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MECHANICALLY-ACTIVATED CATION
CHANNELS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/376,182, filed Aug. 23, 2010. This
priority application is hereby incorporated by reference in its
entirety.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

[0002] This invention was made with Government support
under Grant No. DE016927 and NS046303 awarded by the
National Institutes of Health. The government has certain
rights in this invention.

BACKGROUND OF THE INVENTION

[0003] Mechanotransduction, the conversion of mechani-
cal force into biological signals, has crucial roles in physiol-
ogy. In mammals, embryonic development, touch, pain, prop-
rioception, hearing, adjustment of vascular tone and blood
flow, flow sensing in kidney, lung growth and injury, bone and
muscle homeostasis as well as metastasis are all regulated by
mechanotransduction (M. Chalfie, Nat. Rev. Mol. Cell. Biol.
10, 44 (January 2009); O. P. Hamill, B. Martinac, Physiol Rev
81, 685 (April 2001)). In plants, mechanical force strongly
impacts morphogenesis, for example in lateral root formation
(G.B. Monshausen, S. Gilroy, Trends Cell Biol. 19,228 (May
2009). Even unicellular organisms such as ciliates sense
touch and change direction in response to a tactile stimulus
(K. Iwatsuki, T. Hirano, Comp. Biochem. Physiol. A. Physiol.
110, 167 (February 1995)).

[0004] Electrophysiological recordings from vertebrate
inner ear hair cells show that mechanotransduction is
extremely rapid, implicating an ion channel directly activated
by force D. P. Corey, A. J. Hudspeth, Biophys. J. 26,499 (June
1979). Indeed, calcium-permeable mechanically-activated
(MA) cationic currents have been described in various
mechanosensitive cells, including in dorsal root ganglion
(DRG) neurons (G. C. McCarter, D. B. Reichling, J. D.
Levine, Neurosci. Lett. 273, 179), in kidney primary cilium
(H. A. Praetorius, K. R. Spring, ] Membr Biol 184, 71 (Now.
1,2001)), and in plants (G. B. Monshausen, S. Gilroy, Trends
Cell Biol. 19, 228 (May 2009)). However, few MA channels
have been identified to date.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention provides methods of screen-
ing for an agent that modulates the activity of a mechanically-
activated cation channel. In some embodiments, the method
comprises: contacting a mechanically-activated cation chan-
nel polypeptide having at least 70% amino acid sequence
identity to one of SEQ ID NOs:2, 4, 18, or 20 with an agent;
and selecting the agent that modulates the activity of the
mechanically-activated cation channel polypeptide.

[0006] Insome embodiments, the polypeptide is expressed
in a cell and the contacting comprises contacting the cell with
the agent. In some embodiments, the polypeptide is heterolo-
gous to the cell. In some embodiments, the cell comprises a
heterologous expression cassette comprising a promoter
operably linked to a polynucleotide encoding the mechani-
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cally-activated cation channel polypeptide. In some embodi-
ments, the polynucleotide comprises SEQ ID NO:1, SEQ ID
NO:3, SEQ ID NO:17, or SEQ ID NO:19. In other embodi-
ments, the polypeptide is endogenous to the cell. In some
embodiments, the cell is a eukaryotic cell. In some embodi-
ments, the cell is a neuron.

[0007] In some embodiments, the activity of the mechani-
cally-activated cation channel polypeptide is determined by
measuring an electrophysiological change mediated by the
polypeptide. In certain embodiments, the electrophysiologi-
cal change is a change in membrane potential, a change in
current, or an influx of a cation. In some embodiments, the
membrane potential is measured with a membrane potential
dye assay. In some embodiments, the electrophysiological
change is measured with a patch-clamp assay. In certain
embodiments, the measuring comprises measuring a
mechanically-activated electrophysiological change.

[0008] In some embodiments, the method further com-
prises testing an agent identified as modulating the activity of
the mechanically-activated cation channel polypeptide for
the ability to modulate a mechanically-activated electro-
physiological change.

[0009] Insomeembodiments, the selected agent reduces or
inhibits the electrophysiological change mediated by the
polypeptide. In some embodiments, the selected agent
increases the electrophysiological change mediated by the
polypeptide.

[0010] In some embodiments, the cell is in an animal. In
some embodiments, the animal is a mouse. In some embodi-
ments, the method further comprises administering the agent
to the animal and determining the effect of the agent on pain
sensitivity.

[0011] In some embodiments, the polypeptide comprises
SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:18, or SEQ 1D
NO:20.

[0012] The present invention also provides antibodies that
antagonize the activity of a mechanically-activated cation
channel.

[0013] In some embodiments, the antibody selectively
binds to a mechanically-activated cation channel polypeptide
having at least 70% amino acid sequence identity to SEQ ID
NO:2, SEQ ID NO:4, SEQ ID NO:18, or SEQ ID NO:20. In
certain embodiments, the polypeptide comprises SEQ ID
NO:2, SEQ ID NO:4, SEQ ID NO:18, or SEQ ID NO:20.
[0014] Insomeembodiments, the antibody is a monoclonal
antibody. In certain embodiments, the antibody is a chimeric
antibody. In other embodiments, the antibody is a humanized
antibody.

[0015] The present invention also provides methods of
ameliorating pain in a subject. In some embodiments, the
method comprises administering to the subject an antibody
that selectively binds to a mechanically-activated cation
channel polypeptide having at least 70% amino acid sequence
identity to SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:18, or
SEQ ID NO:20.

[0016] In some embodiments, the method comprises
administering an antibody that selectively binds to a mechani-
cally-activated cation channel polypeptide comprising SEQ
ID NO:4 or SEQ ID NO:20. In some embodiments, the
polypeptide is expressed in bladder, colon, kidney, lung, or
skin. In some embodiments, the polypeptide is expressed in a
dorsal root ganglion neuron.

[0017] In some embodiments, the subject is a mammal. In
certain embodiments, the subject is a human.
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[0018] Insome embodiments, the pain is selected from the
group consisting of acute mechanical pain, chronic mechani-
cal pain, mechanical hyperalgesia, mechanical allodynia,
arthritis, inflammation, dental pain, cancer pain, and labor
pain.

[0019] The present invention also provides isolated anti-
sense oligonucleotides or small interfering RNAs (siRNAs)
complementary to at least 15 contiguous nucleotides of a
polynucleotide that is at least 70% identical to SEQ ID NOs:
1,3, 17, or 19 and encoding a mechanically-activated cation
channel polypeptide, wherein the antisense oligonucleotide
or siRNA inhibits production of the mechanically-activated
cation channel polypeptide.

[0020] In some embodiments, the antisense oligonucle-
otide or small interfering RNA (siRNA) is complementary to
atleast 15 contiguous nucleotides of SEQID NOs: 1,3, 17, or
19. In some embodiments, the antisense oligonucleotide or
siRNA comprises any of SEQ ID NOs:5-16.

[0021] The present invention also provides expression cas-
settes comprising a promoter operably linked to a polynucle-
otide comprising the antisense oligonucleotide or siRNA
complementary to at least 15 contiguous nucleotides of a
polynucleotide that is at least 70% identical to SEQ ID NOs:
1,3, 17, or 19 and encoding a mechanically-activated cation
channel polypeptide, wherein the antisense oligonucleotide
or siRNA inhibits production of the mechanically-activated
cation channel polypeptide. The present invention also pro-
vides vectors comprising said expression cassettes and cells
comprising said expression cassettes and/or said vectors.
[0022] The present invention also provides methods of
ameliorating pain in a subject, the method comprising admin-
istering to the subject an antisense oligonucleotide or small
interfering RNA (siRNA) complementary to at least 15 con-
tiguous nucleotides of a polynucleotide that is at least 70%
identical to SEQ ID NOs:1, 3, 17, or 19 and encoding a
mechanically-activated cation channel polypeptide, wherein
the antisense oligonucleotide or siRNA inhibits production of
the mechanically-activated cation channel polypeptide.
[0023] In some embodiments, the antisense oligonucle-
otide or siRNA inhibits production of the mechanically-acti-
vated cation channel in bladder, colon, kidney, lung, or skin.
In certain embodiments, the antisense oligonucleotide or
siRNA inhibits production of the mechanically-activated cat-
ion channel in a dorsal root ganglion neuron.

[0024] In some embodiments, the subject is a mammal. In
certain embodiments, the subject is a human.

[0025] Insome embodiments, the pain is selected from the
group consisting of acute mechanical pain, chronic mechani-
cal pain, mechanical hyperalgesia, mechanical allodynia,
arthritis, inflammation, dental pain, cancer pain, and labor
pain.

DEFINITIONS

[0026] As used herein, the following terms have the mean-
ings ascribed to them unless specified otherwise.

[0027] The term “mechanically-activated cation channel”
refers to an ion channel that opens to allow passage of posi-
tively charged ions (i.e. cations) into and out of a cell in
response to mechanical force or pressure being applied, e.g.,
to a cell expressing the channel. As used herein, the term also
includes polypeptide components of mechanically-activated
cation channels, e.g., subunits of a cation channel. In some
embodiments, the mechanically-activated cation channels of
the present invention are substantially identical to SEQ ID
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NO:2, SEQ ID NO:4, SEQ ID NO:18, or SEQ ID NO:20. In
some embodiments, the mechanically-activated cation chan-
nels of the present invention are involved in sensory trans-
duction, such as pain transduction, including but not limited
to, cells such as neurons.

[0028] “Inhibitors,” “activators,” and ‘“modulators” of
mechanically-activated cation channel polypeptide activity
are used interchangeably herein to refer to inhibitory, activat-
ing, or modulating molecules identified using in vitro and in
vivo assays for sensory (e.g., pain or somatosensory) trans-
duction, e.g., ligands, agonists, antagonists, and their
homologs and mimetics. The term “modulator” encompasses
inhibitors and activators. Inhibitors are compounds that, e.g.,
bind to, partially or totally block stimulation, decrease, pre-
vent, delay activation, inactivate, desensitize, or down regu-
late signal transduction, e.g., antagonists. Activators are com-
pounds that, e.g., bind to, stimulate, increase, open, activate,
facilitate, enhance activation, sensitize, or up regulate signal
transduction, e.g., agonists. Modulators include naturally
occurring and synthetic ligands, antagonists, agonists, small
chemical molecules and the like. Such assays for inhibitors
and activators include, e.g., expressing a mechanically-acti-
vated cation channel polypeptide in cells or cell membranes,
applying putative modulator compounds, and then determin-
ing the functional effects on ion flux, membrane potential,
electrophysiology, or mechanical activation. Samples or
assays comprising a mechanically-activated cation channel
polypeptide that is treated with a potential activator, inhibitor,
or modulator are compared to control samples without the
inhibitor, activator, or modulator to examine the extent of
modulation. Control samples (untreated with inhibitors) are
assigned a relative mechanically-activated cation channel
polypeptide activity value of 100%. Inhibition of a mechani-
cally-activated cation channel polypeptide is achieved when
the mechanically-activated cation channel polypeptide activ-
ity value relative to the control is about 80%, optionally 75%,
50%, or 25-0%. Activation of the mechanically-activated cat-
ion channel polypeptide is achieved when the mechanically-
activated cation channel polypeptide activity value relative to
the control is 110%, optionally 125%, optionally 150%,
optionally 200-500%, or 1000-3000% higher.

[0029] “Nucleic acid” refers to deoxyribonucleotides or
ribonucleotides and polymers thereof in either single- or
double-stranded form. The term encompasses nucleic acids
containing known nucleotide analogs or modified backbone
residues or linkages, which are synthetic, naturally occurring,
and non-naturally occurring, which have similar binding
properties as the reference nucleic acid, and which are
metabolized in a manner similar to the reference nucleotides.
Examples of such analogs include, without limitation, phos-
phorothioates, phosphoramidates, methyl phosphonates,
chiral-methyl phosphonates, 2-O-methyl ribonucleotides,
peptide-nucleic acids (PNAs).

[0030] Unless otherwise indicated, a particular nucleic acid
sequence also implicitly encompasses conservatively modi-
fied variants thereof (e.g., degenerate codon substitutions)
and complementary sequences, as well as the sequence
explicitly indicated. Specifically, degenerate codon substitu-
tions may be achieved by generating sequences in which the
third position of one or more selected (or all) codons is sub-
stituted with mixed-base and/or deoxyinosine residues
(Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka et
al., J. Biol. Chem. 260:2605-2608 (1985); Rossolini et al.,
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Mol. Cell. Probes 8:91-98 (1994)). The term “nucleic acid”
encompasses the terms gene, cDNA, mRNA, oligonucle-
otide, and polynucleotide.

[0031] The terms “polypeptide,” “peptide,” and “protein”
are used interchangeably herein to refer to a polymer of amino
acid residues. The terms apply to amino acid polymers in
which one or more amino acid residue is an artificial chemical
mimetic of a corresponding naturally occurring amino acid,
as well as to naturally occurring amino acid polymers and
non-naturally occurring amino acid polymer.

[0032] The term “amino acid” refers to naturally occurring
and synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that function in a manner similar to the
naturally occurring amino acids. Naturally occurring amino
acids are those encoded by the genetic code, as well as those
amino acids that are later modified, e.g., hydroxyproline,
.gamma.-carboxyglutamate, and O-phosphoserine. Amino
acid analogs refers to compounds that have the same basic
chemical structure as a naturally occurring amino acid, i.e., an
a carbon that is bound to a hydrogen, a carboxyl group, an
amino group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such
analogs have modified R groups (e.g., norleucine) or modi-
fied peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. Amino acid
mimetics refers to chemical compounds that have a structure
that is different from the general chemical structure of an
amino acid, but that functions in a manner similar to a natu-
rally occurring amino acid.

[0033] “Conservatively modified variants™ applies to both
amino acid and nucleic acid sequences. With respect to par-
ticular nucleic acid sequences, conservatively modified vari-
ants refers to those nucleic acids which encode identical or
essentially identical amino acid sequences, or where the
nucleic acid does not encode an amino acid sequence, to
essentially identical sequences. Because of the degeneracy of
the genetic code, a large number of functionally identical
nucleic acids encode any given protein. For instance, the
codons GCA, GCC, GCG, and GCU all encode the amino
acid alanine. Thus, at every position where an alanine is
specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the encoded
polypeptide. Such nucleic acid variations are “silent varia-
tions,” which are one species of conservatively modified
variations. Every nucleic acid sequence herein which encodes
apolypeptide also describes every possible silent variation of
the nucleic acid. One of skill will recognize that each codon in
a nucleic acid (except AUG, which is ordinarily the only
codon for methionine, and TGG, which is ordinarily the only
codon for tryptophan) can be modified to yield a functionally
identical molecule. Accordingly, each silent variation of a
nucleic acid that encodes a polypeptide is implicit in each
described sequence.

[0034] As to amino acid sequences, one of skill will recog-
nize that individual substitutions, deletions or additions to a
nucleic acid, peptide, polypeptide, or protein sequence which
alters, adds or deletes a single amino acid or a small percent-
age of amino acids in the encoded sequence is a “conserva-
tively modified variant” where the alteration results in the
substitution of an amino acid with a chemically similar amino
acid. Conservative substitution tables providing functionally
similar amino acids are well known in the art. Such conser-
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vatively modified variants are in addition to and do not
exclude polymorphic variants, interspecies homologs, and
alleles of the invention.

[0035] The following eight groups each contain amino
acids that are conservative substitutions for one another:

1) Alanine (A), Glycine (G);
[0036] 2) Aspartic acid (D), Glutamic acid (E);

3) Asparagine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V);
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W);

7) Serine (S), Threonine (T); and

[0037] 8) Cysteine (C), Methionine (M) (see, e.g., Creigh-
ton, Proteins (1984)).

[0038] The terms “isolated,” “purified,” or “biologically
pure” refer to material that is substantially or essentially free
from components that normally accompany it as found in its
native state. Purity and homogeneity are typically determined
using analytical chemistry techniques such as polyacryla-
mide gel electrophoresis or high performance liquid chroma-
tography. A protein that is the predominant species present in
a preparation is substantially purified. The term “purified”
denotes that a nucleic acid or protein gives rise to essentially
one band in an electrophoretic gel. Particularly, it means that
the nucleic acid or protein is at least 85% pure, optionally at
least 95% pure, and optionally at least 99% pure.

[0039] The term “recombinant” when used with reference,
e.g., to acell, or nucleic acid, protein, or vector, indicates that
the cell, nucleic acid, protein or vector, has been modified by
the introduction of a heterologous nucleic acid or protein or
the alteration of a native nucleic acid or protein, or that the cell
is derived from a cell so modified. Thus, for example, recom-
binant cells express genes that are not found within the native
(non-recombinant) form of the cell or express native genes
that are otherwise abnormally expressed, under expressed, or
not expressed at all.

[0040] The term “heterologous” when used with reference
to a protein’s or nucleic acid’s relationship to a cell indicates
that the protein or nucleic acid is not found in the same
relationship to the cell (e.g., not expressed in the cell) in
nature. The term “heterologous” when used with reference to
portions of a nucleic acid indicates that the nucleic acid com-
prises two or more subsequences that are not found in the
same relationship to each other in nature. For instance, the
nucleic acid is typically recombinantly produced, having two
or more sequences from unrelated genes arranged to make a
new functional nucleic acid, e.g., a promoter from one source
and a coding region from another source. Similarly, a heter-
ologous protein indicates that the protein comprises two or
more subsequences that are not found in the same relationship
to each other in nature (e.g., a fusion protein).

[0041] A “promoter” is defined as an array of nucleic acid
control sequences that direct transcription of a nucleic acid.
As used herein, a promoter includes necessary nucleic acid
sequences near the start site of transcription, such as, in the
case of a polymerase II type promoter, a TATA element. A
promoter also optionally includes distal enhancer or repressor
elements, which can be located as much as several thousand
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base pairs from the start site of transcription. A “constitutive”
promoter is a promoter that is active under most environmen-
tal and developmental conditions. An “inducible” promoter is
apromoter that is active under environmental or developmen-
tal regulation. The term “operably linked” refers to a func-
tional linkage between a nucleic acid expression control
sequence (such as a promoter, or array of transcription factor
binding sites) and a second nucleic acid sequence, wherein
the expression control sequence directs transcription of the
nucleic acid corresponding to the second sequence.

[0042] An “expression cassette” is a nucleic acid construct,
generated recombinantly or synthetically, with a series of
specified nucleic acid elements that permit transcription of a
particular nucleic acid in a host cell. The expression cassette
can be part of a plasmid, virus, or nucleic acid fragment.
Typically, the expression cassette includes a nucleic acid to be
transcribed operably linked to a promoter.

[0043] The terms “identical” or percent “identity,” in the
context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or subsequences
that are the same. Sequences are “substantially identical” of
they have a specified percentage of amino acid residues or
nucleotides that are the same (i.e., 70% identity, optionally
75%, 80%, 85%, 90%, or 95% identity over a specified
region), when compared and aligned for maximum corre-
spondence over a comparison window, or designated region
(aspecified length, or when not specified, the entire length) as
measured using one of the following sequence comparison
algorithms or by manual alignment and visual inspection. The
present invention provides sequences substantially identical
to,e.g., SEQIDNO:1, SEQIDNO:2,SEQ IDNO:3, SEQ ID
NO:4, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, or
SEQ ID NO:20. Optionally, the identity exists over a region
that is at least about 15 amino acids or nucleotides in length,
or over a region that is at least about 18 amino acids or
nucleotides in length, about 20 amino acids or nucleotides in
length, about 22 amino acids or nucleotides in length, about
25-50 amino acids or nucleotides in length, or about 75-100
amino acids or nucleotides in length or more.

[0044] For sequence comparison, typically one sequence
acts as a reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm,
test and reference sequences are entered into a computer,
subsequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated.
Default program parameters can be used, or alternative
parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for
the test sequences relative to the reference sequence, based on
the program parameters.

[0045] A “comparison window,” as used herein, includes
reference to a segment of any one of the number of contiguous
positions selected from the group consisting of from 20 to
600, usually about 50 to about 200, more usually about 100 to
about 150 in which a sequence may be compared to a refer-
ence sequence of the same number of contiguous positions
after the two sequences are optimally aligned. Methods of
alignment of sequences for comparison are well-known in the
art. Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith &
Waterman, Adv. Appl. Math. 2:482 (1981), by the homology
alignment algorithm of Needleman & Wunsch, J. Mol. Biol.
48:443 (1970), by the search for similarity method of Pearson
& Lipman, Proc. Nat'l Acad. Sci. US4 85:2444 (1988), by
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computerized implementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science
Dr., Madison, Wis.), or by manual alignment and visual
inspection (see, e.g., CURRENT ProTocors W MorEcuLAR Bior-
oGY (Ausubel et al., eds. 1995 supplement)).

[0046] Two examples of algorithms that are suitable for
determining percent sequence identity and sequence similar-
ity are the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al.; Nuc. Acids Res. 25:3389-3402
(1977) and Altschul et al., J. Mol. Biol. 215:403-410 (1990),
respectively. Software for performing BLAST analyses is
publicly available through the National Center for Biotech-
nology Information. This algorithm involves first identifying
high scoring sequence pairs (HSPs) by identifying short
words of length W in the query sequence, which either match
or satisfy some positive-valued threshold score T when
aligned with a word of the same length in a database
sequence. T is referred to as the neighborhood word score
threshold (Altschul et al., supra). These initial neighborhood
word hits act as seeds for initiating searches to find longer
HSPs containing them. The word hits are extended in both
directions along each sequence for as far as the cumulative
alignment score can be increased. Cumulative scores are cal-
culated using, for nucleotide sequences, the parameters M
(reward score for a pair of matching residues; always>0) and
N penalty score for mismatching residues; always<0). For
amino acid sequences, a scoring matrix is used to calculate
the cumulative score. Extension of the word hits in each
direction are halted when: the cumulative alignment score
falls off by the quantity X from its maximum achieved value;
the cumulative score goes to zero or below, due to the accu-
mulation of one or more negative-scoring residue alignments;
or the end of either sequence is reached. The BLAST algo-
rithm parameters W, T, and X determine the sensitivity and
speed of the alignment. The BLASTN program (for nucle-
otide sequences) uses as defaults a wordlength (W) of 11, an
expectation (E) or 10, M=5, N=—4 and a comparison of both
strands. For amino acid sequences, the BLASTP program
uses as defaults a wordlength of 3, and expectation (E) of 10,
and the BLOSUMBG62 scoring matrix (see Henikoff & Heni-
koff, Proc. Natl. Acad. Sci. USA 89:10915 (1989)) alignments
(B) of 50, expectation (E) of 10, M=5, N=-4, and a compari-
son of both strands.

[0047] The BLAST algorithm also performs a statistical
analysis of the similarity between two sequences (see, e.g.,
Karlin & Altschul, Proc. Nat’l. Acad. Sci. USA 90:5873-5787
(1993)). One measure of similarity provided by the BLAST
algorithm is the smallest sum probability (P(N)), which pro-
vides an indication of the probability by which a match
between two nucleotide or amino acid sequences would occur
by chance. For example, a nucleic acid is considered similar
to a reference sequence if the smallest sum probability in a
comparison of the test nucleic acid to the reference nucleic
acid is less than about 0.2, more preferably less than about
0.01, and most preferably less than about 0.001.

[0048] The phrase “selectively (or specifically) hybridizes
to” refers to the binding, duplexing, or hybridizing of a mol-
ecule only to a particular nucleotide sequence under stringent
hybridization conditions when that sequence is present in a
complex mixture (e.g., total cellular or library DNA or RNA).
[0049] The phrase “stringent hybridization conditions”
refers to conditions under which a probe will hybridize to its
target subsequence, typically in a complex mixture of nucleic
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acid, but to no other sequences. Stringent conditions are
sequence-dependent and will be different in different circum-
stances. Longer sequences hybridize specifically at higher
temperatures. An extensive guide to the hybridization of
nucleic acids is found in Tijssen, Techniques in Biochemistry
and Molecular Biology—Hybridization with Nucleic Probes,
“Overview of principles of hybridization and the strategy of
nucleic acid assays” (1993). Generally, stringent conditions
are selected to be about 5-10° C. lower than the thermal
melting point (Tm) for the specific sequence at a defined ionic
strength pH. The Tm is the temperature (under defined ionic
strength, pH, and nucleic concentration) at which 50% of the
probes complementary to the target hybridize to the target
sequence at equilibrium (as the target sequences are present in
excess, at Tm, 50% of the probes are occupied at equilib-
rium). Stringent conditions will be those in which the salt
concentration is less than about 1.0 M sodium ion, typically
about 0.01 to 1.0 M sodium ion concentration (or other salts)
atpH 7.0 to 8.3 and the temperature is at least about 30° C. for
short probes (e.g., 10to 50 nucleotides) and at least about 60°
C. for long probes (e.g., greater than 50 nucleotides). Strin-
gent conditions may also be achieved with the addition of
destabilizing agents such as formamide. For selective or spe-
cific hybridization, a positive signal is at least two times
background, optionally 10 times background hybridization.
Exemplary stringent hybridization conditions can be as fol-
lowing: 50% formamide, 5xSSC, and 1% SDS, incubating at
42° C., or, 5xSSC, 1% SDS, incubating at 65° C., with wash
in 0.2xSSC, and 0.1% SDS at 65° C.

[0050] Nucleic acids that do not hybridize to each other
under stringent conditions are still substantially identical if
the polypeptides which they encode are substantially identi-
cal. This occurs, for example, when a copy of a nucleic acid is
created using the maximum codon degeneracy permitted by
the genetic code. In such cases, the nucleic acids typically
hybridize under moderately stringent hybridization condi-
tions. Exemplary “moderately stringent hybridization condi-
tions” include a hybridization in a buffer of 40% formamide,
1 M NaCl, 1% SDS at37° C., and a wash in 1xSSC at 45° C.
A positive hybridization is at least twice background. Those
of'ordinary skill will readily recognize that alternative hybrid-
ization and wash conditions can be utilized to provide condi-
tions of similar stringency.

[0051] “Antibody” refers to a polypeptide comprising a
framework region from an immunoglobulin gene or frag-
ments thereof that specifically binds and recognizes an anti-
gen. The recognized immunoglobulin genes include the
kappa, lambda, alpha, gamma, delta, epsilon, and mu con-
stant region genes, as well as the myriad immunoglobulin
variable region genes. Light chains are classified as either
kappa or lambda. Heavy chains are classified as gamma, mu,
alpha, delta, or epsilon, which in turn define the immunoglo-
bulin classes, IgG, IgM, IgA, IgD and IgE, respectively.
[0052] An exemplary immunoglobulin (antibody) struc-
tural unit comprises a tetramer. Each tetramer is composed of
two identical pairs of polypeptide chains, each pair having
one “light” (about 25 kDa) and one “heavy” chain (about
50-70 kDa). The N-terminus of each chain defines a variable
region of about 100 to 110 or more amino acids primarily
responsible for antigen recognition. The terms variable light
chain (V;) and variable heavy chain (V) refer to these light
and heavy chains respectively.

[0053] Antibodies exist, e.g., as intact immunoglobulins or
as a number of well-characterized fragments produced by
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digestion with various peptidases. Thus, for example, pepsin
digests an antibody below the disulfide linkages in the hinge
region to produce F(ab)',, a dimer of Fab which itselfis a light
chain joined to V-C,;, by a disulfide bond. The F(ab)', may
be reduced under mild conditions to break the disulfide link-
age in the hinge region, thereby converting the F(ab)', dimer
into an Fab' monomer. The Fab' monomer is essentially Fab
with part of the hinge region (see FUNDAMENTAL IMMUNOLOGY
(Paul ed., 3d ed. 1993). While various antibody fragments are
defined in terms of the digestion of an intact antibody, one of
skill will appreciate that such fragments may be synthesized
de novo either chemically or by using recombinant DNA
methodology. Thus, the term antibody, as used herein, also
includes antibody fragments either produced by the modifi-
cation of whole antibodies, or those synthesized de novo
using recombinant DNA methodologies (e.g., single chain
Fv) or those identified using phage display libraries (see, e.g.,
McCafferty et al., Nature 348:552-554 (1990)).

[0054] For preparation of monoclonal or polyclonal anti-
bodies, any technique known in the art can be used (see, e.g.,
Kohler & Milstein, Nature 256:495-497 (1975); Kozbor et
al., Immunology Today 4:72 (1983); Cole et al., pp. 77-96 in
Monoclonal Antibodies and Cancer Therapy (1985)). Tech-
niques for the production of single chain antibodies (U.S. Pat.
No. 4,946,778) can be adapted to produce antibodies to
polypeptides of this invention. Also, transgenic mice, or other
organisms such as other mammals, may be used to express
humanized antibodies. Alternatively, phage display technol-
ogy can be used to identify antibodies and heteromeric Fab
fragments that specifically bind to selected antigens (see, e.g.,
McCafterty et al., Nature 348:552-554 (1990); Marks et al.,
Biotechnology 10:779-783 (1992)).

[0055] A “chimeric antibody” is an antibody molecule in
which (a) the constant region, or a portion thereof, is altered,
replaced or exchanged so that the antigen binding site (vari-
able region) is linked to a constant region of a different or
altered class, effector function and/or species, or an entirely
different molecule which confers new properties to the chi-
meric antibody, e.g., an enzyme, toxin, hormone, growth
factor, drug, etc.; or (b) the variable region, or a portion
thereof, is altered, replaced or exchanged with a variable
region having a different or altered antigen specificity.
[0056] A “humanized antibody” is an antibody that retains
the reactivity of a non-human antibody while being less
immunogenic in humans. This can be achieved, for instance,
by retaining the non-human CDR regions and replacing the
remaining parts of the antibody with their human counter-
parts. See, e.g., Morrison et al., Proc. Natl. Acad. Sci. USA,
81:6851-6855 (1984); Morrison and Oi, Adv. Immunol.,
44:65-92 (1988); Verhoeyen et al., Science, 239:1534-1536
(1988); Padlan, Molec. Immun., 28:489-498 (1991); Padlan,
Molec. Immun., 31(3):169-217 (1994).

[0057] Thephrase “specifically (orselectively) binds” to an
antibody or “specifically (or selectively) immunoreactive
with,” when referring to a protein or peptide, refers to a
binding reaction that is determinative of the presence of the
protein in a heterogeneous population of proteins and other
biologics. Thus, under designated immunoassay conditions,
the specified antibodies bind to a particular protein at least
two times the background and do not substantially bind in a
significant amount to other proteins present in the sample.
Specific binding to an antibody under such conditions may
require an antibody that is selected for its specificity for a
particular protein. For example, polyclonal antibodies raised
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to Piezol or Piezo2 from specific species such as rat, mouse,
or human can be selected to obtain only those polyclonal
antibodies that are specifically immunoreactive with Piezol
or Piezo2 and not with other proteins, except for polymorphic
variants and alleles of Piezo1 or Piezo2. This selection may be
achieved by subtracting out antibodies that cross-react with
Piezol or Piezo2 molecules from other species. A variety of
immunoassay formats may be used to select antibodies spe-
cifically immunoreactive with a particular protein. For
example, solid-phase ELISA immunoassays are routinely
used to select antibodies specifically immunoreactive with a
protein (see, e.g., Harlow & Lane, Antibodies, A Laboratory
Manual (1988), for a description of immunoassay formats
and conditions that can be used to determine specific immu-
noreactivity). Typically a specific or selective reaction will be
at least twice background signal or noise and more typically
more than 10 to 100 times background.

[0058] A “subject” or “individual” refers to an animal,
including a human, non-human primate, mouse, rat, rabbit,
dog, or other mammal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1. Neuro2A and C2C12 cells display different
types of mechanically-activated currents. (A, B) Representa-
tive traces of mechanically-activated (MA) inward currents
expressed in Neuro2A (N2A, A) and C2C12 (B) cells. The
cells were subjected to a series of mechanical steps in 1 um
increments using a stimulation pipette (inset drawing, arrow)
in the whole-cell patch configuration at a holding potential of
-80 mV. (C) Ratio of inactivated current at the end of a
mechanical step (150 ms duration) relative to the peak current
(mean+SEM, number of cells above the bars) in N2A and
C2C12 cells for currents elicited at a holding potential of —-80
mV. #¥* P<(0.001. (D, E) Average current-voltage relation-
ships of MA currents in N2A (D, n=11) and C2C12 (E, n=4)
cells. Inset, representative MA currents evoked at holding
potentials ranging from —80 to +40 mV (applied 0.7 sec prior
to the mechanical step). (F) Average maximal amplitude of
MA inward currents elicited in N2A and C2C12 cells at a
holding potential of -80 mV (mean+SEM, the number of
cells tested is shown above the bars). *, P<0.05. (G) Single-
channel currents (cell attached patch configuration) induced
by negative pipette pressure (inset drawing, arrow) at holding
potentials ranging from —-80mV to +80 mV in a N2A cell. (H)
Average current-voltage relationships of stretch-activated
single channels in N2A cells (n=4, mean+SEM). Single chan-
nel conductance is calculated from the slope of the linear
regression line of each cell giving v=22.9+1.4 pS
(mean+SEM). Single channel amplitude was determined as
the amplitude difference in Gaussian fits of full trace histo-
grams. (1) Representative currents (averaged traces) induced
by negative pipette pressure (0 to —60 mm Hg, A 10 mm Hg)
inaN2A cell. (J) Normalized current-pressure relationship of
stretch activated currents at —-80 mV fitted with a Boltzmann
equation (n=21). P, is the average value of P5,s from indi-
vidual cells.

[0060] FIG. 2. Suppression of mechanically-activated cur-
rents by Piezol (Fam38A) siRNA. (A) Average maximal
amplitude of MA inward currents elicited at a holding poten-
tial of -80 mV in N2A cells transfected with scrambled
siRNA (far left dot, n=56), Piezo1 (Fam38A) siRNA (bottom
right dot, n=20) or siRNA directed against other candidates
tested (black dots, list of candidates available as Table S2).
For each candidate, black circle and error bar represents the
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mean+SEM, n=4-27 each. The black line represents the aver-
age value of all cells tested (n=807), and the two dashed lines
represent 4-fold decrease or increase of this value. (B) Rep-
resentative traces of MA inward currents expressed in N2A
cells transfected with scrambled siRNA (top trace) or Piezol
(Fam38A) siRNA (bottom trace) at a holding potential of —-80
mV. (C) Average maximal amplitude of MA inward currents
elicited at a holding potential of —-80 mV in N2A cells trans-
fected either with scrambled siRNA (left bar) or different
Piezol (Fam38A) siRNAs. siRNA 1, 2, and 3 are siRNAs of
smart-pool I tested individually. (D) Representative currents
(averaged traces) induced by negative pipette pressure (0 to
-60 mm Hg, A 10 mm Hg, cell attached) in a N2A cell
transfected with scrambled siRNA (left panel) or Piezol
siRNA (right panel). Traces of current elicited by —60 mm Hg
are highlighted. (E) Average maximal amplitude of stretch-
activated currents elicited at a holding potential of -80 mV in
N2A cells transfected with scrambled siRNA (left bar) or
Piezol siRNA (right bar). Bars represent the mean+SEM, and
the number of cells tested is shown above the bars. **, P<0.
01. *** P<0.001.

[0061] FIG. 3. Piezol siRNA qPCR and cell viability con-
trol, and N2A MA currents after disruption of integrin func-
tion. (A) siRNA-induced down-regulation of Piezol mRNA
in N2A cells. Transfected and untransfected cells are unsorted
and thus these differences are underestimated. (B) Represen-
tative ratiometric calcium imaging experiment of capsaicin
stimulated N2A cells co-transfected with TRPV 1 and GFP,
together with either scrambled siRNA or Piezol siRNA
(mean+SEM of GFP-positive cell traces). (C) Percentage of
GFP-positive cells responding to capsaicin (left panel,
mean+SEM of two experiments) and Fura-2 340/380 ratio
fold change of capsaicin responding cells (mean+SEM). (D)
Maximal current amplitude of whole cell MA currents elic-
ited in N2A cells at a holding potential of —-80 mV in control
conditions or after 30-60 minutes perfusion with a divalent
free solution containing 5 mM EGTA. (E) Representative
traces of MA currents normalized to peak in control condi-
tions or after 30-60 minutes perfusion with a divalent free
solution containing 5 mM EGTA (left panel). Inactivation of
currents is fitted with a mono-exponential equation. In the
absence of divalent cations, the time constant for inactivation
is higher than with control solution (right panel). *#* P<0.
001, unpaired t-test.

[0062] FIG. 4. Evolutionary conservation, hydrophobicity
plot, and expression profile of Piezol and Piezo2. (A)
Unrooted phylogenetic tree showing sequence relationship of
different members of the Piezo family of proteins. The align-
ments were generated using Megalign and DrawTree pro-
grams. The dotted line represents an artificially extended line
to accommodate fit. Hs, Homo Sapiens; Mm, Mouse muscu-
lus; Gg, Gallus gallus, Dr, Danio Rerio; Ci, Ciona intestina-
lis; Dm, Drosophila melanogaster; Ce, Caenorhabditis
elegans; Dd, Dictyostelium discoideum; At, Arabidopsis
thaliana; Os, Oryza sativa; Tt, Tetrahymena thermophila (ac-
cession numbers are provided in Methods). (B) Hydropho-
bicity analysis of mouse Piezol. The Kyte-Doolittle pattern
(19 residues window) shows succession of hydrophobic and
hydrophilic regions. 30 transmembrane domains are pre-
dicted by TMHMM2. (C) mRNA expression profiles of
Piezol (left panel) and Piezo2 (right panel) determined by
qPCR from various adult mouse tissues. GAPDH was used as



US 2013/0156762 Al

the reference gene and lung as the tissue calibrator using the
2724T method. Each bar is the mean=SEM of the average of
two separate experiments.

[0063] FIG. 5. Piezol induces large, mechanically-acti-
vated nonselective cationic currents. (A-F) MA currents of
Piezol-expressing N2A (A-C) and HEK293T (D-F) cells
recorded in the whole-cell configuration. (A, D) Representa-
tive traces of MA inward currents expressed in different cell
types transfected with Piezol. The cell was subjected to a
series of mechanical steps in 1 pum (A) or 0.5 um (D) incre-
ments using glass probe stimulation and at a holding potential
of =80 mV. (B, E) Representative current-voltage relation-
ships of MA currents expressed in different cell types trans-
fected with Piezol. Inset, MA currents evoked at holding
potentials ranging from -80 to +40 mV. (C, F) Average maxi-
mal amplitude of MA inward currents elicited at a holding
potential of -80 mV in Piezol-transfected (right bar) or
mock-transfected (left bar) cells. Bars represent the
mean=SEM, and the number of cells tested is shown above
the bars. *** P<0.001. (G) P,/P, ion selectivity ratios of
MA currents in Piezo1-expressing cells. (H) Percent block of
MA currents in Piezol-expressing cells by 30 uM gadolinium
or ruthenium red. (I-N) Stretch-activated currents of mouse
Piezol-expressing N2A (I-K) and HEK293T (L-N) cells in
cell-attached configuration. Representative averaged currents
induced by negative pipette pressure (0 to —60 mm Hg, A 10
mm Hg) in N2A (I) and HEK293T (L) cells transfected with
Piezol. Normalized current-pressure relationship of stretch-
activated currents elicited at —~80 mV in Piezol-transfected
N2A (J, n=12) and HEK293T (M, n=11) cells and fitted with
a Boltzmann equation. Py, is the average value of all P5ys
determined for individual cells. Average maximal amplitude
of stretch-activated currents elicited at a holding potential of
-80 mV in N2A (K) and HEK293T (N) cells mock-trans-
fected (left bar) or transfected with Piezol (right bar). Bars
represent the mean+SEM, and the number of cells tested is
shown above the bars. ***, P<0.001. **, P<0.01.

[0064] FIG. 6. Piezol-induced MA currents are cationic
non-selective currents blocked by gadolinium and ruthenium
red. (A-C) MA currents of Piezol-expressing C2C12 cells
recorded in the whole-cell configuration. (A) Representative
traces of MA inward currents expressed in Piezo1-transfected
cells. The cell is subjected to a series of mechanical steps in 1
um increments using glass probe stimulation and at a holding
potential of =80 mV. (B) Representative current-voltage rela-
tionships of MA currents expressed in Piezol-transfected
cells. Inset, MA currents evoked at holding potentials ranging
from -80 to +40 mV. (C) Average maximal amplitude of MA
inward currents elicited at a holding potential of -80 mV in
Piezol-transfected (right bar) or mock-transtected (left bar)
cells. Bars represent the mean+SEM, and the number of cells
tested is shown above the bars. ***, P<0.001, unpaired t-test
with Welch’s correction. (D) Whole-cell MA current traces
elicited in a Piezol transfected cell bathed in control solution
(left panel) or after perfusion with 150 mM NMDG-C1
(middle panel) solution. Currents are elicited from —-80 mV to
+80 mV in 40 mV steps. Right panel shows the MA current-
voltage relationship from the same cell. Note that inward
currents present in control condition (filled symbols) are sup-
pressed with external NMDG-CI solution (open symbol).
(E-F) Average current-voltage relationship of MA currents
elicited in Piezol transfected HEK293T cells and recorded
with CsCl-based internal solution and 150 mM NaCl—, 150
mM KCl—, 100 mM CaCl,- or 100 mM MgCl,-based extra-
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cellular solutions. (E) I-V relationships from individual cells
were normalized to the value at —-40 mV before liquid junc-
tion potentials were corrected. (F) Average of reversal poten-
tial values determined for each recording conditions and for
individual cells (mean+SEM). (G-H) Representative current
traces of MA currents elicited in Piezol transfected cells
before, during and after perfusion of 30 uM gadolinium (E) or
ruthenium red (F).

[0065] FIG. 7. Piezo2 induces large mechanically-acti-
vated currents kinetically distinct from Piezol-induced cur-
rents. (A-F) MA currents of Piezo2-expressing N2A (A-C)
and HEK293T (D-F) cells in whole-cell configuration. In
N2A cells, Piezo2 or vector only were co-transfected with
Piezol siRNA to suppress endogenous Piezol-dependent
MA currents. (A, D) Representative traces of MA inward
currents expressed in different cell types transfected with
Piezo2. The cell was subjected to a series of mechanical steps
in 1 um increments using glass probe stimulation at a holding
potential of -80 mV. (B, E) Representative current-voltage
relationships of MA currents expressed in different cell types
transfected with Piezo2. Inset, MA currents evoked atholding
potentials ranging from -80 to +40 mV. (C, F) Average maxi-
mal amplitude of MA inward currents elicited at a holding
potential of -80 mV in Piezol-transfected (right bar) or
mock-transfected (left bar) cells. (G-H) Representative traces
of'mechanically-activated inward (G) or outward (H) currents
expressed in cells transfected with Piezol (right trace) or
Piezo2 (left trace) at the specified holding potentials. Traces
are normalized to peak, and dashed lines represent fits of
inactivation with a mono-exponential equation. (I) Time-con-
stant of inactivation of Piezo1 (left bar) and Piezo2 (right bar)
at negative (-80 and —40 mV, upper panel) and positive (40
and 80 mV, lower panel) holding potentials. Bars represent
the mean+SEM and the numbers above bars the number of
cells. ¥*, P<0.01. *** P<0.001.

[0066] FIG. 8. Piezo2-induced MA currents are cationic
non-selective. (A) Whole-cell MA current traces elicited in a
Piezo2 transfected cell bathed in control solution (left panel)
and after perfusion with NMDG-CI (right panel) solution.
Currents are elicited at —80, —40, 0, +40 and +80 mV. (B) MA
current-voltage relationships from the same cell. Note that
inward currents present in control condition (filled symbols)
were suppressed with NMDG-Cl solution (open symbol). (C)
Representative current traces of MA currents elicited in
Piezo2-transtected cells before, during and after perfusion of
30 uM gadolinium (upper panels) or ruthenium red (lower
panels). (D) Percent block of MA currents in Piezo2-express-
ing cells by 30 uM gadolinium and ruthenium red. Bars
represent the mean+SEM, and the number of cells tested is
shown above the bars.

[0067] FIG. 9. Piezol antibodies detect Piezol in trans-
fected HEK293T cells. (A) Representative images of Piezol
labeling (red) in Piezol-IRES-EGFP transfected cells
(green). Note, GFP-negative, hence untransfected, cells are
devoid of labeling. (B) A proportion of Piezol is expressed
near or at the plasma membrane of TRPA1 and Piezol co-
transfected HEK293T cells. Cells were live-labeled with
TRPA1 antibodies (green) to delineate the plasma membrane,
fixed, permeabilized, and stained for Piezol (red) and MYC
(total TRPA1). Inset, higher magnification of boxed area in
overlay image. Scale bars=20 um.

[0068] FIG. 10. siRNA-knockdown of Piezo2 in DRG neu-
rons selectively reduces fast-inactivating MA currents. (A)
Representative images of colorimetric in situ hybridization
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for Piezo2 in Dorsal Root Ganglia (DRG) neurons using
antisense (left panel) and sense (right panel) probes. (B)
Representative traces of three typical MA inward currents
expressed in DRG neurons are characterized by distinct inac-
tivation kinetics. The neurons are subjected to a series of
mechanical steps in 1 pm increments at a holding potential of
—-80 mV. Current inactivation is fitted with a bi-exponential
equation giving fast time-constant (t) of 7.3 ms and slow
time-constant>100 ms (left panel), or with a mono-exponen-
tial equation giving a time constant of 27 ms (middle panel).
Some currents with t>30 ms are too slow to be efficiently
fitted during the 150 ms lasting step stimulation (right panel).
(C-D) Frequency histograms indicating the proportion of
neurons transfected with scrambled siRNA (Ctr) or Piezo2
siRNA (siRNA) that respond to mechanical stimulation with
MA currents characterized by their inactivation kinetic. Bars
represent the mean+SEM of the proportion of neurons from
seven separate experiments (B, n=12-19 neurons per condi-
tion and per experiment) or the proportion from all neurons
pooled from all seven experiments (C); the numbers above
bars in C represent the number of neurons. **, P<0.01. ns, not
significantly different.

[0069] FIG. 11. Piezo2 mRNA is expressed in a subset of
DRG neurons. Combined Piezo2 fluorometric in situ hybrid-
ization (left panels) with Peripherin (A, middle panel) and
Neurofilament 200 (NF200) (B, middle planel) immunostain-
ing in mouse DRG and (C) with TRPV1 (middle panel)
immunostaining in rat DRG show that among Piezo2-positive
neurons, 60% also expressed Peripherin (n=204 for Piezo2
and n=555 for Peripherin of which 23% express Piezo2, out
of 1188 total neurons); 28%, NF200 (n=277 for Piezo2, and
n=368 for NF200 of which 19% express Piezo2, out of 1203
total neurons), and 24%, TRPV1 (n=233 for Piezo2 and
n=394 for TRPV1 of which 15% express Piezo2, out of 975
total neurons). Arrowheads show examples of neurons
expressing Piezo2 and respective markers (A-C, right pan-
els). Scale bars=50 um.

[0070] FIG. 12. DRG and Piezo2 siRNA control experi-
ments and comparison of MA current inactivation of DRG
neurons. (A-B) siRNA-mediated knockdown of TRPA1 in
cultured DRG neurons. (A) Representative traces of ratiomet-
ric calcium-imaging on cultured DRG neurons transfected
with scrambled siRNA control (n=415 neurons, left panel)
and TRPA1 siRNA (n=467 neurons, right panel). (B) Average
percentage of neurons responding to mustard oil (MO, ago-
nist of TRPA1 channels) and capsaicin (CAPS, agonist of
TRPV1 channels) from 2 independent transfections were
assayed 48 to 72 hours after transfection. While the percent-
age of responders to MO (100 uM) is significantly reduced
upon siRNA treatment (scrambled: 15.34£3.69%; siRNA:
2.48+0.96%; P=0.0286, Mann Whitney test), responses to
CAPS (0.5 uM) are unaffected by TRPA1 siRNA treatment
(scrambled: 27.43x5.81%; siRNA: 32.28+3.84%; ns). Bars
represent the mean+SEM. (C) Average maximal amplitude of
Piezo2-induced MA currents in the presence or absence of
Piezo2 siRNA. N2A cells transfected with Piezol siRNA to
suppress endogenous MA currents were co-transfected with
Piezo2 c¢cDNA or Piezo2 cDNA+Piezo2 siRNA. (D) Histo-
gram of time-constant of inactivation of MA currents
recorded in scrambled siRNA transfected DRG neurons.
Numbers of neurons expressing MA currents with time con-
stant of inactivation =30 ms were plotted using a bin of 2.5
ms (the inactivation kinetic of currents with >30 ms time
constant is too slow to be accurately fitted over 150 ms). Fit
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with double Gaussian equation shows two peaks centered at
7.2£0.5 ms and 16.0x2.1 ms, respectively. (E) Example trace
of MA current showing comparison between the amount of
current inactivated after 150 ms of mechanical stimulation (I
inactivated, right double arrow) and the amount of current at
the peak (I peak, left double arrow) (left panel). Percentage of
DRG neurons with different degrees of current inactivation at
150 ms (I inactivated/I peak in 5% increments where 100% is
completely inactivated) are compared between scrambled or
Piezo2 siRNA transfected conditions (right panel, left and
right bars in each pair, respectively).

DETAILED DESCRIPTION OF THE INVENTION

1. Introduction

[0071] The present invention identifies a role for multipass
transmembrane proteins, called “Piezo” proteins, in mecha-
notransduction in cells. One or more Piezo proteins have been
identified in animal, plant, and other eukaryotic species,
including but not limited to, vertebrates (e.g., mammals such
as humans and mice, birds such as chickens, and fish such as
zebrafish), invertebrates (e.g., Ciona, Drosophila, Annoph-
eles, and C. elegans), Arabidopsis, rice, and ciliates, although
functional characterization of these Piezo proteins has not
previously been reported. Piezo proteins have moderately
conserved secondary structure and overall length, generally
from about 2100 amino acids to about 4700 amino acids, with
about 24-36 transmembrane domains located throughout the
putative protein. It is demonstrated here for the first time that
overexpression of Piezo induces robust mechanically-acti-
vated currents, while inhibition of Piezo expression reduces
mechanically-activated currents. Without intending to limit
the scope of the invention, it is believed that Piezos participate
in mechanotransduction in cells as components of mechani-
cally-activated cation channels.

[0072] Accordingly, the present invention provides meth-
ods of screening for agents that modulate the activity of
mechanically-activated cation channel polypeptides by con-
tacting the agents with polypeptides that are substantially
identical to Piezo proteins. The present invention also pro-
vides antibodies against Piezo proteins that antagonize the
activity of mechanically-activated cation channels and meth-
ods of ameliorating pain in a subject by administering said
antibodies. The present invention further provides antisense
oligonucleotides or siRNAs that inhibit the production of
Piezo proteins and methods of ameliorating pain in a subject
by administering said antisense oligonucleotides or siRNAs.
The present invention further provides kits for practicing said
methods.

II. Assays for Modulators of Mechanically-Activated
Cation Channel Activity

[0073] In one aspect, the present invention provides a
method of screening for agents that modulate the activity of a
mechanically-activated cation channel, the method compris-
ing: contacting a mechanically-activated cation channel
polypeptide with an agent; and selecting the agent that modu-
lates the activity of the mechanically-activated cation channel
polypeptide.

[0074] A. Expression of Mechanically-Activated Cation
Channel Polypeptides

[0075] The mechanically-activated cation channel
polypeptides, and the polynucleotides encoding said
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polypeptides, are substantially identical to members of the
Piezo family of transmembrane proteins. In some embodi-
ments, the mechanically-activated cation channel polypep-
tide is substantially identical to (e.g., at least 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94% 95%, 96%, 97%, 98%, or
99% identical to) any one of SEQ ID NOs:2, 4, 18, or 20. In
some embodiments, the mechanically-activated cation chan-
nel polypeptide comprises any of SEQ ID NOs:2, 4, 18, or 20.
[0076] In some embodiments, the method of screening for
agents that modulate the activity of a mechanically-activated
cation channel comprises contacting a cell comprising the
mechanically-activated cation channel polypeptide that is
substantially identical to (e.g., having at least 70% identity to)
any one of SEQ ID NOs:2, 4, 18, or 20 with an agent, and
selecting the agent that modulates the activity of the mechani-
cally-activated cation channel polypeptide. In some embodi-
ments, the cell endogenously expresses the mechanically-
activated cation channel polypeptide. In some embodiments,
the mechanically-activated cation channel polypeptide is het-
erologous to the cell.

[0077] Any cell that endogenously expresses a mechani-
cally-activated cation channel polypeptide having at least
70% identity to any of SEQ ID NOs:2, 4, 18, or 20 at a
detectable level may be used in the screening methods of the
present invention. Whether a cell endogenously expresses the
mechanically-activated cation channel polypeptide at a
detectable level may be determined by any method of nucleic
acid or protein expression known in the art. Nucleic acid may
be detected using routine techniques such as Northern analy-
sis, reverse-transcriptase polymerase chain reaction (RT-
PCR), microarrays, sequence analysis, or any other methods
based on hybridization to a nucleic acid sequence that is
complementary to a portion of the marker coding sequence
(e.g., slot blot hybridization). Protein may be detected using
routine antibody-based techniques, for example, immunoas-
says such as ELISA, Western blotting, flow cytometry, immu-
nofluorescence, and immunohistochemistry. Examples of
cells that endogenously express mechanically-activated cat-
ion channel polypeptide having at least 70% identity to any
one of SEQ ID NOs:2, 4, 18, or 20 at a detectable level
include, but are not limited to, Neuro2A.

[0078] Alternatively, a mechanically-activated cation
channel polypeptide can be heterologously expressedin acell
of interest using an expression cassette. An expression cas-
sette, comprising a promoter operably linked to a polynucle-
otide encoding a mechanically-activated cation channel
polypeptide as described herein, is generated using tech-
niques that are known in the art.

[0079] In some embodiments, a polynucleotide encoding
the mechanically-activated cation channel polypeptide is
substantially identical to (e.g., at least 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94% 95%, 96%, 97%, 98%, or 99%
identical to) any one of SEQ ID NOs:1, 3, 17, or 19. In some
embodiments, the polynucleotide encoding the mechani-
cally-activated cation channel polypeptide comprises any one
of SEQ ID NOs:1, 3, 17, or 19. The polynucleotides of the
disclosure may be synthesized by chemical methods or pre-
pared by techniques well known in the art. See, for example,
Creighton, Proteins: Structures and Molecular Principles,
W.H. Freeman & Co., New York, N.Y. (1983). Nucleotide
sequences encoding the mechanically-activated cation chan-
nel polypeptides of the disclosure may be synthesized and/or
cloned, and expressed according to techniques well known to
those of ordinary skill in the art. See, for example, Sambrook,
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et al., Molecular Cloning, A Laboratory Manual, Vols. 1-3,
Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (1989).
[0080] The polynucleotide sequences encoding the
mechanically-activated cation channels can be cloned from
c¢DNA and genomic DNA libraries by hybridization with a
probe, or isolated using amplification techniques with oligo-
nucleotide primers. For example, mechanically-activated cat-
ion channel polynucleotides sequences can be isolated from
mammalian nucleic acid (genomic or cDNA) libraries by
hybridizing with a nucleic acid probe, the sequence of which
can be derived from SEQ ID NOs:1, 3, 17, or 19. Methods for
making and screening cDNA libraries are well known (see,
e.g., Gubler & Hoffman, Gene 25:263-269 (1983); Sambrook
et al., supra; Ausubel et al., supra). Suitable tissues from
which mechanically-activated cation channel polypeptide
RNA and cDNA can be isolated include, but are not limited to,
dorsal root ganglia, nerve, neurons, bladder, colon, kidney,
lung, and skin.

[0081] An alternative method of isolating mechanically-
activated cation channel polynucleotides combines the use of
synthetic oligonucleotide primers and amplification of an
RNA or DNA template (see U.S. Pat. Nos. 4,683,195 and
4,683,202; PCR ProtocoLs: A GUDE To METHODS AND APPLICA-
Tions (Innis et al., eds, 1990)). Methods such as polymerase
chain reaction (PCR) and ligase chain reaction (LCR) can be
used to amplify nucleic acid sequences of mechanically-ac-
tivated cation channel directly from mRNA, from cDNA,
from genomic libraries, or from cDNA libraries. Amplifica-
tion techniques are known in the art, see, e.g., Sambrook, et
al., 1989, Molecular Cloning, A Laboratory Manual, Vols.
1-3, Cold Spring Harbor Press, Cold Spring Harbor, N.Y.
Primers can be prepared using the polynucleotide sequences
that are available in publicly available databases. Genes
amplified by the PCR reaction can be purified from agarose
gels and cloned into an appropriate vector containing a select-
able marker for propagation in a host. Such markers include
but are not limited to dihydrofolate reductase or neomycin
resistance for eukaryotic cell culture and tetracycline, ampi-
cillin, or kanamycin resistance genes for culturing in £. cofi
and other bacteria.

[0082] To obtain high level expression of a cloned gene or
nucleic acid, such as those cDNAs encoding the mechani-
cally-activated cation channel, one typically subclones the
mechanically-activated cation channel into an expression
vector that contains a strong promoter to direct transcription,
atranscription/translation terminator, and if for a nucleic acid
encoding a protein, a ribosome binding site for translational
initiation. Suitable bacterial promoters are well known in the
art and described, e.g., in Sambrook et al. and Ausubel et al.
Bacterial expression systems for expressing a mechanically-
activated cation channel polypeptide are available in, e.g., E.
coli, Bacillus sp., and Salmonella (Palva et al., Gene 22:229-
235 (1983); Mosbach et al., Nature 302:543-545 (1983). Kits
for such expression systems are commercially available.
Eukaryotic expression systems for mammalian cells, yeast,
and insect cells are well known in the art and are also com-
mercially available.

[0083] The promoter used to direct expression of a heter-
ologous nucleic acid depends on the particular application.
The promoter is optionally positioned about the same dis-
tance from the heterologous transcription start site as it is
from the transcription start site in its natural setting. As is
known in the art, however, some variation in this distance can
be accommodated without loss of promoter function.
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[0084] In addition to the promoter, the expression vector
typically contains a transcription unit or expression cassette
that contains all the additional elements required for the
expression of the mechanically-activated cation channel
encoding nucleic acid in host cells. A typical expression cas-
sette thus contains a promoter operably linked to the nucleic
acid sequence encoding the mechanically-activated cation
channel and signals required for efficient polyadenylation of
the transcript, ribosome binding sites, and translation termi-
nation. The nucleic acid sequence encoding the mechani-
cally-activated cation channel may typically be linked to a
cleavable signal peptide sequence to promote secretion of the
encoded protein by the transformed cell. Such signal peptides
would include, among others, the signal peptides from tissue
plasminogen activator, insulin, and neuron growth factor, and
juvenile hormone esterase of Heliothis virescens. Additional
elements of the cassette may include enhancers and, if
genomic DNA is used as the structural gene, introns with
functional splice donor and acceptor sites.

[0085] In addition to a promoter sequence, the expression
cassette can also contain a transcription termination region
downstream of the structural gene to provide for efficient
termination. The termination region may be obtained from
the same gene as the promoter sequence or may be obtained
from different genes.

[0086] The particular expression vector used to transport
the genetic information into the cell is not particularly critical.
Any of the conventional vectors used for expression in
eukaryotic or prokaryotic cells may be used. Standard bacte-
rial expression vectors include plasmids such as pBR322
based plasmids, pSKF, pET23D, and fusion expression sys-
tems such as GST and LacZ. Epitope tags can also be added
to recombinant proteins to provide convenient methods of
isolation, e.g., c-myc.

[0087] Expression vectors containing regulatory elements
from eukaryotic viruses are typically used in eukaryotic
expression vectors, e.g., SV40 vectors, papilloma virus vec-
tors, and vectors derived from Epstein-Barr virus. Other
exemplary eukaryotic vectors include pMSG, pAV0O09/A™,
pMTO10/A™, pMAMneo-5, baculovirus pDSVE, and any
other vector allowing expression of proteins under the direc-
tion of the SV40 early promoter, SV40 later promoter, met-
allothionein promoter, murine mammary tumor virus pro-
moter, Rous sarcoma virus promoter, polyhedrin promoter, or
other promoters shown effective for expression in eukaryotic
cells.

[0088] Some expression systems have markers that provide
gene amplification such as—thymidine kinase, hygromycin
B phosphotransferase, and dihydrofolate reductase. Alterna-
tively, high yield expression systems not involving gene
amplification are also suitable, such as using a baculovirus
vector in insect cells, with a mechanically-activated cation
channel encoding sequence under the direction of the poly-
hedrin promoter or other strong baculovirus promoters.

[0089] The elements that are typically included in expres-
sion vectors also include a replicon that functions in E. coli, a
gene encoding antibiotic resistance to permit selection of
bacteria that harbor recombinant plasmids, and unique
restriction sites in nonessential regions of the plasmid to
allow insertion of eukaryotic sequences. The particular anti-
biotic resistance gene chosen is not critical, any of the many
resistance genes known in the art are suitable. The prokary-
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otic sequences are optionally chosen such that they do not
interfere with the replication of the DNA in eukaryotic cells,
if necessary.

[0090] Recombinant expression vectors comprising a
mechanically-activated cation channel coding sequence
driven by a heterologous promoter may be introduced into the
genome of the desired host cell using any of a variety of well
known procedures. These procedures include the use of cal-
cium phosphate transfection, polybrene, protoplast fusion,
electroporation, liposomes, microinjection, plasma vectors,
viral vectors and any of the other well known methods for
introducing cloned genomic DNA, cDNA, synthetic DNA or
other foreign genetic material into a host cell (see, e.g., Sam-
brook et al., supra). It is only necessary that the particular
genetic engineering procedure used be capable of success-
fully introducing at least one gene into the host cell capable of
expressing the mechanically-activated cation channel.

[0091] B. Screening for Modulation of Cation Channel
Activity

[0092] 1. Cation Channel Activity Assays

[0093] Piezos are components of mechanically-activated

cation channels. The activity of mechanically-activated cat-
ion channels comprising polypeptides that are substantially
identical to Piezos can be assessed using a variety of in vitro
and in vivo assays, e.g., measuring electrophysiological
changes such as changes in current (both in mechanically-
sensitive assays and assays independent of mechanical stimu-
lation), measuring second messengers and transcription lev-
els, measuring ligand binding, measuring cation influx, and
using voltage-sensitive dyes, ion-sensitive dyes (e.g., Ca®*),
and the like. Furthermore, such assays can be used to test for
inhibitors and activators of mechanically-activated cation
channels. Such modulators are useful for treating various
disorders involving mechanically-activated cation channels.
[0094] In some embodiments, agents that modulate (acti-
vate or inhibit) the activity of the mechanically-activated
cation channel are identified in an initial screen using an assay
that measures an aspect independent of mechanical stimula-
tion, e.g., voltage-clamp or patch-clamp assay, voltage-sen-
sitive dye, ion-sensitive dye, cation influx assay, etc. Agents
that are identified as agonizing or inhibiting the activity of the
mechanically-activated cation channel using such an assay
can then be screened for the ability to modulate the activity of
the mechanically-activated cation channel in a mechanically-
dependent manner by testing the agonistic or antagonistic
effects of the agent in a mechanically-sensitive assay, e.g,
using a piezoelectrically-driven pressure assay or membrane
stretch assay.

[0095] In some embodiments, agents that modulate the
activity of the mechanically-activated cation channel are
identified in an initial screen using a mechanically-sensitive
assay as described herein.

[0096] Modulators are tested using a biologically active
mechanically-activated cation channel polypeptide that is
substantially identical to Piezo, either recombinant or natu-
rally occurring. The mechanically-activated cation channel
polypeptide can be isolated, co-expressed or expressed in a
cell, or expressed in a membrane derived from a cell. Modu-
lation is tested using one of the in vitro or in vivo assays
described above. Samples or assays that are treated with a
potential mechanically-activated cation channel inhibitor or
activator are compared to control samples without the test
compound, to examine the extent of modulation. Control
samples (untreated with activators or inhibitors) are assigned
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a relative mechanically-activated cation channel activity
value of 100. Inhibition of the mechanically-activated cation
channel is achieved when the mechanically-activated cation
channel activity value relative to the control is about less than
90%, e.g., less than 75%, less than 50%, or less than 25%.
Activation of the mechanically-activated cation channel is
achieved when the mechanically-activated cation channel
activity value relative to the control is more than 110%, more
than 125%, more than 150%, or more than 200% higher.
Compounds that increase the flux of ions will cause a detect-
able increase in the ion current density by increasing the
probability of a mechanically-activated cation channel being
open, by decreasing the probability of it being closed, by
increasing conductance through the channel, and/or by allow-
ing the passage of ions.

[0097] Changes inion flux may be assessed by determining
changes in polarization (i.e., electrical potential) of the cell or
membrane expressing the mechanically-activated cation
channel. A method to determine changes in cellular polariza-
tion is by measuring changes in current (thereby measuring
changes in polarization) with voltage-clamp and patch-clamp
techniques, e.g., the “cell-attached” mode, the “inside-out”
mode, and the “whole cell” mode (see, e.g., Ackerman et al.,
New Engl. J. Med. 336:1575-1595 (1997)). Whole cell cur-
rents are conveniently determined using the standard meth-
odology (see, e.g., Hamill et al., Pflugers. Archiv. 391:85-100
(1981)). Other known assays include: radiolabeled ion flux
assays and fluorescence assays using voltage-sensitive orion-
sensitive dyes (see, e.g., Vestergarrd-Bogind et al., J. Mem-
brane Biol. 88:67-75 (1988); Daniel et al., J. Pharmacol.
Meth. 25:185-193 (1991); Holevinsky et al., J. Membrane
Biology 137:59-70 (1994)). Assays for compounds capable
of inhibiting or increasing cation flux through the mechani-
cally-activated cation channels can be performed by applica-
tion of the compounds to a bath solution in contact with and
comprising cells having a channel of the present invention
(see, e.g., Blatz et al., Nature 323:718-720 (1986); Park, J.
Physiol. 481:555-570 (1994)). Generally, the compounds to
be tested are present in the range from 1 pM to 100 mM.

[0098] The effects of the test compounds upon the function
of the channels can be measured by changes in the electrical
currents or ionic flux or by the consequences of changes in
currents and flux. Changes in electrical current or ionic flux
are measured by either increases or decreases in flux of ions
such as cations (e.g., calcium, sodium, potassium, or magne-
sium ions). The ions can be measured in a variety of standard
ways. They can be measured directly by concentration
changes of the ions, e.g., changes in intracellular concentra-
tions, or indirectly by membrane potential or by radio-label-
ing of the ions. Consequences of the test compound on ion
flux can be quite varied. Accordingly, any suitable physi-
ological change can be used to assess the influence of a test
compound on the channels of this invention.

[0099] In some embodiments, the mechanically-activated
cation channel polypeptide that is used in the assay will have
the sequence displayed in the following GenBank accession
numbers: human Piezol—NP_001136336.2; mouse
Piezol—NP_ 001032375.1; chicken Piezol—XP_
414209.2 or XP__423106.2; zebrafish Piezol—XP__696355.
4; human Piezo2—NP_071351.2; mouse Piezo2—NP__
001034574.3; chicken Piezo2—XP_419138.2; zebrafish
Piezo2—XP_ 00266625.1; or a conservatively modified
variant, ortholog, and/or substantially identical variant
thereof. Generally, the amino acid sequence identity will be at
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least 65%, e.g., at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or at least 99%.

[0100] Piezo orthologs, alleles, polymorphic variants, and
conservatively modified variants will generally confer sub-
stantially similar properties on a mechanically-activated cat-
ion channel as described above. In some embodiments, the
cell placed in contact with a compound that is suspected to be
a Piezo homolog is assayed for increasing or decreasing ion
flux in a eukaryotic cell, e.g., an oocyte of Xenopus (e.g.,
Xenopus laevis) or a mammalian cell such as a CHO or HelLa
cell or as assayed in binding studies using similar cell types.
Channels that are affected by compounds in ways similar to
Piezo are considered homologs or orthologs of Piezo.

[0101] 2. Mechanically-Sensitive Cation Channel Activity
Assays
[0102] In some embodiments, agents are screened for the

ability to modulate mechanically-activated electrophysi-
ological changes in a channel comprising a polypeptide that is
substantially identical to Piezo. Mechanically-sensitive
assays are known in the art and include, for example, piezo-
driven pressure, patch membrane stretch, shear stress,
osmotic challenges, and amphipathic compounds.

[0103] As anon-limiting example, the ability of an agent to
modulate  mechanically-activated  electrophysiological
changes in a cell can be assayed using whole cell recordings
measuring stimulation by a piezo-electrically driven
mechanical probe. Methods of assaying piezo-driven pres-
sure have been described, see, e.g., Hu and Lewin, J. Physiol.
577:815-828 (2006)). Briefly, a fire-polished glass probe is
typically positioned close to the cell surface at an angle =45°.
The probe is driven toward the cell at a controlled velocity and
for a controlled length of time using a Clampex (Molecular
Devices, Sunnyvale, Calif.)-controlled piezo-electric crystal
microstage and mechanically-activated inward current is
recorded. One of skill in the art will recognize that it may be
useful to vary parameters such as voltage and the intensity,
velocity, and duration of the mechanical stimulus.

[0104] As another non-limiting example, the ability of an
agent to modulate mechanically-activated electrophysiologi-
cal changes in a cell can be assayed by stretch of the plasma
membrane through a patch pipette in cell-attached mode.
Methods of assaying patch membrane stretch have been
described, see, e.g., Gil et al., Proc. Natl. Acad. Sci. USA
96:14594-14599 (1999)). Briefly, on-cell, or cell-attached,
patches are formed by pressing the tip of a heat-polished
patch pipette against the membrane of the cell and then apply-
ing slight negative pressure to the patch pipette using a
Clampex-controlled pressure clamp (e.g., HSPC-1 pressure
clamp, ALA Scientific Instruments, Westbury, N.Y.) and
mechanically-activated inward current is recorded. One of
skill in the art will recognize that it may be useful to vary
parameters such as voltage and the amount and duration of
pressure applied.

[0105] 3. Solid State and High Throughput Assays

[0106] In the high throughput assays of the invention, it is
possible to screen up to several thousand, ten thousand, hun-
dred thousand or more different modulators or ligands in a
single day. In particular, each well of a microtiter plate can be
used to run a separate assay against a selected potential modu-
lator, or, if concentration or incubation time effects are to be
observed, every 5-10 wells can test a single modulator. Thus,
a single standard microtiter plate can assay about 100 (e.g.,
96) modulators. If 1536 well plates are used, then a single
plate can easily assay from about 100- about 1500 different
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compounds. It is possible to assay several different plates per
day; assay screens for up to about 6,000-20,000 or more
different compounds is possible using the integrated systems
of the invention. More recently, microfluidic approaches to
reagent manipulation have been developed, e.g., by Caliper
Technologies (Palo Alto, Calif.), and can be used.

[0107] As a non-limiting example, potential modulators
can be screened for effect on mechanically-activated cation
channels using a high throughput electrophysiological
screening system such as lonWorks™ HT (Molecular
Devices, Sunnyvale, Calif.). Briefly, the lonWorks™ HT sys-
tem measures whole-cell current from multiple cells simul-
taneously using a 384-well plate. Cells expressing a voltage-
gated ion channel of interest are dispensed into individual
wells in parallel with an onboard fluidics system and a single
cell is subsequently positioned over a single small aperture
within each well, the aperture separating two isolated fluid-
filled upper and lower chambers, each containing buffered
solutions and separate electrodes. The positioned cells form
stable seals over the apertures, impeding electrical flow
between the two chambers. A cell membrane pore-forming
agent (e.g., amphotericin B) is introduced into the lower
chamber, creating an electrical pathway through the portion
of the cell membrane exposed through the small aperture in
each of the wells. An electronics head containing 48 elec-
trodes is positioned into the upper chamber clamping the cell
membrane potential and subsequently recording ionic cur-
rents from 48 cells in parallel. Compounds are aspirated from
96- or -384 well microplates and dispensed in parallel with a
12-channel fluidics head pipettor.

[0108] The molecule of interest can be bound to the solid
state component, directly or indirectly, via covalent or non
covalent linkage, e.g., via a tag. The tag can be any of a variety
of components. In general, a molecule which binds the tag (a
tag binder) is fixed to a solid support, and the tagged molecule
of interest (e.g., a mechanically-activated cation channel
polypeptide) is attached to the solid support by interaction of
the tag and the tag binder.

[0109] A number oftags and tag binders can be used, based
upon known molecular interactions well described in the
literature. For example, where a tag has a natural binder, for
example, biotin, protein A, or protein G, it can be used in
conjunction with appropriate tag binders (avidin, streptavi-
din, neutravidin, the Fc region of an immunoglobulin, etc.)
Antibodies to molecules with natural binders such as biotin
are also widely available and appropriate tag binders; see,
SIGMA Immunochemicals 1998 catalogue SIGMA, St.
Louis Mo.).

[0110] Similarly, any haptenic or antigenic compound can
be used in combination with an appropriate antibody to form
a tag/tag binder pair. Thousands of specific antibodies are
commercially available and many additional antibodies are
described in the literature. For example, in one common
configuration, the tag is a first antibody and the tag binder is
a second antibody which recognizes the first antibody. In
addition to antibody-antigen interactions, receptor-ligand
interactions are also appropriate as tag and tag-binder pairs.
For example, agonists and antagonists of cell membrane
receptors (e.g., cell receptor-ligand interactions such as trans-
ferrin, c-kit, viral receptor ligands, cytokine receptors,
chemokine receptors, interleukin receptors, immunoglobulin
receptors and antibodies, the cadherein family, the integrin
family, the selectin family, and the like; see, e.g., Pigott &
Power, The Adhesion Molecule Facts Book I (1993). Simi-
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larly, toxins and venoms, viral epitopes, hormones (e.g., opi-
ates, steroids, etc.), intracellular receptors (e.g. which medi-
ate the effects of various small ligands, including steroids,
thyroid hormone, retinoids and vitamin D; peptides), drugs,
lectins, sugars, nucleic acids (both linear and cyclic polymer
configurations), oligosaccharides, proteins, phospholipids
and antibodies can all interact with various cell receptors.
[0111] Synthetic polymers, such as polyurethanes, polyes-
ters, polycarbonates, polyureas, polyamides, polyethylene-
imines, polyarylene sulfides, polysiloxanes, polyimides, and
polyacetates can also form an appropriate tag or tag binder.
Many other tag/tag binder pairs are also useful in assay sys-
tems described herein, as would be apparent to one of skill
upon review of this disclosure.

[0112] Common linkers such as peptides, polyethers, and
the like can also serve as tags, and include polypeptide
sequences, such as poly-Gly sequences of between about 5
and 200 amino acids. Such flexible linkers are known to
persons of skill in the art. For example, poly(ethylene glycol)
linkers are available from Shearwater Polymers, Inc. Hunts-
ville, Ala. These linkers optionally have amide linkages, sulf-
hydryl linkages, or heterofunctional linkages.

[0113] Tagbinders are fixed to solid substrates using any of
a variety of methods currently available. Solid substrates are
commonly derivatized or functionalized by exposing all or a
portion of the substrate to a chemical reagent which fixes a
chemical group to the surface which is reactive with a portion
of the tag binder. For example, groups which are suitable for
attachment to a longer chain portion would include amines,
hydroxyl, thiol, and carboxyl groups. Aminoalkylsilanes and
hydroxyalkylsilanes can be used to functionalize a variety of
surfaces, such as glass surfaces. The construction of such
solid phase biopolymer arrays is well described in the litera-
ture. See, e.g., Merrifield, J. Am. Chem. Soc. 85:2149-2154
(1963) (describing solid phase synthesis of, e.g., peptides);
Geysen et al., J. Immun. Meth. 102:259-274 (1987) (describ-
ing synthesis of solid phase components on pins); Frank &
Doring, Tetrahedron 44:60316040 (1988) (describing syn-
thesis of various peptide sequences on cellulose disks); Fodor
et al., Science, 251:767-777 (1991); Sheldon et al., Clinical
Chemistry 39(4):718-719 (1993); and Kozal et al., Nature
Medicine 2(7):753759 (1996) (all describing arrays of
biopolymers fixed to solid substrates). Non-chemical
approaches for fixing tag binders to substrates include other
common methods, such as heat, cross-linking by UV radia-
tion, and the like.

[0114] 4. Validation

[0115] Agents that are initially identified by any of the
foregoing screening methods can be further tested to validate
the apparent activity and/or determine other biological effects
of the agent. In some cases, the identified agent is adminis-
tered to an animal (e.g., a non-human mammal such as a
mouse) to determine the effect of the agent on pain sensitivity.
[0116] C. Agents that Modulate Cation Channel Activity
[0117] The compounds tested as modulators of the
mechanically-activated cation channels can be any small
chemical compound, or a biological entity, such as a protein,
sugar, nucleic acid or lipid. Typically, test compounds will be
small chemical molecules and peptides. Essentially any
chemical compound can be used as a potential modulator or
ligand in the assays of the invention, although most often
compounds can be dissolved in aqueous or organic (espe-
cially DMSO-based) solutions are used. The assays are
designed to screen large chemical libraries by automating the
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assay steps and providing compounds from any convenient
source to assays, which are typically run in parallel (e.g., in
microtiter formats on microtiter plates in robotic assays). It
will be appreciated that there are many suppliers of chemical
compounds, including Sigma (St. Louis, Mo.), Aldrich (St.
Louis, Mo.), Sigma-Aldrich (St. Louis, Mo.), Fluka
Chemika-Biochemica Analytika (Buchs Switzerland) and the
like.

[0118] In one embodiment, high throughput screening
methods involve providing a combinatorial chemical or pep-
tide library containing a large number of potential therapeutic
compounds (potential modulator or ligand compounds). Such
“combinatorial chemical libraries” or “ligand libraries” are
then screened in one or more assays, as described herein, to
identify those library members (particular chemical species
or subclasses) that display a desired characteristic activity.
The compounds thus identified can serve as conventional
“lead compounds” or can themselves be used as potential or
actual therapeutics.

[0119] A combinatorial chemical library is a collection of
diverse chemical compounds generated by either chemical
synthesis or biological synthesis, by combining a number of
chemical “building blocks” such as reagents. For example, a
linear combinatorial chemical library such as a polypeptide
library is formed by combining a set of chemical building
blocks (amino acids) in every possible way for a given com-
pound length (i.e., the number of amino acids in a polypeptide
compound). Millions of chemical compounds can be synthe-
sized through such combinatorial mixing of chemical build-
ing blocks.

[0120] Preparation and screening of combinatorial chemi-
cal libraries is well known to those of skill in the art. Such
combinatorial chemical libraries include, but are not limited
to, peptide libraries (see, e.g., U.S. Pat. No. 5,010,175, Furka,
Int. J. Pept. Prot. Res. 37:487-493 (1991) and Houghtonet al.,
Nature 354:84-88 (1991)). Other chemistries for generating
chemical diversity libraries can also be used. Such chemis-
tries include, but are not limited to: peptoids (e.g., PCT Pub-
lication No. WO 91/19735), encoded peptides (e.g., PCT
Publication WO 93/20242), random bio-oligomers (e.g., PCT
Publication No. WO 92/00091), benzodiazepines (e.g., U.S.
Pat. No. 5,288,514), diversomers such as hydantoins, benzo-
diazepines and dipeptides (Hobbs et al., Proc. Nat. Acad. Sci.
US4 90:6909-6913 (1993)), vinylogous polypeptides (Hagi-
haraet al, J. Amer. Chem. Soc. 114:6568 (1992)), nonpeptidal
peptidomimetics with glucose scaffolding (Hirschrnann et
al., J. Amer. Chem. Soc. 114:9217-9218 (1992)), analogous
organic syntheses of small compound libraries (Chen et al., J.
Amer. Chem. Soc. 116:2661 (1994)), oligocarbamates (Cho et
al., Science 261:1303 (1993)), and/or peptidyl phosphonates
(Campbell et al., J. Org. Chem. 59:658 (1994)), nucleic acid
libraries (see Ausubel, Berger and Sambrook, all supra), pep-
tide nucleic acid libraries (see, e.g., U.S. Pat. No. 5,539,083),
antibody libraries (see, e.g., Vaughn et al., Nature Biotech-
nology, 14(3):309-314 (1996) and PCT/US96/10287), carbo-
hydrate libraries (see, e.g., Liang et al., Science, 274:1520-
1522 (1996) and U.S. Pat. No. 5,593,853), small organic
molecule libraries (see, e.g., benzodiazepines, Baum C&EN,
January 18, page 33 (1993); isoprenoids, U.S. Pat. No. 5,569,
588; thiazolidinones and metathiazanones, U.S. Pat. No.
5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,735 and 5,519,
134; morpholino compounds, U.S. Pat. No. 5,506,337; ben-
zodiazepines, U.S. Pat. No. 5,288,514, and the like).
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[0121] Devices for the preparation of combinatorial librar-
ies are commercially available (see, e.g., 357 MPS, 390 MPS,
Advanced Chem Tech, Louisville Ky., Symphony, Rainin,
Woburn, Mass., 433A Applied Biosystems, Foster City,
Calif., 9050 Plus, Millipore, Bedford, Mass.). In addition,
numerous combinatorial libraries are themselves commer-
cially available (see, e.g., ComGenex, Princeton, N.J., Tripos,
Inc., St. Louis, Mo., 3D Pharmaceuticals, Exton, Pa., Martek
Biosciences, Columbia, Md., etc.).

II1. Inhibiting Expression of Mechanically-Activated
Cation Channels

[0122] A. Antibodies

[0123] In another aspect, the present invention provides
antibodies that specifically bind to the mechanically-acti-
vated cation channels. Such antibodies are useful, e.g., for
ameliorating or treating pain or itch in a subject. Suitable
antibodies include, but are not limited to, monoclonal anti-
bodies, humanized antibodies, chimeric antibodies, and anti-
body fragments (i.e., Fv, Fab, (Fab'),, or scFv).

[0124] In some embodiments, the antibody selectively
binds to a mechanically-activated cation channel polypeptide
having at least 70% amino acid sequence identity to SEQ ID
NO:2, SEQ ID NO:4, SEQ ID NO:18, or SEQ ID NO:20. In
some embodiments, the antibody selectively binds to a
polypeptide comprising SEQ ID NO:2, SEQ ID NO:4, SEQ
ID NO:18, or SEQ ID NO:20.

[0125] Monoclonal antibodies are obtained by various
techniques familiar to those skilled in the art. Briefly, spleen
cells from an animal immunized with a desired antigen are
immortalized, commonly by fusion with a myeloma cell (see,
for example, Kohler & Milstein, Eur. J. Immunol. 6: 511-519
(1976)). Alternative methods of immortalization include
transformation with Epstein Barr Virus, oncogenes, or retro-
viruses, or other methods well known in the art. Colonies
arising from single immortalized cells are screened for pro-
duction of antibodies of the desired specificity and affinity for
the antigen, and yield of the monoclonal antibodies produced
by such cells may be enhanced by various techniques, includ-
ing injection into the peritoneal cavity of a vertebrate host.
Alternatively, one may isolate DNA sequences which encode
a monoclonal antibody or a binding fragment thereof by
screening a DNA library from human B cells according to the
general protocol outlined by Huse et al., Science 246: 1275-
1281 (1989).

[0126] Monoclonal antibodies are collected and titered
against the immunogen in an immunoassay, for example, a
solid phase immunoassay with the immunogen immobilized
on a solid support. Monoclonal antibodies will usually bind
with a K ,of at least about 0.1 mM, more usually at least about
1 uM, and can often be designed to bind with a K, 0f 1 nM or
less.

[0127] In an exemplary embodiment, an animal, such as a
rabbit or mouse is immunized with a mechanically-activated
cation channel polypeptide, or an nucleic acid construct
encoding such a polypeptide. The antibodies produced as a
result of the immunization can be isolated using standard
methods.

[0128] The immunoglobulins, including binding fragments
and other derivatives thereof, of the present invention may be
produced readily by a variety of recombinant DNA tech-
niques, including by expression in transfected cells (e.g.,
immortalized eukaryotic cells, such as myeloma or hybri-
doma cells) or in mice, rats, rabbits, or other vertebrate
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capable of producing antibodies by well known methods.
Suitable source cells for the DNA sequences and host cells for
immunoglobulin expression and secretion can be obtained
from a number of sources, such as the American Type Culture
Collection (Catalogue of Cell Lines and Hybridomas, Fifth
edition (1985) Rockville, Md.).

[0129] In some embodiments, the antibody is a humanized
antibody, i.e., an antibody that retains the reactivity of a
non-human antibody while being less immunogenic in
humans. This can be achieved, for instance, by retaining the
non-human CDR regions that are specific for mechanically-
activated cation channel, and replacing the remaining parts of
the antibody with their human counterparts. See, e.g., Morri-
son et al., PNAS USA, 81:6851-6855 (1984); Morrison and
Oi, Adv. Immunol., 44:65-92 (1988); Verhoeyen et al., Sci-
ence, 239:1534-1536 (1988); Padlan, Molec. Immun.,
28:489-498 (1991); Padlan, Molec. Immun., 31(3):169-217
(1994). Techniques for humanizing antibodies are well
known in the art and are described in e.g., U.S. Pat. Nos.
4,816,567, 5,530,101; 5,859,205; 5,585,089; 5,693,761;
5,693,762, 5,777,085; 6,180,370; 6,210,671; and 6,329,511,
WO 87/02671; EP Patent Application 0173494; Jones et al.
(1986) Nature 321:522; and Verhoyen et al. (1988) Science
239:1534. Humanized antibodies are further described in,
e.g., Winter and Milstein (1991) Nature 349:293. For
example, polynucleotides comprising a first sequence coding
for humanized immunoglobulin framework regions and a
second sequence set coding for the desired immunoglobulin
complementarity determining regions can be produced syn-
thetically or by combining appropriate cDNA and genomic
DNA segments. Human constant region DNA sequences can
be isolated in accordance with well known procedures from a
variety of human cells. The CDRs for producing the immu-
noglobulins of the present invention will be similarly derived
from monoclonal antibodies capable of specifically binding
to a mechanically-activated cation channel.

[0130] Insome cases, transfer of a CDR to a human frame-
work leads to a loss of specificity for the humanized antibody.
In these cases, back mutation can be introduced into the
framework regions of the human portion of the antibody.
Methods of making back mutations are well known in the art
and are described in, e.g., Co et al., PNAS USA 88;2269-2273
(1991) and WO 90/07861.

[0131] The mechanically-activated cation channel—spe-
cific antibody can also be chimeric, so that all or most of the
variable region is retained, but the constant region replaced.
For example, a murine variable region that possesses
mechanically-activated cation channel binding activity may
be combined with human constant regions, or constant
regions from another mammal for use in veterinary treat-
ments.

[0132] In some embodiments, the antibodies are antibody
fragments such as Fab, F(ab"),, Fv or scFv. The antibody
fragments can be generated using any means known in the art
including, chemical digestion (e.g., papain or pepsin) and
recombinant methods. Methods for isolating and preparing
recombinant nucleic acids are known to those skilled in the art
(see, Sambrook et al., Molecular Cloning. A Laboratory
Manual (2d ed. 1989); Ausubel et al., Current Protocols in
Molecular Biology (1995)). The antibodies can be expressed
in a variety of host cells, including E. coli, other bacterial
hosts, yeast, and various higher eukaryotic cells such as the
COS, CHO, and Hel a cells lines and myeloma cell lines.
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[0133] B. siRNA and Antisense Oligonucleotides

[0134] In another aspect, the present invention provides
oligonucleotide and polynucleotide sequences that inhibit
production of a mechanically-activated cation channel
polypeptide. Such inhibitory nucleic acid sequences are use-
ful, e.g., for ameliorating or treating pain or itch in a subject.
Suitable oligonucleotides and polynucleotides include, but
are not limited to, siRNA and antisense oligonucleotides.

[0135] Insome embodiments, the oligonucleotide or poly-
nucleotide is complementary to at least 15 contiguous nucle-
otides of a polynucleotide that is at least 70% identical to SEQ
IDNOs:1, 3,17, or 19. In some embodiments, the oligonucle-
otide or polynucleotide is complementary to at least 18, at
least 20, at least 22, at least 25, at least 30, at least 40, or at
least 50 contiguous nucleotides of a polynucleotide that is at
least 70% identical to SEQ ID NOs:1, 3, 17, or 19. In some
embodiments, the oligonucleotide or polynucleotide com-
prises any of SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ 1D
NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14,
SEQ ID NO:15, or SEQ ID NO:16.

[0136] 1.siRNA

[0137] Double stranded siRNA that corresponds to a gene
encoding a mechanically-activated cation channel polypep-
tide can be used to silence the transcription and/or translation
of the mechanically-activated cation channel polypeptide by
inducing degradation of mRNA transcripts, and thus amelio-
rate or treat pain or itch by preventing expression of the
mechanically-activated cation channel polypeptide. The
siRNA is typically about 5 to about 100 nucleotides in length,
more typically about 10 to about 50 nucleotides in length,
most typically about 15 to about 30 nucleotides in length.
siRNA molecules and methods of generating them are
described in, e.g., Bass, 2001, Nature, 411, 428-429; Elbashir
et al.,, 2001, Nature, 411, 494-498; WO 00/44895; WO
01/36646; WO 99/32619; WO 00/01846; WO 01/29058; WO
99/07409; and WO 00/44914. A DNA molecule that tran-
scribes dsRNA or siRNA (for instance, as a hairpin duplex)
also provides RNAi. DNA molecules for transcribing dsSRNA
are disclosed in U.S. Pat. No. 6,573,099, and in U.S. Patent
Application Publication Nos. 2002/0160393 and 2003/
0027783, and Tuschl and Borkhardt, Molecular Interven-
tions, 2:158 (2002). For example, dsRNA oligonucleotides
that specifically hybridize to the nucleic acid sequences set
forthin SEQID NO:1, SEQIDNO:3,SEQIDNO:17, 0or SEQ
ID NO:19 can beused in the methods of the present invention.
A decrease in the severity of pain symptoms in comparison to
symptoms detected in the absence of the interfering RNA can
be used to monitor the efficacy of the siRNA.

[0138] siRNA can be delivered to the subject using any
means known in the art, including by injection, inhalation, or
oral ingestion of the siRNA. Another suitable delivery system
for siRNA is a colloidal dispersion system such as, for
example, macromolecule complexes, nanocapsules, micro-
spheres, beads, and lipid-based systems including oil-in-wa-
ter emulsions, micelles, mixed micelles, and liposomes. The
preferred colloidal system of this invention is a liposome.
Liposomes are artificial membrane vesicles which are useful
as delivery vehicles in vitro and in vivo. Nucleic acids, includ-
ing RNA and DNA within liposomes and be delivered to cells
in a biologically active form (Fraley, et al., Trends Biochem.
Sci., 6:77, 1981). Liposomes can be targeted to specific cell
types or tissues using any means known in the art.
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[0139] 2. Antisense Oligonucleotides

[0140] Antisense oligonucleotides that specifically hybrid-
ize to nucleic acid sequences encoding mechanically-acti-
vated cation channel polypeptides can also be used to silence
the transcription and/or translation of the mechanically-acti-
vated cation channel polypeptide, and thus ameliorate or treat
pain or itch. For example, antisense oligonucleotides that
specifically hybridize to the nucleic acid sequences set forth
in SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:17, or SEQ ID
NO:19 can be used in the methods of the present invention. A
decrease in the severity of pain symptoms in comparison to
symptoms detected in the absence of the antisense nucleic
acids can be used to monitor the efficacy of the antisense
nucleic acids.

[0141] Antisense nucleic acids are DNA or RNA molecules
that are complementary to at least a portion of a specific
mRNA molecule (see, e.g., Weintraub, Scientific American,
262:40 (1990)). Typically, synthetic antisense oligonucle-
otides are generally between 15 and 25 bases in length. Anti-
sense nucleic acids may comprise naturally occurring nucle-
otides or modified nucleotides such as, e.g.,
phosphorothioate, methylphosphonate, and -anomeric sugar-
phosphate, backbone-modified nucleotides.

[0142] In the cell, the antisense nucleic acids hybridize to
the corresponding mRNA, forming a double-stranded mol-
ecule. The antisense nucleic acids interfere with the transla-
tion of the mRNA, since the cell will not translate a mRNA
that is double-stranded. Antisense oligomers of about 15
nucleotides are preferred, since they are easily synthesized
and are less likely to cause problems than larger molecules
when introduced into the target nucleotide mutant producing
cell. The use of antisense methods to inhibit the in vitro
translation of genes is well known in the art (Marcus-Sakura,
Anal. Biochem., 172:289, (1988)). Less commonly, antisense
molecules which bind directly to the DNA may be used.
[0143] Delivery of antisense polynucleotides specific for a
gene encoding a mechanically-activated cation channel can
be achieved using any means known in the art including, e.g.,
direct injection, inhalation, or ingestion of the polynucle-
otides. In addition, antisense polynucleotides can be deliv-
ered using a recombinant expression vector (e.g., a viral vec-
tor based on an adenovirus, a herpes virus, a vaccinia virus, or
aretrovirus) or a colloidal dispersion system (e.g., liposomes)
as described herein.

IV. Methods of Treating Mechanically-Activated
Cation Channel-Mediated Diseases

[0144] Inyetanother aspect, the present invention provides
compositions comprising antagonists of mechanically-acti-
vated cation channels. The compositions of the invention can
be provided to ameliorate or treat diseases or conditions
which involve pain transmitted via mechanically-activated
cation channels.

[0145] Mechanically-activated cation channels are impli-
cated in the transmission of various sensations such as touch,
pressure, vibration, proprioception, and pain. Accordingly,
antagonists of mechanically-activated cation channels may
be administered to a subject having a disease or condition
characterized by alterations in the transmission of these sen-
sations, e.g., alterations in touch or pain pathways that result
in acute or chronic pain, heightened sensitivity to pain or
touch, or heightened intensity of pain or touch.

[0146] In one embodiment, the compositions of the inven-
tion (e.g., the antibodies that selectively bind to mechani-
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cally-activated cation channels or the oligonucleotides or
polynucleotides that inhibit production of a mechanically-
activated cation channel polypeptide) can be provided to a
subject having pain selected from the group consisting of
acute mechanical pain, chronic mechanical pain, mechanical
hyperalgesia, mechanical allodynia, arthritis, inflammation,
dental pain, cancer pain, and labor pain.

[0147] The compositions of the invention can be adminis-
tered in a single dose, multiple doses, or on a regular basis
(e.g., daily) for a period of time (e.g., 2, 3, 4, 5, 6, days or 1-3
weeks or more).

[0148] The compositions of the invention can be adminis-
tered directly to the mammalian subject to block mechani-
cally-activated cation channel activity using any route known
in the art, including e.g., by injection (e.g., intravenous, intra-
peritoneal, subcutaneous, intramuscular, or intrademal),
inhalation, transdermal application, rectal administration, or
oral administration.

[0149] The pharmaceutical compositions of the invention
may comprise a pharmaceutically acceptable carrier. Phar-
maceutically acceptable carriers are determined in part by the
particular composition being administered, as well as by the
particular method used to administer the composition.
Accordingly, there are a wide variety of suitable formulations
of' pharmaceutical compositions of the present invention (see,
e.g., Remington’s Pharmaceutical Sciences, 17th ed., 1989).
[0150] The compositions of the invention, alone or in com-
bination with other suitable components, can be made into
aerosol formulations (i.e., they can be “nebulized”) to be
administered via inhalation. Aerosol formulations can be
placed into pressurized acceptable propellants, such as
dichlorodifluoromethane, propane, nitrogen, and the like.
[0151] Formulations suitable for administration include
aqueous and non-aqueous solutions, isotonic sterile solu-
tions, which can contain antioxidants, buffers, bacteriostats,
and solutes that render the formulation isotonic, and aqueous
and non-aqueous sterile suspensions that can include sus-
pending agents, solubilizers, thickening agents, stabilizers,
and preservatives. In the practice of this invention, composi-
tions can be administered, for example, orally, nasally, topi-
cally, intravenously, intraperitoneally, or intrathecally. The
formulations of compounds can be presented in unit-dose or
multi-dose sealed containers, such as ampoules and vials.
Solutions and suspensions can be prepared from sterile pow-
ders, granules, and tablets of the kind previously described.
The modulators can also be administered as part a of prepared
food or drug.

[0152] Formulations suitable for oral administration can
comprise: (a) liquid solutions, such as an effective amount of
the packaged nucleic acid suspended in diluents, such as
water, saline or PEG 400; (b) capsules, sachets or tablets, each
containing a predetermined amount of the active ingredient,
as liquids, solids, granules or gelatin; (c) suspensions in an
appropriate liquid; and (d) suitable emulsions. Tablet forms
can include one or more of lactose, sucrose, mannitol, sorbi-
tol, calcium phosphates, corn starch, potato starch, microc-
rystalline cellulose, gelatin, colloidal silicon dioxide, talc,
magnesium stearate, stearic acid, and other excipients, colo-
rants, fillers, binders, diluents, buffering agents, moistening
agents, preservatives, flavoring agents, dyes, disintegrating
agents, and pharmaceutically compatible carriers. Lozenge
forms can comprise the active ingredient in a flavor, e.g.,
sucrose, as well as pastilles comprising the active ingredient
in an inert base, such as gelatin and glycerin or sucrose and
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acacia emulsions, gels, and the like containing, in addition to
the active ingredient, carriers known in the art.

[0153] The dose administered to a patient, in the context of
the present invention should be sufficient to effect a beneficial
response in the subject over time, e.g., a reduction in pulmo-
nary capillary hydrostatic pressure, a reduction in fluid in the
lungs, a reduction in the rate of fluid accumulation in the
lungs, or a combination thereof. The optimal dose level for
any patient will depend on a variety of factors including the
efficacy of the specific modulator employed, the age, body
weight, physical activity, and diet of the patient, on a possible
combination with other drugs, and on the severity of the pain.
The size of the dose also will be determined by the existence,
nature, and extent of any adverse side-effects that accompany
the administration of a particular compound or vector in a
particular subject.

[0154] In determining the effective amount of the antago-
nists of mechanically-activated cation channels to be admin-
istered a physician may evaluate circulating plasma levels of
the antagonist and antagonist toxicity. In general, the dose
equivalent of an antagonist is from about 1 ng/kg to 10 mg/kg
for a typical subject.

V. Kits

[0155] The present invention also provides for kits for
screening for modulators of mechanically-activated cation
channels and for treating pain in a subject. Such kits can be
prepared from readily available materials and reagents. For
example, a kit for screening for modulators of mechanically-
activated cation channels can comprise any one or more of the
following materials: a mechanically-activated cation channel
polypeptide, reaction tubes, and instructions for testing
mechanically-activated cation channel activity. A kit for treat-
ing pain in a subject can comprise any one or more of the
following materials: an antibody or inhibitory oligonucle-
otide or polynucleotide composition as described herein and
instructions for administering the composition to a subject. A
wide variety of kits and components can be prepared accord-
ing to the present invention, depending upon the intended user
of the kit and the particular needs of the user.

EXAMPLES

[0156] The following examples are offered to illustrate, but
not to limit the claimed invention.

Example 1

Materials and Methods

[0157] This example provides a description of particular
materials and methods used in the following examples. One
of'skill in the art would readily understand that various modi-
fications of substitutions in the described methods may be
used.

[0158] Cell culture and transient transfection. Neuro2A
cells were grown in Eagle’s Minimum Essential Medium
containing 4.5 mg.ml™" glucose, 10% fetal bovine serum, 50
units.ml~! penicillin and 50 ug.ml=! streptomycin. C2C12 or
Human Embryonic Kidney 293T (HEK293T) cells were
grown in Dulbecco’s Modified Eagle Medium containing 4.5
mg.ml~* glucose, 10% fetal bovine serum, 50 units.ml~" peni-
cillin and 50 pg.m1~" streptomycin. Cells were plated onto 35
mm dishes or 12-mm round glass coverslips placed in 24-well
plates and transfected using lipofectamine 2000 (Invitrogen)
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according to the manufacturer’s instructions. For Piezol
overexpression experiment, 500 to 1000 ng.mI™* of Piezol-
IRES-GFP or vector only were transfected, and cells were
recorded 12-48 hours later. For Piezo2 overexpression experi-
ments, 600 to 1000 ng.ml™ of mPiezo2 or vector were co-
transfected with 300 ng.m1~! GFP to identify transfected cells
and cells were recorded 12-48 hours later.

[0159] For siRNA experiment, 20 nM total siRNA and 300
or 500 ng.ml~* GFP to identify transfected cells were co-
transfected and cells were used 3 days after transfection.
siRNA of Smartpool I directed against mPiezol were pur-
chased from Qiagen (Target sequences: CACCGGCATC-
TACGTCAAATA (siRNA1) (SEQ ID NO:5), ACCAA-
GAAATACAACCATCTA (siRNA2) (SEQ ID NO:6),
TCGGCGCTTGCTAGAACTTCA (siRNA3) (SEQ ID
NO:7), and CGGAATCCTGCTGCTGCTATA (siRNA4)
(SEQ ID NO:8)) and used at 5 nM each together in Smartpool
I or at 20 nM separately. siRNA4 was toxic at 20 nM, as it
caused cell detachment and subsequent death 3 days after
transfection. Smartpool 1I siRNA was a pool of 4 different
siRNA purchased from Dharmacon (Target sequences:
GAAAGAGATGTCACCGCTA (SEQ ID NO:9), GCAT-
CAACTTCCATCGCCA (SEQ ID NO:10), AAAGACA-
GATGAAGCGCAT (SEQ ID NO:11), GGCAGGATG-
CAGTGAGCGA (SEQ ID NO:12)). For the Piezo2 siRNA
experiment in N2A cells, 600 ng.ml™ of mPiezo2 and 300
ng.ml~! GFP were co-transfected with 20 1M Piezol siRNA1
only or together with 20 nM Piezo2 siRNA. Cells were
recorded 3 days after transfection. siRNA directed against
mPiezo2 was a pool of 4 different siRNA purchased from
Dharmacon (Target sequences: GAATGTAATTGGA-
CAGCGA (SEQ ID NO:13), TCATGAAGGTGCTGGG-
TAA (SEQ ID NO:14), GATTATCCATGGAGATTTA (SEQ
ID NO:15), GAAGAAAGGCATGAGGTAA (SEQ ID
NO:16)).

[0160] DRG Culture and siRNA.

[0161] Preparation and culture of mouse dorsal root gan-
glion neurons (from male C57B16 mice) were performed as
described previously (M. Chalfie, Nar Rev Mol Cell Biol 10,
44 (January, 2009)) with the following modifications: Growth
medium was supplemented with 100 ng/ml nerve growth
factor (NGF), 50 ng/ml GDNF, 50 ng/ml BDNF, 50 ng/ml
NT-3, 50 ng/ml NT-4. Small interference RNA (siRNA)-
mediated knockdown was achieved by nucleofection of
siRNA into freshly isolated DRG neurons using the SCN
nucleofector kit with the nucleofector device according to the
manufacturer’s instructions (SCN Basic Neuro program 6;
Lonza AG). DRG neurons isolated from one mouse were used
per siRNA tested. siRNAs were used at 150 nM-250 nM for
TRPA1 (smartpool, Qiagen) and 250 nM for Piezo2 (smart-
pool, Qiagen), concentrations of scrambled controls (Qiagen)
were adjusted accordingly. After nucleofection, neurons were
allowed to recover in RPMI medium for 10 min at 37° C.,
growth medium (without antibiotics and without AraC) was
added and neurons were plated on poly-D-lysine coated cov-
erslips, previously coated with laminin (2 pg.ml™"). 2-4 hrs
after transfection, half of the growth medium was exchanged
with fresh medium, and neurons were grown for 48-72 hours.
[0162] Electrophysiology.

[0163] Patch-clamp experiments were performed in stan-
dard whole-cell or cell attached recordings using an Axopatch
200B amplifier (Axon Instruments). Patch pipettes had resis-
tance of 2-3 MQ when filled with an internal solution con-
sisting of (in mM) 133 CsCl, 10 HEPES, 5 EGTA, 1 CaCl,, 1
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MgCl,, 4 MgATP, and 0.4 Na,GTP (pH adjusted to 7.3 with
CsOH). The extracellular solution consisted of (in mM) 127-
130NaCl, 3 KCl, 1 MgCl,, 10 HEPES, 2.5 CaCl,, 10 glucose
(pH adjusted to 7.3 with NaOH). NMDG solution consisted
of (in mM) 150 NMDG, 10 HEPES (pH 7.5). For ion selec-
tivity experiments, internal solution consisted of (in mM) 150
CsCl, 10 Hepes (pH 7.3 with CsOH), monovalent external
solutions consisted of (in mM) 150 NaCl or KC1, 10 HEPES
(pH 7.3 with NaOH or KOH) and divalent external solutions
consisted of (in mM) 100 CaCl, or MgCl,, 10 HEPES (pH 7.3
with CsOH). For cell attached recordings, pipette were filled
with a solution consisting of (in mM) 130 NaCl, 5 KCl, 10
HEPES, 1 CaCl,, 1 MgCl,, 10 TEA-C1 (pH 7.3 with NaOH)
and external solution used to zero the membrane potential
consisted of (in mM) 140 KCI, 10 HEPES, 1 MgCl,, 10
glucose (pH 7.3 with KOH). All experiments were done at
room temperature. Currents were sampled at 20 kHz and
filtered at 2 kHz. Voltages were not corrected for a liquid
junction potential excepted for ion selectivity experiments
were LJP were calculated using Clampex 10.1 software
(Axon Instruments). Leak currents before mechanical stimu-
lations were subtracted off-line from the current traces. 10
mM ruthenium red stock solution was prepared in DMSO;
100 mM gadolinium stock solution, in water.

[0164]

[0165] For whole-cell recordings mechanical stimulation
was achieved using a fire-polished glass pipette (tip diameter
3-4 um) positioned at an angle of 80° to the cell being
recorded. Downward movement of the probe toward the cell
was driven by a Clampex controlled piezo-electric crystal
microstage (E625 LVPZT Controller/Amplifier; Physik
Instrumente). The probe was typically positioned approxi-
mately 2 um from the cell body. The piezoelectrically driven
stimulus intensity used to measure the threshold of MA cur-
rent activation was defined as the distance traveled beyond
that which touched the cell. The probe had a velocity of 1
um/ms during the ramp segment of the command for forward
motion and the stimulus was applied for 150 ms. To assess the
mechanical sensitivity of a cell, a series of mechanical steps in
1 um increments were applied every 10 s, which allowed full
recovery of mechanosensitive currents. Inward MA currents
were recorded at a holding potential of -80 mV. For I-V
relationship recordings, voltage steps were applied 0.7 s
before the mechanical stimulation from a holding potential of
-60 mV. For recordings of MA currents in DRG neurons, the
inactivation kinetics at a holding potential of —-80 mV of
traces of currents reaching at least 75% of the maximal ampli-
tude of current elicited per cell were fitted with mono-expo-
nential equation (or in some case bi-exponential equation for
the rapidly-adapting currents, accordingly to previous reports
(O.P.Hamill, B. Martinac, Physiol Rev 81, 685 (April, 2001))
and using the fast time constant for analysis, see F1IG. 5A left
panel) giving a value of t,,,,. per responsive neuron that was
used for analysis.

[0166] For cell-attached recordings, membrane patches
were stimulated with brief negative pressure pulses through
the recording electrode using a Clampex controlled pressure
clamp HSPC-1 device (ALA-scientific). Otherwise stated,
stretch-activated channels were recorded at a holding poten-
tial of =80 mV with pressure steps from 0 to —60 mm Hg (-10
mm Hg increments), and 3-10 recording traces were averaged
per cell for analysis. Current-pressure relationships were fit-
ted with a Boltzmann equation of the form: I(P)=[1+exp(-
(P-Ps,)/s)]™*, where 1 is the peak of stretch-activated current
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at a given pressure, P is the applied patch pressure (in mm
Hg), Py, is the pressure value that evoked a current value
which is 50% of Imax, and s reflects the current sensitivity to
pressure.

[0167] Determination of permeability ratios. Reversal
potentials for each cell in each solution were determined by
interpolation of the respective current-voltage data. In these
experiments, [-V relationships were performed from a hold-
ing potential of —-60 mV with voltage steps ranging from —60
mV to +60 mV (before liquid junction potential correction) in
20 mV increments.

[0168] The ratio of permeabilities, P,/P .., was determined
for each test cation X for each cell from the reversal potential
of the MA activated whole-cell current when that cation was
the major external cation. The Goldman-Hodgkin-Katz
(GHK) equation (G. B. Monshausen, S. Gilroy, Trends Cell
Biol 19, 228 (May, 2009)), simplified for a single permeant
cation on each side of the membrane, was employed:

HT Fy®
©-B"ze

@ indicates text missing or illegible when filed

where RT/zF has the value of 25.5 at 23° C. For the divalent
cations the appropriately modified equation was used:

RT a0 1 1
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@ indicates text missing or illegible when filed

Ratio P,/P ., were presented for each cation as mean+SEM.
[0169] Ratiometric calcium imaging. Intracellular Ca**
imaging experiments were performed by washing cells three
times with Ca®* imaging buffer [1xHanks Balanced Salt
Solution (HBSS, 1.3 mM Ca**) supplemented with 10 mM
HEPES], then loaded with ratiometric Ca** indicator dye
Fura-2/AM (Molecular Probes) for 30 minutes at room tem-
perature, according to the manufacturer’s recommendations.
Cells were washed three times prior to imaging on an inverted
microscope. Fura-2 fluorescence was measured by illuminat-
ing the cells with an alternating 340/380 nm light. Fluores-
cence intensity was measured at 510 nm. The intracellular
Ca®* concentration is expressed as the 340/380 ratio.

[0170] Ratiometric calcium imaging of cultured DRG neu-
rons was performed essentially as described [1]. Experiments
were conducted at 37° C. 48-72 hrs after plating. Threshold
for activation was set at 40% above the averaged baseline
from 5 time points immediately before addition of MO (100
uM). Capsaicin (CAPS, 0.5 uM) was added at the end of each
experiment to control for siRNA specificity, neuronal health
and responsiveness. All experimental groups to be compared
were processed in parallel using the same DRG culture prepa-
ration (2 independent preparations were used).

[0171] Generation of Piezol Antisera.

[0172] Custom polyclonal antibodies to the synthetic pep-
tide RQRRERARQERAEQ (amino acids 1454-1467 of SEQ
ID NO:2) were prepared in rabbit by standard methods and
affinity purified (Thermo Fisher Scientific, Openbiosystems).
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[0173] TRPA1 Live-Labeling and Immunocytochemistry.
[0174] TRPA1 live-labeling and immunocytochemistry on
HEK 293T cells were performed essentially as described
(Schmidt et al., 2009) with the following modifications: For
assessment of the specificity of Piezol antisera, cells were
transfected with a Piezo1-IRES-EGFP construct and used 36
hrs later for immunocytochemistry as outlined below. Piezol
antisera were used at 1:100 and detected by secondary anti-
bodies conjugated to Alexa Fluor 546 (Invitrogen). For
assessment of membrane expression of Piezol, cells were
co-transfected with a murine Trpal-MYC/His construct and
Piezol and used for live-labeling 36 hrs after transfection.
Surface TRPA1 was labeled by incubating live HEK293T
cells with TRPA1 antibodies (1:50) followed by incubation
with Alexa Fluor 488 F(ab')2 fragment of goat-anti-rabbit
(1:200, Invitrogen). Cells were fixed with 2% paraformalde-
hyde (PFA) in PBS for 20 min, washed and incubated with an
excess of non-labeled goat-anti-rabbit IgG for 1 hour to block
binding sites on any remaining unbound TRPA1 antibody.
Cells were then permeabilized in PBS containing 0.4% Triton
X-100, blocked with normal goat serum (10% serum in PBS),
and incubated with primary antibodies against Piezol (1:100)
and ¢-MYC (1:100, 9E11, mouse, Santa Cruz Biotechnol-
ogy), followed by secondary antibodies (Alexa Fluor 568
goat-anti-rabbit IgG and Alexa Fluor 633 goat-anti-mouse
1gG; 1:200; Invitrogen).

[0175] Immunocytochemistry experiments were imaged
using an Olympus (Tokyo, Japan) Fluoview 500 confocal
microscope by sequential illumination using the 488 nm line
of'an argon laser, a HeNe green 543 nm laser and a HeNe red
633 nm laser. Merge stacked images were created using a 40x
and 60xPlanAPO oil-immersion objective, the latter with a
zoom of 1,5.

[0176] Real Time qPCR.

[0177] Dorsal root ganglia were freshly isolated from adult
C57BL/6] wildtype mice and snap frozen on dry ice. Total
RNA from DRG or siRNA transfected N2 A cells (3 days after
GFP co-transfection, same conditions then the one used for
recordings) was extracted using Trizol treatment. Total RNA
from all other tissues were purchased from Zyagen (San
Diego). 500 ng total RNA was used to generate 1% strand
c¢DNA using the Quantitect reverse transcription kit (Qiagen).
Real time Tagman PCR assays for mPiezol and mPiezo2
(assay id: Mm01241570_gl and Mm01262433_m1) were
purchased from Applied Biosystems with a FAM reporter dye
and a non-fluorescent quencher. Universal TagMan PCR mas-
ter mix (20x) without AmpErase UNG (Applied Biosystems)
was used. The reaction was run in the ABI 7900HT fast real
time system using 1 pA of the cDNA in a 20 pA reaction
according to the manufacturer’s instructions in triplicate.
[0178] Calibrations and normalizations were done using
the 27247 method [4], where AAC,—((C,(target gene)-C,.
(reference gene))-(C (calibrator)-C, (reference gene)). For
the analysis of mRNA expression in different tissues (FIG.
4C), the target gene was mPiezol or mPiezo2, while the
reference gene was GAPDH and the calibrator was the lung
tissue. For the analysis of siRNA induced down-regulation of
mRNA expression (FIG. 3A), f-actin was used as the refer-
ence gene and Scrambled siRNA transfected N2A cells was
the calibrator.

[0179] In Situ Hybridization and Immunohistochemistry.
[0180] In situ hybridization and immunohistochemistry
were performed as described previously (M. Chalfie, Nat Rev
Mol Cell Biol 10, 44 (January, 2009)). In brief, adult male
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C57BL/6] mice, ages 6-16 weeks, or adult male Sprague
Dawley rats, were perfused with 4% PFA and dorsal root
ganglia were quickly dissected. Following post-fixation and
cryoprotection in 30% sucrose, single DRG were embedded
in OCT and sectioned with a cryostat at 10 um thickness. Four
different, 1000 bps cRNA sense and anti-sense probes were
generated corresponding to bases-3822-4886; 4837-5849;
5922-7019 and 7102-8171. All probes were in vitro-tran-
scribed and labeled with digoxigenin (Roche Diagnostics).
For fluorometric in situ hybridizations, a peroxidase-conju-
gated anti-digoxygenin-POD antibody (1:500) and tyramide
signal amplification (TSA; NEN) were used to detect and
visualize the hybridized probes. Immunohistochemistry was
performed after in situ hybridization and TSA detection.
Chicken anti-NF-200 (1:1000; Abcam) and chicken anti-Pe-
ripherin (1:100; Abcam) were used on mouse DRG, while
guinea pig anti-TRPV1 (1:1000; Abcam) primary antibodies
were used on rat DRG (this antibody did not perform on
mouse DRG). Primary antibodies were detected by second-
ary antibodies conjugated to Alexa Fluor 568. For colorimet-
ric in situ hybridizations, an alkaline phosphatase anti-DIG-
AP antibody (Roche; 1:500) was used followed by incubation
with NBT/BCIP liquid substrate system (Sigma) for devel-
opment of the dark purple color. Sections were mounted in
Slow fade Gold reagent (Invitrogen) and imaged using a
AX70 microscope (Olympus).

[0181] Fluorometric in situ hybridizations were used for
quantitation and were imaged using an Olympus (Tokyo,
Japan) Fluoview 500 confocal microscope by sequential illu-
mination using the 488 nm line of an argon laser and the HeNe
green 543 nm laser. Merge stacked images were created using
a20x and a 40xPlanAPO oil-immersion objective. Images for
all experimental groups were taken using identical acquisi-
tion parameters and raw images were used for analysis with
Image J (NIH). Neurons were considered Piezo2-positive if
the mean fluorescence intensity (measured in arbitrary units)
was higher than the mean background fluorescence plus 4
times the standard deviation measured from at least 10 ran-
dom unstained cells. Only sections being at least 50 um apart
were considered to avoid double counting neurons. Neurons
were considered NF200- or Peripherin-positive if the mean
fluorescence intensity (measured in arbitrary units) was
higher than the mean background fluorescence plus 3 times
the standard deviation measured from at least 10 random
unstained cells. Colorimetric in situ hybridizations of Piezo2
gave similar results (26.9% Piezo2-positive neurons, data not
shown), but were not used for quantitation due to variability
depending on the length of development with substrate. Only
for presentation purposes brightness, contrast and levels of
images were adjusted.

[0182] Molecular Cloning of Piezol.

[0183] Primers were designed from cDNA sequence of
mPiezol from the NCBI database (NM_ 001037298). A
7.644 kb fragment was amplified from cDNA libraries gen-
erated from Neuro2 A total RNA using primers mPiezol fwd
(5" atggagecgeacgtgetg 3' (SEQ ID NO:21)) and mPiezol rev
(5" ctactecctetcacgtgteca 3'(SEQ ID NO:22)) and cloned into
pcDNA3.1 (-) (Invitrogen) with Notl and HindIII restriction
sites. Fully sequencing this construct revealed insertion of Q
at residue 156, and three amino acid changes (R147G, V2281
and M1571V) compared to the NCBI sequence.

[0184] This vector was further modified to include 3' Ascl
and Fsel restriction sites and an IRES-GFP PCR fragment
from pIRES2-EGFP (Clontech) was then inserted using these
sites. The protein sequence of Piezol that was cloned from
N2A cells (SEQ ID NO:2) is:
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MEPHVLGAGLYWLLLPCTLLAASLLRFNALSLVYLLFLLLLPWLPGPSRHSIPGHTGRLLRALLCLSLLFLV
AHLAFQICLHTVPHLDQFLGONGSLWVKVSQHIGVTRLDLKDIFNTTRLVAPDLGVLLASSLCLGLCGRLT
RKAGQSRRTQELQDDDDDDDDDDED IDAAPAVGLKGAPALATKRRLWLASRFRVTAHWLLMTSGRTLVI
VLLALAGIAHPSAFSSIYLVVFLAICTWWSCHFPLSPLGFNTLCVMVSCFGAGHLICLYCYQTPFIQDMLPPG
NIWARLFGLKNFVDLPNYSSPNALVLNTKHAWPIYVSPGILLLLYYTATSLLKLHKSCPSELRKETPREDEE
HELELDHLEPEPQARDATQGEMPMT TEPDLDNCTVHVLTSQSPVROQRPVRPRLAELKEMSPLHGLGHLIM
DOSYVCALIAMMVWSIMYHSWLTFVLLLWACLIWTVRSRHQLAMLCSPCILLYGLTLCCLRYVWAMELP
ELPTTLGPVSLHQLGLEHTRYPCLDLGAMLLYLLTFWLLLRQFVKEKLLKKQKVPAALLEVTVADTEPTQT
QTLLRSLGELVTGIYVKYWIYVCAGMF IVVSFAGRLVVYKIVYMFLFLLCLTLFQVYYTLWRKLLRVFWW
LVVAYTMLVLIAVYTFQFQDFPTYWRNLTGFTDEQLGDLGLEQFSVSELFSSILIPGFFLLACILQLHYFHRP
FMQLTDLEHVPPPGTRHPRWAHRQDAVSEAPLLEHQEEEEVFREDGQSMDGPHQATQVPEGTASKWGLV
ADRLLDLAASFSAVLTRIQVFVRRLLELHVFKLVALYTVWVALKEVSVMNLLLVVLWAFALPYPRFRPMA
SCLSTVWTCIIIVCKMLYQLKIVNPHEYSSNCTEPFPNNTNLQPLEINQSLLYRGPVDPANWFGVRKGYPNL
GYIQNHLQILLLLVFEAVVYRRQEHYRRQHQQAPLPAQAVCADGTRQRLDODLLSCLKYFINFFFYKFGLE
ICFLMAVNVIGQRMNFMVILHGCWLVAILTRRRREAIARLWPNYCLFLTLFLLYQYLLCLGMPPALCIDYP
WRWSKAIPMNSALIKWLYLPDFFRAPNSTNLISDFLLLLCASQOWQVFSAERTEEWQRMAGINTDHLEPLR
GEPNPIPNFIHCRSYLDMLKVAVFRYLFWLVLVVVFVAGATRISIFGLGYLLACFYLLLFGTTLLQKDTRAQ
LVLWDCLILYNVTVIISKNMLSLLSCVFVEQMQOSNFCWVIQLFSLVCTVKGYYDPKEMMTRDRDCLLPVEE
AGIIWDSICFFFLLLQRRIFLSHYFLHVSADLKATALQASRGFALYNAANLKSINFHRQIEEKSLAQLKRQOMK
RIRAKQEKYRQSQASRGQLQSKDPQDPSQEPGPDSPGGSSPPRROWWRPWLDHATVIHSGDYFLFESDSEE
EEEALPEDPRPAAQSAFQMAYQAWVTNAQTVLRQRRERARQERAEQLASGGDLNPDVEPVDVPEDEMAG
RSHMMQRVLS TMQF LWVLGQATVDGLTRWLRAFTKHHR TMSDVLCAERY LLTQELLRVGEVRRGVLDQ
LYVGEDEATLSGPVETRDGPSTASSGLGAEEPLSSMTDDTSSPLSTGYNTRSGSEEIVTDAGDLQAGTSLHG
SQELLANARTRMRTASELLLDRRLHIPELEEAERFEAQQGRTLRLLRAGYQCVAAHSELLCYFIIILNHMVT
ASAASLVLPVLVFLWAMLTIPRPSKRFWMTAIVFTEVMVVTKYLFQFGFFPWNSYVVLRRYENKPYFPPRI
LGLEKTDSYIKYDLVQLMALFFHRSQLLCYGLWDHEEDRYPKDHCRS SVKDREAKEEPEAKLESQSETGT
GHPKEPVLAGTPRDHIQGKGSIRSKDVIQDPPEDLKPRHTRHI SIRFRRRKETPGPKGTAVMETEHEEGEGKE
TTERKRPRHTQEKSKFRERMKAAGRRLQSFCVSLAQSFYQPLORFFHDILHTKYRAATDVYALMFLADIVD
IIIIIFGFWAFGKHSAATDIASSLSDDQVPQAFLFMLLVQFGTMVIDRALYLRKTVLGKLAFQVVLVVAIHIW

MFFILPAVTERMFSQNAVAQLWYFVKCIYFALSAYQIRCGYPTRILGNFLTKKYNHLNLFLFQGFRLVPFLV

ELRAVMDWVWTDTTLSLSNWMCVEDIYANIFIIKCSRETEKKYPQPKGOQKKKKIVKYGMGGLIILFLIAIIW
FPLLFMSLIRSVVGVVNQPIDVTVTLKLGGYEPLFTMSAQQPSIVPFTPQAYEELSQQFDPYPLAMQFISQYS
PEDIVTAQIEGSSGALWRISPPSRAQMKQELYNGTADI TLRFTWNFQRDLAKGGTVEY TNEKHTLELAPNST
ARRQLAQLLEGRPDQSVVIPHLFPKYIRAPNGPEANPVKQLOPDEEEDYLGVRIQLRREQVGTGASGEQAG

TKASDFLEWWVIELQDCKADCNLLPMVIFSDKVSPPSLGFLAGYGIVGLYVSIVLVVGKFVRGFFSEISHSI

MFEELPCVDRILKLCQDIFLVRETRELELEEELYAKLIFLYRSPETMIKWTRERE

[0185] Molecular Cloning of Piezo2. Primers were
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gaagtggtgtgc 3' (SEQ ID NO:23)) and mPiezo2 rev (5

designed from cDNA sequence of Piezo2 from the NCBI
database (NM_ 001039485). An 8.469 kb fragment was
amplified from cDNA libraries generated from adult C57BL/
6J DRG total RNA using primers mPiezo2 fwd (5' atggcettcg-

teagtttgttttttctetagtccac 3' (SEQ ID NO:24)) and cloned into
pCMV-Sport6 (Invitrogen) with Kpnl and Notl restriction
sites. Sequencing of the cloned mPiezo2 gene from DRG
revealed differences from the NCBI annotation where three
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regions of amino acid insertions were not correctly assigned

as exons (628E, 14 residues at 833 and 56 residues at 1751).

The protein sequence of Piezo2 that we cloned from mouse

DRG (SEQ ID NO:4) is:
MASEVVCGLIFRLLLPICLAVACAFRYNGLSFVYLIYLLLIPLFSEPTKATMOGHTGRLLQSLCITSLSFLLLHI
IFHITLASLEAQHRITPAYNCSTWEKTFRQIGFESLKGADAGNGIRVFVPDIGMFIASLTIWLVCRTIVKKPDT
EEIAQLNSECENEELAGGEKMDSEEALIYEEDLDGEEGMEGELEESTKLKI LRRFASVASKLKEFIGNMITTA
GKVVVTILLGSSGMMLPSLTSAVYFFVFLGLCTWWSWCRTFDPLLFGCLCVLLATFTAGHLIGLYLYQFQFF
QEAVPPNDYYARLFGIKSVIQTDCASTWKI IVNPDLSWYHHANPILLLVMYYTLATLIRIWLQEPLVQEEMA
KEDEGALDCSSNQNTAERRRSLWYATQYPTDERKLLSMTQDDYKPSDGLLY TVNGNPVDYHT THPSLPIEN
GPAKTDLYTTPQYRWEPSEES SEKKEEEEDKREDSEGEGSQEEKRSVRMHAMVAVFQFIMKQSYICALIAM
MAWSITYHSWLTFVLLIWS CTLWMIRNRRKYAMI SSPFMVVYANLLLVLQY IWSFELPEI KKVPGFLEKKE
PGELASKILFTITFWLLLROHLTEQKALREKEALLSEVKIGSQELEEKEDEELODVQVEGEPTEKEEEEEEET
KEERHEVKKEEEEEVEEDDDQDIMKVLGNLVVALFIKYWIYVCGGMFFFVSFEGKIVMYKI I YMVLFLECY

ALYQVHYEWWRKILKYFWMSVVIYTMLVLIFIYTYQFENFPGLWQNMTGLKKEKLEDLGLKQFTVAELFT

RIFIPTSFLLVCILHLHYFHDRFLELTDLKSIPSKEDNTIYSHAKVNGRVYLIINRLAHPEGSLPDLAIMNMTAS

LDKPEVQKLAESGEERPEECVKKTEKGEAGKDSDESEEEEDEEEESEEEES SDLRNKWHLVIDRLTVLFLKF

LEYFHKLQVFMWWILELHIIKIVSSYIIWVTVKEVSLFNYVFLISWAFALPYAKLRRAASSVCTVWTCVIIVC

KMLYQLQTIKPENFSVNCSLPNENQTNIPLHELNKSLLYSAPVDPTEWVGLRKSSPLLVYLRNNLLMLAILA

FEVTVYRHQEYYRGRNNLTAPVSKTIFHDI TRLHLDDGLINCAKYFVNYFFYKFGLETCFLMSVNVIGQRM

DFYAMIHACWLIGVLYRRRRKATIAEVWPKYCCFLACIITFQYFVCIGIPPAPCRDYPWRFKGAYFNDNI IKW

LYFPDFIVRPNPVFLVYDFMLLLCASLQRQIFEDENKAAVRIMAGDNVEICMNLDAASFSQHNPVPDFIHCR

SYLDMSKVIIFSYLFWFVLTIIFITGTTRISIFCMGYLVACFYFLLFGGDLLLKPIKSILRYWDWLIAYNVEVIT

MKNILSIGACGYIGALVRNSCWLIQAFSLACTVKGYQMPEDDSRCKLPSGEAGIIWDSICFAFLLLQRRVEM

SYYFLHVVADIKASQILASRGAELFQATIVKAVKARIEEEKKSMDQLKROMDR IKARQQKYKKGKERMLS

LTQESGEGQDIQKVSEEDDEREADKQKAKGKKKQWWRPWVDHASMVRSGDYYLFETDSEEEEEEELKKE

DEEPPRKSAFQFVYQAWITDPKTALRQRRKEKKKLAREEQKERRKGSGDGPVEWEDREDEPVKKKSDGPD

NIIKRIFNILKFTWVLFLATVDSFTTWLNSISREHIDISTVLRIERCMLTREIKKGNVPTRESIHMYYQNHIMNL

SRESGLDTIDEHSGAGSRAQAAHRMDSLDSRDSISSCYTEATLLISRQSTLDDLDGQDPVPKTSERARPRLR

KMFSLDMSSSSADSGSVASSEPTQCTMLYSRQGTTETIEEVEAEAEEEVVEGLEPELHDAEEKEYAAEYEA

GVEEISLTPDEELPQFSTDDCEAPPSYSKAVSFEHLSFASQDDSGAKNHMVVSPDDSRTDKLESSILPPLTHE

LTASDLLMSKMFHDDELEESEKFYVDQPRFLLLFYAMYNTLVARSEMVCYFVIILNHMTSASIITLLLPILIF

LWAMLSVPRPSRRFWMMAIVYTEVAIVVKYFFQFGFFPWNKDLEIYKERPYFPPNIIGVEKKEGYVLYDLI

QLLALFFHRSILKCHGLWDEDDIVDSNTDKEGSDDELSLDQGRRGSSDSLKSINLAASVESVHVTFPEQPAA

IRRKRSCSSSQISPRSSFSSNRSKRGSTSTRNSSQKGSSVLSLKQKSKRELYMEKLQEHLIKAKAFTIKKTLQI
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YVPIRQFFYDLIHPDYSAVTDVYVLMFLADTVDFIIIVFGFWAFGKHSAAADITSSLSEDQVPGPFLVMVLIQ

FGTMVVDRALYLRKTVLGKVIFQVILVFGIHFWMFFILPGVTERKFSQONLVAQLWYFVKCVYFGLSAYQIR

CGYPTRVLGNFLTKSYNYVNLFLFQGFRLVPFLTELRAVMDWVWTDT TLSLSSWICVEDIYAHIFILKCWR

ESEKRYPQPRGQKKKKAVKYGMGGMIIVLLICIVWFPLLFMSLIKSVAGVINQPLDVSVTITLGGYQPIFTM

SAQQSQLKVMDNSKYNEFLKSFGPNSGAMQFLENYEREDVTVAELEGNSNSLWTISPPSKQKMIQELTDPN

SCFSVVFSWSIQRNMTLGAKAEIATDKLSFPLAVATRNSIAKMIAGNDTESSNTPVTIEKIYPYYVKAPSDSN

SKPIKQLLSENNFMNITIILFRDNVTKSNSEWWVLNLTGSRIFNQGSQALELVVFNDKVSPPSLGFLAGYGIM

GLYASVVLVIGKFVREFFSGISHSIMFEELPNVDRILKLCTDIFLVRETGELELEEDLYAKLIFLYRSPETMIK

WTREKTN
[0186] Phylogenic Analysis.
[0187] Accession numbers of Piezo sequences used to

make the phylogenic analysis are given with the number of
TM domain predicted using TMHMM?2 program. For some
species, multiple predicted gene sequences were fused to
obtain a complete sequence.

Hs Piezol (Homo Sapiens): NP_001136336.2, 2521aa (31
T™)

[0188] Mm Piezol (Mus musculus): NP_ 0010323751,
2546aa (30 TM)

Gg Piezol (Gallus gallus):
XP_423106.2,217aa (25 TM)

XP_414209.2, 1718aa;

Dr Piezol (Danio Rerio): XP__696355.4, 2538aa (29 TM)

Hs Piezo2 (Homo Sapiens): NP_071351.2, 2752aa (35 TM)

[0189] Mm Piezo2 (Mus musculus): NP_001034574.3,
2753aa (34 TM)
Gg Piezo2 (Gallus gallus): XP__419138.2, 3080aa (33 TM)

Dr Piezo2 (Danio Rerio): XP__002666625., 2102aa (24 TM)

[0190] Ci Piezo (Ciona intestinalis): XP_002122901.1,
1669aa; XP_002128850.1, 591aa (33 TM)

Dm Piezo (Drosophila melanogaster): NP__001036346.3,
2671 as (36 TM)

Ce Piezo (Caenorhabditis elegans): NP__501648.2, 800a;
NP__501647.2, 1843 (33 TM)

Dd Piezo (Dictyostelium discoideum): XP_ 640187, 3080 aa
35 TM)

At Piezo (Arabidopsis thaliana): NP__182327.5, 2440 aa (28
™)

Os Piezo (Oryza sativa-japonica group): NP__001043105.1,
2196aa (24 TM)

Tt Piezo 1 (Tetrahymena thermophila): XP_976967.1,
4690aa (30 TM)

Tt Piezo ii (Tetrahymena thermophila): XP_001021704.1,
4136aa (29 TM)

Tt Piezo iii (Tetrahymena thermophila): XP__001017682.1,
2636aa (26 TM)

[0191] Data Analysis.

[0192] Datain all figures are shown as meantSEM. Unless
otherwise stated, statistical significance was evaluated using
unpaired two-tailed Student’s t-test for comparing difference
between two samples. Unpaired two-tailed Student’s t-test

with Welch correction was used when variances where sig-
nificantly different. * p<0.05, ** p<0.01, *** p<0.001.

Example 2

Neuro2A Cells Express MA Currents

[0193] To identify proteins involved in mechanotransduc-
tion, a cell line was sought that expresses a robust MA current
similar to those recorded from primary cells (B. Coste, M.
Crest, P. Delmas, J Gen Physiol 129, 57 (January, 2007)).
Several mouse and rat cell lines (Neuro2 A, C2C12, NIH/3T3,
Min-6, 50B11, F11, PC12) were screened by patch-clamp in
the whole cell configuration using a mechanical stimulus
consisting of a piezo-electrically driven glass probe (G. C.
McCarter, D. B. Reichling, J. D. Levine, Neurosci Lett 273,
179 (Oct. 8, 1999); B. Coste, M. Crest, P. Delmas, J Gen
Physiol 129, 57 (January, 2007); L. J. Drew, J. N. Wood, P.
Cesare, J Neurosci 22, RC228 (Jun. 15, 2002)). Neuro2A
(N2A) mouse neuroblastoma cell line expressed the most
consistent MA currents with considerable kinetics of adapta-
tion (FIG. 1A). In comparison, as a representative of MA
currents recorded in other cell lines, the C2C12 mouse myo-
blast cell line expressed MA currents with slower kinetics of
inactivation (FIG. 1B). All the N2A MA currents recorded at
a holding potential of —80 mV are inactivated at the end of a
150 ms mechanical stimulation pulse, whereas the C2C12
MA currents are only partially inactivated (FIG. 1C). These
currents share Kkinetic properties with some currents
expressed in DRG neurons, where rapidly-adapting and
slowly-adapting MA currents are described (B. Coste etal., J
Gen Physiol 129, 57 (January, 2007); L. J. Drew et al., J
Physiol 556,691 (May 1, 2004); L. J. Drew et al., PLoS ONE
2,e515 (2007); J. Hu, G. R. Lewin, J Physiol 577, 815 (Dec.
15, 2006); C. Wetzel et al., Nature 445, 206 (Jan. 11, 2007))
(Table 1 and see below). The difference in inactivation kinet-
ics suggests that distinct components of the mechanotrans-
duction apparatus are expressed in these cell lines; however,
itis also possible that this difference in inactivation kinetics is
due to indirect factors, such as membrane distensibility of the
cell lines. Current-voltage relationships of N2A and C2C12
MA currents are linear between —80 and +80 mV with rever-
sal potentials (E,.,) at +6.6 and +6.7 mV, respectively, and
inward currents are suppressed with NMDG-chloride exter-
nal solutions (data not shown), suggesting cationic non-se-
lective permeability (FIG. 1D-E). Finally, the amplitude of
MA currents expressed in N2A cells is approximately two-
fold larger than the C2C12 MA currents (FIG. 1F).
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Kinetics of inactivation in untreated and Piezol-treated cell lines

Whole-cell mechanical stimulation

Cell-attached stretch

Threshold Tau inac Imax (-80 mV) P30 Imax (-80 mV)
(Hm) (ms) (PA) (mm Hg)
N2A control 54£03 12.3+0.6 -194.3 + 34.7 -28.0 £ 1.8
(n="71) (n="74) (n =89) (n=21)
Piezol n.d. n.d. -13.8+3.2 n.d.
siRNA (n=067)
Piezol 3.7+0.7  153=+15 -3568 +567.6  -28.1 £2.8
cDNA (n=16) (n=16) (n=16) (n=13)
C2C12 control 33204 1298554 -101.5x19.7 n.d.
(n=23) (n=21) (n=25)
Piezol 3.0+0.3 15.6 +0.9 2482 +384.4 n.d.
cDNA (n=10) (n=10) (n=10)
HEK?293T control 6.0+09  88.7=x26.0 -88.5 +19.7 n.d.
(n=9) (n="7) (n=10)
Piezol 2607 165+14 -3696 + 641.1 -31.2%3.5
cDNA (n=10) (n=10) (n=10) (n=11)

[0194] The N2A MA currents were further characterized
by using patch-membrane stretch stimulation in cell-attached
mode (Besch et al., Pflugers Arch 445, 161 (October, 2002)).
Brief negative pressure pulses evoked opening of endogenous
channels (FIG. 1G), with a single-channel conductance of
229+14 pSand E,,, of +6.2 mV (FIG. 1H). Increasing the
magnitude of pressure pulses induced gradual and reversible
opening of these MA channels (FIG. 1I). The current-pres-
sure relationship is characterized by maximal opening at —60
mm Hg, with a pressure for half-maximal activation (P,) of
-28.0+1.8 mm Hg (FIG. 1J). These conductance and Ps,
values are similar to the properties of reported stretch-acti-
vated channels (Cho et al., Eur J Neurosci 23, 2543 (May,
2006); Earley et al., Circ Res 95, 922 (Oct. 29, 2004); Sharit-
Naeini et al., J Mol Cell Cardiol 48, 83 (January, 2010)).

Example 3

Piezol (Fam38A) is Required for MA Currents of
N2A Cells

[0195] To generate a list of candidate MA ion channels in
N2A, gene expression profiling was carried out on N2A and
other mouse cell lines tested, and transcripts were focused on
that are enriched in N2 A cells using a combination of criteria.
Proteins predicted to span the membrane at least two times (a
characteristic shared by all ion channels) were selected. This
list was prioritized by picking either known cation channels,
or proteins with unknown function. Each candidate was
tested using siRNA knockdown in N2A cells, measuring MA
currents via piezo-driven pressure stimulation in the whole
cell mode. Knockdown of Fam38A (Family with sequence
similarity 38), the 73" candidate, caused a pronounced
decrease of MA currents (FIG. 2A-B, Table 2). In follow-up
experiments, robust attenuation of MA currents was observed
with different siRNAs directed against this gene (FIG. 2C).
All the siRNAs tested significantly decreased target tran-
scripts as assayed by qPCR (FIG. 3A).

TABLE 2

Candidate proteins for siRNA knockdown

No: siRNA:
1 Scrambled
2 2400010G15Rik
3 2410015B03Rik
4 4833424015Rik
5 Tmem129
6 1500016010Rik
7 2810432L12Rik
8 3632451006Rik
9 4930500005Rik
10 9330182L06Rik
11 A830020B06Rik
12 Accn2
13 Al848100
14 B430119L13Rik
15 BC042720
16 BC062109
17 Chrna3
18 Creldl
19 D630045J12Rik
20 Emb
21 Gprl73
22 Grik5
23 Htr3a
24 Htr3b
25 Josd2
26 Leprotl1
27 Lphnl
28 Mcam
29 Mfap3
30 Npal2
31 Npal3
32 Nrsnl-Vmp
33 P2X3
34 Pedhl
35 PenxI2
36 PKDI1L2
37 Prrt3
38 Punc
39 Reep2
40 Roml
41 Sfxn5
42 Slel6a6
43 Sle47al
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TABLE 2-continued

Candidate proteins for siRNA knockdown

No: siRNA:
44 Sle7a3

45 Sle7a7

46 Sle8al

47 TM6sfl
48 Tmc6

49 Tmem108
50 Tmem136
51 Tmeml6la
52 Tmem164
53 Tmem16f
54 TMEM176a
55 TMEM176b
56 Tmem181
57 Tmem20
58 Tmem4la
59 Tmem54
60 Tmem56
61 Tmem74
62 Tmhs

63 Tmtcl

64 Tmtc2

65 TRPM2
66 TRPML3
67 TRPV2

68 Tspanl3
69 Tspanl8
70 Tspan2

71 Tspan33
72 Xkr6

73 Fam38a

[0196] Given that Fam38A encodes a protein required for
the expression ofion channels activated by pressure, this gene
was named Piezo1, from the Greek “mieom” (piesi) meaning
pressure. To test whether knocking down Piezo1 impairs gen-
eral cell signaling or viability, N2A cells were transfected
with TRPV1 cDNA and either scrambled or Piezol siRNA.
No differences were observed in capsaicin responses (FIG.
3B-C). Next, experiments were conducted to determine if
Piezol is also required for N2A MA currents elicited by patch
membrane stretch (FIG. 2D-E). Once again, strong knock-
down of MA currents was observed with siRNA against
Piezol. This suggests that Piezol is required for the expres-
sion of the MA currents recorded using either of the two
mechanostimulation protocols.

[0197] Very little is known about mammalian Piezol
(KIAA0233, Fam38A, Mib). Its expression is induced in
senile plaque-associated astrocytes (K. Satoh et al., Brain Res
1108, 19 (Sep. 7, 2006)), and the protein has been suggested
to be involved in integrin activation (B. J. McHugh et al., J
Cell Sci 123, 51 (Jan. 1, 2010)). Extracellular perfusion of
divalent-free and 5 mM EGTA solution for 30-60 min, which
disrupts integrin function (R. O. Hynes, Cell 110, 673 (Sep.
20, 2002)), did not suppress MA currents (FIG. 3D-E). Thus
it is unlikely that Piezo1 siRNA blocks MA currents through
integrin modulation. However, it is possible that mechanical
activation of Piezol could lead to integrin activation and
various downstream consequences including cell adhesion,
division, and migration.

Example 4

Piezos are Large Transmembrane Proteins
Conserved Among Various Species
[0198] Piezo proteins are present in non-mammalian spe-
cies, none reported as characterized. Many animal, plant, and
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other eukaryotic species contain a single Piezo (FIG. 4A).
Vertebrates (mammals, birds, fish) have two members,
Piezol (Fam38A) and Piezo2 (Fam38B). However, the early
chordate Ciona has a single member. Multiple Piezos are also
present in the Ciliophorakingdom: Tetrahymena thermophila
has three members; Paramecium Tetraurelia, six (not shown).
No clear homologs were identified in yeast or bacteria. The
secondary structure and overall length of Piezo proteins are
moderately conserved, while homology to other proteins is
minimal. As assayed by the TMHMM?2 program, all have
between 24-36 predicted transmembrane domains (with vari-
ability perhaps due to inaccurate cDNA or transmembrane
prediction). The predicted proteins are 2100-4700 amino
acids, and the transmembrane domains are located through-
out the putative protein, as illustrated by the hydrophobicity
plot of mouse Piezol (FIG. 4B).

[0199] The expression profile of Piezol determined by
gqPCR (FIG. 4C) includes robust expression in bladder, colon,
kidney, lung and skin, and low expression in the other tissues
tested including DRG sensory neurons. This pattern agrees
with Northern blot expression analysis in rat (K. Satoh et al.,
Brain Res 1108, 19 (Sep. 7, 2006)). Bladder, colon, and lung
undergo mechanotransduction related to visceral pain (G.
Burnstock, Mol Pain 5, 69 (2009)), and primary cilia in the
kidney sense urinary flux (L. Rodat-Despoix, P. Delmas,
PAlugers Arch 458, 179 (May, 2009)). The low level of mRNA
in DRG suggests that Piezol may not account for MA cur-
rents observed there (B. Coste, M. Crest, P. Delmas, J Gen
Physiol 129, 57 (January, 2007); L. J. Drew, J. N. Wood, P.
Cesare, J Neurosci 22, RC228 (Jun. 15, 2002); J. Hu, G. R.
Lewin, J Physiol 577, 815 (Dec. 15, 2006)), but Piezol is
expressed in the skin, another putative site of somatosensa-
tion. Piezo2 expression is observed in bladder, colon and lung
as well, but less in kidney or skin. Interestingly, very strong
expression of Piezo2 is observed in DRG sensory neurons,
suggesting a potential role in somatosensory mechanotrans-
duction (see below).

Example 5

Piezol Induces MA Currents in Various Cell Types

[0200] The full-length Piezol from N2A cells was cloned
into the pIRES2-EGFP vector. Electrophysiological record-
ings of MA currents in the whole-cell mode were performed
12-48 hours after transfection. Piezol transfected cells, but
not mock-transfected cells, showed large MA currents in
N2A, HEK293T (FIG. 5A-F) and C2CI12 cell-lines (FIG.
6A-C). In all cells overexpressing Piezol, the MA current-
voltage relationships were similar to endogenous N2A MA
currents (FIGS. 5B, 5E, 6B, and 1D), with E, mV. The thresh-
old of activation and the time constant for inactivation of MA
currents elicited in Piezol overexpressing cells is similar in
all three cell lines tested (see Table 1). Next, the ionic selec-
tivity of Piezol-induced MA currents was characterized.
Substituting the non-permeant cation NMDG in the extracel-
Iular bathing solution suppressed inward MA currents, dem-
onstrating that this channel activity is cationic in nature (FIG.
6D). The ionic selectivity was further examined by recording
with CsCl-only internal solutions and various cations in the
bath. Na*, K*, Ca®* and Mg>* ions were all able to permeate,
with a slight preference for Ca®* (FIG. 5G and FIG. 6E-F).
Moreover, 30 uM of ruthenium red and gadolinium, known
blockers of many cationic MA currents (L. J. Drew, J. N.
Wood, P. Cesare, J Neurosci 22, RC228 (Jun. 15, 2002); J.
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Hao etal., in Mechanosensitivity of the Nervous System, 1. K.
e. A. Kamkin, Ed. (Springer Netherlands, 2008), vol. 2, pp.
51-67), blocked 74.6x2.5% (n=6) and 84.3+3.8% (n=5) of
Piezol-induced MA current, respectively (FIGS. 5H and
6G-H).

[0201] Next, patch-membrane stretch stimulation was used
in cell-attached mode to assay Piezol-transfected cells (FIG.
51-N). Overexpression of Piezol in N2A and HEK293T cells
gave rise to large currents elicited by negative pressure pulses
(FIGS. 51, 51). The MA current-pressure relationships in
cells overexpressing Piezol and in endogenous N2A cells is
similar, with P5, 0of —-28.1£2.8 and -31.2+3.5 mm Hg in N2A
and HEK293T overexpressing cells, respectively (FIGS. 5],
5M, and 1J). No channel activity similar to N2 A endogenous
MA channels was detected in vector-only transfected
HEK293T cells (data not shown). Therefore, Piezol overex-
pression induces MA currents elicited both by piezoelectri-
cally-driven glass probe stimulation and by patch-membrane
stretch in all the cell lines tested. This is the first demonstra-
tion that these two different mechanostimulation protocols
activate the same MA channels.

Example 6

Piezo2 Induces MA Currents Distinct from
Piezol-Induced Currents

[0202] The full-length Piezo2 was cloned from DRG neu-
rons and its mechanosensitivity upon heterologous expres-
sion was tested. Piezo2/GFP co-transfected, but not mock-
transfected cells, revealed large MA currents in N2A (co-
transfected with Piezol siRNA to suppress endogenous MA
currents) and HEK293T cells (FIG. 7A-F). The Piezo2-in-
duced MA current-voltage relationship is linear between —80
and +80 mV (FIGS. 7B, 7E), with a reversal potential (E,,,) of
+6.320.4 mV (n=3) and +8.7£1.5 mV (n=7) in N2A and
HEK293T cells, respectively, suggesting relatively non-se-
lective cationic conductance. Similar to Piezol, Piezo2-in-
duced currents were suppressed by the non-permeant cation
NMDG and inhibited by gadolinium and ruthenium red [85.
0£3.7% (n=5) and 79.2+4.2% (n=5), respectively]| (FIG. 8).
These characteristics fit the profile of MA currents recorded
from DRG neurons (G. C. McCarter et al., Neurosci Lett 273,
179 (Oct. 8, 1999); L. J. Drew et al., J Neurosci 22, RC228
(Jun. 15,2002); butsee also J. Hu, G. R. Lewin, J Physiol 577,
815 (Dec. 15, 2006)).

[0203] The inactivation kinetics of heterologously
expressed Piezo2-induced MA currents are best-fitted with a
mono-exponential equation, and calculated time constants
for inactivation (t,,, ) are relatively fastin both N2 A (6.8+0.7
ms, n=27) and HEK293T (7.320.7, n=11) cells when mea-
sured at —80 mV. Furthermore, the kinetics of inactivation of
Piezo2-induced MA currents are faster than Piezol-induced
MA currents, both for inward (FIG. 7G) and outward (FIG.
7H) currents, and at all holding potentials tested (FIG. 71).
These differences are not due to higher Ca®* permeability,
since the Ca®* selectivity of Piezol- and Piezo2-induced MA
currents are similar (data not shown). Therefore, Piezol and
Piezo2 confer unique channel properties. Initial attempts to
further characterize properties of Piezo2-induced MA cur-
rents using negative-pressure stimulations of membrane
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patches in cell-attached mode could not detect Piezo2-depen-
dent channel activity (not shown, 21 patches).

Example 7

Piezol is detected at the plasma membrane

[0204] The results above suggest that Piezol and 2 are
components of mechanotransduction complexes and there-
fore should be present at the plasma membrane. Previous
reports have shown expression of Fam38A (Piezol) in the
endoplasmic reticulum (K. Satoh et al., Brain Res 1108, 19
(Sep.7,20006); B.J. McHugh et al., J Cell Sci 123, 51 (Jan. 1,
2010)). A peptide antibody against mouse Piezo1 was gener-
ated. This antibody specifically recognized Piezol-trans-
fected HEK293T cells, but not naive HEK293T cells (FIG.
9A). In cells transfected with Piezol and TRPAI, an ion
channel known to be expressed at the plasma membrane,
co-staining of Piezo1 was observed with live-labelled surface
TRPA1 (M. Schmidt, A. E. Dubin, M. J. Petrus, T. J. Earley,
A. Patapoutian, Neuron 64, 498 (Nov. 25, 2009)), although
the majority of Piezol expression (similar to TRPA1) is
present inside the cell. This demonstrates that Piezol protein
can be localized at or near the plasma membrane (FIG. 9B).
The antibody was not sensitive enough to detect endogenous
N2A expression of Piezol (data not shown).

Example 8

Piezo2 is Required for DRG Rapidly-Adapting MA
Currents

[0205] Piezo2 butnot Piezol is expressed at relatively high
levels in DRGs as assessed by qPCR (FIG. 4C). To charac-
terize Piezo2 expression within the heterogeneous population
of neurons and glial cells of the DRGs, in situ hybridization
was performed on adult mouse DRG sections (FIG. 10A).
Piezo2 mRNA expression was observed in 20% of DRG
neurons (from 2391 total neurons—see methods section
below). Piezo2 is expressed in a subset of DRG neurons also
expressing peripherin (60%) and Neurofilament 200 (28%),
markers present in mechanosensory neurons (FIG. 11) (M. E.
Goldstein et al., J Neurosci Res 30, 92 (September, 1991); S.
N.Lawson, Exp Physiol 87,239 (March, 2002); S, N. Lawson
etal.,J Comp Neurol 228,263 (Sept. 10, 1984); H. Sannetal.,
Cell Tissue Res 282, 155 (October, 1995)). Some overlap with
nociceptive marker TRPV1 (24%) further suggests a poten-
tial role of Piezo2 in noxious mechanosensation.

[0206] Next, the role of Piezo2 in MA currents of DRG
neurons was directly examined using siRNA transfection.
The RNAIi approach was first validated on TRPA1, an ion
channel expressed in DRG neurons and activated by mustard
oil (MO) (M. Bandell et al., Neuron 41, 849 (Mar. 25, 2004);
S. E. Jordt et al., Nature 427, 260 (Jan. 15, 2004)) (FIG.
12A-B). The ability of siRNAs to block functional expression
of Piezo2 was demonstrated in N2A cells co-transfected with
both Piezo2 ¢cDNA and Piezo2 siRNA (FIG. 12C, 15-fold
decrease). Then whole-cell MA currents were recorded from
DRG neurons co-transfected with GFP and either scrambled
or Piezo2 siRNA (n=101 for scrambled, and n=109 for Piezo2
siRNA). The recorded MA currents were grouped according
to their inactivation kinetics, as previously described (FIG.
10B) (B. Coste et al., J Ger Physiol 129, 57 (January, 2007);
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L.J. Drew et al., J Neurosci 22, RC228 (Jun. 15,2002); L. J.
Drew et al., J Physiol 556, 691 (May 1, 2004); J. Hu, G. R.
Lewin, J Physiol 577, 815 (Dec. 15, 2006); C. Wetzel et al.,
Nature 445, 206 (Jan. 11, 2007)). Four different classes of
neurons were defined based on,,, distribution in scrambled
siRNA transfected cells (FIG. 6D): <,,,,.<10ms, 10<z,, , <30,
>30, and non-responsive neurons. Piezo2-expressing
neurons with T,,,.~7 ms (FIG. 7) would be expected within
thet,,,.<10ms DRG population. Remarkably, the proportion
of neurons expressing MA currents with t,,,.<10 ms was
specifically and significantly reduced in Piezo2 siRNA com-
pared to scrambled siRNA transfected neurons (FIG. 10C).
28.7% of scrambled siRNA transfected neurons had,,,,.<10
ms versus 7.3% in Piezo2 siRNA transfected neurons (FIG.
10D). Neurons with MA currents with slower kinetics (t,,,,.
between 10 and 30 ms and <, >30 ms) were present at
normal populations in Piezo2 siRNA samples. A trend
towards increased numbers of mechanically insensitive neu-
rons was observed, as predicted if loss of Piezo2 converts
rapidly adapting neurons into non-responders. These RNAi
data also were analyzed according to the degree of current
inactivation during the 150 ms test pulse and came to similar
conclusions (FIG. 12E). It is unknown whether the remaining
MA currents with T,, <10 ms are due to incomplete Piezo2
knockdown or the presence of another channel complex.
Regardless, Piezo2 is specifically required for the majority of
the rapidly adapting MA ion channel activity in cultured
DRGs.

‘Cinac

Example 9

Therapeutic Benefit of Targeting of Piezol and
Piezo2

[0207] Many studies have implicated calcium-permeable
mechanically-activated (MA) cationic currents in vertebrate
mechanotransduction (O. P. Hamill, B. Martinac, Physiol Rev
81, 685 (April, 2001)). Cell-based mechanical sensitivity was
assayed here using two different, well-established methods: a
piezoelectrically-driven pressure applied from a glass probe
in whole-cell conformation, and stretch of the plasma mem-
brane through a patch pipette in cell-attached mode (J. Hao et
al., in Mechanosensitivity of the Nervous System, 1. K. e. A.
Kamkin, Ed. (Springer Netherlands, 2008), vol. 2, pp. 51-67).
Using these assays, Piezol was found to be required for MA
currents in Neuro2A cells, and Piezo2, for a subset of MA
currents in DRG neurons. Moreover, overexpressing Piezol
or Piezo2 in three different cell types gives rise to a remark-
able 17-300 fold increase in MA currents. Therefore, Piezos
are both necessary and sufficient for the expression of a MA
current in various cell types. Notably, Piezol or Piezo2 over-
expression confers unique adaptation properties of MA cur-
rents, arguing that they are components of distinct MA ion
channels.

[0208] Piezol and Piezo2 sequences appear unique, not
resembling known ion channels or other protein classes. The
very large number of predicted transmembrane domains (30
and 34 transmembranes for mouse Piezol and Piezo2, respec-
tively) is reminiscent of voltage-activated sodium channels
with 24 transmembrane domains, composed of a 4-fold repeat
of 6-transmembrane units (M. R. Hanlon, B. A. Wallace,
Biochemistry 41, 2886 (Mar. 5, 2002)). However, pore-con-
taining or repetitive domains have not initially been observed
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in Piezo proteins. It may be that Piezo proteins are non-
conducting subunits of ion channels required for proper
expression or for modulating channel properties, similar to
beta subunits of voltage-gated channels (M. R. Hanlon, B. A.
Wallace, Biochemistry 41, 2886 (Mar. 5, 2002)) or SUR sub-
units of ATP-sensitive K+ channels (S. J. Tucker, F. M. Ash-
croft, Curr Opin Neurobiol 8, 316 (June, 1998)). This is
unlikely, since it would imply that all the cell types used here
express a silent conducting subunit of an MA channel that
requires Piezos to function. Alternatively, Piezo proteins may
define a novel class of ion channels, akin to Orail, a recently
identified ion-conducting channel without significant homol-
ogy to previously known channels (M. Prakriya et al., Nature
443, 230 (Sep. 14, 2006)). Piezol/Fam38A has also been
found in the endoplasmic reticulum (K. Satoh etal., Brain Res
1108, 19 (Sep. 7, 2006); B. J. McHugh et al., J Cell Sci 123,
51 (Jan. 1, 2010)), so Piezos may act at both the plasma
membrane and in intracellular compartments. Indeed, the
data here have shown that overexpressed Piezol can be
observed at or near the plasma membrane.

[0209] Piezol is expressed in a variety of tissues involved
in mechanotransduction, including in the kidney. Interest-
ingly, stretch-activated channels with similar properties have
been described in kidney-derived cells (R. Sharif-Naeini et
al., J Mol Cell Cardiol 48, 83 (January, 2010); P. Gottlieb et
al.,, Pflugers Arch, (Oct. 23, 2007)). Piezol expressed
sequenced tags (ESTs) are also found in the inner ear. The
conductance of MA channels of hair cells varies according to
location in the cochlea, ranging from 80-163 pS (A. J. Ricciet
al., Neuron 40, 983 (Dec. 4, 2003)). Although this range does
not resemble that conducted via Piezol, the variability in
conductance suggests it may be modulated by yet unknown
factors, and therefore a candidate should not be excluded on
this basis.

[0210] Piezo2 is expressed in sensory neurons and is
required for mechanically-activated currents. Mechanical
hyperalgesia is a condition prevalent in many pain conditions
including inflammatory and neuropathic pain. Therefore,
Piezo2 can be a target for a variety of pain, itch, and inflam-
mation indications. The targeting of Piezol and Piezo2 could
also have therapeutic benefit in a variety of indications
including hearing, adjustment of vascular tone and blood
flow, urine flow sensing in kidney, lung growth and injury, as
well as bone and muscle homeostasis, all of which are all
regulated by mechanotransduction.

SEQUENCE LISTING

[0211] A sequence listing is submitted along with this
application as an ASCII text file entitled 87396-817888_
ST25.1xt. This file was created on Aug. 23, 2011 and is 139
kilobytes.

[0212] Itis understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be sug-
gested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence in their entirety for all purposes.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 24

<210> SEQ ID NO 1
<211> LENGTH: 7644

<212> TYPE:

DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 1

atggagcege
geggectece
ctgeeetgge
cgtgcactac
ctacacaccyg
gtgtctcaac
ctggtagcac
cgecteacga
gacgatgatg
cctgeectygy
tggectgetga
geccacecett
tggtcetgte
tgttttggtyg
atgttacccc
cctaactact
gtgagtccceyg
aagagctgte
gaactggace
atgaccacgg
gtcegecage
ggcctgggee
tggagcatca
tggacggtge
gggctgacge
accetgggec
gaccteggty
aaggagaagc
gacactgagce
atctacgtca
ggecgectgg
ttccaggtet

gcectatacaa

acgtgctggg
tgttacgett
ttccaggece
tctgecteag
tgccteacct
acataggggt
ctgacctggyg
ggaaagccgg
acgacgatga
caaccaaacg
tgacctetygg
cggecttete
actttcctet
ceggecatet
ctgggaacat
ccagecccaa
gaatcctget
cctecagaget
acctggagec
aacctgacct
gtccagtteg
acctcatcat
tgtaccacag
gtagccgtcea
tctgetgect
ctgtcagect
ccatgetect
tgctgaagaa
ccacacagac
aatactggat
tggtctacaa

actacaccct

tgctegtget

cgecegggete

caatgctete

ctcaagacac

cctectette

ggaccagttt

tacgaggctyg

agtgctgetyg

gcagagtegg

agacatagat

caggctgtgg

acggacgetyg

cagcatctac

cagcceectyg

catttgecta

ctgggccagg

cgcectggta

getgetatat

daggaaggag

agagccccag

tgacaactgc

ccccaggety

ggaccagagce

ttggctgace

ccagetgget

gaggtatgtg

gcaccagttyg

ctatctgete

gcaaaaggtyg

ccagacgetyg

ctatgtgtge

aatcgtctac

gtggaggaag

catcgetgtyg

tactggctgt

tcgetggtet

agcataccag

ctggtggece

ctgggacaaa

gacctgaagg

gegtectece

cgcacccagyg

getgecccag

ctggectece

gtcattgtgt

Ctggtggtgt

ggctttaaca

tactgctatce

ctatttggte

ctcaacacta

tacacagcca

acacccaggg

gctagggacg

accgtgcatg

getgagetga

tatgtgtgtyg

ttcegtectge

atgctetget

tgggccatgg

ggactggaac

acattctgge

cctgeggege

ctgeggagec

geeggeatgt

atgttcctet

ctgctacgtyg

tacaccttcce

tgctgeecty

atttgetgtt

gtcacacagg

accttgecett

acggtagect

acatctttaa

tttgcettygg

agctgcagga

CCgtggggCt

getteegggt

tgctggeect

tcctggecat

cecctetgtgt

agacaccatt

tcaagaactt

agcacgectyg

cctetetect

aggatgagga

ccacccaggyg

tactaaccag

aagagatgtc

cecctgattge

tgctectggge

cgecectgeat

aacttcctga

acacacgcta

tccttetgey

tgctggaggt

tgggggagct

tcattgtggt

tcctgetgty

tcettetggty

agttccagga

cacgctecty

tctactgety

tegectgete

tcagatatge

ttgggtgaag

caccaccagg

cctetgtgga

tgatgacgat

gaagggagcc

cacggeccac

ggcaggcata

ctgcacctygy

catggtgage

tatccaggac

cgtagaccte

gcccatctat

gaagctccac

gcatgagetg

tgagatgcce

ccagageect

accgctacat

catgatggtyg

ctgecteate

cctgetgtat

getgeccace

cececttgecty

tcagttcgty

cacggtggee

ggtcaccgge

cagcttegee

ccteacctty

gectegtggtyg

cttcccecace

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
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tattggcgca acctcacggg cttcacagac gagcagttgg gcgacctggg cctggagcag 2040
ttcagtgtgt cggagctctt ttccagtatce ctcatcectg gettettect getggectge 2100
atcctgcagce tgcactactt ccacagaccg ttcatgcagce tcactgacct ggagcacgtg 2160
cegecaccag gcacccegeca ccectcgatgg getcacagge aggatgcagt gagegaggece 2220
cctetgettg agcatcagga ggaagaggaa gtcttcaggg aagatgggca gagcatggat 2280
gggecccace aggcecacaca ggtcectgag ggtacggeca gcaagtgggg ccectggtgget 2340
gaccggctge tggacctage ggccagette tcggectgtec tcacccgaat ccaggtgtte 2400
gttcggcget tgctagaact tcacgtcettce aagctggtgg cectctacac tgtetgggtyg 2460
gccctgaaag aagtgtcectgt gatgaacctg ctgctggtgg tgctatgggce cttegecttyg 2520
ccetatecge gettecggee catggcecttcee tgectgteca cecgtgtggac ctgtatcatce 2580
attgtatgca agatgctcta tcagctcaag attgtcaacc cgcatgagta ctccagcaac 2640
tgcactgagc cctteccccaa caataccaac ttgcagectt tggagatcaa ccagtcetttg 2700
ctgtaccgtg geccctgttga ccctgccaac tggtttgggg tgcggaaggg ttaccccaac 2760
ttgggctata tccagaacca cctgcagatce cttetgttge tggtgtttga ggccgtggtg 2820
taccggegee aagagcacta ccgccggceag caccagcagyg ccectetgece cgeccagget 2880
gtgtgcgcag atggcacccg ccagaggttg gaccaggacc tacttagetg cctcaagtat 2940
ttcatcaact tcttcecttceta caaattcggg ctggagatct gettcecttgat ggccgtgaat 3000
gtgattgggc agcgtatgaa cttcatggtg atcttacacg gttgctggtt ggtggccatce 3060
cttacacgcce ggcgecgtga ggccatcgcee cgectcectgge ctaactactg tetgttecte 3120
acgctgttcece tgctgtacca gtacctgcectg tgtttgggca tgcccecctge actgtgcatt 3180
gactatccat ggcgctggag caaggccatc cccatgaatt ccgccctcat caagtggetg 3240
tacctacctg acttcttcag agcccccaac tccaccaacce ttatcagtga cttectectg 3300
ctgctttgeg cctceccageca gtggcaggte ttectcagegg agcgaacgga ggagtggcaa 3360
cgcatggegg gcatcaacac tgaccacctg gagceccctge gtggggagece caaccctata 3420
cccaacttca tccactgcag gtecctatctg gatatgetga aggtggccgt cttecgctac 3480
ctgttctgge tggtgctegt tgtggtgttt gttgcggggg ccacccgcat aagcatctte 3540
gggctggggt acctgctage ctgcttctac ctgctgctgt ttggcactac cctgctgcag 3600
aaggacacgc gagcccagct cgtgctgtgg gactgcctca tectctataa tgtcactgte 3660
atcatctcta agaatatgct gtecgctectg tceetgtgtet tegtggagca aatgcagagce 3720
aacttctget gggtcatcca getcttcage ctegtgtgca cagtcaaagg ctactatgat 3780
cccaaagaga tgatgaccag ggaccgggac tgectgetge ctgtggagga ggccgggate 3840
atctgggaca gtatctgett cttecttectg ctettgcaac ggcgcatctt tetcageccac 3900
tacttcctge atgtcagege tgacctgaaa gccacagcecc tgcaggcatce caggggcttt 3960
gccctcectaca atgcagccaa cctgaagagce atcaacttec atcgccagat tgaggagaag 4020
tcectggece agctgaaaag acagatgaag cgcatccegtyg ccaaacagga gaagtacagg 4080
cagagccagg caagtcgtgg ccaactccag tccaaagacce ctcaggatcce cagccaggag 4140
ccagggectyg acagceccagg gggctectee cegecacgga gacagtggtyg gegeccectgg 4200

ctggaccacg ccacagtcat ccactctggce gactacttcce tgtttgagte agatagcgag 4260
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gaggaagagyg aggccctace tgaggacccce aggcectgcag ctcagagtge cttcecagatg 4320
gcataccagyg catgggtaac caatgcccag acagtgctga ggcagegteg ggagegggea 4380
cggcaggage gggcagagca getggettet ggaggtgact tgaacccaga tgtggaacca 4440
gtagatgtcc cagaagatga gatggcaggc cgtagccaca tgatgcagcg tgtgctaage 4500
accatgcagt tcctgtgggt getgggccag gccacggtag acgggctgac gegcectggetg 4560
cgtgcattca cgaagcacca ccgcaccatg agcgatgtge tgtgcgcaga gegctacctg 4620
ctcacccagg agcttctteg ggttggagag gtacgccgag gtgtgctgga ccagcetttat 4680
gtgggtgaag atgaggccac attgtcaggt cccgtggaga cccgggatgg acccagcaca 4740
gectcaagtyg ggetgggage cgaagagect ttgagtagca tgacagacga caccagcagce 4800
ccectgagea caggctataa cacccgecagt ggcagtgagyg agattgtcac cgacgetggg 4860
gacctccagg ctgggaccte cctgcacgge tcccaagagce ttttagccaa tgctcecgtacce 4920
cggatgcgca cggccagcega gcetgctactg gataggcegece tgcatatcce tgagcetggag 4980
gaggccgage ggtttgagge acagcagggce cggactetge ggctgcetcag ggetgggtac 5040
cagtgcgtgg cggcacactc ggagctgctce tgttacttca tcatcatcct taaccacatg 5100
gtgacagcct cggctgecte cctggtgetg ceccgtgecttg tgttectgtg ggecatgetyg 5160
accatcccga ggcctagcaa gegcettttgg atgacagceta tecgtcecttcac tgaggtcatg 5220
gtggtcacca aatacctgtt ccagttcggce ttcttecccecet ggaacagcta cgttgtgetg 5280
cggcgctatg agaacaagcc ctacttceccct ccgcgaatcce tgggccttga gaaaacggac 5340
agctacatca agtatgacct ggtgcagctc atggccctet tetteccaccg ctecgcageta 5400
ctgtgttatg gecctectggga ccatgaggag gatcgctatce ccaaggacca ttgcaggagt 5460
agtgtgaagg accgggaggc caaggaagag ccagaagcta agctggaatc gcagtctgag 5520
acaggcactg ggcatcccaa ggagccagtg ttggccggta cteccaggga ccacatccaa 5580
gggaaaggaa dtattagatc caaggatgtt atccaagatc ccccagagga ccttaagcecce 5640
cggcacacga ggcacatcag catacgettce aggaggcgca aggagactcce aggacccaaa 5700
ggaacagcag tcatggagac tgagcacgag gagggagaag gaaaagaaac tacagagaga 5760
aagaggccge gtcacactca agaaaaatcg aagtttcggg agagaatgaa ggcagetggg 5820
cgecggcetge agagcecttetg tgtgtcactg gcccagaget tctaccaacce cttgcagegt 5880
ttcttecatg acattctgca cacaaagtac cgggcggcca ccgacgtcta cgccctcatg 5940
ttecctggeecg atattgtcecga catcatcatce atcatctttg gtttttggge ttttgggaag 6000
cactctgcag ccacagacat tgcatcctceg ctgtcagatg accaggtgcce acaggcctte 6060
ctgttcatgce tgctggtcca gtttggcacce atggtcatcg accgtgccct ctacctgege 6120
aagactgtcc tgggaaagct ggcctttcag gtggtcectgg tggtggcgat tcacatctgg 6180
atgttcttta tcttaccgge tgtcactgag aggatgttca geccagaatgce ggtggcacag 6240
ctgtggtact tcgtcaagtg catttacttt gcecctgtecg cctaccagat ccgetgtgge 6300
taccccacce gtatcttggg caactteccte accaagaaat acaaccatct aaacctcecttce 6360
ctttteccagg ggtteccgtet agtgccegtte ctggtggage tgcgggccgt catggactgg 6420
gtgtggaccg acaccacgct gtcectgtcece aactggatgt gtgtggaaga catctatgece 6480
aacatcttta tcatcaagtg cagccgagag acagagaaga aataccccca gcccaagggg 6540

cagaagaaga agaaaattgt caagtatggt atgggaggcc tcattatcct cttectcatce 6600
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gccatcatet ggttceectet gcectettcatg tcactgatec getcectgtggt cggggtegte 6660
aaccagccca ttgatgtcac cgtcacccte aagctaggcg gctatgagece actgttcacce 6720
atgagcgccce agcagccatce cattgtgcca ttcacacccce aggcctacga ggagctgtcece 6780
cagcagtttg acccctatcc actagccatg cagttcatta gccagtacag tcectgaggac 6840
atcgtcactyg cacagatcga gggcagetceg ggggcegetgt ggegcatcag cccacccage 6900
cgagcccaga tgaagcagga gctgtacaac ggcacagecg acattacact gcgetttace 6960
tggaatttcc aaagggacct ggccaagggt ggcactgtgg agtatactaa tgagaagcac 7020
accttggage tggcccccaa cagtacggca cgaaggcage tggceccaact gctcgaggge 7080
agacctgacc agtcagtggt cattccccat ctecttceccecca agtacattceg tgctcccaat 7140
gggectgaag ccaaccctgt gaagcagetg cagccagatg aggaagagga ctaccttggt 7200
gtgcgcatee agectgcggag ggagcaagtg ggcacagggg cctetgggga gcaagceggge 7260
accaaggcct ccgacttect cgagtggtgg gtcatcgage tgcaggactg caaggctgac 7320
tgcaacctgce tgcccatggt catcttcagt gacaaggtca gcccacctag cctgggctte 7380
ctggcceggcet acgggattgt ggggctgtac gtctceccateg tgctggtggt tggcaagttt 7440
gtgcggggcet tcecttcagcga gatctctcac tceccatcatgt tcecgaggaact gcegtgtgtg 7500
gaccgcatce tcaagectgtg ccaggacatce ttcecttggtge gecgagacccg ggagctggag 7560
ctggaggagg agctatacgc caagctcatc ttectgtacce gatctccaga gaccatgatt 7620
aagtggacac gtgagaggga gtag 7644
<210> SEQ ID NO 2

<211> LENGTH: 2547

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 2

Met Glu Pro His Val Leu Gly Ala Gly Leu Tyr Trp Leu Leu Leu Pro
1 5 10 15

Cys Thr Leu Leu Ala Ala Ser Leu Leu Arg Phe Asn Ala Leu Ser Leu
20 25 30

Val Tyr Leu Leu Phe Leu Leu Leu Leu Pro Trp Leu Pro Gly Pro Ser
35 40 45

Arg His Ser Ile Pro Gly His Thr Gly Arg Leu Leu Arg Ala Leu Leu
50 55 60

Cys Leu Ser Leu Leu Phe Leu Val Ala His Leu Ala Phe Gln Ile Cys
65 70 75 80

Leu His Thr Val Pro His Leu Asp Gln Phe Leu Gly Gln Asn Gly Ser
85 90 95

Leu Trp Val Lys Val Ser Gln His Ile Gly Val Thr Arg Leu Asp Leu
100 105 110

Lys Asp Ile Phe Asn Thr Thr Arg Leu Val Ala Pro Asp Leu Gly Val
115 120 125

Leu Leu Ala Ser Ser Leu Cys Leu Gly Leu Cys Gly Arg Leu Thr Arg
130 135 140

Lys Ala Gly Gln Ser Arg Arg Thr Gln Glu Leu Gln Asp Asp Asp Asp
145 150 155 160

Asp Asp Asp Asp Asp Asp Glu Asp Ile Asp Ala Ala Pro Ala Val Gly
165 170 175
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Leu Lys Gly Ala Pro Ala Leu Ala Thr Lys Arg Arg Leu Trp Leu Ala
180 185 190

Ser Arg Phe Arg Val Thr Ala His Trp Leu Leu Met Thr Ser Gly Arg
195 200 205

Thr Leu Val Ile Val Leu Leu Ala Leu Ala Gly Ile Ala His Pro Ser
210 215 220

Ala Phe Ser Ser Ile Tyr Leu Val Val Phe Leu Ala Ile Cys Thr Trp
225 230 235 240

Trp Ser Cys His Phe Pro Leu Ser Pro Leu Gly Phe Asn Thr Leu Cys
245 250 255

Val Met Val Ser Cys Phe Gly Ala Gly His Leu Ile Cys Leu Tyr Cys
260 265 270

Tyr Gln Thr Pro Phe Ile Gln Asp Met Leu Pro Pro Gly Asn Ile Trp
275 280 285

Ala Arg Leu Phe Gly Leu Lys Asn Phe Val Asp Leu Pro Asn Tyr Ser
290 295 300

Ser Pro Asn Ala Leu Val Leu Asn Thr Lys His Ala Trp Pro Ile Tyr
305 310 315 320

Val Ser Pro Gly Ile Leu Leu Leu Leu Tyr Tyr Thr Ala Thr Ser Leu
325 330 335

Leu Lys Leu His Lys Ser Cys Pro Ser Glu Leu Arg Lys Glu Thr Pro
340 345 350

Arg Glu Asp Glu Glu His Glu Leu Glu Leu Asp His Leu Glu Pro Glu
355 360 365

Pro Gln Ala Arg Asp Ala Thr Gln Gly Glu Met Pro Met Thr Thr Glu
370 375 380

Pro Asp Leu Asp Asn Cys Thr Val His Val Leu Thr Ser Gln Ser Pro
385 390 395 400

Val Arg Gln Arg Pro Val Arg Pro Arg Leu Ala Glu Leu Lys Glu Met
405 410 415

Ser Pro Leu His Gly Leu Gly His Leu Ile Met Asp Gln Ser Tyr Val
420 425 430

Cys Ala Leu Ile Ala Met Met Val Trp Ser Ile Met Tyr His Ser Trp
435 440 445

Leu Thr Phe Val Leu Leu Leu Trp Ala Cys Leu Ile Trp Thr Val Arg
450 455 460

Ser Arg His Gln Leu Ala Met Leu Cys Ser Pro Cys Ile Leu Leu Tyr
465 470 475 480

Gly Leu Thr Leu Cys Cys Leu Arg Tyr Val Trp Ala Met Glu Leu Pro
485 490 495

Glu Leu Pro Thr Thr Leu Gly Pro Val Ser Leu His Gln Leu Gly Leu
500 505 510

Glu His Thr Arg Tyr Pro Cys Leu Asp Leu Gly Ala Met Leu Leu Tyr
515 520 525

Leu Leu Thr Phe Trp Leu Leu Leu Arg Gln Phe Val Lys Glu Lys Leu
530 535 540

Leu Lys Lys Gln Lys Val Pro Ala Ala Leu Leu Glu Val Thr Val Ala
545 550 555 560

Asp Thr Glu Pro Thr Gln Thr Gln Thr Leu Leu Arg Ser Leu Gly Glu
565 570 575

Leu Val Thr Gly Ile Tyr Val Lys Tyr Trp Ile Tyr Val Cys Ala Gly
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580 585 590

Met Phe Ile Val Val Ser Phe Ala Gly Arg Leu Val Val Tyr Lys Ile
595 600 605

Val Tyr Met Phe Leu Phe Leu Leu Cys Leu Thr Leu Phe Gln Val Tyr
610 615 620

Tyr Thr Leu Trp Arg Lys Leu Leu Arg Val Phe Trp Trp Leu Val Val
625 630 635 640

Ala Tyr Thr Met Leu Val Leu Ile Ala Val Tyr Thr Phe Gln Phe Gln
645 650 655

Asp Phe Pro Thr Tyr Trp Arg Asn Leu Thr Gly Phe Thr Asp Glu Gln
660 665 670

Leu Gly Asp Leu Gly Leu Glu Gln Phe Ser Val Ser Glu Leu Phe Ser
675 680 685

Ser Ile Leu Ile Pro Gly Phe Phe Leu Leu Ala Cys Ile Leu Gln Leu
690 695 700

His Tyr Phe His Arg Pro Phe Met Gln Leu Thr Asp Leu Glu His Val
705 710 715 720

Pro Pro Pro Gly Thr Arg His Pro Arg Trp Ala His Arg Gln Asp Ala
725 730 735

Val Ser Glu Ala Pro Leu Leu Glu His Gln Glu Glu Glu Glu Val Phe
740 745 750

Arg Glu Asp Gly Gln Ser Met Asp Gly Pro His Gln Ala Thr Gln Val
755 760 765

Pro Glu Gly Thr Ala Ser Lys Trp Gly Leu Val Ala Asp Arg Leu Leu
770 775 780

Asp Leu Ala Ala Ser Phe Ser Ala Val Leu Thr Arg Ile Gln Val Phe
785 790 795 800

Val Arg Arg Leu Leu Glu Leu His Val Phe Lys Leu Val Ala Leu Tyr
805 810 815

Thr Val Trp Val Ala Leu Lys Glu Val Ser Val Met Asn Leu Leu Leu
820 825 830

Val Val Leu Trp Ala Phe Ala Leu Pro Tyr Pro Arg Phe Arg Pro Met
835 840 845

Ala Ser Cys Leu Ser Thr Val Trp Thr Cys Ile Ile Ile Val Cys Lys
850 855 860

Met Leu Tyr Gln Leu Lys Ile Val Asn Pro His Glu Tyr Ser Ser Asn
865 870 875 880

Cys Thr Glu Pro Phe Pro Asn Asn Thr Asn Leu Gln Pro Leu Glu Ile
885 890 895

Asn Gln Ser Leu Leu Tyr Arg Gly Pro Val Asp Pro Ala Asn Trp Phe
900 905 910

Gly Val Arg Lys Gly Tyr Pro Asn Leu Gly Tyr Ile Gln Asn His Leu
915 920 925

Gln Ile Leu Leu Leu Leu Val Phe Glu Ala Val Val Tyr Arg Arg Gln
930 935 940

Glu His Tyr Arg Arg Gln His Gln Gln Ala Pro Leu Pro Ala Gln Ala
945 950 955 960

Val Cys Ala Asp Gly Thr Arg Gln Arg Leu Asp Gln Asp Leu Leu Ser
965 970 975

Cys Leu Lys Tyr Phe Ile Asn Phe Phe Phe Tyr Lys Phe Gly Leu Glu
980 985 990
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Ile Cys Phe Leu Met Ala Val Asn Val Ile Gly Gln Arg Met Asn Phe
995 1000 1005

Met Val Ile Leu His Gly Cys Trp Leu Val Ala Ile Leu Thr Arg
1010 1015 1020

Arg Arg Arg Glu Ala Ile Ala Arg Leu Trp Pro Asn Tyr Cys Leu
1025 1030 1035

Phe Leu Thr Leu Phe Leu Leu Tyr Gln Tyr Leu Leu Cys Leu Gly
1040 1045 1050

Met Pro Pro Ala Leu Cys Ile Asp Tyr Pro Trp Arg Trp Ser Lys
1055 1060 1065

Ala Ile Pro Met Asn Ser Ala Leu Ile Lys Trp Leu Tyr Leu Pro
1070 1075 1080

Asp Phe Phe Arg Ala Pro Asn Ser Thr Asn Leu Ile Ser Asp Phe
1085 1090 1095

Leu Leu Leu Leu Cys Ala Ser Gln Gln Trp Gln Val Phe Ser Ala
1100 1105 1110

Glu Arg Thr Glu Glu Trp Gln Arg Met Ala Gly Ile Asn Thr Asp
1115 1120 1125

His Leu Glu Pro Leu Arg Gly Glu Pro Asn Pro Ile Pro Asn Phe
1130 1135 1140

Ile His Cys Arg Ser Tyr Leu Asp Met Leu Lys Val Ala Val Phe
1145 1150 1155

Arg Tyr Leu Phe Trp Leu Val Leu Val Val Val Phe Val Ala Gly
1160 1165 1170

Ala Thr Arg Ile Ser Ile Phe Gly Leu Gly Tyr Leu Leu Ala Cys
1175 1180 1185

Phe Tyr Leu Leu Leu Phe Gly Thr Thr Leu Leu Gln Lys Asp Thr
1190 1195 1200

Arg Ala Gln Leu Val Leu Trp Asp Cys Leu Ile Leu Tyr Asn Val
1205 1210 1215

Thr Val 1Ile Ile Ser Lys Asn Met Leu Ser Leu Leu Ser Cys Val
1220 1225 1230

Phe Val Glu Gln Met Gln Ser Asn Phe Cys Trp Val 1Ile Gln Leu
1235 1240 1245

Phe Ser Leu Val Cys Thr Val Lys Gly Tyr Tyr Asp Pro Lys Glu
1250 1255 1260

Met Met Thr Arg Asp Arg Asp Cys Leu Leu Pro Val Glu Glu Ala
1265 1270 1275

Gly Ile 1Ile Trp Asp Ser Ile Cys Phe Phe Phe Leu Leu Leu Gln
1280 1285 1290

Arg Arg Ile Phe Leu Ser His Tyr Phe Leu His Val Ser Ala Asp
1295 1300 1305

Leu Lys Ala Thr Ala Leu Gln Ala Ser Arg Gly Phe Ala Leu Tyr
1310 1315 1320

Asn Ala Ala Asn Leu Lys Ser Ile Asn Phe His Arg Gln Ile Glu
1325 1330 1335

Glu Lys Ser Leu Ala Gln Leu Lys Arg Gln Met Lys Arg Ile Arg
1340 1345 1350

Ala Lys Gln Glu Lys Tyr Arg Gln Ser Gln Ala Ser Arg Gly Gln
1355 1360 1365

Leu Gln Ser Lys Asp Pro Gln Asp Pro Ser Gln Glu Pro Gly Pro
1370 1375 1380
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Asp Ser Pro Gly Gly Ser Ser Pro Pro Arg Arg Gln Trp Trp Arg
1385 1390 1395

Pro Trp Leu Asp His Ala Thr Val Ile His Ser Gly Asp Tyr Phe
1400 1405 1410

Leu Phe Glu Ser Asp Ser Glu Glu Glu Glu Glu Ala Leu Pro Glu
1415 1420 1425

Asp Pro Arg Pro Ala Ala Gln Ser Ala Phe Gln Met Ala Tyr Gln
1430 1435 1440

Ala Trp Val Thr Asn Ala Gln Thr Val Leu Arg Gln Arg Arg Glu
1445 1450 1455

Arg Ala Arg Gln Glu Arg Ala Glu Gln Leu Ala Ser Gly Gly Asp
1460 1465 1470

Leu Asn Pro Asp Val Glu Pro Val Asp Val Pro Glu Asp Glu Met
1475 1480 1485

Ala Gly Arg Ser His Met Met Gln Arg Val Leu Ser Thr Met Gln
1490 1495 1500

Phe Leu Trp Val Leu Gly Gln Ala Thr Val Asp Gly Leu Thr Arg
1505 1510 1515

Trp Leu Arg Ala Phe Thr Lys His His Arg Thr Met Ser Asp Val
1520 1525 1530

Leu Cys Ala Glu Arg Tyr Leu Leu Thr Gln Glu Leu Leu Arg Val
1535 1540 1545

Gly Glu Val Arg Arg Gly Val Leu Asp Gln Leu Tyr Val Gly Glu
1550 1555 1560

Asp Glu Ala Thr Leu Ser Gly Pro Val Glu Thr Arg Asp Gly Pro
1565 1570 1575

Ser Thr Ala Ser Ser Gly Leu Gly Ala Glu Glu Pro Leu Ser Ser
1580 1585 1590

Met Thr Asp Asp Thr Ser Ser Pro Leu Ser Thr Gly Tyr Asn Thr
1595 1600 1605

Arg Ser Gly Ser Glu Glu Ile Val Thr Asp Ala Gly Asp Leu Gln
1610 1615 1620

Ala Gly Thr Ser Leu His Gly Ser Gln Glu Leu Leu Ala Asn Ala
1625 1630 1635

Arg Thr Arg Met Arg Thr Ala Ser Glu Leu Leu Leu Asp Arg Arg
1640 1645 1650

Leu His 1Ile Pro Glu Leu Glu Glu Ala Glu Arg Phe Glu Ala Gln
1655 1660 1665

Gln Gly Arg Thr Leu Arg Leu Leu Arg Ala Gly Tyr Gln Cys Val
1670 1675 1680

Ala Ala His Ser Glu Leu Leu Cys Tyr Phe Ile Ile Ile Leu Asn
1685 1690 1695

His Met Val Thr Ala Ser Ala Ala Ser Leu Val Leu Pro Val Leu
1700 1705 1710

Val Phe Leu Trp Ala Met Leu Thr Ile Pro Arg Pro Ser Lys Arg
1715 1720 1725

Phe Trp Met Thr Ala Ile Val Phe Thr Glu Val Met Val Val Thr
1730 1735 1740

Lys Tyr Leu Phe Gln Phe Gly Phe Phe Pro Trp Asn Ser Tyr Val
1745 1750 1755

Val Leu Arg Arg Tyr Glu Asn Lys Pro Tyr Phe Pro Pro Arg Ile
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1760 1765 1770

Leu Gly Leu Glu Lys Thr Asp Ser Tyr Ile Lys Tyr Asp Leu Val
1775 1780 1785

Gln Leu Met Ala Leu Phe Phe His Arg Ser Gln Leu Leu Cys Tyr
1790 1795 1800

Gly Leu Trp Asp His Glu Glu Asp Arg Tyr Pro Lys Asp His Cys
1805 1810 1815

Arg Ser Ser Val Lys Asp Arg Glu Ala Lys Glu Glu Pro Glu Ala
1820 1825 1830

Lys Leu Glu Ser Gln Ser Glu Thr Gly Thr Gly His Pro Lys Glu
1835 1840 1845

Pro Val Leu Ala Gly Thr Pro Arg Asp His Ile Gln Gly Lys Gly
1850 1855 1860

Ser Ile Arg Ser Lys Asp Val Ile Gln Asp Pro Pro Glu Asp Leu
1865 1870 1875

Lys Pro Arg His Thr Arg His Ile Ser Ile Arg Phe Arg Arg Arg
1880 1885 1890

Lys Glu Thr Pro Gly Pro Lys Gly Thr Ala Val Met Glu Thr Glu
1895 1900 1905

His Glu Glu Gly Glu Gly Lys Glu Thr Thr Glu Arg Lys Arg Pro
1910 1915 1920

Arg His Thr Gln Glu Lys Ser Lys Phe Arg Glu Arg Met Lys Ala
1925 1930 1935

Ala Gly Arg Arg Leu Gln Ser Phe Cys Val Ser Leu Ala Gln Ser
1940 1945 1950

Phe Tyr Gln Pro Leu Gln Arg Phe Phe His Asp Ile Leu His Thr
1955 1960 1965

Lys Tyr Arg Ala Ala Thr Asp Val Tyr Ala Leu Met Phe Leu Ala
1970 1975 1980

Asp Ile Val Asp Ile Ile Ile 1Ile Ile Phe Gly Phe Trp Ala Phe
1985 1990 1995

Gly Lys His Ser Ala Ala Thr Asp Ile Ala Ser Ser Leu Ser Asp
2000 2005 2010

Asp Gln Val Pro Gln Ala Phe Leu Phe Met Leu Leu Val Gln Phe
2015 2020 2025

Gly Thr Met Val Ile Asp Arg Ala Leu Tyr Leu Arg Lys Thr Val
2030 2035 2040

Leu Gly Lys Leu Ala Phe Gln Val Val Leu Val Val Ala Ile His
2045 2050 2055

Ile Trp Met Phe Phe Ile Leu Pro Ala Val Thr Glu Arg Met Phe
2060 2065 2070

Ser Gln Asn Ala Val Ala Gln Leu Trp Tyr Phe Val Lys Cys Ile
2075 2080 2085

Tyr Phe Ala Leu Ser Ala Tyr Gln Ile Arg Cys Gly Tyr Pro Thr
2090 2095 2100

Arg Ile Leu Gly Asn Phe Leu Thr Lys Lys Tyr Asn His Leu Asn
2105 2110 2115

Leu Phe Leu Phe Gln Gly Phe Arg Leu Val Pro Phe Leu Val Glu
2120 2125 2130

Leu Arg Ala Val Met Asp Trp Val Trp Thr Asp Thr Thr Leu Ser
2135 2140 2145
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Leu Ser Asn Trp Met Cys Val Glu Asp Ile Tyr Ala Asn Ile Phe
2150 2155 2160

Ile Ile Lys Cys Ser Arg Glu Thr Glu Lys Lys Tyr Pro Gln Pro
2165 2170 2175

Lys Gly Gln Lys Lys Lys Lys Ile Val Lys Tyr Gly Met Gly Gly
2180 2185 2190

Leu Ile 1Ile Leu Phe Leu Ile Ala Ile Ile Trp Phe Pro Leu Leu
2195 2200 2205

Phe Met Ser Leu Ile Arg Ser Val Val Gly Val Val Asn Gln Pro
2210 2215 2220

Ile Asp Val Thr Val Thr Leu Lys Leu Gly Gly Tyr Glu Pro Leu
2225 2230 2235

Phe Thr Met Ser Ala Gln Gln Pro Ser Ile Val Pro Phe Thr Pro
2240 2245 2250

Gln Ala Tyr Glu Glu Leu Ser Gln Gln Phe Asp Pro Tyr Pro Leu
2255 2260 2265

Ala Met Gln Phe Ile Ser Gln Tyr Ser Pro Glu Asp Ile Val Thr
2270 2275 2280

Ala Gln Ile Glu Gly Ser Ser Gly Ala Leu Trp Arg Ile Ser Pro
2285 2290 2295

Pro Ser Arg Ala Gln Met Lys Gln Glu Leu Tyr Asn Gly Thr Ala
2300 2305 2310

Asp Ile Thr Leu Arg Phe Thr Trp Asn Phe Gln Arg Asp Leu Ala
2315 2320 2325

Lys Gly Gly Thr Val Glu Tyr Thr Asn Glu Lys His Thr Leu Glu
2330 2335 2340

Leu Ala Pro Asn Ser Thr Ala Arg Arg Gln Leu Ala Gln Leu Leu
2345 2350 2355

Glu Gly Arg Pro Asp Gln Ser Val Val Ile Pro His Leu Phe Pro
2360 2365 2370

Lys Tyr 1Ile Arg Ala Pro Asn Gly Pro Glu Ala Asn Pro Val Lys
2375 2380 2385

Gln Leu Gln Pro Asp Glu Glu Glu Asp Tyr Leu Gly Val Arg Ile
2390 2395 2400

Gln Leu Arg Arg Glu Gln Val Gly Thr Gly Ala Ser Gly Glu Gln
2405 2410 2415

Ala Gly Thr Lys Ala Ser Asp Phe Leu Glu Trp Trp Val Ile Glu
2420 2425 2430

Leu Gln Asp Cys Lys Ala Asp Cys Asn Leu Leu Pro Met Val Ile
2435 2440 2445

Phe Ser Asp Lys Val Ser Pro Pro Ser Leu Gly Phe Leu Ala Gly
2450 2455 2460

Tyr Gly 1Ile Val Gly Leu Tyr Val Ser Ile Val Leu Val Val Gly
2465 2470 2475

Lys Phe Val Arg Gly Phe Phe Ser Glu Ile Ser His Ser Ile Met
2480 2485 2490

Phe Glu Glu Leu Pro Cys Val Asp Arg Ile Leu Lys Leu Cys Gln
2495 2500 2505

Asp Ile Phe Leu Val Arg Glu Thr Arg Glu Leu Glu Leu Glu Glu
2510 2515 2520

Glu Leu Tyr Ala Lys Leu Ile Phe Leu Tyr Arg Ser Pro Glu Thr
2525 2530 2535
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Met Ile Lys Trp Thr Arg Glu Arg Glu
2540 2545

<210> SEQ ID NO 3

<211> LENGTH: 8469

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 3

atggcttcgg aagtggtgtg cgggctgatce ttcaggetge tgcttceccat ctgectggea
gtagcatgtg cgttccggta caatgggctc tcctttgtet accttatcta cctcettgetce
attcctcetgt tctcagaacc aaccaaagca acgatgcaag gacacacagg gcggttgceta
cagtccctgt gcatcaccag cctctcattt ctgctgette acatcatttt ccacatcaca
ctggccagtce tggaagctca acaccgcatc acacctgctt acaactgctc aacatgggaa
aagaccttcc ggcagattgg ctttgaaage ttgaagggag ctgatgccgg caatggcatc
agggtatttg tgcctgatat cgggatgttc attgcaagtc tgaccatctg gectggtcetge
agaaccattg ttaagaaacc agacacagaa gaaatagccc aattgaattc tgagtgtgaa
aatgaagaat tggctggagg agaaaagatg gattcagagg aggcgctgat ttatgaagag
gacttagatg gagaagaagg catggaagga gagctagaag aaagcacaaa actaaaaata
cttcgecaggt tegectetgt cgectccaaa ctgaaggagt tcattggcaa tatgatcacce
acggcgggca aggtcgtggt gaccatccta ctgggctcect cgggcatgat gectgecatct
ttgacctcgg ctgtgtactt ctttgtattt ctgggectgt gtacctggtyg gtcectggtge
cgaactttcg acccattgcet gttceggetge ctetgtgtee tgctggcaat cttceactget
gggcacctga ttggacttta tctgtaccag ttccaattct tccaagaagce ggtccegecc
aatgactact atgcaaggtt gtttgggatc aagtccgtta tccagacaga ctgtgccagc
acctggaaga tcatagtaaa cccagacctg tcctggtatc accatgccaa ccccatcctce
ctgctggtga tgtactatac gctggccacg ctgattcgeca tctggctaca agagectett
gtgcaagagg agatggcgaa ggaagatgag ggtgccctgg attgcagctc caatcagaac
acggcagaga ggaggcggag cctgtggtat gcaacccagt acccaacaga tgagagaaaa
cttttatcca tgacccaaga tgactacaaa ccatctgatg gcctgctggt gaccgtgaat
ggcaaccctg tggactacca caccatccac ccaagcctgce ccatagagaa tggccctgec
aagacggacc tgtacaccac tccccagtac cggtgggage cttceggagga gtcectcagaa
aagaaagagg aagaagagga caagagagaa gactccgaag gggaagggag ccaggaggag
aaaaggagtg tgagaatgca cgccatggtc gcegtgttec agttcatcat gaagcagagt
tacatctgtg ccctcatcge catgatggca tggagcatca cctaccacag ctggetgact
ttcgtgetgt tgatctggte ctgcacccte tggatgattce gcaacaggag gaagtatgcec
atgatcagtt ctcctttcat ggtcgtctat gcgaatctge tgctggtget gcagtacata
tggagcttceg agctccccga gattaagaag gtcccegggt ttctagaaaa gaaagagcecg
ggagaacttg cttcaaagat tctcttcacc atcacgttct ggectgctect gaggcagcat
ctcacagagc agaaggccct gagggaaaag gaagcacttc tttctgaagt caaaattgga

agtcaagaac ttgaagaaaa ggaagatgag gagctccaag atgtacaagt ggaaggggag

cccacagaga aggaagaaga agaggaagag gaaataaagg aagaaaggca tgaggtaaag

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
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aaggaagagg aagaggaagt ggaggaagat gatgaccagyg acatcatgaa ggtgctgggt 2040
aatctggtgg tggccctett catcaagtat tggatctacg tctgcggggg catgttettt 2100
tttgtcagct ttgaggggaa aatcgtcatg tacaaaatca tctacatggt getgttectg 2160
ttetgegtgg cecttgtacca ggtgcactac gagtggtgga ggaagatcct gaagtacttce 2220
tggatgtcgg tggtcattta taccatgttg gtgctcatct tcatatacac ttaccagttt 2280
gaaaacttcce caggcctgtg gcaaaacatg accggattaa agaaagaaaa gctcgaggac 2340
ctcggectga agcagttcac ggtcgctgaa ctgttcactce gcatattcat ccccacctcee 2400
tttctactecg tectgcatect acaccteccac tacttccacg atcggttcect ggaacttaca 2460
gacctcaagt ccatccccag caaagaagac aacaccatct acagccatgce caaagtcaat 2520
ggtcgcgtgt acctaataat aaataggttg gcccaccctg aaggaagtct tccagactta 2580
gccatcatga atatgacggce cagccttgat aagcctgagg tgcagaagtt ggcagagtct 2640
ggggaggaga ggccagaaga gtgtgtcaag aagacggaga agggtgaggc tgggaaagac 2700
agtgatgagt ctgaggagga ggaagatgaa gaagaggaat ccgaggaaga agaaagctca 2760
gacctcagga acaagtggca cctggtgatt gaccggctca ctgtgctcectt tctaaaattce 2820
ctggagtatt tccacaagtt gcaggtgttt atgtggtgga tcttggagct gcacatcatc 2880
aaaatcgtct catcgtacat tatctgggtg actgtgaaag aggtgtctct gttcaactat 2940
gtatttttga tttcttggge atttgctectg ccatatgcca aactccegtcecg tgcggcttece 3000
agtgtctgca ctgtctggac atgtgtgatc atcgtctgca aaatgttgta ccagctgcaa 3060
accattaaac ctgagaactt ttctgtcaac tgctccttge ccaatgaaaa tcaaaccaac 3120
attccecectte atgagttgaa caagtctctt ctctacagtg cccctgttga teccactgag 3180
tgggtaggcce tgaggaagtc ctctectttg ctegtctace tgaggaacaa cctcectgatg 3240
ctggcgattt tggcctttga agtcaccgtt taccgccatc aggagtacta tcgaggccga 3300
aacaacctga ctgctccagt gtctaaaact atctttcatg acatcacaag gttacatcta 3360
gatgatgggc ttatcaattg tgccaaatat tttgtaaatt acttcttcta caagtttggce 3420
ctagagacct gtttcctaat gtccgtgaat gtaattggac agcgaatgga cttctacgcece 3480
atgattcatg cctgttggtt gatcggtgtce ttgtatcgac gcagaagaaa agccattgcece 3540
gaggtctgge ccaagtactg ctgcttectg gettgcatca tcaccttcecca gtacttegte 3600
tgcatcggca tccceccctge cecttgecga gattatcecat ggagatttaa gggagcctac 3660
ttcaatgata acattatcaa gtggctgtac ttcccggatt tcattgtgcg gceccaacccce 3720
gtgtttcttyg tctatgactt catgctgctce ctgtgtgctt ccttacaacg acagatcttt 3780
gaggacgaaa acaaggcagc cgtgcgcatc atggcegggg acaatgtcga gatctgcatg 3840
aaccttgatg cagcctcegtt cagccagcat aaccctgtge cagatttcat tcactgcaga 3900
tcttacttgg acatgtccaa agtgatcatc ttcagctacc tcecttetggtt cgtectcacce 3960
atcatcttca ttacgggaac aaccaggatc agcatatttt gcatgggcta cttggtggcece 4020
tgtttctatt tecctgctett tggaggggat ctgctgctga agcccatcaa gagcatcctt 4080
cgttactggg actggctgat tgcatacaac gtgtttgtga tcaccatgaa gaatatactg 4140
tcaataggag cctgtggata cattggcgca ctagtaagaa acagctgctg gttgatccaa 4200

gcgttcagee tggectgcac cgtgaaaggce tatcagatgce ctgaagatga ctccagatge 4260
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aagctgccca gtggggaggce agggatcatc tgggacagca tcectgctttge gtttetgetg 4320
ctgcagagga gagtcttcat gagctactac ttcecctgcatg tcgtggctga cattaaagca 4380
tceccagatcece tggcatccag aggggccgaa cttttceccagg ctacaattgt gaaagctgta 4440
aaggcaagaa ttgaagaaga gaaaaaatcc atggaccage tgaagagaca gatggatcge 4500
atcaaagcce ggcaacaaaa gtacaaaaag ggtaaggaga ggatgctgag cttgacccag 4560
gagtcagggyg aaggccagga catccagaaa gtctcagaag aagatgatga aagagaagca 4620
gacaaacaga aagccaaggg caaaaaaaag cagtggtgge ggecttgggt tgatcatget 4680
tccatggtca ggagtggaga ttattatttg tttgaaacgg atagtgaaga ggaggaagaa 4740
gaggaactta aaaaggagga tgaagaaccc ccacggaagt cagcattcca gttcecgtctac 4800
caagcctgga ttactgatcce taaaacggca ctecgacaga ggaggaaaga gaagaaaaag 4860
ttggccagag aagagcagaa ggagagacgc aaaggatctyg gggacggtcece agtggaatgg 4920
gaagatcgag aggatgagcc agtcaaaaag aaatctgatg gaccagataa tatcatcaar 4980
aggatattta atatcctgaa gttcacatgg gttcectgttcecce tggccacagt ggatagtttce 5040
accacttggce tcaactccat ctcaagggaa cacatcgaca tatccacagt cctgcggatt 5100
gaaagatgca tgctgactcg agagataaaa aagggcaatg ttccaacacg ggaaagcatce 5160
cacatgtact accagaacca cattatgaac ctttcccgag aatccggcect ggacacaatc 5220
gacgagcact cgggggctgg ctccagggcece caggcagcac ataggatgga tagcettagat 5280
tcececgggaca gtatctcecag ctgctacact gaagcgaccce tgctgatcte aaggcagtcece 5340
acccttgatg atttagatgg acaagacccce gttcecctaaaa caagcgagceg tgctceggect 5400
aggctccegta aaatgttcag cctggacatg tcectettegt cagctgacag tggcagtgta 5460
gcatcaageyg agcccacaca gtgtaccatg ctgtattcege gecaaggaac tacggaaacce 5520
atcgaggagg tggaggctga agctgaggag gaggtggtag aaggtctgga gectgagcetce 5580
catgatgcag aagaaaagga atacgcagct gaatatgaag caggggtaga ggagatcagce 5640
ctcactccag atgaggaatt gcctcagttce tctacagatg actgtgaggce gecgcecctcet 5700
tacagcaagg ctgtcagctt tgagcatcta tcgtttgegt cgcaagatga ctcectggggcece 5760
aagaaccaca tggtggtcag tcctgatgac agccgtacag acaagctgga gtcaagcatc 5820
ttaccacctc tgactcatga gctgacagcce agcgatctge tgatgagcaa gatgttccat 5880
gatgatgagc ttgaggagtc tgagaagttc tacgtggacc agcccceggtt tttgctgceta 5940
ttctatgecca tgtataacac cctggtggce cgctcagaaa tggtgtgcta tttecgtgatt 6000
atcctgaacc acatgacctce tgecctceccatce atcactcectece tgttgcecccat cttgatctte 6060
ctectgggeca tgctgtctgt teccaggcce agecgacgct tcectggatgat ggccatcgte 6120
tacactgagg tggcgatcgt agtgaaatac ttcttccagt tcggcttctt tecctggaat 6180
aaggacttgg aaatatacaa ggaaaggccce tactttceccac cgaacatcat cggggtggag 6240
aagaaggagg gctatgttcect ttatgacctce attcagetge tggctctatt ctteccatcegce 6300
tccattetga agtgtcatgg tcectatgggac gaggatgaca ttgttgacag taacacagac 6360
aaggaaggat cggatgacga gctgtcecte gatcagggca gaagaggctce ctcagactca 6420
ctgaagtcta tcaacctggce tgcctcectgta gagtctgtcecce acgtgacctt ccccgagcag 6480
ccageggeca tcaggagaaa acgctectge agtagctcete agatctcccee acggtccage 6540

ttctcttcaa ataggtccaa aagaggcage acaagcaccece ggaacagtag ccagaaagga 6600
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agcagtgttt taagccttaa acagaaaagc aaacgagaac tttacatgga aaagcttcaa 6660
gagcatttaa tcaaagcaaa ggcgtttacc ataaagaaga ctctacagat ctatgtcccce 6720
attcggcaat tcecttctatga cctcatccac ccagactaca gtgctgtgac tgatgtatac 6780
gtgctgatgt ttctggctga cactgtagac ttcattatca tcegtcectttgg attctgggece 6840
tttgggaaac actcggcagc tgcagatatc acctcttetce tatcagaaga ccaggtcccce 6900
gggccattee tggtgatggt cctcattcag tttggaacca tggtggtgga ccgtgcactce 6960
tacctcagga agactgtgct gggcaaggtc atcttccagg tcatcctcegt gtttgggatt 7020
cacttctgga tgttcttcat cttaccecggt gtgactgaga ggaaattcag ccagaacctg 7080
gtggcacagc tttggtactt tgtgaagtgt gtgtactttg ggctgtctgce ctatcaaatc 7140
cgectgtgget acccaacceg tgtgcteggg aacttcecctca caaagagcta caattacgtce 7200
aacctcttet tgtttcaagg gttccecgectg gtecccattte tgactgaget gegggcetgtg 7260
atggattggg tgtggacaga tacaaccctg agcctctceca gectggatttg tgtggaggac 7320
atttacgcgce acatttttat cttaaagtgc tggcgagagt cggaaaagag ataccctcaa 7380
cccaggggte agaagaagaa gaaagccgtg aagtacggea tgggcggcat gatcatcgte 7440
cttctcatct gtatcgtetg gtttectcectg ctettcatgt ctttgatcaa atctgtegcea 7500
ggggttatca accaacccct ggatgtgtcce gtcacaatta ccctgggagg ttatcagect 7560
atcttcacaa tgagcgccca gcaaagccag ctgaaagtta tggataattc aaagtataat 7620
gaatttctaa aatctttcgg ccccaacagt ggcgcaatgce aatttctgga gaactatgaa 7680
agggaagacg taacagtagc agaactggaa gggaactcga attctttgtg gaccatcagc 7740
cctceccagta agcagaaaat gatacaggag ctcaccgacc ccaatagttg cttectetgtt 7800
gttttttcat ggagtatcca gagaaacatg actttgggtg caaaagccga aatagcaacyg 7860
gataagcttt ctttcecctcet tgcggtegca acacggaata gcatagctaa aatgattget 7920
ggcaatgaca cagaaagttc aaacacgcca gtgacaatag agaagatcta cccatactat 7980
gtgaaggcac ccagcgattc aaactcaaag cctataaaac agcttctgtc tgaaaataat 8040
ttcatgaata tcaccatcat tttgttcaga gacaatgtca caaagtccaa tagtgagtgg 8100
tgggttcectca acctgaccgg aagtaggata ttcaaccagg ggtcccaagce cttggaactg 8160
gtggtcttca atgacaaagt cagccctcca agtctagget tettggectgg ctatggtatce 8220
atgggattgt atgcatctgt tgtccttgta attgggaaat ttgttcgtga gttcttcagt 8280
gggatctcte attccatcat gtttgaagag cttccaaatg tggacagaat cttgaagttg 8340
tgcacagata tattcctegt gagggagaca ggggagttgg aactggagga agacctctac 8400
gccaagttga tattcctgta caggtcacca gaaaccatga tcaagtggac tagagaaaaa 8460
acaaactga 8469

<210> SEQ ID NO 4
<211> LENGTH: 2822
<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4

Met Ala Ser Glu Val Val Cys Gly Leu Ile Phe Arg Leu Leu Leu Pro

1 5

10

15

Ile Cys Leu Ala Val Ala Cys Ala Phe Arg Tyr Asn Gly Leu Ser Phe



US 2013/0156762 Al Jun. 20, 2013
40

-continued

20 25 30

Val Tyr Leu Ile Tyr Leu Leu Leu Ile Pro Leu Phe Ser Glu Pro Thr
35 40 45

Lys Ala Thr Met Gln Gly His Thr Gly Arg Leu Leu Gln Ser Leu Cys
Ile Thr Ser Leu Ser Phe Leu Leu Leu His Ile Ile Phe His Ile Thr
65 70 75 80

Leu Ala Ser Leu Glu Ala Gln His Arg Ile Thr Pro Ala Tyr Asn Cys
85 90 95

Ser Thr Trp Glu Lys Thr Phe Arg Gln Ile Gly Phe Glu Ser Leu Lys
100 105 110

Gly Ala Asp Ala Gly Asn Gly Ile Arg Val Phe Val Pro Asp Ile Gly
115 120 125

Met Phe Ile Ala Ser Leu Thr Ile Trp Leu Val Cys Arg Thr Ile Val
130 135 140

Lys Lys Pro Asp Thr Glu Glu Ile Ala Gln Leu Asn Ser Glu Cys Glu
145 150 155 160

Asn Glu Glu Leu Ala Gly Gly Glu Lys Met Asp Ser Glu Glu Ala Leu
165 170 175

Ile Tyr Glu Glu Asp Leu Asp Gly Glu Glu Gly Met Glu Gly Glu Leu
180 185 190

Glu Glu Ser Thr Lys Leu Lys Ile Leu Arg Arg Phe Ala Ser Val Ala
195 200 205

Ser Lys Leu Lys Glu Phe Ile Gly Asn Met Ile Thr Thr Ala Gly Lys
210 215 220

Val Val Val Thr Ile Leu Leu Gly Ser Ser Gly Met Met Leu Pro Ser
225 230 235 240

Leu Thr Ser Ala Val Tyr Phe Phe Val Phe Leu Gly Leu Cys Thr Trp
245 250 255

Trp Ser Trp Cys Arg Thr Phe Asp Pro Leu Leu Phe Gly Cys Leu Cys
260 265 270

Val Leu Leu Ala Ile Phe Thr Ala Gly His Leu Ile Gly Leu Tyr Leu
275 280 285

Tyr Gln Phe Gln Phe Phe Gln Glu Ala Val Pro Pro Asn Asp Tyr Tyr
290 295 300

Ala Arg Leu Phe Gly Ile Lys Ser Val Ile Gln Thr Asp Cys Ala Ser
305 310 315 320

Thr Trp Lys Ile Ile Val Asn Pro Asp Leu Ser Trp Tyr His His Ala
325 330 335

Asn Pro Ile Leu Leu Leu Val Met Tyr Tyr Thr Leu Ala Thr Leu Ile
340 345 350

Arg Ile Trp Leu Gln Glu Pro Leu Val Gln Glu Glu Met Ala Lys Glu
355 360 365

Asp Glu Gly Ala Leu Asp Cys Ser Ser Asn Gln Asn Thr Ala Glu Arg
370 375 380

Arg Arg Ser Leu Trp Tyr Ala Thr Gln Tyr Pro Thr Asp Glu Arg Lys
385 390 395 400

Leu Leu Ser Met Thr Gln Asp Asp Tyr Lys Pro Ser Asp Gly Leu Leu
405 410 415

Val Thr Val Asn Gly Asn Pro Val Asp Tyr His Thr Ile His Pro Ser
420 425 430
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Leu Pro Ile Glu Asn Gly Pro Ala Lys Thr Asp Leu Tyr Thr Thr Pro
435 440 445

Gln Tyr Arg Trp Glu Pro Ser Glu Glu Ser Ser Glu Lys Lys Glu Glu
450 455 460

Glu Glu Asp Lys Arg Glu Asp Ser Glu Gly Glu Gly Ser Gln Glu Glu
465 470 475 480

Lys Arg Ser Val Arg Met His Ala Met Val Ala Val Phe Gln Phe Ile
485 490 495

Met Lys Gln Ser Tyr Ile Cys Ala Leu Ile Ala Met Met Ala Trp Ser
500 505 510

Ile Thr Tyr His Ser Trp Leu Thr Phe Val Leu Leu Ile Trp Ser Cys
515 520 525

Thr Leu Trp Met Ile Arg Asn Arg Arg Lys Tyr Ala Met Ile Ser Ser
530 535 540

Pro Phe Met Val Val Tyr Ala Asn Leu Leu Leu Val Leu Gln Tyr Ile
545 550 555 560

Trp Ser Phe Glu Leu Pro Glu Ile Lys Lys Val Pro Gly Phe Leu Glu
565 570 575

Lys Lys Glu Pro Gly Glu Leu Ala Ser Lys Ile Leu Phe Thr Ile Thr
580 585 590

Phe Trp Leu Leu Leu Arg Gln His Leu Thr Glu Gln Lys Ala Leu Arg
595 600 605

Glu Lys Glu Ala Leu Leu Ser Glu Val Lys Ile Gly Ser Gln Glu Leu
610 615 620

Glu Glu Lys Glu Asp Glu Glu Leu Gln Asp Val Gln Val Glu Gly Glu
625 630 635 640

Pro Thr Glu Lys Glu Glu Glu Glu Glu Glu Glu Ile Lys Glu Glu Arg
645 650 655

His Glu Val Lys Lys Glu Glu Glu Glu Glu Val Glu Glu Asp Asp Asp
660 665 670

Gln Asp Ile Met Lys Val Leu Gly Asn Leu Val Val Ala Leu Phe Ile
675 680 685

Lys Tyr Trp Ile Tyr Val Cys Gly Gly Met Phe Phe Phe Val Ser Phe
690 695 700

Glu Gly Lys Ile Val Met Tyr Lys Ile Ile Tyr Met Val Leu Phe Leu
705 710 715 720

Phe Cys Val Ala Leu Tyr Gln Val His Tyr Glu Trp Trp Arg Lys Ile
725 730 735

Leu Lys Tyr Phe Trp Met Ser Val Val Ile Tyr Thr Met Leu Val Leu
740 745 750

Ile Phe Ile Tyr Thr Tyr Gln Phe Glu Asn Phe Pro Gly Leu Trp Gln
755 760 765

Asn Met Thr Gly Leu Lys Lys Glu Lys Leu Glu Asp Leu Gly Leu Lys
770 775 780

Gln Phe Thr Val Ala Glu Leu Phe Thr Arg Ile Phe Ile Pro Thr Ser
785 790 795 800

Phe Leu Leu Val Cys Ile Leu His Leu His Tyr Phe His Asp Arg Phe
805 810 815

Leu Glu Leu Thr Asp Leu Lys Ser Ile Pro Ser Lys Glu Asp Asn Thr
820 825 830

Ile Tyr Ser His Ala Lys Val Asn Gly Arg Val Tyr Leu Ile Ile Asn
835 840 845
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Arg Leu Ala His Pro Glu Gly Ser Leu Pro Asp Leu Ala Ile Met Asn
850 855 860

Met Thr Ala Ser Leu Asp Lys Pro Glu Val Gln Lys Leu Ala Glu Ser
865 870 875 880

Gly Glu Glu Arg Pro Glu Glu Cys Val Lys Lys Thr Glu Lys Gly Glu
885 890 895

Ala Gly Lys Asp Ser Asp Glu Ser Glu Glu Glu Glu Asp Glu Glu Glu
900 905 910

Glu Ser Glu Glu Glu Glu Ser Ser Asp Leu Arg Asn Lys Trp His Leu
915 920 925

Val Ile Asp Arg Leu Thr Val Leu Phe Leu Lys Phe Leu Glu Tyr Phe
930 935 940

His Lys Leu Gln Val Phe Met Trp Trp Ile Leu Glu Leu His Ile Ile
945 950 955 960

Lys Ile Val Ser Ser Tyr Ile Ile Trp Val Thr Val Lys Glu Val Ser
965 970 975

Leu Phe Asn Tyr Val Phe Leu Ile Ser Trp Ala Phe Ala Leu Pro Tyr
980 985 990

Ala Lys Leu Arg Arg Ala Ala Ser Ser Val Cys Thr Val Trp Thr Cys
995 1000 1005

Val Ile Ile Val Cys Lys Met Leu Tyr Gln Leu Gln Thr Ile Lys
1010 1015 1020

Pro Glu Asn Phe Ser Val Asn Cys Ser Leu Pro Asn Glu Asn Gln
1025 1030 1035

Thr Asn Ile Pro Leu His Glu Leu Asn Lys Ser Leu Leu Tyr Ser
1040 1045 1050

Ala Pro Val Asp Pro Thr Glu Trp Val Gly Leu Arg Lys Ser Ser
1055 1060 1065

Pro Leu Leu Val Tyr Leu Arg Asn Asn Leu Leu Met Leu Ala Ile
1070 1075 1080

Leu Ala Phe Glu Val Thr Val Tyr Arg His Gln Glu Tyr Tyr Arg
1085 1090 1095

Gly Arg Asn Asn Leu Thr Ala Pro Val Ser Lys Thr Ile Phe His
1100 1105 1110

Asp Ile Thr Arg Leu His Leu Asp Asp Gly Leu Ile Asn Cys Ala
1115 1120 1125

Lys Tyr Phe Val Asn Tyr Phe Phe Tyr Lys Phe Gly Leu Glu Thr
1130 1135 1140

Cys Phe Leu Met Ser Val Asn Val Ile Gly Gln Arg Met Asp Phe
1145 1150 1155

Tyr Ala Met Ile His Ala Cys Trp Leu Ile Gly Val Leu Tyr Arg
1160 1165 1170

Arg Arg Arg Lys Ala Ile Ala Glu Val Trp Pro Lys Tyr Cys Cys
1175 1180 1185

Phe Leu Ala Cys Ile Ile Thr Phe Gln Tyr Phe Val Cys Ile Gly
1190 1195 1200

Ile Pro Pro Ala Pro Cys Arg Asp Tyr Pro Trp Arg Phe Lys Gly
1205 1210 1215

Ala Tyr Phe Asn Asp Asn Ile 1Ile Lys Trp Leu Tyr Phe Pro Asp
1220 1225 1230

Phe Ile Val Arg Pro Asn Pro Val Phe Leu Val Tyr Asp Phe Met
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1235 1240 1245

Leu Leu Leu Cys Ala Ser Leu Gln Arg Gln Ile Phe Glu Asp Glu
1250 1255 1260

Asn Lys Ala Ala Val Arg Ile Met Ala Gly Asp Asn Val Glu Ile
1265 1270 1275

Cys Met Asn Leu Asp Ala Ala Ser Phe Ser Gln His Asn Pro Val
1280 1285 1290

Pro Asp Phe Ile His Cys Arg Ser Tyr Leu Asp Met Ser Lys Val
1295 1300 1305

Ile Ile Phe Ser Tyr Leu Phe Trp Phe Val Leu Thr Ile Ile Phe
1310 1315 1320

Ile Thr Gly Thr Thr Arg Ile Ser Ile Phe Cys Met Gly Tyr Leu
1325 1330 1335

Val Ala Cys Phe Tyr Phe Leu Leu Phe Gly Gly Asp Leu Leu Leu
1340 1345 1350

Lys Pro 1Ile Lys Ser Ile Leu Arg Tyr Trp Asp Trp Leu Ile Ala
1355 1360 1365

Tyr Asn Val Phe Val Ile Thr Met Lys Asn Ile Leu Ser Ile Gly
1370 1375 1380

Ala Cys Gly Tyr Ile Gly Ala Leu Val Arg Asn Ser Cys Trp Leu
1385 1390 1395

Ile Gln Ala Phe Ser Leu Ala Cys Thr Val Lys Gly Tyr Gln Met
1400 1405 1410

Pro Glu Asp Asp Ser Arg Cys Lys Leu Pro Ser Gly Glu Ala Gly
1415 1420 1425

Ile Ile Trp Asp Ser Ile Cys Phe Ala Phe Leu Leu Leu Gln Arg
1430 1435 1440

Arg Val Phe Met Ser Tyr Tyr Phe Leu His Val Val Ala Asp Ile
1445 1450 1455

Lys Ala Ser Gln Ile Leu Ala Ser Arg Gly Ala Glu Leu Phe Gln
1460 1465 1470

Ala Thr Ile Val Lys Ala Val Lys Ala Arg Ile Glu Glu Glu Lys
1475 1480 1485

Lys Ser Met Asp Gln Leu Lys Arg Gln Met Asp Arg Ile Lys Ala
1490 1495 1500

Arg Gln Gln Lys Tyr Lys Lys Gly Lys Glu Arg Met Leu Ser Leu
1505 1510 1515

Thr Gln Glu Ser Gly Glu Gly Gln Asp Ile Gln Lys Val Ser Glu
1520 1525 1530

Glu Asp Asp Glu Arg Glu Ala Asp Lys Gln Lys Ala Lys Gly Lys
1535 1540 1545

Lys Lys Gln Trp Trp Arg Pro Trp Val Asp His Ala Ser Met Val
1550 1555 1560

Arg Ser Gly Asp Tyr Tyr Leu Phe Glu Thr Asp Ser Glu Glu Glu
1565 1570 1575

Glu Glu Glu Glu Leu Lys Lys Glu Asp Glu Glu Pro Pro Arg Lys
1580 1585 1590

Ser Ala Phe Gln Phe Val Tyr Gln Ala Trp Ile Thr Asp Pro Lys
1595 1600 1605

Thr Ala Leu Arg Gln Arg Arg Lys Glu Lys Lys Lys Leu Ala Arg
1610 1615 1620
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Glu Glu Gln Lys Glu Arg Arg Lys Gly Ser Gly Asp Gly Pro Val
1625 1630 1635

Glu Trp Glu Asp Arg Glu Asp Glu Pro Val Lys Lys Lys Ser Asp
1640 1645 1650

Gly Pro Asp Asn Ile Ile Lys Arg Ile Phe Asn Ile Leu Lys Phe
1655 1660 1665

Thr Trp Val Leu Phe Leu Ala Thr Val Asp Ser Phe Thr Thr Trp
1670 1675 1680

Leu Asn Ser Ile Ser Arg Glu His Ile Asp Ile Ser Thr Val Leu
1685 1690 1695

Arg Ile Glu Arg Cys Met Leu Thr Arg Glu Ile Lys Lys Gly Asn
1700 1705 1710

Val Pro Thr Arg Glu Ser Ile His Met Tyr Tyr Gln Asn His Ile
1715 1720 1725

Met Asn Leu Ser Arg Glu Ser Gly Leu Asp Thr Ile Asp Glu His
1730 1735 1740

Ser Gly Ala Gly Ser Arg Ala Gln Ala Ala His Arg Met Asp Ser
1745 1750 1755

Leu Asp Ser Arg Asp Ser Ile Ser Ser Cys Tyr Thr Glu Ala Thr
1760 1765 1770

Leu Leu Ile Ser Arg Gln Ser Thr Leu Asp Asp Leu Asp Gly Gln
1775 1780 1785

Asp Pro Val Pro Lys Thr Ser Glu Arg Ala Arg Pro Arg Leu Arg
1790 1795 1800

Lys Met Phe Ser Leu Asp Met Ser Ser Ser Ser Ala Asp Ser Gly
1805 1810 1815

Ser Val Ala Ser Ser Glu Pro Thr Gln Cys Thr Met Leu Tyr Ser
1820 1825 1830

Arg Gln Gly Thr Thr Glu Thr Ile Glu Glu Val Glu Ala Glu Ala
1835 1840 1845

Glu Glu Glu Val Val Glu Gly Leu Glu Pro Glu Leu His Asp Ala
1850 1855 1860

Glu Glu Lys Glu Tyr Ala Ala Glu Tyr Glu Ala Gly Val Glu Glu
1865 1870 1875

Ile Ser Leu Thr Pro Asp Glu Glu Leu Pro Gln Phe Ser Thr Asp
1880 1885 1890

Asp Cys Glu Ala Pro Pro Ser Tyr Ser Lys Ala Val Ser Phe Glu
1895 1900 1905

His Leu Ser Phe Ala Ser Gln Asp Asp Ser Gly Ala Lys Asn His
1910 1915 1920

Met Val Val Ser Pro Asp Asp Ser Arg Thr Asp Lys Leu Glu Ser
1925 1930 1935

Ser Ile Leu Pro Pro Leu Thr His Glu Leu Thr Ala Ser Asp Leu
1940 1945 1950

Leu Met Ser Lys Met Phe His Asp Asp Glu Leu Glu Glu Ser Glu
1955 1960 1965

Lys Phe Tyr Val Asp Gln Pro Arg Phe Leu Leu Leu Phe Tyr Ala
1970 1975 1980

Met Tyr Asn Thr Leu Val Ala Arg Ser Glu Met Val Cys Tyr Phe
1985 1990 1995

Val Ile Ile Leu Asn His Met Thr Ser Ala Ser Ile Ile Thr Leu
2000 2005 2010
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Leu Leu Pro Ile Leu Ile Phe Leu Trp Ala Met Leu Ser Val Pro
2015 2020 2025

Arg Pro Ser Arg Arg Phe Trp Met Met Ala Ile Val Tyr Thr Glu
2030 2035 2040

Val Ala Ile Val Val Lys Tyr Phe Phe Gln Phe Gly Phe Phe Pro
2045 2050 2055

Trp Asn Lys Asp Leu Glu Ile Tyr Lys Glu Arg Pro Tyr Phe Pro
2060 2065 2070

Pro Asn Ile Ile Gly Val Glu Lys Lys Glu Gly Tyr Val Leu Tyr
2075 2080 2085

Asp Leu Ile Gln Leu Leu Ala Leu Phe Phe His Arg Ser Ile Leu
2090 2095 2100

Lys Cys His Gly Leu Trp Asp Glu Asp Asp Ile Val Asp Ser Asn
2105 2110 2115

Thr Asp Lys Glu Gly Ser Asp Asp Glu Leu Ser Leu Asp Gln Gly
2120 2125 2130

Arg Arg Gly Ser Ser Asp Ser Leu Lys Ser Ile Asn Leu Ala Ala
2135 2140 2145

Ser Val Glu Ser Val His Val Thr Phe Pro Glu Gln Pro Ala Ala
2150 2155 2160

Ile Arg Arg Lys Arg Ser Cys Ser Ser Ser Gln Ile Ser Pro Arg
2165 2170 2175

Ser Ser Phe Ser Ser Asn Arg Ser Lys Arg Gly Ser Thr Ser Thr
2180 2185 2190

Arg Asn Ser Ser Gln Lys Gly Ser Ser Val Leu Ser Leu Lys Gln
2195 2200 2205

Lys Ser Lys Arg Glu Leu Tyr Met Glu Lys Leu Gln Glu His Leu
2210 2215 2220

Ile Lys Ala Lys Ala Phe Thr 1Ile Lys Lys Thr Leu Gln Ile Tyr
2225 2230 2235

Val Pro Ile Arg Gln Phe Phe Tyr Asp Leu Ile His Pro Asp Tyr
2240 2245 2250

Ser Ala Val Thr Asp Val Tyr Val Leu Met Phe Leu Ala Asp Thr
2255 2260 2265

Val Asp Phe Ile Ile Ile Val Phe Gly Phe Trp Ala Phe Gly Lys
2270 2275 2280

His Ser Ala Ala Ala Asp Ile Thr Ser Ser Leu Ser Glu Asp Gln
2285 2290 2295

Val Pro Gly Pro Phe Leu Val Met Val Leu Ile Gln Phe Gly Thr
2300 2305 2310

Met Val Val Asp Arg Ala Leu Tyr Leu Arg Lys Thr Val Leu Gly
2315 2320 2325

Lys Val 1Ile Phe Gln Val Ile Leu Val Phe Gly Ile His Phe Trp
2330 2335 2340

Met Phe Phe Ile Leu Pro Gly Val Thr Glu Arg Lys Phe Ser Gln
2345 2350 2355

Asn Leu Val Ala Gln Leu Trp Tyr Phe Val Lys Cys Val Tyr Phe
2360 2365 2370

Gly Leu Ser Ala Tyr Gln Ile Arg Cys Gly Tyr Pro Thr Arg Val
2375 2380 2385

Leu Gly Asn Phe Leu Thr Lys Ser Tyr Asn Tyr Val Asn Leu Phe
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2390 2395 2400

Leu Phe Gln Gly Phe Arg Leu Val Pro Phe Leu Thr Glu Leu Arg
2405 2410 2415

Ala Val Met Asp Trp Val Trp Thr Asp Thr Thr Leu Ser Leu Ser
2420 2425 2430

Ser Trp Ile Cys Val Glu Asp Ile Tyr Ala His Ile Phe Ile Leu
2435 2440 2445

Lys Cys Trp Arg Glu Ser Glu Lys Arg Tyr Pro Gln Pro Arg Gly
2450 2455 2460

Gln Lys Lys Lys Lys Ala Val Lys Tyr Gly Met Gly Gly Met Ile
2465 2470 2475

Ile Val Leu Leu Ile Cys Ile Val Trp Phe Pro Leu Leu Phe Met
2480 2485 2490

Ser Leu Ile Lys Ser Val Ala Gly Val Ile Asn Gln Pro Leu Asp
2495 2500 2505

Val Ser Val Thr Ile Thr Leu Gly Gly Tyr Gln Pro Ile Phe Thr
2510 2515 2520

Met Ser Ala Gln Gln Ser Gln Leu Lys Val Met Asp Asn Ser Lys
2525 2530 2535

Tyr Asn Glu Phe Leu Lys Ser Phe Gly Pro Asn Ser Gly Ala Met
2540 2545 2550

Gln Phe Leu Glu Asn Tyr Glu Arg Glu Asp Val Thr Val Ala Glu
2555 2560 2565

Leu Glu Gly Asn Ser Asn Ser Leu Trp Thr Ile Ser Pro Pro Ser
2570 2575 2580

Lys Gln Lys Met Ile Gln Glu Leu Thr Asp Pro Asn Ser Cys Phe
2585 2590 2595

Ser Val Val Phe Ser Trp Ser Ile Gln Arg Asn Met Thr Leu Gly
2600 2605 2610

Ala Lys Ala Glu Ile Ala Thr Asp Lys Leu Ser Phe Pro Leu Ala
2615 2620 2625

Val Ala Thr Arg Asn Ser Ile Ala Lys Met Ile Ala Gly Asn Asp
2630 2635 2640

Thr Glu Ser Ser Asn Thr Pro Val Thr Ile Glu Lys Ile Tyr Pro
2645 2650 2655

Tyr Tyr Val Lys Ala Pro Ser Asp Ser Asn Ser Lys Pro Ile Lys
2660 2665 2670

Gln Leu Leu Ser Glu Asn Asn Phe Met Asn Ile Thr Ile Ile Leu
2675 2680 2685

Phe Arg Asp Asn Val Thr Lys Ser Asn Ser Glu Trp Trp Val Leu
2690 2695 2700

Asn Leu Thr Gly Ser Arg Ile Phe Asn Gln Gly Ser Gln Ala Leu
2705 2710 2715

Glu Leu Val Val Phe Asn Asp Lys Val Ser Pro Pro Ser Leu Gly
2720 2725 2730

Phe Leu Ala Gly Tyr Gly Ile Met Gly Leu Tyr Ala Ser Val Val
2735 2740 2745

Leu Val 1Ile Gly Lys Phe Val Arg Glu Phe Phe Ser Gly Ile Ser
2750 2755 2760

His Ser Ile Met Phe Glu Glu Leu Pro Asn Val Asp Arg Ile Leu
2765 2770 2775
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Lys Leu Cys Thr Asp Ile Phe Leu Val Arg Glu Thr Gly Glu Leu
2780 2785 2790

Glu Leu Glu Glu Asp Leu Tyr Ala Lys Leu Ile Phe Leu Tyr Arg
2795 2800 2805

Ser Pro Glu Thr Met Ile Lys Trp Thr Arg Glu Lys Thr Asn
2810 2815 2820

<210> SEQ ID NO 5

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezol siRNA

<400> SEQUENCE: 5

caccggcatce tacgtcaaat a 21

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezol siRNA

<400> SEQUENCE: 6

accaagaaat acaaccatct a 21

<210> SEQ ID NO 7

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezol siRNA

<400> SEQUENCE: 7

tcggegettyg ctagaactte a 21

<210> SEQ ID NO 8

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezol siRNA

<400> SEQUENCE: 8

cggaatcctg ctgctgctat a 21

<210> SEQ ID NO 9

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezol siRNA

<400> SEQUENCE: 9

gaaagagatg tcaccgcta 19

<210> SEQ ID NO 10

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezol siRNA
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<400> SEQUENCE: 10

gcatcaactt ccatcgcca 19

<210> SEQ ID NO 11

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezol siRNA

<400> SEQUENCE: 11

aaagacagat gaagcgcat 19

<210> SEQ ID NO 12

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezol siRNA

<400> SEQUENCE: 12

ggcaggatgc agtgagcga 19

<210> SEQ ID NO 13

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezo2 siRNA

<400> SEQUENCE: 13

gaatgtaatt ggacagcga 19

<210> SEQ ID NO 14

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezo2 siRNA

<400> SEQUENCE: 14

tcatgaaggt gctgggtaa 19

<210> SEQ ID NO 15

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezo2 si RNA

<400> SEQUENCE: 15

gattatccat ggagattta 19
<210> SEQ ID NO 16

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mouse Piezo2 siRNA

<400> SEQUENCE: 16

gaagaaaggc atgaggtaa 19
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<210> SEQ ID NO 17

<211> LENGTH: 7566

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

atggagcege acgtgetegg cgeggtectyg tactggetge tgetgecetyg cgegetgetg
getgectgee tgetecgett cageggacte tegetggtet acctgetett cctgetgetg
ctgcectggt tecceggece cacccgatge ggectccaag gtcacacagg ccgectectg
cgggcattge tgggectcag cctgetette ctggtggece atctegeect ccagatctge
ctgcatattyg tgcccegect ggaccagete ctgggaccca getgcagecg ctgggagace
ctctegegac acataggggt cacaaggetyg gacctgaagg acatccccaa cgecatcegg
ctggtggece ctgacctggg catcttggtyg gtetectetg tetgectegyg catctgeggg
cgecttgcaa ggaacacceg gcagagecca catccacggg agetggatga tgatgagagg
gatgtggatg ccagcccgac ggcagggctyg caggaagcag caacgctgge ccctacacgg
aggtcacgge tggcegeteg tttecgagte acggeccact ggetgetggt ggeggetggg
cgggtectgg ccgtaacact gettgeactyg gecaggcateg cecaccccte ggecctetece
agtgtctace tgctgetett cctggeccte tgecacctggt gggectgeca cttteccate
agcactcggyg gcttcageag actctgegte geggtggggt getteggege cggecatcte
atctgectet actgctacca gatgeccttg geacaggete tgctcecgee tgecggeate
tgggctaggyg tgctgggtet caaggactte gtgggtecca ccaactgete cagceccccac
gegetggtee tcaacaccgg cctggactgg cctgtgtatg ccageccegyg cgtectectg
ctgetgtget acgccacgge ctetetgege aageteegeg cgtacegece ctecggecag
aggaaggagyg cggcaaaggg gtatgaggcet cgggagetgg agctagcaga getggaccag
tggccccagyg aacgggagte tgaccagecac gtggtgecca cagcaccega caccgaggcet
gataactgca tcgtgcacga gctgaccgge cagagctceg tectgeggeyg gectgtgegyg
cccaageggyg ctgageccag ggaggegtcet cegetccaca gectgggeca cctcatcatg
gaccagagct atgtgtgcge getcattgee atgatggtat ggagcatcac ctaccacagce
tggctgacct tecgtactget getcetgggee tgectcatet ggacggtgeg cagecgecac
caactggcca tgctgtgete geectgeate ctgetgtatg ggatgacget gtgetgecta
cgctacgtgt gggccatgga cctgegeect gagetgecca ccaccetggg ccccegteage
ctgegecage tggggetgga geacaccege taccectgte tggacettgg tgccatgttg
ctctacacce tgaccttetg getectgetyg cgecagtttg tgaaagagaa getgetgaag
tgggcagagt ctccagetge getgacggag gtcaccgtgg cagacacaga gcccacgegg
acgcagacgce tgttgcagag cctgggggag ctggtgaagg gegtgtacge caagtactgg
atctatgtgt gtgctggeat gttcategtg gtecagetteg ceggeegect cgtggtctac
aagattgtct acatgttect cttectgete tgectcacee tettccaggt ctactacage
ctgtggegga agctgetcaa ggecttetgg tggetegtgg tggectacac catgetggte
ctcategeeg tctacacctt ccagttecag gacttecectg cctactggeg caacctcact
ggcttcaceyg acgagcaget gggggacctyg ggcectggage agttcagegt gtecgagetce

ttcteccagea tectggtgee cggettette ctectggect geatcetgea getgcactac

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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ttccacagge ccttcatgca gcectcaccgac atggagcacg tgtccctgece tggcacgegce 2160
ctecegeget gggcetcacag gcaggatgca gtgagtggga cceccactget gegggaggag 2220
cagcaggagce atcagcagca gcagcaggag gaggaggagyg aggaggagga ctccagggac 2280
gaggggcetygyg gegtggcecac tccccaccag gecacgcagg tgectgaagg ggcagccaag 2340
tggggcectgg tggctgageg getgctggag ctggcagecg gecttctcecgga cgtectetca 2400
cgegtgcagg tgttectgeg geggcetgcetg gagettcacg ttttcaaget ggtggccctg 2460
tacaccgtct gggtggcect gaaggaggtg tcggtgatga acctgetget ggtggtgetg 2520
tgggcctteg cectgcceccta cccacgette cggeccatgg ccectectgect gteccacecgtg 2580
tggacctgeg tcatcatcgt gtgtaagatg ctgtaccage tcaaggttgt caacccccag 2640
gagtattcca gcaactgcac cgagccectte cccaacagca ccaacttget geccacggag 2700
atcagccagt ccctgctgta ccgggggcce gtggaccectg ccaactggtt tggggtgegg 2760
aaagggttcce ccaacctggg ctacatccag aaccacctgce aagtgcectgcet getgetggta 2820
ttegaggeca tcegtgtaccg gegccaggag cactaccgece ggcagcacca gctggecccg 2880
ctgcctgece aggcegtgtt tgccagegge acccgccagce agctggacca ggatctgetce 2940
ggctgcctca agtacttcat caacttcecttce ttctacaaat tcegggctgga gatctgette 3000
ctgatggccg tgaacgtgat cgggcagcgce atgaactttce tggtgaccct gcacggttgce 3060
tggetggtgg ccatcctcac ccgcaggcac cgecaggceca ttgeccgect ctggeccaac 3120
tactgcctet tectggceget gttectgetg taccagtacce tgctgtgcect ggggatgecce 3180
ccggecectgt gecattgatta tecctggege tggagceggg ccgtccccat gaactcecgca 3240
ctcatcaagt ggctgtacct gectgattte tteecgggecce ccaactccac caacctcatce 3300
agcgactttce tecctgctget gtgcgectcee cagcagtgge aggtgttcte agectgagegce 3360
acagaggagt ggcagcgcat ggctggegte aacaccgace gectggagee gcetgeggggyg 3420
gagcccaacce ccgtgcccaa ctttatccac tgcaggtcect accttgacat gctgaaggtyg 3480
gcecgtettee gatacctgtt ctggectggtg ctggtggtgg tgtttgtcac gggggccacce 3540
cgcatcagca tctteggget gggctacctg ctggectget tcectacctget getcettegge 3600
acggccectge tgcagaggga cacacgggcce cgcctcegtge tgtgggactg cctcattcetg 3660
tacaacgtca ccgtcatcat ctccaagaac atgectgtege tectggectg cgtettegtg 3720
gagcagatgc agaccggctt ctgcectgggtc atccagctcet tcagecttgt atgcaccgtce 3780
aagggctact atgaccccaa ggagatgatg gacagagacc aggactgcct getgectgtg 3840
gaggaggctg gcatcatctg ggacagcegtce tgcttcecttet tectgctget gcagecgecgce 3900
gtcttecctta gecattacta cctgcacgtce agggccgacce tccaggccac cgccctgceta 3960
gcctecaggg gcettegecct ctacaacgcet gccaacctca agagcattga ctttcaccge 4020
aggatagagg agaagtccct ggcccagetg aaaagacaga tggagcgtat ccgtgecaag 4080
caggagaagc acaggcaggg ccgggtggac cgcagtcegece cccaggacac cctgggecce 4140
aaggaccceg gectggagece agggcccgac agtccagggg gcetectccee gcecacggagg 4200
cagtggtggc ggccctggcet ggaccacgcce acagtcatcce actccgggga ctacttectg 4260
tttgagtcecg acagtgagga agaggaggag gctgttectg aagacccgag gecgtceggca 4320
cagagtgcct tccagetgge gtaccaggca tgggtgacca acgeccaggce ggtgetgagg 4380

cggeggcage aggagcagga gcaggcaagg caggaacagg caggacagcet acccacagga 4440
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ggtggtccca gecaggaggt ggagcecagca gagggeccceg aggaggcage ggcaggcecgyg 4500
agccatgtgg tgcagagggt gctgagcacg gcgcagttcecce tgtggatget ggggcaggcg 4560
ctagtggatg agctgacacg ctggctgcag gagttcacce ggcaccacgyg caccatgage 4620
gacgtgctyge gggcagageg ctacctecte acacaggage tectgcaggg cggcgaagtyg 4680
cacaggggceg tgctggatca getgtacaca agecaggecyg aggccacgcet gccaggecce 4740
accgaggcce ccaatgeccce aagcaccgtg tecagtggge tgggcgcegga ggagecacte 4800
agcagcatga cagacgacat gggcagcccce ctgagcacceyg gctaccacac gcgcagtgge 4860
agtgaggagg cagtcaccga ccccggggag cgtgaggetyg gtgectctet gtaccaggga 4920
ctgatgcegga cggccagcga getgctectg gacaggegece tgcgcatccece agagetggag 4980
gaggcagage tgtttgcgga ggggcagggce cgggcgetge ggctgetgeg ggecgtgtac 5040
cagtgtgtgg ccgcccacte ggagctgcte tgctacttca tcatcatcct caaccacatg 5100
gtcacggect ccgecggcete gctggtgetg ceccecgtgcecteg tettectgtg ggecatgetyg 5160
tcgatcecga ggcccagcaa gegcettetgg atgacggceca tegtcecttcac cgagatcgeg 5220
gtggtcgtca agtacctgtt ccagtttggg ttcttecccecet ggaacagecca cgtggtgetg 5280
cggegetacyg agaacaagcc ctacttecceg ceccgcatece tgggectgga gaagactgac 5340
ggctacatca agtacgacct ggtgcagctc atggcccttt tettccaccg ctecccagetyg 5400
ctgtgctatg gecctectggga ccatgaggag gactcaccat ccaaggagca tgacaagagc 5460
ggcgaggagyg agcagggage cgaggagggg ccaggggtge ctgcggecac caccgaagac 5520
cacattcagg tggaagccag ggtcggaccce acggacggga ccccagaacce ccaagtggag 5580
ctcaggccce gtgatacgag gcgcatcagt ctacgtttta gaagaaggaa gaaggagggc 5640
ccagcacgga aaggagcggce agccatcgaa getgaggaca gggaggaaga agagggggag 5700
gaagagaaag aggcccccac ggggagagag aagaggccaa gecgctcetgg aggaagagta 5760
agggcggeceg ggcggeggcet gecagggette tgectgtece tggeccaggyg cacatatcgg 5820
cegetacgge gettetteca cgacatectg cacaccaagt accgegcage caccgacgte 5880
tatgccctca tgttectgge tgatgttgte gacttcatca tcatcatttt tggettetgg 5940
gcctttggga agcactcggce ggccacagac atcacgtcecect cectatcaga cgaccaggta 6000
ccecgaggett tectggtcecat getgctgatce cagttcagta ccatggtggt tgaccgcgcece 6060
ctctacctge gcaagaccgt gectgggcaag ctggceccttece aggtggcget ggtgcetggece 6120
atccacctat ggatgttcectt catcctgcce gcegtcactg agaggatgtt caaccagaat 6180
gtggtggcee agctctggta cttegtgaag tgcatctact tegeccctgtce cgectaccag 6240
atccgetgeg gectacccecac ccgcatcecte ggcaacttece tcaccaagaa gtacaatcat 6300
ctcaacctct tectetteca ggggttecgg ctggtgecegt tectggtgga getgcgggca 6360
gtgatggact gggtgtggac ggacaccacg ctgtccctgt ccagctggat gtgtgtggag 6420
gacatctatg ccaacatctt catcatcaaa tgcagccgag agacagagaa gaaatacccyg 6480
cagcccaaag ggcagaagaa gaagaagatc gtcaagtacyg gcatgggtgg cctcatcate 6540
ctcttectca tecgccatcat ctggttecca ctgcectctteca tgtcegetggt gegectceecgtg 6600
gttggggttyg tcaaccagcce catcgatgtc accgtcacce tgaagctggg cggctatgag 6660

ccgctgttca ccatgagege ccagcagcecg tccatcatcce ccecttcacgge ccaggcectat 6720
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gaggagctgt cccggcagtt tgacccccag ccgctggcca tgcagttcat cagccagtac 6780
agccctgagg acatcgtcac ggcgcagatt gagggcaget ceggggeget gtggegeate 6840
agtcccccca gecegtgecca gatgaagegg gagcetctaca acggcacgge cgacatcace 6900
ctgcgcettca cctggaactt ccagagggac ctggcgaagg gaggcactgt ggagtatgcece 6960
aacgagaagc acatgctggce cctggecccece aacagcactyg cacggceggcea gctggecage 7020
ctgctcgagg gcacctcgga ccagtctgtg gtcatcecta atctcecttceecce caagtacatce 7080
cgtgecccca acgggeccga agccaacccet gtgaagcage tgcagcccaa tgaggaggcece 7140
gactaccteyg gegtgegtat ccagetgegg agggagcagg gtgcggggge caccggette 7200
ctcgaatggt gggtcatcga getgcaggag tgccggaccg actgcaacct getgceccatg 7260
gtcattttca gtgacaaggt cagcccaccg agcctcecgget tectggetgg ctacggcatce 7320
atggggctgt acgtgtccat cgtgctggtce atcggcaagt tcgtgcgcecgg attcttcagce 7380
gagatctcge actccattat gttcgaggag ctgccgtgeg tggaccgcat cctcaagetce 7440
tgccaggaca tcttectggt gegggagact cgggagcetgg agctggagga ggagttgtac 7500
gccaagctceca tettectceta ccgcectcaccg gagaccatga tcaagtggac tcgtgagaag 7560
gagtag 7566
<210> SEQ ID NO 18

<211> LENGTH: 2521

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Met Glu Pro His Val Leu Gly Ala Val Leu Tyr Trp Leu Leu Leu Pro
1 5 10 15

Cys Ala Leu Leu Ala Ala Cys Leu Leu Arg Phe Ser Gly Leu Ser Leu
20 25 30

Val Tyr Leu Leu Phe Leu Leu Leu Leu Pro Trp Phe Pro Gly Pro Thr
35 40 45

Arg Cys Gly Leu Gln Gly His Thr Gly Arg Leu Leu Arg Ala Leu Leu
50 55 60

Gly Leu Ser Leu Leu Phe Leu Val Ala His Leu Ala Leu Gln Ile Cys
65 70 75 80

Leu His Ile Val Pro Arg Leu Asp Gln Leu Leu Gly Pro Ser Cys Ser
85 90 95

Arg Trp Glu Thr Leu Ser Arg His Ile Gly Val Thr Arg Leu Asp Leu
100 105 110

Lys Asp Ile Pro Asn Ala Ile Arg Leu Val Ala Pro Asp Leu Gly Ile
115 120 125

Leu Val Val Ser Ser Val Cys Leu Gly Ile Cys Gly Arg Leu Ala Arg
130 135 140

Asn Thr Arg Gln Ser Pro His Pro Arg Glu Leu Asp Asp Asp Glu Arg
145 150 155 160

Asp Val Asp Ala Ser Pro Thr Ala Gly Leu Gln Glu Ala Ala Thr Leu
165 170 175

Ala Pro Thr Arg Arg Ser Arg Leu Ala Ala Arg Phe Arg Val Thr Ala
180 185 190

His Trp Leu Leu Val Ala Ala Gly Arg Val Leu Ala Val Thr Leu Leu
195 200 205
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Ala Leu Ala Gly Ile Ala His Pro Ser Ala Leu Ser Ser Val Tyr Leu
210 215 220

Leu Leu Phe Leu Ala Leu Cys Thr Trp Trp Ala Cys His Phe Pro Ile
225 230 235 240

Ser Thr Arg Gly Phe Ser Arg Leu Cys Val Ala Val Gly Cys Phe Gly
245 250 255

Ala Gly His Leu Ile Cys Leu Tyr Cys Tyr Gln Met Pro Leu Ala Gln
260 265 270

Ala Leu Leu Pro Pro Ala Gly Ile Trp Ala Arg Val Leu Gly Leu Lys
275 280 285

Asp Phe Val Gly Pro Thr Asn Cys Ser Ser Pro His Ala Leu Val Leu
290 295 300

Asn Thr Gly Leu Asp Trp Pro Val Tyr Ala Ser Pro Gly Val Leu Leu
305 310 315 320

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

Pro Ser Gly Gln Arg Lys Glu Ala Ala Lys Gly Tyr Glu Ala Arg Glu
340 345 350

Leu Glu Leu Ala Glu Leu Asp Gln Trp Pro Gln Glu Arg Glu Ser Asp
355 360 365

Gln His Val Val Pro Thr Ala Pro Asp Thr Glu Ala Asp Asn Cys Ile
370 375 380

Val His Glu Leu Thr Gly Gln Ser Ser Val Leu Arg Arg Pro Val Arg
385 390 395 400

Pro Lys Arg Ala Glu Pro Arg Glu Ala Ser Pro Leu His Ser Leu Gly
405 410 415

His Leu Ile Met Asp Gln Ser Tyr Val Cys Ala Leu Ile Ala Met Met
420 425 430

Val Trp Ser Ile Thr Tyr His Ser Trp Leu Thr Phe Val Leu Leu Leu
435 440 445

Trp Ala Cys Leu Ile Trp Thr Val Arg Ser Arg His Gln Leu Ala Met
450 455 460

Leu Cys Ser Pro Cys Ile Leu Leu Tyr Gly Met Thr Leu Cys Cys Leu
465 470 475 480

Arg Tyr Val Trp Ala Met Asp Leu Arg Pro Glu Leu Pro Thr Thr Leu
485 490 495

Gly Pro Val Ser Leu Arg Gln Leu Gly Leu Glu His Thr Arg Tyr Pro
500 505 510

Cys Leu Asp Leu Gly Ala Met Leu Leu Tyr Thr Leu Thr Phe Trp Leu
515 520 525

Leu Leu Arg Gln Phe Val Lys Glu Lys Leu Leu Lys Trp Ala Glu Ser
530 535 540

Pro Ala Ala Leu Thr Glu Val Thr Val Ala Asp Thr Glu Pro Thr Arg
545 550 555 560

Thr Gln Thr Leu Leu Gln Ser Leu Gly Glu Leu Val Lys Gly Val Tyr
565 570 575

Ala Lys Tyr Trp Ile Tyr Val Cys Ala Gly Met Phe Ile Val Val Ser
580 585 590

Phe Ala Gly Arg Leu Val Val Tyr Lys Ile Val Tyr Met Phe Leu Phe
595 600 605

Leu Leu Cys Leu Thr Leu Phe Gln Val Tyr Tyr Ser Leu Trp Arg Lys
610 615 620
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Leu Leu Lys Ala Phe Trp Trp Leu Val Val Ala Tyr Thr Met Leu Val
625 630 635 640

Leu Ile Ala Val Tyr Thr Phe Gln Phe Gln Asp Phe Pro Ala Tyr Trp
645 650 655

Arg Asn Leu Thr Gly Phe Thr Asp Glu Gln Leu Gly Asp Leu Gly Leu
660 665 670

Glu Gln Phe Ser Val Ser Glu Leu Phe Ser Ser Ile Leu Val Pro Gly
675 680 685

Phe Phe Leu Leu Ala Cys Ile Leu Gln Leu His Tyr Phe His Arg Pro
690 695 700

Phe Met Gln Leu Thr Asp Met Glu His Val Ser Leu Pro Gly Thr Arg
705 710 715 720

Leu Pro Arg Trp Ala His Arg Gln Asp Ala Val Ser Gly Thr Pro Leu
725 730 735

Leu Arg Glu Glu Gln Gln Glu His Gln Gln Gln Gln Gln Glu Glu Glu
740 745 750

Glu Glu Glu Glu Asp Ser Arg Asp Glu Gly Leu Gly Val Ala Thr Pro
755 760 765

His Gln Ala Thr Gln Val Pro Glu Gly Ala Ala Lys Trp Gly Leu Val
770 775 780

Ala Glu Arg Leu Leu Glu Leu Ala Ala Gly Phe Ser Asp Val Leu Ser
785 790 795 800

Arg Val Gln Val Phe Leu Arg Arg Leu Leu Glu Leu His Val Phe Lys
805 810 815

Leu Val Ala Leu Tyr Thr Val Trp Val Ala Leu Lys Glu Val Ser Val
820 825 830

Met Asn Leu Leu Leu Val Val Leu Trp Ala Phe Ala Leu Pro Tyr Pro
835 840 845

Arg Phe Arg Pro Met Ala Ser Cys Leu Ser Thr Val Trp Thr Cys Val
850 855 860

Ile Ile Val Cys Lys Met Leu Tyr Gln Leu Lys Val Val Asn Pro Gln
865 870 875 880

Glu Tyr Ser Ser Asn Cys Thr Glu Pro Phe Pro Asn Ser Thr Asn Leu
885 890 895

Leu Pro Thr Glu Ile Ser Gln Ser Leu Leu Tyr Arg Gly Pro Val Asp
900 905 910

Pro Ala Asn Trp Phe Gly Val Arg Lys Gly Phe Pro Asn Leu Gly Tyr
915 920 925

Ile Gln Asn His Leu Gln Val Leu Leu Leu Leu Val Phe Glu Ala Ile
930 935 940

Val Tyr Arg Arg Gln Glu His Tyr Arg Arg Gln His Gln Leu Ala Pro
945 950 955 960

Leu Pro Ala Gln Ala Val Phe Ala Ser Gly Thr Arg Gln Gln Leu Asp
965 970 975

Gln Asp Leu Leu Gly Cys Leu Lys Tyr Phe Ile Asn Phe Phe Phe Tyr
980 985 990

Lys Phe Gly Leu Glu Ile Cys Phe Leu Met Ala Val Asn Val Ile Gly
995 1000 1005

Gln Arg Met Asn Phe Leu Val Thr Leu His Gly Cys Trp Leu Val
1010 1015 1020

Ala Ile Leu Thr Arg Arg His Arg Gln Ala Ile Ala Arg Leu Trp
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1025 1030 1035

Pro Asn Tyr Cys Leu Phe Leu Ala Leu Phe Leu Leu Tyr Gln Tyr
1040 1045 1050

Leu Leu Cys Leu Gly Met Pro Pro Ala Leu Cys Ile Asp Tyr Pro
1055 1060 1065

Trp Arg Trp Ser Arg Ala Val Pro Met Asn Ser Ala Leu Ile Lys
1070 1075 1080

Trp Leu Tyr Leu Pro Asp Phe Phe Arg Ala Pro Asn Ser Thr Asn
1085 1090 1095

Leu Ile Ser Asp Phe Leu Leu Leu Leu Cys Ala Ser Gln Gln Trp
1100 1105 1110

Gln Val Phe Ser Ala Glu Arg Thr Glu Glu Trp Gln Arg Met Ala
1115 1120 1125

Gly Val Asn Thr Asp Arg Leu Glu Pro Leu Arg Gly Glu Pro Asn
1130 1135 1140

Pro Val Pro Asn Phe Ile His Cys Arg Ser Tyr Leu Asp Met Leu
1145 1150 1155

Lys Val Ala Val Phe Arg Tyr Leu Phe Trp Leu Val Leu Val Val
1160 1165 1170

Val Phe Val Thr Gly Ala Thr Arg Ile Ser Ile Phe Gly Leu Gly
1175 1180 1185

Tyr Leu Leu Ala Cys Phe Tyr Leu Leu Leu Phe Gly Thr Ala Leu
1190 1195 1200

Leu Gln Arg Asp Thr Arg Ala Arg Leu Val Leu Trp Asp Cys Leu
1205 1210 1215

Ile Leu Tyr Asn Val Thr Val 1Ile Ile Ser Lys Asn Met Leu Ser
1220 1225 1230

Leu Leu Ala Cys Val Phe Val Glu Gln Met Gln Thr Gly Phe Cys
1235 1240 1245

Trp Val 1Ile Gln Leu Phe Ser Leu Val Cys Thr Val Lys Gly Tyr
1250 1255 1260

Tyr Asp Pro Lys Glu Met Met Asp Arg Asp Gln Asp Cys Leu Leu
1265 1270 1275

Pro Val Glu Glu Ala Gly Ile Ile Trp Asp Ser Val Cys Phe Phe
1280 1285 1290

Phe Leu Leu Leu Gln Arg Arg Val Phe Leu Ser His Tyr Tyr Leu
1295 1300 1305

His Val Arg Ala Asp Leu Gln Ala Thr Ala Leu Leu Ala Ser Arg
1310 1315 1320

Gly Phe Ala Leu Tyr Asn Ala Ala Asn Leu Lys Ser Ile Asp Phe
1325 1330 1335

His Arg Arg Ile Glu Glu Lys Ser Leu Ala Gln Leu Lys Arg Gln
1340 1345 1350

Met Glu Arg Ile Arg Ala Lys Gln Glu Lys His Arg Gln Gly Arg
1355 1360 1365

Val Asp Arg Ser Arg Pro Gln Asp Thr Leu Gly Pro Lys Asp Pro
1370 1375 1380

Gly Leu Glu Pro Gly Pro Asp Ser Pro Gly Gly Ser Ser Pro Pro
1385 1390 1395

Arg Arg Gln Trp Trp Arg Pro Trp Leu Asp His Ala Thr Val Ile
1400 1405 1410
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His Ser Gly Asp Tyr Phe Leu Phe Glu Ser Asp Ser Glu Glu Glu
1415 1420 1425

Glu Glu Ala Val Pro Glu Asp Pro Arg Pro Ser Ala Gln Ser Ala
1430 1435 1440

Phe Gln Leu Ala Tyr Gln Ala Trp Val Thr Asn Ala Gln Ala Val
1445 1450 1455

Leu Arg Arg Arg Gln Gln Glu Gln Glu Gln Ala Arg Gln Glu Gln
1460 1465 1470

Ala Gly Gln Leu Pro Thr Gly Gly Gly Pro Ser Gln Glu Val Glu
1475 1480 1485

Pro Ala Glu Gly Pro Glu Glu Ala Ala Ala Gly Arg Ser His Val
1490 1495 1500

Val Gln Arg Val Leu Ser Thr Ala Gln Phe Leu Trp Met Leu Gly
1505 1510 1515

Gln Ala Leu Val Asp Glu Leu Thr Arg Trp Leu Gln Glu Phe Thr
1520 1525 1530

Arg His His Gly Thr Met Ser Asp Val Leu Arg Ala Glu Arg Tyr
1535 1540 1545

Leu Leu Thr Gln Glu Leu Leu Gln Gly Gly Glu Val His Arg Gly
1550 1555 1560

Val Leu Asp Gln Leu Tyr Thr Ser Gln Ala Glu Ala Thr Leu Pro
1565 1570 1575

Gly Pro Thr Glu Ala Pro Asn Ala Pro Ser Thr Val Ser Ser Gly
1580 1585 1590

Leu Gly Ala Glu Glu Pro Leu Ser Ser Met Thr Asp Asp Met Gly
1595 1600 1605

Ser Pro Leu Ser Thr Gly Tyr His Thr Arg Ser Gly Ser Glu Glu
1610 1615 1620

Ala Val Thr Asp Pro Gly Glu Arg Glu Ala Gly Ala Ser Leu Tyr
1625 1630 1635

Gln Gly Leu Met Arg Thr Ala Ser Glu Leu Leu Leu Asp Arg Arg
1640 1645 1650

Leu Arg Ile Pro Glu Leu Glu Glu Ala Glu Leu Phe Ala Glu Gly
1655 1660 1665

Gln Gly Arg Ala Leu Arg Leu Leu Arg Ala Val Tyr Gln Cys Val
1670 1675 1680

Ala Ala His Ser Glu Leu Leu Cys Tyr Phe Ile Ile Ile Leu Asn
1685 1690 1695

His Met Val Thr Ala Ser Ala Gly Ser Leu Val Leu Pro Val Leu
1700 1705 1710

Val Phe Leu Trp Ala Met Leu Ser Ile Pro Arg Pro Ser Lys Arg
1715 1720 1725

Phe Trp Met Thr Ala Ile Val Phe Thr Glu Ile Ala Val Val Val
1730 1735 1740

Lys Tyr Leu Phe Gln Phe Gly Phe Phe Pro Trp Asn Ser His Val
1745 1750 1755

Val Leu Arg Arg Tyr Glu Asn Lys Pro Tyr Phe Pro Pro Arg Ile
1760 1765 1770

Leu Gly Leu Glu Lys Thr Asp Gly Tyr Ile Lys Tyr Asp Leu Val
1775 1780 1785

Gln Leu Met Ala Leu Phe Phe His Arg Ser Gln Leu Leu Cys Tyr
1790 1795 1800
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Gly Leu Trp Asp His Glu Glu Asp Ser Pro Ser Lys Glu His Asp
1805 1810 1815

Lys Ser Gly Glu Glu Glu Gln Gly Ala Glu Glu Gly Pro Gly Val
1820 1825 1830

Pro Ala Ala Thr Thr Glu Asp His Ile Gln Val Glu Ala Arg Val
1835 1840 1845

Gly Pro Thr Asp Gly Thr Pro Glu Pro Gln Val Glu Leu Arg Pro
1850 1855 1860

Arg Asp Thr Arg Arg Ile Ser Leu Arg Phe Arg Arg Arg Lys Lys
1865 1870 1875

Glu Gly Pro Ala Arg Lys Gly Ala Ala Ala Ile Glu Ala Glu Asp
1880 1885 1890

Arg Glu Glu Glu Glu Gly Glu Glu Glu Lys Glu Ala Pro Thr Gly
1895 1900 1905

Arg Glu Lys Arg Pro Ser Arg Ser Gly Gly Arg Val Arg Ala Ala
1910 1915 1920

Gly Arg Arg Leu Gln Gly Phe Cys Leu Ser Leu Ala Gln Gly Thr
1925 1930 1935

Tyr Arg Pro Leu Arg Arg Phe Phe His Asp Ile Leu His Thr Lys
1940 1945 1950

Tyr Arg Ala Ala Thr Asp Val Tyr Ala Leu Met Phe Leu Ala Asp
1955 1960 1965

Val Val Asp Phe Ile Ile Ile 1Ile Phe Gly Phe Trp Ala Phe Gly
1970 1975 1980

Lys His Ser Ala Ala Thr Asp Ile Thr Ser Ser Leu Ser Asp Asp
1985 1990 1995

Gln Val Pro Glu Ala Phe Leu Val Met Leu Leu Ile Gln Phe Ser
2000 2005 2010

Thr Met Val Val Asp Arg Ala Leu Tyr Leu Arg Lys Thr Val Leu
2015 2020 2025

Gly Lys Leu Ala Phe Gln Val Ala Leu Val Leu Ala Ile His Leu
2030 2035 2040

Trp Met Phe Phe Ile Leu Pro Ala Val Thr Glu Arg Met Phe Asn
2045 2050 2055

Gln Asn Val Val Ala Gln Leu Trp Tyr Phe Val Lys Cys Ile Tyr
2060 2065 2070

Phe Ala Leu Ser Ala Tyr Gln Ile Arg Cys Gly Tyr Pro Thr Arg
2075 2080 2085

Ile Leu Gly Asn Phe Leu Thr Lys Lys Tyr Asn His Leu Asn Leu
2090 2095 2100

Phe Leu Phe Gln Gly Phe Arg Leu Val Pro Phe Leu Val Glu Leu
2105 2110 2115

Arg Ala Val Met Asp Trp Val Trp Thr Asp Thr Thr Leu Ser Leu
2120 2125 2130

Ser Ser Trp Met Cys Val Glu Asp Ile Tyr Ala Asn Ile Phe Ile
2135 2140 2145

Ile Lys Cys Ser Arg Glu Thr Glu Lys Lys Tyr Pro Gln Pro Lys
2150 2155 2160

Gly Gln Lys Lys Lys Lys Ile Val Lys Tyr Gly Met Gly Gly Leu
2165 2170 2175

Ile Ile Leu Phe Leu Ile Ala 1Ile Ile Trp Phe Pro Leu Leu Phe
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2180 2185 2190

Met Ser Leu Val Arg Ser Val Val Gly Val Val Asn Gln Pro Ile
2195 2200 2205

Asp Val Thr Val Thr Leu Lys Leu Gly Gly Tyr Glu Pro Leu Phe
2210 2215 2220

Thr Met Ser Ala Gln Gln Pro Ser Ile Ile Pro Phe Thr Ala Gln
2225 2230 2235

Ala Tyr Glu Glu Leu Ser Arg Gln Phe Asp Pro Gln Pro Leu Ala
2240 2245 2250

Met Gln Phe Ile Ser Gln Tyr Ser Pro Glu Asp Ile Val Thr Ala
2255 2260 2265

Gln Ile Glu Gly Ser Ser Gly Ala Leu Trp Arg Ile Ser Pro Pro
2270 2275 2280

Ser Arg Ala Gln Met Lys Arg Glu Leu Tyr Asn Gly Thr Ala Asp
2285 2290 2295

Ile Thr Leu Arg Phe Thr Trp Asn Phe Gln Arg Asp Leu Ala Lys
2300 2305 2310

Gly Gly Thr Val Glu Tyr Ala Asn Glu Lys His Met Leu Ala Leu
2315 2320 2325

Ala Pro Asn Ser Thr Ala Arg Arg Gln Leu Ala Ser Leu Leu Glu
2330 2335 2340

Gly Thr Ser Asp Gln Ser Val Val Ile Pro Asn Leu Phe Pro Lys
2345 2350 2355

Tyr Ile Arg Ala Pro Asn Gly Pro Glu Ala Asn Pro Val Lys Gln
2360 2365 2370

Leu Gln Pro Asn Glu Glu Ala Asp Tyr Leu Gly Val Arg Ile Gln
2375 2380 2385

Leu Arg Arg Glu Gln Gly Ala Gly Ala Thr Gly Phe Leu Glu Trp
2390 2395 2400

Trp Val 1Ile Glu Leu Gln Glu Cys Arg Thr Asp Cys Asn Leu Leu
2405 2410 2415

Pro Met Val Ile Phe Ser Asp Lys Val Ser Pro Pro Ser Leu Gly
2420 2425 2430

Phe Leu Ala Gly Tyr Gly Ile Met Gly Leu Tyr Val Ser Ile Val
2435 2440 2445

Leu Val 1Ile Gly Lys Phe Val Arg Gly Phe Phe Ser Glu Ile Ser
2450 2455 2460

His Ser Ile Met Phe Glu Glu Leu Pro Cys Val Asp Arg Ile Leu
2465 2470 2475

Lys Leu Cys Gln Asp Ile Phe Leu Val Arg Glu Thr Arg Glu Leu
2480 2485 2490

Glu Leu Glu Glu Glu Leu Tyr Ala Lys Leu Ile Phe Leu Tyr Arg
2495 2500 2505

Ser Pro Glu Thr Met Ile Lys Trp Thr Arg Glu Lys Glu
2510 2515 2520

<210> SEQ ID NO 19

<211> LENGTH: 8259

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

atggcctceag aagtggtgtg cgggetcate ttcaggetge tgetgeccat ctgectggea 60
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gtagcatgtyg cattccgata caatgggctce tectttgtet accttatcta cctettgete 120
attcctetgt tctcagaacc aacaaaaacg acgatgcaag gacatacggyg acggttatta 180
aagtctetgt gecttcatcag tetttectte ctgttgetge acatcatttt ccacatcacg 240
ttggtgagcee ttgaagctca acatcgtatt gecacctgget acaactgctce aacatgggaa 300
aagacattcce ggcagatcgg ctttgaaage ttaaagggag ctgatgctgg caatgggatce 360
agagtgtttg tacctgacat cgggatgttc attgctagte tgaccatctg gctectetgt 420
agaaacattg ttcagaaacc tgtgacagac gaagcagcac agagtaaccc ggagtttgaa 480
aatgaagaat tggctgaagg agaaaaaatt gattcagaag aggcactgat ctatgaagag 540
gatttcaatyg gaggagatgg tgttgaaggc gagttggaag aaagcacgaa gttaaaaatg 600
ttececgecagge ttgectetgt ggectctaag ctcaaggagt tcattggcaa catgatcace 660
actgctggga aagtegttgt taccatctta ctgggctect cgggcatgat gttgecgtet 720
ttgacatcat ctgtgtattt ttttgtattt ttgggtctgt gcacctggtg gtecctggtgce 780
cggacgttcg acccattgcet gttcagetgt ctetgtgtte tgctggctat tttcactget 840
ggacatttga ttggacttta tttataccag ttccaattct ttcaagaggc agttccaccce 900
aatgactact atgcaaggtt gtttggtatc aagtcagtaa ttcaaacgga ctgttcaagt 960

acttggaaga tcatagtgaa cccggacctg tcgtggtacce accacgccaa ccctatccte 1020
ctgctggtga tgtactacac tctggccact ctgatccgca tcectggctgca agagceccctt 1080
gtgcaggatyg aggggaccaa agaagaggac aaagccctgg cttgtagecc catccaaata 1140
acagcgggga ggaggcggag cctgtggtac geaacccatt accccactga tgagagaaaa 1200
cttttatcca tgacccagga tgactacaaa ccatctgatg gecctgectggt gactgtgaac 1260
ggcaaccceeyg tggattacca caccatccac ccaagectge ccatggagaa cggecctgge 1320
aaagccgacce tctactccac cecctcagtac cggtgggage cctctgatga atcctcagaa 1380
aagcgagagg aggaagagga agagaaagaa gaatttgaag aagaaaggag ccgtgaggaa 1440
aaaagaagta tcaaagttca tgccatggtc tccgtattcce aatttattat gaaacaaagt 1500
tacatctgtg ccctcatage tatgatggce tggagcatca cctatcacag ctggctgacce 1560
ttegtgetge tgatctggte gtgcactctt tggatgattc gcaacagaag aaaatatgcec 1620
atgatcagct ctccecttcecat ggtggtttat ggaaacctat tgttgatatt acagtatata 1680
tggagttttg aacttcctga aattaaaaaa gttccaggat ttttagaaaa gaaagagcca 1740
ggagaacttg cttccaaaat ccttttcacc attacttttt ggctactgct gaggcagcac 1800
ctcacagagc aaaaagctct gcaagaaaag gaagctcttt tatcggaagt caaaattggc 1860
agtcaggaaa atgaagaaaa agatgaggaa cttcaagata tacaagtgga aggagagccce 1920
aaagaggagg aagaagagga agcgaaggaa gagaagcaag agagaaagaa ggtagagcaa 1980
gaggaagctyg aagaagaaga tgagcaggac atcatgaaag tcctgggcaa tctggtggtg 2040
gccatgttceca tcaagtactg gatctacgtc tgcggaggca tgttcttectt cgtcagette 2100
gagggtaaaa tcgtaatgta caaaatcatc tacatggtgc tgttcctgtt ctgtgtggece 2160
ctataccagg tgcactatga atggtggagg aaaattctaa aatatttttg gatgtcagtg 2220
gttatttaca ctatgctggt gcttatcttt atatacacat atcagtttga gaacttccca 2280

ggcctgtgge aaaatatgac tggactgaaa aaagaaaagc ttgaggatct tggcttaaag 2340
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cagtttactg

tgcattttac

attcccagea

gacctcacca

gagcctgggg

aaagacagcg

gaaacatcag

ttaaaattcc

cacatcatca

ttcaactatg

ctggcetteaa

cagctccaaa

caaacaaaca

cctacagagt

cteetgatge

cgaggtcgaa

ctacatctag

aagtttggtce

ttctatgeca

gccatcgeag

tatttcatct

ggtgccaget

cccaacccetyg

cagatttttyg

atctgcatga

cactgcagat

gtgctcacca

ctggtggect

agcatcctge

aatatcctgt

ttgatccagyg

tcaccetgta

ttecctectge

ataaaagctt

aaagctgtaa

atggatcgca

ttgacccagyg

agagaagcag

gatcatgett

tggctgaact

acctgcacta

aagaagacaa

tgatgcatct

aggagaagct

aggagtcaga

acttaaggaa

tggagtattt

aaatcgttte

tatttttgat

gtgtctgcac

ccattaagec

tccectttaa

gggtcggcct

tggctatecct

ataacctgac

atgatggact

tggagacctyg

tgatccacge

agatctggec

gecattggcat

tcaatgacaa

tgtttetegt

aggatgagaa

accttgatge

cttacttaga

tcatcttcat

gtttctactt

gctactggga

caataggagc

ctttcagect

cacttecccag

tgcaaagaag

cccagattet

aggcaagaat

tcaaggccag

agccagggga

acaaacagaa

ccatggteag

attcactege

cttecatgac

caccatctac

gactgccage

tgagggctac

dgaggacgga

caaatggcac

tcacaagcetyg

ctcttacatt

ttettggget

agtctggacyg

tgagaacttc

tgagttgaac

geggaagtet

ggcetttgaa

ggccectgty

tattaattgt

tttectaatg

ctgetggetyg

caagtactge

cccacctget

catcataaag

ctatgactte

caaggctgca

ggcctectte

catgtccaaa

cactgggacc

cctgetettt

ctggctgate

atgtggatac

ggcctgcaca

tggggaagca

agttttcatg

ggcatcaaga

tgaggaagag

gcaacagaaa

aggccaggac

agccaaggge

gagtggagat

atattcatcc

cggttecttyg

agactggecc

ctggagaage

tctgaaaaag

daggaagagyg

ctggtgattyg

caggtgttca

atctgggttt

tttgctetge

tgtgtgatca

tctgttaact

aagtctctge

tegectetge

gtcaccattt

tctagaacta

gccaaatatt

tcagttaacg

atcgetgtet

tgcttectygy

ccttgecgag

tggctgtact

atgctgette

gtgcgaatca

agccaacata

gtgatcatct

accaggatca

gggggcegatt

gcatacaacyg

attggaacat

gtcaaaggct

ggaatcattt

agttattatt

ggagctgaac

aagaagtcca

tataaaaagg

atgcaaaaac

aaaaaaaagc

tattatttgt

caacctecett tetgetggty

aactcacaga cctcaagtcc

acccggaagg aagecteccg

cggaggtgag gaagttggct

cccagaaggg tgatcttggyg

aggaatccga ggaggaggaa

accgectcac tgtgetette

tgtggtggat tttggagttg

ctgtgaaaga ggtgtctcetg

cgtacgccaa gctgegeegt

tcgtetgcaa aatgttgtac

gttecttgee aaatgaaaat

tctacagege tectatcgat

tagtctacct gaggaataac

accgccatca ggaatactat

tctttcatga cattacaaga

tcattaatta cttcttttac

tcattggecca gcgaatggat

tatatagacg cagaaggaaa

catgcatcat caccttccag

attacccgtyg gagattcaag

tcccagattt cattgtgegyg

tgtgtgccte cttacaacgyg

tggcaggtga caatgtcgag

accctgtgee agattttatt

tcagctacct cttetggttt

gcatcttttyg catggggtac

tgctgttgaa acccatcaag

tttttgtgat tacgatgaaa

tggtgcacaa tagttgttgg

atcaaatgcce tgctgctaat

gggacagcat atgttttgece

ttctacatgt tgtggctgat

ttttccagge cacaattgta

tggaccagct gaagcgacag

gtaaggagag gatgctgage

tctetgaaga ggatgatgaa

agtggtggcg gCCttgggtt

ttgaaacgga tagtgaagag

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

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

4500

4560

4620

4680
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gaggaagagyg aagaattaaa gaaggaagat gaagaacctc cacgaaggtc agcattccag 4740
tttgtttatc aagcctggat tactgatcct aaaacagcac tccgacaaag acacaaagag 4800
aaaaaaaggt ctgcaagaga agaacggaaa cgaaggcgga aaggatccaa ggagggtcct 4860
gtggaatggyg aagaccggga ggatgaacca atcaaaaaga aatccgatgg accagataat 4920
atcatcaaga ggatatttaa tattttgaaa tttacctggg tcctatttct ggcaacagtg 4980
gacagtttca ctacttggct taactccatt tcaagggagc atattgatat atctacagtt 5040
ctgagaattg aacgatgcat gctgaccaga gaaattaaga agggcaatgt tccaactcgg 5100
gagagcatcc acatgtacta tcagaaccac atcatgaacc tttccagaga gtcgggactg 5160
gacaccattyg acgagcatcc cggagcetgcet tcaggtgcac agacagccca caggatggat 5220
agtttagatt cacatgacag tatctccagc gagcccacgce agtgtaccat gcectgtactca 5280
cgccagggga ccactgagac catcgaggag gtggaggctyg agcaggagga ggaggcaggg 5340
agcacggcge ctgagceccag ggaggccaag gagtacgagyg ccactgggta cgatgtggga 5400
geecatgggty ccgaggagge cagectcacce ccagaggaag agctgacaca gttctccacce 5460
ttggacgggg atgtggaggc cccaccctcee tacagcaagg ctgtgagctt cgagcatctg 5520
tcettegget cgcaggacga ctctgcagge aagaaccgta tggcagtcag cccggacgac 5580
agccgeacceg acaagetggg gtccageate ttaccteceee tgacccatga gctgacggece 5640
agcgagctgce tgctgaaaaa gatgtttcac gacgatgagce ttgaagagtc agagaaattc 5700
tacgtggggce agccccgatt tetgctgcte ttcectatgeca tgtacaatac cctggtggece 5760
cgctcggaga tggtgtgcta cttegtgatce atcctcaacce acatggtcte tgcctcecatg 5820
atcacgctcce tgcttcccat cctcatcectte ctetgggeca tgttgtccegt cecccaggecce 5880
agccgeeggt tectggatgat ggccatcgte tatactgagg tggcaattgt agtcaagtat 5940
ttctteccaat ttgggttett tcecctggaat aagaatgtgg aggtgaacaa agataaaccg 6000
tatcacccece caaacatcat aggagtggaa aagaaggaag gttatgttct ctatgacctce 6060
atccagctcce tggctctgtt ctttcatcga tcaattttga agtgccatgg cttatgggat 6120
gaagatgaca tgactgaaag tggcatggcc agggaggaat cagatgatga gctctcectce 6180
ggtcatggca ggagggactc ctccgattct ctcaagtcca tcaacctggce cgegtctgtg 6240
gagtcagtge atgtgacctt cccggagcag cagacagctg tcecggaggaa gegetccegge 6300
agcagctececg agccatccca gagatccage ttttcecttcaa acagatccca aagaggcagce 6360
acaagcaccce gaaacagcag tcaaaaagga agcagtgttt tgagtattaa gcaaaaaggce 6420
aaaagggaac tttatatgga aaagcttcaa gaacatttaa tcaaagcaaa agcctttacc 6480
ataaagaaga cgctggagat ctatgtgccce atcaaacagt tcttttacaa cctcatccac 6540
ccggagtata gecgccgtgac tgacgtgtat gtactcatgt tecctggctga cactgtggac 6600
ttcatcatca ttgtcttegg cttttgggce tttgggaaac actcagcagce tgcagacatc 6660
acctcttecac tgtcagagga ccaggtcccg gggecgtttt tggtgatggt cctcattcag 6720
tttggaacca tggtggtgga ccgagcccte tacctcagga agactgtact gggaaaggtce 6780
atcttccagg tcattcttgt gttcggaatt cacttctgga tgttcttcat cttacctggt 6840
gtgactgaga ggaaattcag ccagaacctg gttgcccage tttggtactt tgtgaaatgt 6900

gtttacttcg ggttgtctge ttaccagatc cgttgtgget acccaacgcg agtectgggyg 6960
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aacttcctca ccaagagcta caattacgtc aacctcttet tattccaagg gtttegecte 7020
gtgcecctttt tgactgagct gagggcagtg atggactggg tgtggacgga cacaactttg 7080
agcctgteca getggatetyg tgtggaggac atctatgcetce acatattcat cctgaagtgt 7140
tggcgggagt cggagaagag ataccctcag ccacggggece agaagaagaa gaaagtggtg 7200
aagtatggca tgggaggaat gatcatcgtc ctgctcatct gecattgtctg gtttectcett 7260
ctcttcatgt ctttgatcaa atctgtggct ggggtcatca accagcccct ggacgtctcece 7320
gtcacaatta ccctgggagg gtatcagect attttcacaa tgagtgccca acaaagccag 7380
ttgaaagtta tggaccagca gagctttaac aaatttatac aagctttttc tagggacacc 7440
ggtgctatge aatttctgga aaattatgaa aaagaagaca taacagtagc agaactggaa 7500
ggaaactcaa attctttgtg gaccatcagc ccacccagta agcagaaaat gatacacgaa 7560
ctcctggace ccaatagtag cttcectetgtt gttttttecat ggagtattca gagaaactta 7620
agtctgggtg caaaatcgga aatagcaaca gataagcttt cttttcecctcet taaaaatatt 7680
actcgaaaga atatcgctaa aatgatagca ggcaacagca cagaaagttc aaaaacacca 7740
gtgaccatag aaaagattta tccatattat gtgaaagcac ctagtgattc taactcaaaa 7800
cctataaagc aacttttatc tgaaaataat ttcatggata ttaccatcat tttgtccaga 7860
gacaatacaa ctaaatataa cagtgagtgg tgggttctca acctgactgg aaacagaata 7920
tacaatccga actctcaggce cctggaactg gtggtcttca atgacaaagt cagtccccca 7980
agtctggggt tcctggctgg ctatggtatt atgggattat atgcttcagt tgtccttgtg 8040
attgggaaat ttgtccgtga attcttcagt gggatttcectc actccatcat gtttgaagag 8100
cttccaaatg tggatcgaat tttgaagttg tgcacagata tttttttagt tcgagagaca 8160
ggagaactgg agctagaaga agatctctat gccaaattaa tattcctata tcgctcacca 8220
gagacaatga tcaaatggac tagagaaaaa acaaattga 8259
<210> SEQ ID NO 20

<211> LENGTH: 2752

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Met Ala Ser Glu Val Val Cys Gly Leu Ile Phe Arg Leu Leu Leu Pro
1 5 10 15

Ile Cys Leu Ala Val Ala Cys Ala Phe Arg Tyr Asn Gly Leu Ser Phe
20 25 30

Val Tyr Leu Ile Tyr Leu Leu Leu Ile Pro Leu Phe Ser Glu Pro Thr
35 40 45

Lys Thr Thr Met Gln Gly His Thr Gly Arg Leu Leu Lys Ser Leu Cys
50 55 60

Phe Ile Ser Leu Ser Phe Leu Leu Leu His Ile Ile Phe His Ile Thr
65 70 75 80

Leu Val Ser Leu Glu Ala Gln His Arg Ile Ala Pro Gly Tyr Asn Cys
85 90 95

Ser Thr Trp Glu Lys Thr Phe Arg Gln Ile Gly Phe Glu Ser Leu Lys
100 105 110

Gly Ala Asp Ala Gly Asn Gly Ile Arg Val Phe Val Pro Asp Ile Gly
115 120 125

Met Phe Ile Ala Ser Leu Thr Ile Trp Leu Leu Cys Arg Asn Ile Val
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130 135 140

Gln Lys Pro Val Thr Asp Glu Ala Ala Gln Ser Asn Pro Glu Phe Glu
145 150 155 160

Asn Glu Glu Leu Ala Glu Gly Glu Lys Ile Asp Ser Glu Glu Ala Leu
165 170 175

Ile Tyr Glu Glu Asp Phe Asn Gly Gly Asp Gly Val Glu Gly Glu Leu
180 185 190

Glu Glu Ser Thr Lys Leu Lys Met Phe Arg Arg Leu Ala Ser Val Ala
195 200 205

Ser Lys Leu Lys Glu Phe Ile Gly Asn Met Ile Thr Thr Ala Gly Lys
210 215 220

Val Val Val Thr Ile Leu Leu Gly Ser Ser Gly Met Met Leu Pro Ser
225 230 235 240

Leu Thr Ser Ser Val Tyr Phe Phe Val Phe Leu Gly Leu Cys Thr Trp
245 250 255

Trp Ser Trp Cys Arg Thr Phe Asp Pro Leu Leu Phe Ser Cys Leu Cys
260 265 270

Val Leu Leu Ala Ile Phe Thr Ala Gly His Leu Ile Gly Leu Tyr Leu
275 280 285

Tyr Gln Phe Gln Phe Phe Gln Glu Ala Val Pro Pro Asn Asp Tyr Tyr
290 295 300

Ala Arg Leu Phe Gly Ile Lys Ser Val Ile Gln Thr Asp Cys Ser Ser
305 310 315 320

Thr Trp Lys Ile Ile Val Asn Pro Asp Leu Ser Trp Tyr His His Ala
325 330 335

Asn Pro Ile Leu Leu Leu Val Met Tyr Tyr Thr Leu Ala Thr Leu Ile
340 345 350

Arg Ile Trp Leu Gln Glu Pro Leu Val Gln Asp Glu Gly Thr Lys Glu
355 360 365

Glu Asp Lys Ala Leu Ala Cys Ser Pro Ile Gln Ile Thr Ala Gly Arg
370 375 380

Arg Arg Ser Leu Trp Tyr Ala Thr His Tyr Pro Thr Asp Glu Arg Lys
385 390 395 400

Leu Leu Ser Met Thr Gln Asp Asp Tyr Lys Pro Ser Asp Gly Leu Leu
405 410 415

Val Thr Val Asn Gly Asn Pro Val Asp Tyr His Thr Ile His Pro Ser
420 425 430

Leu Pro Met Glu Asn Gly Pro Gly Lys Ala Asp Leu Tyr Ser Thr Pro
435 440 445

Gln Tyr Arg Trp Glu Pro Ser Asp Glu Ser Ser Glu Lys Arg Glu Glu
450 455 460

Glu Glu Glu Glu Lys Glu Glu Phe Glu Glu Glu Arg Ser Arg Glu Glu
465 470 475 480

Lys Arg Ser Ile Lys Val His Ala Met Val Ser Val Phe Gln Phe Ile
485 490 495

Met Lys Gln Ser Tyr Ile Cys Ala Leu Ile Ala Met Met Ala Trp Ser
500 505 510

Ile Thr Tyr His Ser Trp Leu Thr Phe Val Leu Leu Ile Trp Ser Cys
515 520 525

Thr Leu Trp Met Ile Arg Asn Arg Arg Lys Tyr Ala Met Ile Ser Ser
530 535 540
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Pro Phe Met Val Val Tyr Gly Asn Leu Leu Leu Ile Leu Gln Tyr Ile
545 550 555 560

Trp Ser Phe Glu Leu Pro Glu Ile Lys Lys Val Pro Gly Phe Leu Glu
565 570 575

Lys Lys Glu Pro Gly Glu Leu Ala Ser Lys Ile Leu Phe Thr Ile Thr
580 585 590

Phe Trp Leu Leu Leu Arg Gln His Leu Thr Glu Gln Lys Ala Leu Gln
595 600 605

Glu Lys Glu Ala Leu Leu Ser Glu Val Lys Ile Gly Ser Gln Glu Asn
610 615 620

Glu Glu Lys Asp Glu Glu Leu Gln Asp Ile Gln Val Glu Gly Glu Pro
625 630 635 640

Lys Glu Glu Glu Glu Glu Glu Ala Lys Glu Glu Lys Gln Glu Arg Lys
645 650 655

Lys Val Glu Gln Glu Glu Ala Glu Glu Glu Asp Glu Gln Asp Ile Met
660 665 670

Lys Val Leu Gly Asn Leu Val Val Ala Met Phe Ile Lys Tyr Trp Ile
675 680 685

Tyr Val Cys Gly Gly Met Phe Phe Phe Val Ser Phe Glu Gly Lys Ile
690 695 700

Val Met Tyr Lys Ile Ile Tyr Met Val Leu Phe Leu Phe Cys Val Ala
705 710 715 720

Leu Tyr Gln Val His Tyr Glu Trp Trp Arg Lys Ile Leu Lys Tyr Phe
725 730 735

Trp Met Ser Val Val Ile Tyr Thr Met Leu Val Leu Ile Phe Ile Tyr
740 745 750

Thr Tyr Gln Phe Glu Asn Phe Pro Gly Leu Trp Gln Asn Met Thr Gly
755 760 765

Leu Lys Lys Glu Lys Leu Glu Asp Leu Gly Leu Lys Gln Phe Thr Val
770 775 780

Ala Glu Leu Phe Thr Arg Ile Phe Ile Pro Thr Ser Phe Leu Leu Val
785 790 795 800

Cys Ile Leu His Leu His Tyr Phe His Asp Arg Phe Leu Glu Leu Thr
805 810 815

Asp Leu Lys Ser Ile Pro Ser Lys Glu Asp Asn Thr Ile Tyr Arg Leu
820 825 830

Ala His Pro Glu Gly Ser Leu Pro Asp Leu Thr Met Met His Leu Thr
835 840 845

Ala Ser Leu Glu Lys Pro Glu Val Arg Lys Leu Ala Glu Pro Gly Glu
850 855 860

Glu Lys Leu Glu Gly Tyr Ser Glu Lys Ala Gln Lys Gly Asp Leu Gly
865 870 875 880

Lys Asp Ser Glu Glu Ser Glu Glu Asp Gly Glu Glu Glu Glu Glu Ser
885 890 895

Glu Glu Glu Glu Glu Thr Ser Asp Leu Arg Asn Lys Trp His Leu Val
900 905 910

Ile Asp Arg Leu Thr Val Leu Phe Leu Lys Phe Leu Glu Tyr Phe His
915 920 925

Lys Leu Gln Val Phe Met Trp Trp Ile Leu Glu Leu His Ile Ile Lys
930 935 940

Ile Val Ser Ser Tyr Ile Ile Trp Val Ser Val Lys Glu Val Ser Leu
945 950 955 960
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Phe

Lys

Ile

Ile

Ile

Leu

Phe

Asn

Thr

Phe

Leu

Met

Arg

Ala

Pro

Phe

Val

Leu

Ala

Asn

Phe

Phe

Gly

Cys

Ile

Asn Tyr Val Phe Leu Ile Ser Trp Ala Phe Ala Leu Pro Tyr Ala
965 970 975

Leu Arg Arg Leu Ala Ser Ser Val Cys Thr Val Trp Thr Cys Val
980 985 990

Ile Val Cys Lys Met Leu Tyr Gln Leu Gln Thr Ile Lys Pro Glu
995 1000 1005

Phe Ser Val Asn Cys Ser Leu Pro Asn Glu Asn Gln Thr Asn
1010 1015 1020

Pro Phe Asn Glu Leu Asn Lys Ser Leu Leu Tyr Ser Ala Pro
1025 1030 1035

Asp Pro Thr Glu Trp Val Gly Leu Arg Lys Ser Ser Pro Leu
1040 1045 1050

Val Tyr Leu Arg Asn Asn Leu Leu Met Leu Ala Ile Leu Ala
1055 1060 1065

Glu Val Thr Ile Tyr Arg His Gln Glu Tyr Tyr Arg Gly Arg
1070 1075 1080

Asn Leu Thr Ala Pro Val Ser Arg Thr Ile Phe His Asp Ile
1085 1090 1095

Arg Leu His Leu Asp Asp Gly Leu Ile Asn Cys Ala Lys Tyr
1100 1105 1110

Ile Asn Tyr Phe Phe Tyr Lys Phe Gly Leu Glu Thr Cys Phe
1115 1120 1125

Met Ser Val Asn Val Ile Gly Gln Arg Met Asp Phe Tyr Ala
1130 1135 1140

Ile His Ala Cys Trp Leu Ile Ala Val Leu Tyr Arg Arg Arg
1145 1150 1155

Lys Ala Ile Ala Glu Ile Trp Pro Lys Tyr Cys Cys Phe Leu
1160 1165 1170

Cys 1Ile Ile Thr Phe Gln Tyr Phe Ile Cys Ile Gly Ile Pro
1175 1180 1185

Ala Pro Cys Arg Asp Tyr Pro Trp Arg Phe Lys Gly Ala Ser
1190 1195 1200

Asn Asp Asn Ile Ile Lys Trp Leu Tyr Phe Pro Asp Phe Ile
1205 1210 1215

Arg Pro Asn Pro Val Phe Leu Val Tyr Asp Phe Met Leu Leu
1220 1225 1230

Cys Ala Ser Leu Gln Arg Gln Ile Phe Glu Asp Glu Asn Lys
1235 1240 1245

Ala Val Arg Ile Met Ala Gly Asp Asn Val Glu Ile Cys Met
1250 1255 1260

Leu Asp Ala Ala Ser Phe Ser Gln His Asn Pro Val Pro Asp
1265 1270 1275

Ile His Cys Arg Ser Tyr Leu Asp Met Ser Lys Val Ile Ile
1280 1285 1290

Ser Tyr Leu Phe Trp Phe Val Leu Thr Ile Ile Phe Ile Thr
1295 1300 1305

Thr Thr Arg Ile Ser Ile Phe Cys Met Gly Tyr Leu Val Ala
1310 1315 1320

Phe Tyr Phe Leu Leu Phe Gly Gly Asp Leu Leu Leu Lys Pro
1325 1330 1335

Lys Ser Ile Leu Arg Tyr Trp Asp Trp Leu Ile Ala Tyr Asn
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1340 1345 1350

Val Phe Val Ile Thr Met Lys Asn Ile Leu Ser Ile Gly Ala Cys
1355 1360 1365

Gly Tyr Ile Gly Thr Leu Val His Asn Ser Cys Trp Leu Ile Gln
1370 1375 1380

Ala Phe Ser Leu Ala Cys Thr Val Lys Gly Tyr Gln Met Pro Ala
1385 1390 1395

Ala Asn Ser Pro Cys Thr Leu Pro Ser Gly Glu Ala Gly Ile Ile
1400 1405 1410

Trp Asp Ser Ile Cys Phe Ala Phe Leu Leu Leu Gln Arg Arg Val
1415 1420 1425

Phe Met Ser Tyr Tyr Phe Leu His Val Val Ala Asp Ile Lys Ala
1430 1435 1440

Ser Gln 1Ile Leu Ala Ser Arg Gly Ala Glu Leu Phe Gln Ala Thr
1445 1450 1455

Ile Val Lys Ala Val Lys Ala Arg Ile Glu Glu Glu Lys Lys Ser
1460 1465 1470

Met Asp Gln Leu Lys Arg Gln Met Asp Arg Ile Lys Ala Arg Gln
1475 1480 1485

Gln Lys Tyr Lys Lys Gly Lys Glu Arg Met Leu Ser Leu Thr Gln
1490 1495 1500

Glu Pro Gly Glu Gly Gln Asp Met Gln Lys Leu Ser Glu Glu Asp
1505 1510 1515

Asp Glu Arg Glu Ala Asp Lys Gln Lys Ala Lys Gly Lys Lys Lys
1520 1525 1530

Gln Trp Trp Arg Pro Trp Val Asp His Ala Ser Met Val Arg Ser
1535 1540 1545

Gly Asp Tyr Tyr Leu Phe Glu Thr Asp Ser Glu Glu Glu Glu Glu
1550 1555 1560

Glu Glu Leu Lys Lys Glu Asp Glu Glu Pro Pro Arg Arg Ser Ala
1565 1570 1575

Phe Gln Phe Val Tyr Gln Ala Trp Ile Thr Asp Pro Lys Thr Ala
1580 1585 1590

Leu Arg Gln Arg His Lys Glu Lys Lys Arg Ser Ala Arg Glu Glu
1595 1600 1605

Arg Lys Arg Arg Arg Lys Gly Ser Lys Glu Gly Pro Val Glu Trp
1610 1615 1620

Glu Asp Arg Glu Asp Glu Pro Ile Lys Lys Lys Ser Asp Gly Pro
1625 1630 1635

Asp Asn Ile Ile Lys Arg Ile Phe Asn Ile Leu Lys Phe Thr Trp
1640 1645 1650

Val Leu Phe Leu Ala Thr Val Asp Ser Phe Thr Thr Trp Leu Asn
1655 1660 1665

Ser Ile Ser Arg Glu His Ile Asp Ile Ser Thr Val Leu Arg Ile
1670 1675 1680

Glu Arg Cys Met Leu Thr Arg Glu Ile Lys Lys Gly Asn Val Pro
1685 1690 1695

Thr Arg Glu Ser Ile His Met Tyr Tyr Gln Asn His Ile Met Asn
1700 1705 1710

Leu Ser Arg Glu Ser Gly Leu Asp Thr Ile Asp Glu His Pro Gly
1715 1720 1725
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Ala Ala Ser Gly Ala Gln Thr Ala His Arg Met Asp Ser Leu Asp
1730 1735 1740

Ser His Asp Ser Ile Ser Ser Glu Pro Thr Gln Cys Thr Met Leu
1745 1750 1755

Tyr Ser Arg Gln Gly Thr Thr Glu Thr Ile Glu Glu Val Glu Ala
1760 1765 1770

Glu Gln Glu Glu Glu Ala Gly Ser Thr Ala Pro Glu Pro Arg Glu
1775 1780 1785

Ala Lys Glu Tyr Glu Ala Thr Gly Tyr Asp Val Gly Ala Met Gly
1790 1795 1800

Ala Glu Glu Ala Ser Leu Thr Pro Glu Glu Glu Leu Thr Gln Phe
1805 1810 1815

Ser Thr Leu Asp Gly Asp Val Glu Ala Pro Pro Ser Tyr Ser Lys
1820 1825 1830

Ala Val Ser Phe Glu His Leu Ser Phe Gly Ser Gln Asp Asp Ser
1835 1840 1845

Ala Gly Lys Asn Arg Met Ala Val Ser Pro Asp Asp Ser Arg Thr
1850 1855 1860

Asp Lys Leu Gly Ser Ser Ile Leu Pro Pro Leu Thr His Glu Leu
1865 1870 1875

Thr Ala Ser Glu Leu Leu Leu Lys Lys Met Phe His Asp Asp Glu
1880 1885 1890

Leu Glu Glu Ser Glu Lys Phe Tyr Val Gly Gln Pro Arg Phe Leu
1895 1900 1905

Leu Leu Phe Tyr Ala Met Tyr Asn Thr Leu Val Ala Arg Ser Glu
1910 1915 1920

Met Val Cys Tyr Phe Val Ile Ile Leu Asn His Met Val Ser Ala
1925 1930 1935

Ser Met Ile Thr Leu Leu Leu Pro Ile Leu Ile Phe Leu Trp Ala
1940 1945 1950

Met Leu Ser Val Pro Arg Pro Ser Arg Arg Phe Trp Met Met Ala
1955 1960 1965

Ile Val Tyr Thr Glu Val Ala 1Ile Val Val Lys Tyr Phe Phe Gln
1970 1975 1980

Phe Gly Phe Phe Pro Trp Asn Lys Asn Val Glu Val Asn Lys Asp
1985 1990 1995

Lys Pro Tyr His Pro Pro Asn Ile Ile Gly Val Glu Lys Lys Glu
2000 2005 2010

Gly Tyr Val Leu Tyr Asp Leu Ile Gln Leu Leu Ala Leu Phe Phe
2015 2020 2025

His Arg Ser Ile Leu Lys Cys His Gly Leu Trp Asp Glu Asp Asp
2030 2035 2040

Met Thr Glu Ser Gly Met Ala Arg Glu Glu Ser Asp Asp Glu Leu
2045 2050 2055

Ser Leu Gly His Gly Arg Arg Asp Ser Ser Asp Ser Leu Lys Ser
2060 2065 2070

Ile Asn Leu Ala Ala Ser Val Glu Ser Val His Val Thr Phe Pro
2075 2080 2085

Glu Gln Gln Thr Ala Val Arg Arg Lys Arg Ser Gly Ser Ser Ser
2090 2095 2100

Glu Pro Ser Gln Arg Ser Ser Phe Ser Ser Asn Arg Ser Gln Arg
2105 2110 2115
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Gly Ser Thr Ser Thr Arg Asn Ser Ser Gln Lys Gly Ser Ser Val
2120 2125 2130

Leu Ser Ile Lys Gln Lys Gly Lys Arg Glu Leu Tyr Met Glu Lys
2135 2140 2145

Leu Gln Glu His Leu Ile Lys Ala Lys Ala Phe Thr Ile Lys Lys
2150 2155 2160

Thr Leu Glu Ile Tyr Val Pro Ile Lys Gln Phe Phe Tyr Asn Leu
2165 2170 2175

Ile His Pro Glu Tyr Ser Ala Val Thr Asp Val Tyr Val Leu Met
2180 2185 2190

Phe Leu Ala Asp Thr Val Asp Phe Ile Ile Ile Val Phe Gly Phe
2195 2200 2205

Trp Ala Phe Gly Lys His Ser Ala Ala Ala Asp Ile Thr Ser Ser
2210 2215 2220

Leu Ser Glu Asp Gln Val Pro Gly Pro Phe Leu Val Met Val Leu
2225 2230 2235

Ile Gln Phe Gly Thr Met Val Val Asp Arg Ala Leu Tyr Leu Arg
2240 2245 2250

Lys Thr Val Leu Gly Lys Val Ile Phe Gln Val Ile Leu Val Phe
2255 2260 2265

Gly Ile His Phe Trp Met Phe Phe Ile Leu Pro Gly Val Thr Glu
2270 2275 2280

Arg Lys Phe Ser Gln Asn Leu Val Ala Gln Leu Trp Tyr Phe Val
2285 2290 2295

Lys Cys Val Tyr Phe Gly Leu Ser Ala Tyr Gln Ile Arg Cys Gly
2300 2305 2310

Tyr Pro Thr Arg Val Leu Gly Asn Phe Leu Thr Lys Ser Tyr Asn
2315 2320 2325

Tyr Val Asn Leu Phe Leu Phe Gln Gly Phe Arg Leu Val Pro Phe
2330 2335 2340

Leu Thr Glu Leu Arg Ala Val Met Asp Trp Val Trp Thr Asp Thr
2345 2350 2355

Thr Leu Ser Leu Ser Ser Trp Ile Cys Val Glu Asp Ile Tyr Ala
2360 2365 2370

His Ile Phe Ile Leu Lys Cys Trp Arg Glu Ser Glu Lys Arg Tyr
2375 2380 2385

Pro Gln Pro Arg Gly Gln Lys Lys Lys Lys Val Val Lys Tyr Gly
2390 2395 2400

Met Gly Gly Met Ile Ile Val Leu Leu Ile Cys Ile Val Trp Phe
2405 2410 2415

Pro Leu Leu Phe Met Ser Leu Ile Lys Ser Val Ala Gly Val Ile
2420 2425 2430

Asn Gln Pro Leu Asp Val Ser Val Thr Ile Thr Leu Gly Gly Tyr
2435 2440 2445

Gln Pro Ile Phe Thr Met Ser Ala Gln Gln Ser Gln Leu Lys Val
2450 2455 2460

Met Asp Gln Gln Ser Phe Asn Lys Phe Ile Gln Ala Phe Ser Arg
2465 2470 2475

Asp Thr Gly Ala Met Gln Phe Leu Glu Asn Tyr Glu Lys Glu Asp
2480 2485 2490

Ile Thr Val Ala Glu Leu Glu Gly Asn Ser Asn Ser Leu Trp Thr
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2495 2500 2505

Ile Ser Pro Pro Ser Lys Gln Lys Met Ile His Glu Leu Leu Asp
2510 2515 2520

Pro Asn Ser Ser Phe Ser Val Val Phe Ser Trp Ser Ile Gln Arg
2525 2530 2535

Asn Leu Ser Leu Gly Ala Lys Ser Glu Ile Ala Thr Asp Lys Leu
2540 2545 2550

Ser Phe Pro Leu Lys Asn Ile Thr Arg Lys Asn Ile Ala Lys Met
2555 2560 2565

Ile Ala Gly Asn Ser Thr Glu Ser Ser Lys Thr Pro Val Thr Ile
2570 2575 2580

Glu Lys 1Ile Tyr Pro Tyr Tyr Val Lys Ala Pro Ser Asp Ser Asn
2585 2590 2595

Ser Lys Pro Ile Lys Gln Leu Leu Ser Glu Asn Asn Phe Met Asp
2600 2605 2610

Ile Thr Ile Ile Leu Ser Arg Asp Asn Thr Thr Lys Tyr Asn Ser
2615 2620 2625

Glu Trp Trp Val Leu Asn Leu Thr Gly Asn Arg Ile Tyr Asn Pro
2630 2635 2640

Asn Ser Gln Ala Leu Glu Leu Val Val Phe Asn Asp Lys Val Ser
2645 2650 2655

Pro Pro Ser Leu Gly Phe Leu Ala Gly Tyr Gly Ile Met Gly Leu
2660 2665 2670

Tyr Ala Ser Val Val Leu Val Ile Gly Lys Phe Val Arg Glu Phe
2675 2680 2685

Phe Ser Gly Ile Ser His Ser Ile Met Phe Glu Glu Leu Pro Asn
2690 2695 2700

Val Asp Arg Ile Leu Lys Leu Cys Thr Asp Ile Phe Leu Val Arg
2705 2710 2715

Glu Thr Gly Glu Leu Glu Leu Glu Glu Asp Leu Tyr Ala Lys Leu
2720 2725 2730

Ile Phe Leu Tyr Arg Ser Pro Glu Thr Met Ile Lys Trp Thr Arg
2735 2740 2745

Glu Lys Thr Asn
2750

<210> SEQ ID NO 21

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mus musculus primer

<400> SEQUENCE: 21

atggagccgce acgtgctg 18
<210> SEQ ID NO 22

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mus musculus primer

<400> SEQUENCE: 22

ctactceccte tcacgtgtece a 21
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 23

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Mus musculus primer

<400> SEQUENCE: 23

atggcttegyg aagtggtgtg c

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 24

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Mus musculus primer

<400> SEQUENCE: 24

tcagtttgtt ttttctctag tccac

21

25

1-45. (canceled)

46. A method of ameliorating pain in a subject, the method
comprising administering to the subject a) an antibody that
antagonizes the activity of a mechanically activated cation
channel polypeptide of SEQID NO:2, SEQ ID NO:4, SEQID
NO:18, or SEQ ID NO:20, or b) an antisense oligonucleotide
or small interfering RNA (siRNA) complementary to at least
15 contiguous nucleotides of SEQ ID NOs 1, 3, 17, or 19
wherein the antisense oligonucleotide or siRNA inhibits pro-
duction of the mechanically activated cation channel
polypeptide.

47. The method of claim 1, wherein the polypeptide com-
prises SEQ ID NO:4 or SEQ ID NO:20.

48. The method of claim 1 wherein the polypeptide is
expressed in bladder, colon, kidney, lung, or skin.

49. The method of claim 1, wherein the polypeptide is
expressed in a dorsal root ganglion neuron.

50. The method of claim 1, wherein the subject is a mam-
mal.

51. The method of claim 1, wherein the subject is a human.

52. The method of claim 1, wherein the pain is selected
from the group consisting of acute mechanical pain, chronic
mechanical pain, mechanical hyperalgesia, mechanical allo-
dynia, arthritis, inflammation, dental pain, cancer pain, and
labor pain.

53. The method of claim 1, wherein the antibody is a
monoclonal antibody, a humanized antibody or a chimeric
antibody.

54. The method of claim 1, wherein the antisense oligo-
nucleotide or siRNA comprises any one of SEQ ID NOs 5-16.

55. An isolated antisense oligonucleotide or small interfer-
ing RNA (siRNA) complementary to at least 15 contiguous
nucleotides of SEQ ID NOs:1, 3, 17, or 19 and encodes a
mechanically-activated cation channel polypeptide, wherein
the antisense oligonucleotide or siRNA inhibits production of
the mechanically-activated cation channel polypeptide.

56. The isolated antisense oligonucleotide or siRNA of
claim 10, wherein the antisense oligonucleotide or siRNA
comprises any one of SEQ ID NOs:5-16.

57. An expression cassette comprising a promoter operably
linked to a polynucleotide comprising the antisense oligo-
nucleotide or siRNA of claim 10.

58. A vector comprising the expression cassette of claim
12.

59. A cell comprising the expression cassette or expression
vector of claim 13, wherein the expression cassette or expres-
sion vector is heterologous to the cell.

60. An antibody that antagonizes the activity of a mechani-
cally-activated cation channel selected from SEQ ID NO:2,
SEQ ID NO:4, SEQ ID NO:18, or SEQ ID NO:20.

61. The antibody of claim 15, wherein the antibody is a
monoclonal antibody, a humanized antibody or a chimeric
antibody.

62. A method of screening for an agent that modulates the
activity of a mechanically-activated cation channel, the
method comprising:

contacting a mechanically-activated cation channel

polypeptide having at least 70% amino acid sequence
identity to at least one of SEQ ID NOs:2, 4, 18, or 20
with an agent; and

selecting the agent that modulates the activity of the

mechanically-activated cation channel polypeptide.

63. The method of claim 17, wherein the activity of the
mechanically-activated cation channel polypeptide is deter-
mined by measuring an electrophysiological change medi-
ated by the polypeptide comprising any of a change in mem-
brane potential, a change in current, an influx of a cation, or a
mechanically activated electrophysiological change; and
wherein measuring optionally comprises any of:

i) measuring a membrane potential with a membrane

potential dye,

i) measuring an electrophysiological change with a patch-
clamp assay, and

iii) measuring a mechanically activated electrophysiologi-
cal change.

64. The method of claim 17, wherein the polypeptide is
expressed in a cell and the contacting comprises contacting
the cell with the agent; wherein the cell optionally:

i) comprises a heterologous expression cassette compris-
ing a promoter operably linked to a polynucleotide
encoding the mechanically-activated cation channel
polypeptide;
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i1) is a eukaryotic cell;

iii) is a neuron; or

iv) is in an animal.

65. The method of claim 17, wherein the polypeptide com-
prises SEQ IDNO:2, SEQ ID NO:4, SEQ IDNO:18, or SEQ
1D NO:20.
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