
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acctgctgat
ggtggggggg
cttcagttct
atgttecttt
tgggecttta
tcctecactct
ggaaaaataa
tgtecectgtg
aaaaacacgt
ttacaaaggg
aaatcctgaa
tgagcatgge
gactgccect
attattattt
tgaaccgge

<210> 9»
<211l>
<212>
<213>
<400> 97

gtttctccag
gcgtgatceg
atgaacaagc
ggcgaggagt
cccaacdaca
gaggtcctcee
gcecatcagtce
cectgtagece
ccaatcactc
atcatecgecca
gcegagtatg
gagtgtceceg
cgcttcaaac
ggectttgatg
aatgacttce
ggagccgetce
ggagctacat
ccaccteecac
gtccagaacc
atcaatggca
gtgcctecac
catgggaagc
gtacgggaga
cctaagcatt
gaaagtgtca
ggcagcgaac
tcttccagaa
tgggagtgtt
tcatatccag
ccaaacatta
tgccaacctg
tgacaggccce
cttcagggta
ttgaccatct
atgacaggga

DNA

ccttggatcc
gagagagagt
gcecttgetg
tttecaatatg
agaaccttaa
gteectgtece
ttgccacaag
gceccatcea
ggagatggaa
ccategttea
ctttctecct
agctggttge
gctgtgcectge
gggggaactg

3076

homo sapiens

ggaggcaggd.
gcaccaaate
tgagtggagg
ggacccgeca
aagtcatggg
agtcaatgeg
tggtgtgtga
gcecgcetceag
tcaccgtcete
accaccacat
tcgectatgt
aagggcttge
aatacctcag
gctcagcatg
cggggaagga
caggggctge
tgcctgtagg
caccctgtee
tagacaaggce
gtgecaccceg
ctecccecagte
tgagcecggeg
gcacgaccac
tgctactggt
gtcaccttat
tgtgtctaca
gatgccetee
ctgtgggctt
ctgagtgaga
atcaccaaag
atgccectte
agtggaacag
tccecagaccece
cttaggtcta
tgccaacacc
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tgaatectgtg
tttaacaatc
cccgegggag
caagcagcett
tgacaacact
ttececectgtte
tccagetggg
accactgtac
atttttacct
tccaaggcety
catcggceceg
tcecatttgag
tcaaggccac
gacacaatag

cccggggaga
ggeccegeggt
cggcggdgcge
cgggagettt
acccggggtt
tgcectggac
ggctgtgeeg
ctctatceccetyg
caccagcagce
gcaatctate
tgccaaagac
ccaggatgte
gaacccacce
ggatgaggag
accccececttg
tcgacccact
acagcctgtt
agcaggcaga
ccggcaagca
ggacctgttt
ggtgtccatg
ggaggctgag
acctggccag
ggacectgag
cagctaccac
gcaacctgtg
aatcctttcec
ggccttgtgt
gggtttgagt
tattaatgta
cccaagaagg
tcacccttet
ctctecaacac
atgatatttt
ttettggett

caaacagtaa
cattcacaag
acagcttcte
tttatteccet
taatagcaac
tcecetttete
aagcecctttt
acacccgcect
ttatctttea
ttaccatttt
gcgetgatte
agacacgctg
aggcacacag
gtctttetet

aagttggagc
geggtgegga
aggactcggg
gtcaataagc
tcctacttgg
ttcaacaccce
ggtgctaagg
gggaggagta
ctcaacctea
tecatttgeat
cctgtgaate
atcagcacca
aaactggtca
gaggaagagc
gggggggtag
gcacccaatg
gggggagatc
gagctttttg
gtgggtggtg
gacatgaagc
gctgagecage
gcactgctgce
tatgtgctca
ggtgtggtte
atggacaatc
gagcggaaac
accctattce
cagagctggg
caaaagcctg
cagagtggce
tgagtgcttg
gggcaagggg
ccgeececcee
atgcaaacag
ctgggacctg

82

cgtgtgegea
cctecetgtac
tgcagtaaaa
gcccaaacce
agagcacttg
tecteetectet
tatcagtttg
gacaccgtgg
cectttectagg
aacgctgect
ctegtgteeg
gcgacacact
gtcteattge
cagtgaaggt

ggtaacctaa
gactccatga

tggaaggggg
ccacgegggg
ttecggtacat

ggactcaggt
gggcgacaag
acctgaaatt
tggcecgcaga
ccggegggga
agagagcctg
ttggccagge
ccccteatga
cacctgacca
tagacatgag
cccagacece
cagaagtecg
atgatcectc
ctgggceccec
ccttegaaga
tccgagggga
agctcaatgg
ctggcttgca
ggactaagga
acttgccecat
tgtgatctge
ctaactctceg
agtagcatgg
ggtgagaatc
cctecacctgg
tcatggaaaa -
gaacaaatca
catgtttaaa
ttettggacc
tgttettget

cgcgcagegyg
ctcagtggat
cacatttgygg
ttaactgaca
agaaccagtc
gcttcataac
aggaagtggce
gtcattacaa
gacatgaaat
aattttgcca
gaggcatggg
ccgtecatce
ttctgactag
ggggagaagce

gctggcagtg
ggecctggac
ccagettggg
ctggctgcat
gggttgtgtyg
caccagggay
gaggagaaag
tgctggaatg
ctgcaaacag
tccggacaca
ccacattcectg
cttecgagttg
caggatggct
tcagtactat
gcttegggaa
cagccacttyg
caaacagatg
ctatgtcaac
caatcctgcet
tgetettege
gcectggtte
ggacttecctg
gagtgggecag
tcaccgettt
catctetgeg
cctagegete
ggacctcgtt
actctgggtt
ctgectetee
gecttteetg
tgtecetgtgg
cacctctggg
ctttgtgect
cctgaattca
gagcacccte

4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
4989

60
120

© 180

240
300
360
420
480
540

- 600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
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teceggtttgg
tgcaaccett
ccttgctcag
taaggcctge
cctgaagcct
gcctettgta
gactataaag
aaagttttat
gecttattett
tttececaagee
atcgecacctt
aaaacttggg
ttcatggagg
cctaggcecg
aagggagagt
ctcacttata
aaaaaaaaaa

<210> 95811
<21l> 4

<212> PRT
<213> homo
<400> 9811

gttgggataa
agagattgce
tgcctcecctgg
ccteeccatgt
ctgeectgec
cagttaactc
cagtagacaa
atgcatatat
gagcacaaaa
cttttacage
ttataccaga
tetettaceg
ggaaacgcaa
gggtggccac
tgaccgtttt
ccaaagggaa
aaaaaa

sapiens

Asn Ser Gly Ser

1

<210>
<211>
<212>
<213> homo
<400> 99
gaaatcaggce
cecaegagegec
tggccttace
cgagccagtt
tgaagtgcca
geggogeoge
ccgagggget
ccectgagega
ccatcatgta
cagegccgeg
cagaggcgtg
gtgatatcta
ttatcaccct
tggtcaaatc
ccactacatt
tttttccagt
gtgggaaaga
agtacaccac
caggccagag
ccatctcaac
tgatcaaagg
gctcagggcet
tgaggtgctt
gcccagagec

99
2261
DNA

sapiens

tcegggecgg
tcecectegeg
agtgaccgce
cegggtgteyg
ggtgctgety
cgccagtcce
ggacacccag
cttecgecga
cttcagccac
accaccaaca
ccggecageg
catctgggcg
ttactgcaac
gggagacaag
acttcaaact
cttectecct
ttacttttte
aagggtcaca
ctaccegeag
ctetteececeg
cacacagcaa
ctttecteca
gagtctccaa

tcgaggaggt
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cagaggcagg
ccagagecce
ccggggecce
tgcatgecta
tcectttetg
tcccaggtgg
tccccacata
tttagggctg
tgataatcaa
tettggeatt
gacctgaggce
cgagactgag
aacctgecagt
accacagcaa
catcectggece
aactetteat

ccgaagggeg
cccgagctie
ttgcteectge
ccgctggate
teccaacccga
accttccetcec
cggttcteqgg
gagaacgagg
ttegtgeegg
ccggcgecca
gcggggggcy
ccettggecg
cacaggaace
cccagceettt
gagatcctte

gtgtattcat

tttatgtgtt
atactgttgt
agttctcaga
ccegttttac
gtcagggttg
caccattcag
cggcaaggga
aatgaattaa

agtggcagcet
actceceggee
tcacccecaayg
tgtactctac
ggagggceggg
attttgtgga
ccatctgtag
tagacttact
ttattacatt
ttectcgecet
agatgaaatt
aggcagaagt
tecctgagtac
gccggecece

tccttttget

taaagtcecegt

caactttcce
gagccaagca
cgctggectt
ggacctggaa
cgtegggetg
tatacctetc
gcaagaggtt
gctactattt
tcttectgece
ccatecgegte
cagtgcacac
ggacttgtgg
gaagacgtgt
cggcgagata
cttttgaggg
tctecatgatt
tgacgggaaa
gcgcacatcecyg
atcatgctga
aaagggggag
gagcagtagc
gtctttettt
acaagtactt
agaagagaac

83

gtcccetete
aggcgggaga
gggtctgtat
gccaaagtge
gtgggggtga
ggtgagaaaa
agttggaact
ttcectatttt
tatacatcac
aggcctgtga
tattteccatc
cagcccgaat
cttctacagg
cctettttgg
gtttggatgt
atttcttcta

cceteggege
gegtectggg
gctgcteccac
cctgggegag
ctcgtggete
ccaaaacaag
gggggacacce
ctgcteggece
agcgaagccc
gcagccectg
gagggggctg
ggtccttete
ttgcaaatgt
cgtctaacce
agcaagtcct
attattttag
caaaactagg
cggtagggcg
gagagctgga
gctaaagece
tggagggacc
ccgaggeecc
cttgatacct
tgectttgge

cctggggata
tggaccecte
atacatttca
agcecttect
ctgaatttgg
ggggcattga
gcattectttt
cittttecatt
ctttttgact
ggtaactggg
taggactaga
gecctgteagt
cceggceecag
ccttgtggat
ttccacgggt
aaaaaaaaaa

cccaccggcet
gagcgcgtca
gecgecaggc
acagtggagce
ttcecageege
cccaaggcgg
ttegtectea
ctgagcaact
accacgacge
tcecctgegece
gacttcgect
ctgtecactgg
cceceggectg
tgtgcaacag
tcecettteat
tggggdcggy
taaaatctac
tggaaagggy
ggcacccatg
agagacagct
ttgtctecca
tgtctcaggg
gggatactgt
agagttctat

2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3076

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960

1020
1080
1140
1260
1260
1320
1380
1440
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aatgtaaaca
aataaaatga
ctectgtgaaa
cccatgaaag
ctaaggccet
ctttttatac
caactagcag
ctgctgtece
ggagagaaaa
aataatctce
aatatgtctt
aaacatttgt
aaaaaaaaaa
aaaaaaaaaa

<210> 100
<211>
«<212>
<213>
<400> 100
gagttgtgecc
cctecageac
gggageccag
goeggetiea
cgggacatgc
ggtttctgag
atgaccatga
aacgagetgg
gaggtgtacc
gagttcaacg
ggccecgggt
aacagegtgt
ctgcagcccce
gtgegegagg
ggcagagaaa
gagactcget
tecctgtgagg
tgtacageca
cggetcegeca
ggagggagaa
gggtctgetg
tctaagaaga
gatgctgage
tegatgatgg
gcgaagaggyg
tgtgcetgge
aagctactgt
atggtggaga
cagggagagg
tttetgtcea
aagatcacag
caccagegge
ggcatggage
ctggagatgce
gaggagacgg
aagtattaca

DNA

6450

atatcagact
agtggtgagc
ccectatgtyg
aggacaggct
cttgaatctc
tttgtaaaga
atacagggat
aaacatgcac
aacttaagta
tgttaatatg
tcttttttaa
agcatcctct
aaaaaaaaaa
aaaaaaaaaa

homo sapiens

tggagtgatg
ctttgtaatg
gagctggegg
ccggaccgea
gctgegtege
cecttetgece
ccetcoecacac
agcccctgaa
tggacagcayg
ccgaggeegce
ctgaggctge
ctececgagecc
acggccagca
ccggeccgee
gattggccag
actgtgecagt
gctgcaagge
ccaaccagtg
aatgctacga
tgttgaaaca
gagacatgag
acagcctggce
cceccatact
gcttactgac
tgccaggctt
tagagatcct
ttgetcctaa
tcttegacat
agtttgtgtg
gecaccctgaa
acactttgat
tggccecaget
atctgtacag
tggacgceca
accaaagcca
tcacggggga
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tttttttttt
ttaaccctgg
gaggecggaat
acccctttac
tgaatttgag
caattgttgg
gaggcagace
ttecctitgett
gataaggaaa
gtgtacatte
atagggttgt
ttaatgggta
aaaaaaaaaa
aaaaaaaaaa

tttaagccaa
catatgagct
agggcgttcg
ggctcecgag
ctctaaccte
tgeggggaca
caaagcatet
ccgteegeag
caagccegcec
cgecaacgeg
ggcgttegge
gctgatgcta
ggtgcectac
ggcattctac
taccaatgac
gtgcaatgac
cttcttcaag
caccattgat
agtgggaatg
caagcgccag
agctgccaac
cttgtecectg
ctatteccgag
caacctggca
tgtggatttg
gatgattggt
cttgetettg
gctgetgget
cctcaaatct
gtctctggaa
ccacctgatg
cctecteate
catgaagtgc
ccgectacat
cttggececact
ggcagagggt

ataatcaagc
aaaatgaatc
tgeteteecca
aaatagaatt
atacaaacat
agagccecte
tgactctctt
aaggtatggt
taagaaccac
ttecctgatta
actatgctgt
aacagcaaaa
aaaaaaaaaa
aaaaaaaaaa

tgtcagggca
cgggagacca
tcetgggage
gcagggccgg
gggctgtgcet
cggtectgeac
gggatggcce
ctcaagatece
gtgtacaact
caggtctacg
tccaacggec
ctgcaccege
tacctggaga
aggccaaatt
aagggaagta
tatgcttcag
agaagtattc
aaaaacagga
atgaaaggtg
agagatgatg
ctttggccaa
acggcegacc
tatgatccta
gacagggagc
accctccatg
ctegtetgge
gacaggaacc
acatcatctc
attattttgc
gagaaggace
gccaaggeag
ctecteccaca
aagaacgtgg
gegceccacta
gcgggetcta
ttecctgeca

84

ctaaaattgt
cctctatecte
geccttgeat
tgagcatcag
gttcctggga
acacagccct
aaggaggctg
acaagcaatg
tcataattct
ttttctacac
tatgagtgge
aaaaaaaaaa
aaaaaaaaaa
a

aggcaacagt
gtacttaaag
tgcacttgct
ggccagagct
cttttteccag
cectgoeegey
tactgcatca
cecctggageg
accccgaggyg
gtcagaccgg
tggggggttt
cgecgeaget
acgagcccag
cagataatcg
tggcetatgga
gectaccatta
aaggacataa
ggaagagctg
ggatacgaaa
gggagggcag
gcccgeteat
agatggtcag
Ccagaccectt
tggttcacat
atcaggtcca
gctcecatgga
agggaaaatg
ggttcegcat
ttaattctgy
atatccaccg
gcctgacect
tcaggcacat
tgcceocteta
gcegtggagg
cttcatcgea
cagtctgaga

atagacctaa
taaagaaaat
tgcagagggg
tgaggttaaa
tcactgatga
ggcctetget
agagcccaaa
cctgeeceatt
tcaccttagg
atacatgtaa
tttaatgaat
aaaaaaaaaa
aaaaaaaaaa

cecectggeegt
ttggaggcce
ccgtegggte
cgcgtgtegg
gtggceccgee
gccacggace
gatccaaggyg
gcecectggge
cgeccgectac
ccteccectac
ccececcacte
gtecgecttte
cggctacacg
acgccagggt
atctgecaag
tggagtctgg
cgactatatg
ccaggcctge
agaccgaaga
gggtgaagtyg
gatcaaacgc
btgecettgttg
cagtgaagct
gatcaactgg
ccttctagaa
gcacccagtg
tgtagagggc
gatgaatctg
agtgtacaca
agtcctggac
gcagcageag
gagtaacaaa
tgacctgetyg
ggcatcegtg
ttecttgeaa
gcteectgge

1500
1560
i620
1680
1740
1800
1860
1920
1980
20490
2100
2160
2220
2261

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680 -
1740
1800
1860
1920
1s80
2040
2100
2160
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tcccacacgg
aattctgtct
ggccattcat
ccaaagggat
aagegtgagg
taactcectgtg
ctgataagca
cctttaattg
tectatggea
gcagagtatc
ggaaggcaga
gtgtcctgaa
atggacctat
teectgatttt
gtaaggtcag
tgtgccttac
ttgaaaggag
ttgtgecagga
cagttctgag
acattccecttg
gctettatte
getgtgttece
tgtcactact
ataatccaaa
gttcectacce
taaaaaagaa
cacaattatg
accttattgt
aggtagctge
ctgattgtce
aaaaagtttt
gcttaagaac

agcaccttat’

ttgaatgtag
aaaaatattt
cagtcattta
aacttttgta
aatgacagac
ctaattttgce
gtgggttcett
aaaaatttcet
ggttttacat
tgggcagaga
tctetttgta
tggtattggg
ctgaggcaag
agtggattca
aggaaaatgg
gaccacaaat
gaagaaagaa
cgecattgec
ctaggtecate
gtgcagtctt
ccatgecettt
taaggtgtte
ttagagtact
aattatgaga

ttcagataat
cctgcataca
ttgcttgcecte
tccaaggcecta
attccegtag
catttaagct
ctttttaaat
gtgacttgga
atgcatcctt
tggtgattgt
tccectagtt
gctctgecte
ggagagcaac
tgtttttatt
cttcaggacc
acaggggtga
caggggeccect
ttgttgtggce
cacagccaga
cagaccccge
atttececage
tacaattggc
caggctgact
atcagggttt
gectccacte
aggctcatte
ggttacttce
ctgtaattga
tegggettcet
agttaagtga
tatgtgcact
ataattcttt

.atagtataat

taattctgtt
agtttttttt
tgcctaaage
tccacagtag
aatcttatgt
ttttaccaaa
tttaatgttt
aggactagac
tattcatceca
acatcagatg
tttttacttg
tgtaggaaca
ttaaaatgta
ggaatctggg
ttaattctgg
caactagetc
caacatcagce
tagcttgeeg
caaagagaag
tgatttgatt
tgagggctga
tcaccttgaa
cctitecectg
tggactgtgg
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ccctgetgea
ctceggeatyg
agttcttagt
aatctttgta
ctcttecacag
acttgtagag
ggctctaaga
gaaagctagg
ttatgaaagt
caattcactt
ggccaagact
tggctttceg
aagttgatct
tttgtgttac
tgttccagtg

actgttcact.

ggtgttgcat
tactagagaa
cttgctcagg
attgcectttg
gtggccctgg
ccagcaccct
ggggectggt
ggtttgggga
ctgceagcete
cagccacagg
tttttecttaa
aaccctattg
cttggtatgt
tcaccaaagg
taaatttggg
tgttgctgtt
atatattttt
ctggatttaa
tttttttttg
ctggtgatta
acaaaatagc
agcaaagatt
atatcagtag
atacttagat
gatgtaatac
atgtgtttct
attgaaatgt
aagtgccact
tgatttaaaa
aaagatgtga
gaatggcaaa
gtgtgcacca
catttacagce
agtaaagtcc
taatgattct
accctatcaa
tcectagtaa
acaaataagg
atcttataca
catgacactg

gtactgggag

ttttacccte
catccaacac
ggcacatctt
acagctctct
ctgaactecag
accecaggecet
ataagccaca
tcaagggttt
ggtacacctt
ccecctatag
tattttaact
gtcatgggtt
tagttaagtc
aaaagaaagc
ggcactgtac
gtggtgatgc
ttagcectgg
caagagggaa
tggcccectgea
ggggtgecct
ttggaagaag
ggggcacggg
cagattacgt
agaaaatcct
atttecttea
gcagccttce

caaaaaagaa.

agaggtgatg
cttgtttgga
actgagaatc
gacaatttta
tgtttaagaa
ttgaaattac
tttgactggg
tatactttte
ttecatttaaa
actaatccag
atgcctgaaa
taatattttt
tttecttttaa
cagctaaage
attcatgtta
tcgeccaggg
aatggacagc
aaaaaactct
tttatctggg
tatattaaga
aggttcagta
catttctaaa
atggaatagce
ataatgccat
tgtaggttge
cettgeagat
gacttactga
ctgaaatggc
attacaaata
tgatcactaa
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atcatgcacc
caatggettt
ctgtcttetg
ttececcecttg
tctatgggtt
ggagagtaga
gcaaagaatt
attatagcac
aaagctttta
gaatacaagg
tgatacactg
ccagttaatt
tecectatatg
ccteecetece
ttggatctte
atgatgaggg
ggcatggagc
agtagggcag
caggctgcag
gggatcectg
cagctgtcaa
agaagggtgg
atgcecttgyg
cceccttect
atttectttg
ctgggecttt
tgtttgattt
tctgtgttag
aaagtggatt
tgggagggca
tgtatectgtg
gcaccttagt
attgcttgtt
ttaacatgca
aagctacctt
tgaagatcac
atgcctattg
aggaaaatta
ggacagtage
aaaaattaaa
caaacaatta
agatactact
gtctcecagceca
agatatttte
tgcectetget
gggctcaggt

-agagtattga

gagtccactt
atggcagctt
tagtggtctg
catgcagcaa
aaaatctaac
atgtttaacc
taatttactt
cattgattta
ctttecctatt
caccatagta

actttagececa
ctagatgagt
ttgggaacag
ctatgttact
ggggctcaga
cattttgect
taaagtggct
cctettgtat
tatgactgta
ggcecacacag
cagattcaga
catgcctece
agggataagt
tgaacttgea
ccggegtgtyg
taaatggtag
tgaacagtac
aaactggata
ctacctagga
gggtagtcca
gttgtagaca
ggaccgttge
tggtttagag
cceeegeece
acctatagge
gcttctectag
cctetgggtg
ccaatgaccce
teattecattt
aaaaaaaaaa
ttaaggatat
ttgtttaaga
tatcagacaa
aaaaccaagyg
gtcatgtata
atttcatatc
ttggatattyg
ttecagggeag
taatgggtca
ataaaacaaa
tacagtggaa
acatttgaag
actttggaaa
tggetgatgt
ttececcact
atggtgggga
aagtatttgg
ctgcecctgga
cagttctaga
tgtttetttt
ttatgagagyg
ccctaaggaa
aagccatage
ttgatcacat
ggccactgge
catactttce
atgtctaata

2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
23940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
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4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
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4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
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ttcacaggca
agctcaaaag
actgcaccat
tggtcccaaa
ctttcecaatt
attgctgect
tctattcatt
gttccaaacce
gtcceatgag
atagagactt
caatgcttit
tcaaatgcca
gatgtgactc
tttgcacttt
ctatttgatg

<210>
<211>
<212>
<213>
<400>

101

DNA

101

ttteagttte

aagcgceggag
cgagegetgg
ggctggcgec
ggggcgcgeg
aggcaaggcce
ttataatgac
ggatataaaa
catettacce
tgaatatcca
tgtcactaac
aacacctggg
acctcaaaag
agagacactg
ttcaaagagg
tggagtctgg
tgattatatt
ccaggcctge
agagagatgt
tgecggcaag
cgecctgage
gatcagccgc
ggccgacaag
gctcagcetg
ggggctgatg
tetggacagg
ggcaactact
ggccatgatce
cagcagceegg
tgccaagagce
cctgtccecac
caaaaatgtg
cgggtgcaag
agagggctec

2011

gatctgcttg
gcaaccataa
tcccaagtta
tatccatectt
gaattaaagt
ctattatggce
tttttgeatce
catcgtcagt
caggtgectg
gaattaataa
tgtgcactac
aattgtgttt
ggttttgteg
gaaaaagaat
ttcaaataaa

homo sapiens

tececagetget
gctgegagaa
gceggggadg
cggagcctga
ccgggagacce
ggtgtgttta
ctttgtgecet
gactcaccat
ctggagcacg
gccatgacat
ttggaaggtg
cacctttete
agtccetggt
adaaggaagg

‘gatgctcact

tcgtgtgaag
tgtccageta
cgacttcgga
gggtaccgee
gccaagagaa
cccgageage
cccagtgege
gagttggtac
ttcgaccaag
tggcgctcaa
gatgagggga
tcaaggttte
ctgectcaatt
aagetggete
ggcatctecct
gtcaggeatg
gtcccagtgt
tcetecateca
cagaacccac
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gggaagctag
ttctetttgg

atcccectgaa
ttcagtageg
gtggcctegt
acttcaattt
caattgtgce
gtgtgtgttt
agacacagac
gtgacattat
atactcttca
gatggattaa
cagctttgcet
ccagcegggat
gaattaaact

ggctttttgg
ataactgecct
gaccaccecga
gctgecaggag
cceectaatg
tctgecaagee
cttettgeaa
ctagccttaa
gotcecatata
tetatagecce
ggcctggteg
ctttagtggt
gtgaagcaag
ttagtgggaa
tctgegetgt
gatgtaaggc
caaatcagtg
agtgttacga
ttgtgcggag
gtggeggceca
tagtgcteac
ccttecaccga
acatgatcag
tgcggetett
ttgaccaccce
aatgegtaga
gagagttaaa
ccagtatgta
acttgctgaa
cccagcagca
cgagtaacaa
atgacctgct
cggggteega
agtctcagtg

ttatgtgaaa
tgecaagtctt
aacttactct
ttaattatgc
ttttagtcat
tgecactgtct
tgaactttta
agagctgtgc
ccetttgeat
gcecagtttet
gtgtagagct
tatgececttt
ttgtttaatg
gctegagcac

acacccacte
cttgaaactt
gctgegacgyg
gtgcgetege
cgggaaaage
attatacttg
ggtgttttect
ttcteccttee
cataccttce
tgectgtgatg
gcagaccaca
ccatcgccag
atcgetagaa
ccgttgegee
ctgcagcgat
cttttttaaa
tacaatcgat
agtgggaatg
acagagaagt
cgegececega
cctecetggag
ggcctcecatg
ctgggccaag
ggagagctgt
cggcaagcte
aggaattcectg
actccaacac
ccetetggte
cgcegtgacce
atcecatgcgc
gggcatggaa
gctggagatg
gtgecagececg
a
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ggcaaataaa
gggagegtga
caactggagc
tctgtttcea
ttaaaattgt
tttgagatte
aaatatgtaa
accctagaaa
tcacagagag
gttetcecteac
cttgttttat
tgccgatgea
aaacacactt
ctgtaaacaa

ccacgecagyg
gcagggcgaa
gctetgggge
tttecteaac
acgtgtecege
cccacgaatc
cagctgttat
tcctacaact
tectatgtag
aattacagca
agcccaaatg
ttatecacatc
cacaccttac
agccctgtta
tacgecategg
agaagcatte
aaaaaccgge
gtgaagtgtg
gccgacgage
gtgcgggage
gectgageege
atgatgtcece
aagattcceg
tggatggagy
atetttgete
gaaatctttg
aaagaatatc
acagcgacce
gatgectttgg
ctggctaacc
catctgctca
ctgaatgcce
gcagaggaca

gtcatacagt
tctagattac
aaatgaactt
actgcatttc
tttectaagta
aagaaaaatt
atgctgccat
caacatactt
gtcattggtt
aggtgataaa
gggaaaaggc
tactattact
gtaaacctcet
ttttectcaac

aggcagttge
gagcaggcegyg
tgcggggecag
aggtggcgge
attttagaga
tttgagaaca
ctcaagacat
gcagtcaatc
acagccacca
ttccecagecaa
tgttgtgace
tgtatgcgga
ctgtaaacag
ctggtcecagy
gatatcacta
aaggacataa
gcaagagetg
gctececeggag
agctgeactyg
tgectgetgga
ccecatgtget
tgaccaagtt
gctttgtgga
tgttaatgat
cagatcttat
acatgctcecct
tetgtgtcaa
aggatgctga
tttgggtgat
tectgatgcet
acatgaagtg
acgtgcttceg
gtaaaagcaa

5640
5700
5760
5820
588¢
5940
5000
6060
6120
6180
6240
6300
6360
6420
6450

60
120
180
240
300
360
420
489
54¢
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1580 °
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Claims

1.

A method for determining if a test compound modulates a specific protein/protein interaction of interest comprising
contacting said compound to a cell which has been transformed or transfected with

(a) a nucleic acid molecule which comprises:

(i) a nucleotide sequence which encodes said first test protein,
(i) a nucleotide sequence encoding a cleavage site for a protease or a portion of a protease, and
(iii) a nucleotide sequence which encodes a protein which activates a reporter gene in said cell, and

(b) a nucleic acid molecule which comprises:

(i) a nucleotide sequence which encodes a second test protein whose interaction with said first test protein
in the presence of said test compound is to be measured, and

(i) a nucleotide sequence which encodes a protease or a portion of a protease which is specific for said
cleavage site,

and determining activity of said reporter gene as a determination of whether said compound modulates said
protein/protein interaction.

The method of claim 1, wherein said first test protein is a membrane bound protein, preferably wherein said membrane
bound protein is f2-adrenergic receptor (ADRBZ2), arginin vasopressin receptor 2 (AVPR2), serotonin receptor la
(HTR1A), m2 muscarinic acetylcholine receptor (CHRM2), chemokine (C-C motif) receptor 5 (CCR5), dopamine
D2 receptor (DRD2), kappa opioid receptor (OPRK), or ADRA1A, preferably wherein said membrane bound protein
is a transmembrane receptor, preferably wherein said transmembrane receptor is a GPCR.

The method of claim 1, wherein said protease or portion of a protease is tobacco etch virus nuclear inclusion A
protease.

The method of claim 1, wherein said protein which activates said reporter gene is a transcription factor, preferably
wherein said transcription factor is tTA or GAL4.

The method of claim 1, wherein said second protein is an inhibitory protein, preferably wherein said inhibitory protein
preferably is an arrestin, and said first protein is a transmembrane receptor.

The method of claim 1, wherein said cell is a eukaryote.

The method of claim 1, wherein said reporter gene is an exogenous gene, preferably wherein said exogenous gene
encodes B-galactosidase or luciferase.

The method of claim 1, wherein the nucleotide sequence encoding said first test protein is modified to increase
interaction with said second test protein,

preferably wherein said modification comprises replacing all or part of the nucleotide sequence of the C-terminal
region of said first test protein with a nucleotide sequence which encodes an amino acid sequence which has higher
affinity for said second test protein than the original sequence,

preferably wherein the nucleotide sequence of said C-terminal region is replaced by a nucleotide sequence encoding
all or a part of the C-terminal region of AVPR2, AGTRLI, GRPR, F2PL1, CXCR2/IL-8B, CCR4, or GRPR.

The method of claim 1, comprising contacting more than one compound to a plurality of samples of cells, each of
said samples being contacted by one or more of said compounds, wherein each of said cell samples have been
transformed or transfected with (a) and (b), and determining activity of reporter genes in said plurality of said samples
to determine if any of said compounds modulates said specific, protein/protein interaction,

preferably comprising contacting each of said samples

(a) with one compound, each of which differs from all others, or

(b) with a mixture of said compounds, preferably wherein said mixture of compounds comprises a biological
sample, preferably wherein said biological sample is cerebrospinal fluid, urine, blood, serum, pus, ascites,
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EP 2 336 768 A9
synovial fluid, a tissue extract, or an exudate.

10. A method for determining if a test compound modulates one or more of a plurality of protein interactions of interest,
comprising contacting said test compound to a plurality of samples of cells, each of which has been transformed or
transfected with

(a) a first nucleic acid molecule comprising:
(i) a nucleotide sequence which encodes a first test protein,
(i) a nucleotide sequence encoding a cleavage site for a protease, and
(iii) a nucleotide sequence which encodes a protein which activates a reporter gene in said cell,
(b) a second nucleic acid molecule which comprises:
(i) a nucleotide sequence which encodes a second test protein whose interaction with said first test protein
in the presence of said test compound of interest is to be measured,
(i) a nucleotide sequence which encodes a protease or a protease which is specific for said cleavage site,
wherein said first test protein differs from other first test proteins in each of said plurality of samples,
and determining activity of said reporter gene in at one or more of said plurality of samples as a determination

of modulation of one or more protein interactions of interest.

11. The method of claim 10, wherein said second test protein is different in each sample, or wherein said second test
protein is the same in each sample.

12. The method of claim 10, wherein
(a) all of said samples are combined in a common receptacle, and each samples comprises a different pair of
first and second test proteins, or
(b) each sample is tested in a different receptacle.
13. The method of claim 10, wherein the reporter gene in a given sample differs from the reporter gene in other samples.
14. Recombinant cell, transformed or transfected with:
(a) a nucleic acid molecule which comprises :
(i) a nucleotide sequence which encodes said first test protein,
(i) a nucleotide sequence encoding a cleavage site for a protease or a portion of a protease, and
(iii) a nucleotide sequence which encodes a protein which activates a reporter gene in said cell, and
(b) a nucleic acid molecule which comprises:
(i) a nucleotide sequence which encodes a second test protein whose interaction with said first test protein
in the presence of said test compound is to be measured, and
(i) a nucleotide sequence which encodes a protease or a portion of a protease which is specific for said
cleavage site.
15. An isolated nucleic acid molecule which comprises, in 5’ to 3’ order,
(i) a nucleotide sequence which encodes a test protein,
(i) a nucleotide sequence encoding a cleavage site for a protease or a portion of a protease, and
(i) a nucleotide sequence which encodes a protein which activates a reporter gene in said cell.

16. An isolated nucleic acid molecule which comprises :

(i) a nucleotide sequence which encodes a test protein whose interaction with another test protein in the presence
of a test compound is to be measured, and
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(i) a nucleotide sequence which encodes a protease or a portion of a protease which is specific for said cleavage
site.

17. A fusion protein produced by expression of the isolated nucleic acid molecule of claim 15.
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FIG . 2A Epinephrine and Isoproterenol Dose Responses
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9000 -

[] no Iigand

8000

10 uM Dopaminé

7000

. 6000

5000-

4000

3000

2000

1000

—

T al ~
D2/B-arr 2 D2/B-arr 2 D2/B-arr 1 D2/B-arr 1
(A383) (A383).

93



EP 2 336 768 A9

dog+os|+

0S|+

puebi ou

00

0°0001

0°000¢2

~0'000€

0°000¥  Ayapoe
'~ esepisojoeleh
-eJaq

Z9€] <

~dvelRq [

(1v auold) Zoe| <- Yvejeq

070005

-0°0009

0°000Z
0°0008

VS Ol

94



EP 2 336 768 A9

doQ+0s|+

0S|+ ncmm_._ ou

on| <-zd [

(0LHI auopd) onj <- Z@

00
000001
0°0000¢

0°0000€
Aianoe
aselsjon|

0°0000¥
000005

000009

s "ol

95



EP 2 336 768 A9

£65'69N+ 0S| AN O} OS]

AR 0L
£65'69N

puebiq ou

ejep xajdinw

9'9Id

asesayionT
CddAY-2aHaY [

2987 ZHAAV-IEAO [

%000
%0002
%00°0F

%0009

Rynnoe
Xew Jo 9,

%0008
%00°00L

%00°0Z1

96



EP 2 336 768 A9

Ww¢

" WnE0  INNOL

¢200e :um 8LVIOV  ¥6YOV

/1493

/493 /493

jw/Bu

001 491 G493

|w/Bu

puebi

A8] ZHS / (1)Y¥493

WAGTE

000°0

000°

0000}
00051
00002

00062

000°0€

000°GE
000°0Y

000Gy

000°0G.

(N1Y)
Ainnoe
auab
Japoday

97



EP 2 336 768 A9

sjuswijeal ]

- (IW/N000S-€1R9) ~ (jJw/nooos-eude) (IL/N000S
(lw/n000G-e1eq) E¥NOd  ZLVLIS+LIVIS+AIL CLVLS+LIVIS+AIL -eydie) eyNOd
+1°88G7TLH 2o+ DHDINYNL 2L RN +1'88G1UH
B — — s, e = = 7 _ _ e T 3 0
05
00}
0S)
00¢C
pueby yym [
puebij ou [] 05e
00€

1'8651.1H Ul sioydasay | adAL NI uo ejaqNd| pue eydieNd] Jo 39943

g 'Old

N7 8AY

98



EP 2 336 768 A9

FIG. 9

Dose Response Curve for IFNalpha in HTL5B8.1
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