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[0001] speci @hé gREent invention is related to a high throughput screening method
for compounds that impact taste. More specifically, the present invention
relates to a screening method useful in the identification of compounds that
affect taste sensation by modulating the activity of the ion channel TRPMS.
The screening method, using fluorescent membrane potential dyes, allows for
the rapid screening of thousands of compounds by providing a visual

fluorescent readout that can be easily automated.
Background

[0002] Taste perception not only plays a critical role in the nutritional status of
human beings, but is also essential for the survival of both lower and higher
animals (Margolskee, R.F. J Biol. Chem. 277:1-4 (2002); Avenet, P. and
Lindemann, B. J. Membrane Biol. 112:1-8 (1989)). Taste perception is carried
out by taste receptor cells (TRCs). TRCs perceive the multitude of
compounds that are associated with a given taste, and convert that perception
to a signal deciphered by the brain, resulting in sweet, bitter, sour, salty, or
umami (savory) taste.

[0003] - TRCs are polarized epithelial cells, meaning they have specialized
apical and basolateral membranes. Taste buds contain 60-100 TRCs, each

having a tiny portion of its membrane exposed on the mucosal surface of the
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(nucleotlde -gated channels). Still other ion channels are modulated by

interactions with proteins, such as G-proteins (G-protein coupled receptors or
GPCRs).

[0005] Most ion channel proteins mediate the permeation of one predominant
ionic species. For example, sodium (Na"), potassium (K*), chloride (CI), and
calcium (Ca?*) channels have been identified.

[0006] One recently discovered ion channel, TRPMS, has been shown to be
essential for taste transduction. Perez et al., Nature Neuroscience 5:1169-
1176 (2002); Zhang et al., Cell 112:293-301 (2003). TRPMS is a member of
the transient receptor potential (TRP) family of jon channels. TRPMS5 forms a
channel through the membrane of the taste receptor cell, and is believed to be
activated by stimulation of a receptor pathway coupled to phospholipase C and

by IP;-mediated Ca®* release. The opening of this channel is dependent on a
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TRBDE) .is the first example of a voltage-modulated, Ca’ —actlvated,

monovalent cation channel that has rapid activation/deactivation kinetics
(Hofmann et al. 2003).

[0009] Ton channel activation or inhibition may be determined by measuring
changes in cell membrane potential when cells are exposed to certain stimuli.
This is an indirect method of evaluating ion channel modulation, as cell
membrane potential may be affected by multiple channels.

[0010] One method for testing ion channel activity is to measure changes in
cell membrane potential using the patch-clamp technique. (Hamill et al,
Nature 294:462-4 (1981)). In this technique, a cell is attached to an electrode
containing a micropipette tip which directly measures the electrical conditions
of the cell. This allows detailed biophysical characterization of changes in

membrane potential in response to various stimuli. Thus, the patch-clamp
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orientation in the cell membrane bilayer from an intracellular to extracellular
location. This flip causes an increase in fluorescence that is easily detected
and quantified usually using an optical reader. Optical readouts of ion channel
function are favorable for high throughput screening because they are
potentially sensitive, versatile, and amenable to miniaturization and
automation. Present day optical readers detect fluorescence from multiple
samples in a short time and can be automated. Fluorescence readouts are used
widely both to monitor intracellular ion concentrations and to measure
membrane potentials.

[0013] In an attempt to overcome some of the shortcomings of traditional
fluorescent dyes, modified bisoxonol fluorescent dyes such as the FLIPR®
Membrane Potential dyes (FMP) from Molecular Devices were developed.

FMP dyes have been effective in correlating fluorescence with membrane
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BRIEF SUMMARY OF THE INVENTION

[0016] A new high throughput screening assay has been discovered that
allows for the rapid screening of compounds that modulate TRPMS ion
channel activity. The method of the invention is more selective than méthods
that rely only on evaluation of a change in membrane potential. The invention
will allow a practitioner to distinguish agents that are nonspecific modulators
of ion channels from agents that act via modulation of TRPMS5. Moreover, the
method will allow thousands of compounds that potentially modulate this fast
ion channel, and affect taste, to be screened quickly and reliably.

[0017] An embodiment of the present invention is a high throughput screening

assay for screening potential enhancers of the TRPMS ion channel comprising
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”fl@[tl\%g gahJPduimas been preloaded with a membrane potential dye in the
presence of potassium chloride and the absence of the test compound; and
evaluating whether the test compound may be a TRPMS5-specific modulator by
determining if the ratio of the fluorescent intensity with KCl and the test
compound to the intensity with KCl in the absence of the test compound is less
than or greater than 1.

[0019] An additional embodiment of the invention is a high throughput
screening assay for determining whether a test compound is a TRPMS ion
channel-specific modulator comprising contacting a cell that expresses
TRPMS and has been preloaded with an intracellular calcium dye, with a test
compound and a suboptimal concentration of a calcium modulating agent that
increases intracellular calcium concentration; using an optical detector,
measuring the fluorescent intensity of said cell in the presence of said calcium

modulating compound; comparing the measured fluorescent intensity
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[0021] In some embodiments, the nonfunctional TRPMS5 contains a deletion
of the first 1000 base pairs of the TRPM5 gene. In another embodiment, the
nonfunctional TRPMS5 contains a deletion of the first 2000 base pairs of the
TRPMS gene.

[0022] In some embodiments, the claimed method further comprises selecting
a compound that enhances TRPMS5 activity: In other embodiments, the
claimed method' further comprises selecting a compound that inhibits TRPMS5
activity.

[0023] In additional embodiments, the claimed method is directed to screening

cells that are located in a multi-well vessel. The multi-well vessels of the
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Pathway HT. In one embodiment of the invention, the optical detector is a

FLIPR®.

[0027] Further embodiments, features, and advantages of the present
inventions, as well as the structure and operation of the various embodiments
of the present invention, are described in detail below with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0028] The accompanying drawings, which are incorporated herein and form a
part of the specification, illustrate one or more embodiments of the present
invention an&, together with the description, further serve to explain the
principles of the invention and to enable a person skilled in the pertinent art to
make and use the invention.

[0029] FIG. 1 shows a demonstration of TRPMS5-dependent fluorescent
signaling in Chinese Hamster Ovary (CHO) cells. CHO cells transfected with
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[0032] FIG. 4 shows High and Low controls for the TRPMS5 high throughput
screening assay using a FLIPR-Tetra™. The assay has a high signal to noise
(High Control vs Low Controls) with a Z’ value of 0.76. A value of Z’ >0.5
indicates a robust assay for high throughput screening. (Zhang, J. H. et al. J.
Biomol. Screen. 4:67-73 (1999)). (Z* = 1-((3*SDuc  +3*SDrc)/(AVGgc-
AVGio)).

[0033] FIGS. 5A-5C show stimulation of cells stably expressing TRPMS5
using ATP (FIG. 5A), carbachol (FIG. 5B) or thrombin (FIG. 5C) measured
using a FLIPR®.

[0034] FIG. 6 shows results from a TRPMS5 high throughput screen on greater
than 85,000 compounds. The data is presented as frequency distribution of
percent inhibition of control responses. Each compound. was tested at a
concentration of 10 pM.

[0035] FIG. 7 shows a'schematic representation of the TRPMS5 specificity

filter using Ca++ response and KCI counterscreen assays.



[0029] FIG 1 shows a denonstration of TRPMb-dependent
fluorescent signaling in Chinese Hanster Ovary (CHO
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[00411hi gh tP']!GSU@MHBBSQ{o%&h@ Bt RATEETRPMS deletion mutant on the
ability of the calcium ionophore A23187 (FIG. 13A) or carbachol (FIG. 13B)

to cause TRPM5-mediated stimulation.,

DETAILED DESCRIPTION OF THE INVENTION

Overview

[0042] The invention is a high throughput screening assay for compounds that
modulate the activity of TRPMS. Since regulators of TRPMS are likely to
affect taste sensation, the invention, therefore, provides the first high
throughput screening method useful for the identification of tastants that may
specifically modulate TRPMS. This method is more selective than other
screens for compounds that may impact taste because this method employs
counterscreening, the use of subdptimal dosing, and dominant negative
mutants of TRPMS.
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concentration of 10 MM [0035] FIG 7 shows a
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(FIG 8A) and Ca++ fl ux (H: G 8B) filters identify

non-sel ective inhibitory conpounds. [0037] FIGS. 9A-9C
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above descnbed method. These parallel methods include the use of a
potassium chloride counterscreen, the use of suboptimal doses of compounds
known to stimulate the channel, and the use of a dominant-negative TRPMS5
channel that is biologically inactive.

[0045] While specific configurations and arrangements are discussed, it
should be understood that this is done for illustrative purposes only. A person
skilled in the pertinent art will recognize that other configurations and
arrangements can be used without departing from the spirit and scope of the
present invention. It will be apparent to a person skilled in the pertinent art

that this invention can also be employed in a variety of other applications.
Cells

[0046] Cells for use in the method of the invention contain either a functional
or non-functional TRPMS. The practitioner may use cells in which TRPMS5 is
endogenous or may introduce TRPMS into a cell. If TRPMS is endogenous to
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[0047] N ught %tlilﬁﬁS %grrlep %Sgic’prgsrs],le&/ as 'g‘ PE Iidsaotglanscript in a variety of
fetal and adult tissues (Prawitt et al. Hum. Mol. Gen. 9:203-216 (2000)).
Human TRPMS5 has a putative reading frame containing 24 exons which
encode an 1165 amino acid, membrane spanning polypeptide. The National
Center for Biotechnology Information (NCBI) database lists several sequences
for both the nucleic acid (NP_064673, NP_055370, AAP44477, AAP44476)
and amino acid (NM_014555, NM_ 020277, AY280364, AY280365)
sequences for both the human and mouse forms of TRPMS5, respectively. The
inclusion of the above sequences is for the purpose of illustration of the
TRPMS genetic sequence, however the invention is not limited to one of the
disclosed sequences.

[0048] It is recognized in the art that there can be significant heterogeneity in
a gene sequence depending on the source of the isolated sequence. The

invention contemplates the use of conservatively modified variants of TRPMS.
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[0050] Conservative substitution tables providing functionally similar amino
acids are well known in the art. For example, one exemplary guideline to
select conservative substitutions includes (original residue followed by
exemplary substitution): ala/gly or ser; arg/lys; asn/gln or his; asp/glu; cys/ser;
gln/asn; gly/asp; gly/ala or pro; his/asn or gln; ile/leu or val; leu/ile or val;
lys/arg or-gln or glu; met/leu or tyr or ile; phe/met or leu or tyr; ser/thr; thr/ser;
trp/tyr; tyr/trp or phe; valfile or leu. An alternative exemplary guideline uses
the following six groups, each containing amino acids that are conservative
substitutions for one another: 1) Alanine (A), Serine (S), Threonine. (T); 2)
Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q); 4)
Arginine (R), Lysine (I); 5) Isoleucine (I), Leucine (L), Methionine (M),
Valine (V); and 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); (see
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modification herein is meant a modification in which the wildtype residue and

the mutant residue differ significantly in one or more physical properties,
including hydrophobicity, charge, size, and shape. For example, modifications’
from a polar residue to a nonpolar residue or vice-versa, modifications from
positively charged residues to negatively charged residues or vice versa, and
modifications from large residues to small residues or vice versa are
nonconservative modifications. For example, substitutions may be made
which more significantly affect: the structure of the polypeptide backbone in
the area of the alteration, for example the alpha-helical or beta-sheet structure;
the charge or hydrophobicity of the molecule at the target site; or the bulk of
the side chain. The substitutions which in general are expected to produce the
greatest changes in the polypeptide's properties are those in which (@ a
hydrophilic residue, e.g. seryl or threonyl, is substituted for (or by) a
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permanently transfected or transformed with the appropriate proteins or
nucleic acids encoding them, or may be cells or cell lines that express the
required TRPMS from endogenous (i.e. not artificially introduced) genes.
[0055] Expression of the TRPMS protein refers to the translation of the
TRPMS5 polypeptide from a TRPMS5 gene sequence either from an endogenous
gene or from nucleic acid introduced into a cell. The term "in situ" where
used herein includes all these possibilities. Thus in situ methods may be
performed in a suitably responsive cell line which expresses the TRPMS
(either as a native channel, or from a nucleic acid introduced into the cell). The
cell line may be in tissue culture or may be, for e)';ample, a cell line xenograft

in a non-human animal subject.
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[0056] \pqi fAscutedohpseipe thy tesmbellt meinbrasy” r&prs to a lipid bilayer

. o r . fication.herein is nmeant a
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significantly affect: the structure of the po ptide
thnggasofanicrest: Raefarred selectable nsdrkers andlade, thbsr whichnginer

0 lLcal o t,a-sheet. structure: the charge
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or, al anyl ;. (b). a cysteine or proline is substituted
I’?@F“@S?%f%%‘a’o‘i’%i‘“‘rt?‘%@_ eﬁﬁ@g %9) a residue having an
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histidyl, is substituted for to}
apy eaft p oneger i of indssibdegromotgrs dhowanipl ther asts pach yds; aor

. residue.havin y side chain,
by TP g, AR L Tbroeiiny FReE m be
sélastively resehnttd dhithb Bell Sefnbratlelti ditBile® BEHrekRAG R the
the variant TRPMb proteins of the present invention
Triyoangd Tetzoff gxpypssion systems provided by Clontech (Gossen, M. and
Bujard, H. Proc. Natl. Acad. Sci. USA 89: 5547-5551 (1992)). In the Tet-on

system, gene expression is activated by the addition of a tetracycline

derivative doxycycline (Dox), whereas in the Tet-off system, gene expression
is turned on by the withdrawal of tetracyline (Tc) or Dox. Any other inducible
mammalian gene expression system may also be used. Examples include
systems using heat shock factors, steroid hormones, heavy metal ions, phorbol
ester and interferons to conditionally expressing genes in mammalian cells.
[0059] The cell lines used in assays of the invention may be used to achieve
transient expression of TRPMS5, or may be stably transfected with constructs
that express a TRPMS5 peptide. Means to generate stably transformed cell lines

are well known in the art and such means may be used here. Examples of cells



nonconservative nodification, hi one enbodi nent, the
variant TRPMb protein results fromtranslation of a
w@odognsabeot i de in which the first 1000 base peCT/ESWN6/042989
the TRPMb gene have been del eted. In another
enbodi nent, the variant TRPMb protein results from
translation of a polynucleotide in which the first
2000 base pairs of the TRPMb gene have been del et ed.
[ 0053] The variant proteins may be generated, for
.exanpl. e, by using aPDA(tm system previously described
Hil“fyiués‘:: Sut prginot fgaiteddo (FgnagFHamston@yayACHO MO 3COS-7,
N appi Ry U.S. Pat. No. 5,506,107), gene
}ggﬁﬁﬁﬁ?ﬁgg( ]%1?%§§g§3, site saturation nutagenesis,
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eslffeSdidiP Rofl ﬁétér@l%}g@hst frc1&l QCi'iiye?fég'din% Refs. e S’llakr Ye
used in methods of the present 1 nvention ray Be
usede dbait endngenousbxtexpesed TRPMS owitanit Stie, intlydubgorc &Jfl s

e e P Re oL PP ey Ypfesiorelt expres utiienafevets of

TREN®ifor asd msthenaeHlbddof ARMnvektidHYr Qﬁaff @)%gréssoénlf G
| i nes. that express the required TRPM6 from endogenous

Iqvelseof TRgM abjahirequird sppplemestition dy deseribsl hréi955]
[0061] EXPT %3100 @ i 88118 AP REY Sl Ond Bengead B¥ne

‘translation of the T pol'ypep
irgecpsmgdbe Bivtlhef efprossicanofhel egdspencusgRne Bhddgdefdis gene
jdintroduced into a cell. The term"in

nucl.ei C C M
agityagion, jgBRgucR & KREIEI R therl gad ncipde, bHese not limited to,
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in a suitably responsive cel’l |'ine |éﬁ'expresses he
amRENBqidi trimseriptionafactrs (Barkhamnak | NatoBidtedhm 24: 120641011 ¢
( '? introduced into the cell). The cell line may be

intissue culture or may be, for exanple, a cell l|ine

[0062] Xxenoghafitydl rofaTRPNEN eRERssiH TRla SHPIRG! bk AeGhids Ysed
herein, the term"cell menbrane” refers to a lipid
teshpigpes kgewn donthienart.ainsluslingyibwal not olimpied ennycleiedacid
h ! cg%g%?lf ﬁ)gh)%ge{%gt %ﬂea?? ?1%5'1(!&0%9 %{Tallsgl El%teséggllﬂ 30’[”% (o] Er?gr,]e’
immunocytochemistry and Western blotting. Alternatively, TRPMS5

expression can be measured using a reporter gene system. Such systems,
which include for example red or green fluorescent protein (see, e.g. Mistili
and Spector, Nature Biotechnology 15:961-964 (1997), allow visualization of
the reporter gene using standard techniques known to those of skill in the art,
for example, fluorescence microscopy. Furthermore, the ability of TRPMS to
be activated by known positive modulating compounds, such as thrombin,
may be determined following manipulation of the TRPMS5 expressing cells.
[0063] Cells described herein may be cultured in any conventional nutrient
media. The culture conditions, such as media, temperature, pH and the like,
can be selected by the skilled artisan without undue experimentation. In
general, principles, protocols, and practical techniques for maximizing the

productivity of cell cultures can be found in "Mammalian Cell Biotechnology:



[0057] For stable transfection of mammalian cells,
dependi ng upon the expression vector and transfection
wao e@hinsgoee used, only a small fraction of cel | BCTEHS2006/042989

integrate the foreign DNA into their genonme. In order

to identify and select these integrants, a gene that

encodes a selectable marker (e.g., resistance to

antibiotics) is generallyjdntroduced into the host

cell along with the gene of interest. Preferred

sel ectabl e markers include those which confer
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ﬂgﬁhotrexate A nucleic acid encoding a selectable
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vector as that encoding TRPMb, or can be introduced in

a separate vector, Cells stably transfected with the

IPH??@ cepleinm astivatien d can be i dentified by drag

selection (e.g., cells that have incorporated the

sel ectabl e marker gene will survive, while the other
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[0065] As described below, application of suboptimal doses of calcium
activating agents can be used as a secondary screen for TRPMS5 modulating
specificity. Test cells are incubated with lower doses of the calcium activating
agents described above, such that a fluorescent response that is lower than the
maximum achievable response is generated. Generally, the dose is referred to
as the effect concentration or ECa.39, which relates to the effect condition
where the fluorescent intensity is 20-30% of the maximal response. As used
herein, "EC" refers to effect condition, such that ECyg refers to the effect
condition where the fluorescent intensity is 20% of the maximal response is
generated. Upon the addition of a TRPM5-specific activating compound, this

low response will be increased to at, or near, maximal levels of activation.



that express a TRPMb peptide. Means to generate stably
transforned cell lines are well known in the art and
waeomh/osaens may be used here. Exanpl es of cel | BCTUF200€042989
but are not limted to Chinese Hanster Ovary (CHO
cells, COS-7, HeLaSHEK 293, PC-12, and BAF. [0060] The
| evel of TRPMb expression in a cell nmay be increased
by introducing a TRPMb nugdeic acid into the cells or
by causing or allow ng expression froma heterol ogous
nucl ei c acid encodi ng TRPVMb. A cell may be used that
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et al. Nat. Biotech. 27:71208-1214 (2003). [0062] The
| evel of TRPMb expression in a cell may be determn ned
i s known in the art, including but not
FF'lyorlr{eféggpngsenucl ei c acid hybridization, polynerase
chain reaction, RNase protection, dot blotting,
i mu tochem stry and Western bl otting.
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activity of an ion channel such as TRPMS, expressed in a cell. Voltage-

sensitive dyes include, but are not limited to, modified bisoxonol dyes, sodium
dyes, potassium dyes and thorium dyes. The dyes enter cells and bind to
intracellular proteins or membranes, therein exhibiting enhanced fluorescence
and red spectral shifts (Epps et al., Chem. Phys. Lipids 69:137-150 (1994)).
Increased depolarization results in more influx of the anionic dye and thus an
increase in fluorescence.

[0068] The TRPMS5 cells of the assay are preloaded with the membrane
potential dyes for 30-240 minutes prior to addition of test compounds.
Preloading refers to the addition of the fluorescent dye for a period prior to test
compound addition during which the dye enters the cell and binds to
intracellular lipophilic moieties.

[0069] In one embodiment, the membrane potential dyes are FMP dyes
available from Molecular Devices (Catalog Nos. R8034, R8123). In other



maybe determined foll owi ng mani pul ati on of the TRPMb

expressing cells. [0063] Cells described herein may be
w@eiorasac i n any conventional nutrient nedia. AEEUS2006/042989

cul ture conditions, such as nedia, tenperature, pH and

the like, can be selected by the skilled artisan

wi t hout undue experimentation. In general, principles,

protocols, and practical bgchniques for maxinm zing the

productivity of cell cultures can be found in
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[0071] Detecting and recording alterations in the spectral characteristics of the

)

L )lcr.
e

dye in response to changes in membrane potential may be performed by any
means known to those skilled in the art. As used herein, a "recording" refers to
collecting and/or storing data obtained from processed fluorescent signals,
such as are obtained in fluorescent imaging analysis.

[0072] In some embodiments, the assays of the present invention are
performed on isolated cells using microscopic imaging to detect changes in
spectral (i.e., fluorescent) properties. In other embodiments, the assay is
performed in a multi-well format and spectral characteristics are determined
using a microplate reader.

[0073] By "well" it is meant generally a bounded area within a container,
which may be either discrete (e.g., to provide for an isolated sample) or in
communication with one or more other bounded areas (e.g., to provide for

fluid communication between one or more samples in a well). For example,



maxi mum achi evabl e response is generated. Generally,

the dose is referred to as the effect concentration or
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the fluorescent intensity is 20-30% of the nmaxi nma

response. As used herein, "EC' refers to effect
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condition where the fluorggcent intensity is 20% of
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[0076] When the assays of the invention are performed in a multi-well format,
a suitable device for detecting changes in spectral qualities of the dyes used is
a multi-well microplate reader. Suitable devices are commercially available,
for example, from Molecular Devices (FLEXstation® microplate reader and
fluid transfer system or FLIPR® system), from Hamamatsu (FDSS 6000) and
the "VIPR" voltage ion probe reader (Aurora, Bioscience Corp. CA, USA).
The FLIPR-Tetra™ is a second generation reader that provides real-time
kinetic cell-based assays using up to 1536 simultaneous liquid transfer
systems. All of these systems can be used with commercially available dyes

such as FMP, which excites in the visible wavelength range.



I ncreased depol arization results in nore influx of the
anionic dye and thus an increase in fluorescence.
w( 2®B68F61dhe TRPMb cel |l s of the assay are prel oRCEUS206/042989
t he nenbrane potential dyes for 30-240 minutes prior
to addition of test conpounds. Preloading refers to
the addition of the fluorescent dye for a period prior
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Cellular Fluorescence Workstation and the Hamamatsu FDSS6000 System.
These instruments can generally be configured to proper excitation and
emission settings to read FMP dye (540, + 15 nm, 570, + 15 nm) and
calcium dye (490, + 15 nm, 530em = 15 nm). The excitation/emission
characteristics differ for each dye, therefore, the instruments are configured to

detect the dye chosen for each assay.

Test compounds

[0079] Test compounds employed in the screening methods of this invention
include for example, without limitation, synthetic organic compounds,

chemical compounds, naturally occurring products, polypeptides and peptides,

nucleic acids, etc.



coll ecting and/or storing data obtained from processed
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enbodi nents, the assays of the present invention are
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number of potential TRPM5 modulators. Such "chemical 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 products.

[0083] 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 compound length (i.e., the number of amino
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and/or peptidyl phosphonates (Campbell et al., J. Org. Chem. 59:658 (1994)),
nucleic acid libraries (see Ausubel, Berger and Sambrook, all supra), peptide
nucleic acid libraries (see, e.g., U.S. Pat. No. 5,539,083), antibody libraries
(see, e.g., Vaughn et al, Nature Biotechnology, 14:309-314 (1996) and
PCT/US96/10287), carbohydrate 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., 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;
benzodiazepines, U.S. Pat. No. 5,288,514, and the like).

[0085] Devices for the preparation of combinatorial libraries are commercially

available (see, e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville
KY; Symphony, Rainin, Woburn, MA; 433A Applied Biosystems, Foster



(CCD) canera, simlar to the way that cal cium

responses are read by cal ci unsensitive fl uorescent
walg@s/osai6t he FLIPR(r), FLIPR-384 or FLI PR Tet reqT/m$2006/042989

instrunments. Qther fluorescence inaging systens with

integrated liquid handling are expected from ot her

comerci al suppliers such as the second generation

LEADSEEKER from Anmersham,4 he Perkin El ner CellLux -

Cel I ul ar Fl uorescence V\br%(st ation and the Hamanmat su

FDSS6000 Sgstem These instrunents can generally be

Caynf G 4ura®§0t Blusy dddlipass.ciBedfordin My Bariaddition, swihterougs

. 40ex 5.n 570e 15. nd
PR -G 53" Wbt WDuffOaD P B8 .
Caxelidnegk) Priveors NIQ A\ saha| Mdsedw,SRuGs; dirfpbs! Inb 9ISt EBGs,

e, therefare, the instruments are configured to
’\gét e, dytd. SMerssew. fRyssiaadh Fherypaceriienls,cBiisouPds
; CIRAHBISMVER ed in the screening
Mrr%%(g%gs 0 ?ﬁi S i nvg’ntl dnlc%cl ude for exanple, w thout
[0086] | i mi Candidate sgedthetdomponyisni druggmadndss Iiite ndneainpass

.nat |1y occurrin roducts, pol ypepti des
nconpoglg g%%ggga? dlesspe ] ko wlcagkygﬂ{%o%e] orgawig n‘_inPEPTﬂ?S:
padRrablam Aedre &R REOMPHERMaD R cUSEIB1RSlaR WK BF hitke than

nmodul ator or ligand in the assays of the i nvention.
108 gd dess ethare ebgit 9RO 0ddaltons, eeferabla dessathsn @bowir 2096 to

L al !y~ di hyl sul f oxi de- or DMSOhased
Ség(? 5‘?| J[ooﬁé' gagld{lf%{éed.coﬂ?ém% sd)y ar e RIEs %Hécng%‘ FENn
neassgey clognitaghurbl hRfdcgon byt Usrotis, NehrkiiBarkp SBMrogen
steps. The conpounds_are provi ded from any conveni ent
b%ﬁ%e and, tymeallye mcdudepie logsts 49 samaing, cgbpa |hydrayl jon

Ll . . . s i
cBB0RY oud Brdforablyht Tl Bl e BRLIBA AOpef BB Fhres

- camlidité é@andsvaialy&ompri’sdﬂeycﬂsiamt&arﬂoatcﬁl)hetekdcym%id: htnbﬁuh _1res,I
appreci at.ed that there are many suppliers of chemca
A RHGARALE oF RelY aRaPHEC Sibrtees SUSHAeS Wb oneay more of the
S FoANHBRAIC RruSh. M Bl e
aBi ochemlga-lA%Ta(I{u?%i ka ?é%%ehswgél&mtﬂzdér ??n aﬁ Thé T Re.
biomolecules including peptides, saccharides, fatty acids, steroids, purines,

| pyrimidines, derivatives, structural analogs or combinations thereof.

[0087] A variety of other reagents may be included in the screening assay
according to the present invention. Such reagents include, but are not limited
to, salts, solvents, neutral proteins, e.g. albumin, detergents, etc., which may
be used to facilitate optimal protein-protein binding and/or to reduce non-
specific or background interactions. Examples of solvents include, but are not
limited to, dimethyl sulfoxide (DMSO), ethanol and acetone, and are generally
used at a concentration of less than or equal to 1% (v/v) of the total assay
volume. In addition, reagents that otherwise improve the efficiency of the
assay, such as protease inhibitors, anti-microbial agents, etc. may be used.
Further, the mixture of components in the method may be added in any order
that provides for the requisite binding.

[0088] The compounds identified using the disclosed assay are potentially

useful as ingredients or flavorants in ingestible compositions, i.e., foods and



[0081] "Mbodul ati ng"” as used herein includes any effect
on the functional activity of TRPMb. This includes
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the presence of, or in response to, an appropriate
stinmulator. Alternatively, nodul ators may enhance the
activity of the channel. "Enhance" as used herein,

i ncludes any increase in _the functional activity of
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ahd bﬂilﬁﬁiaﬁ@n bk ldéiﬁ, usﬁi@caﬂﬁ&n%@ﬁvd’cﬂn@"a&@rﬁst 0, peptide
libraries (see, e.g., US. Pat. No. 5,6010,175; Furka /

. J. Pept. Prot. Res. 57:487- 493 (1991) and Hought on
Peismadl consi¥aétibne 354: 84-88 (1991)). Other chemistries
for generating chemcal diversity libraries can al so
be used. Such chem stries include, but are not

[0090] First strand cDNA was synthesized by Thermoscript RT-PCR System

(Invitrogen) from human small intestine poly A+ RNA (BD Biosciences) and
the full length hTRPMS5 was amplified by PCR using GC Melt (BD
Biosciences). The product was PCR purified by Pure Link PCR Purification
(Invitrogen) and inserted into a vector using the TOPO TA Cloning Kit
(Invitrogen). After sequencing, 6 mutations were found and the mutations
were corrected using the Quick Change Multi Site Directed Mutagenesis Kit
(Stratagene) in 2 rounds. Three mutations were corrected in each round. The
full length TRPMS was excised from the TOPO TA vector using the EcoRI
and NotI restriction enzymes and ligated in the pENTR 3C vector, which had
also been digested with EcoRI and Notl. The insert and vector bands were gel
extracted and purified using the SNAP Gel Purification Kit (Invitrogen).
Finally, LR Recombination Reaction (Invitrogen) was used to insert the entry



limted to: peptoids (e.g., PCT Publication No. WO

91/ 19735), encoded peptides (e.g., PCT Publication No.
wOD09856A60R42) , random bi o-ol i gonmers (e.g., PCIPCT/US2006/042989

Publ i cati on No. WD 92/00091), benzodi azepi nes (e.g.,
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vi nyl ogous pol ypepti des (Hagi hara et al., J. Aner.

Chem Soc. 114:6568 (1992)), nonpepti dal

Cbmptmm) destiapiiars vedtols ofl mbroest (e@af POREKMEIH30s ptPNAR

o o%é’ﬁé’%ééﬁ?ﬂ@%eﬂ%w&%\? P eipound
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described above) and grown on Lab TekIl Chamber slides, were evaluated.

Control, untransfected cells were grown in parallel with the transfected cells.
The fluorescent emission of the GFP-TRPMS5 expressing cells was detected

using the green detection channel (515-530 nm) of a fluorescent microscope.

Membrane Potential Assay

[0093] Once the expression of TRPMS was confirmed in the HEK cells, 100
ul of the Blue or Red FMP dye (Molecular Devices) was added to each well of
plates seeded with the transiently transfected cells. The plate was then
incubated in a 37°C / 5% CO, incubator for 1 hour. The plate was read in a
FLEXStation microplate reader (Molecular Devices) with an excitation of 530

nm and an emission of 565 nm. The fluorescence was monitored for 3 minutes



Mart ek Bi osci ences, Colunbia, MD, etc.). [0086]
Candi dat e agents, conpounds, drugs, and the |ike
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Was oﬂs%rvebi ncHleS &rc?rﬁl%g tr%gtség groelllrpe "I%Otf? %trés%érllce of the thrombin
treated cells was greater than 4-fold over background, therefore the
background fluorescence did not interfere with data interpretation.

[0096] The applicability of the screening method of the invention to a high
throughput format is demonstrated in FIG. 4, where samples in a 384-well
plate were evaluated in a 5 minute assay on the FLIPR-Tetra™ (Molecular
Devices).  TRPMS5-Transfected HEK cells, 15,000/well, were seeded
overnight on poly-D-lysine coated 384 well plates in 20 pl media. Membrane
potential dye, 20 ul/well, was added and the plates incubated for 1 hour at
'37°C. Plates were placed in a FLIPR-Tetra™ and fluorescence readings were
taken using appropriate filters. After 10 seconds, 10 pl of either buffer or a
deactivating agent (ATP) were added to the cells (first addition). At 200
seconds a second addition of 10 pl of ATP was added to all cells. A strong,

reproducible TRPMS5 response was seen in those cells that received buffer



useful as ingredients or flavorants in ingestible
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nodul ate taste perception can be used alone or in
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RNA (BD Bi osci ences) and the full length hTRPM6 was
amplified by PCR using GC Melt (BD Biosciences). The
Exewpiec £: Waegipeapest ihtg%etilr@;ghmfr ecre¢mibg RSRYyPusing istzhly-on
&é@g%&ﬁgggn) and inserted into a vector using the TOPO
onirng Kit (Invitrogen). After sequencing, 6
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vector, which had al so been digested with EcoRl and
Not! The insert and vector bands were gel extracted

PadRehi® béstru@shisidBabdtsctaNAP Gel Purification Kit
(I nvitrogen).

[0098] HEK cells stably-expressing TRPMS5 were generated using the pcDNA
3.2 vector containing hTRPMS5 using the technique described above. Stable
clones were generated by transfecting 1.0 x 10® HEK 293 cells with 4 ng of
pcDNA 3.2-TrpM5 in a 35 mm tissue culture dish. Two days post-
transfection, the cells were trypsinized and diluted 1:10 and 1:100 in growth
medium containing 1 mg/ml Geneticin (Invitrogen) to select for single clones.
Cells were maintained in this medium until single individual clones could be
isolated and expanded. Upon selection of individual clones, cells were
maintained in medium containing 0.25 mg/ml Geneticin to maintain the
selective pressure. Individual clones were then examined with membrane
potential dye in the FLEXstation or FLIPR® as described above. Those
clones with the largest fluorescent response to ATP and carbachol were then

selected and examined for further analysis. Selected clones with the highest



Finally, LR Reconbination Reaction (lnvitrogen) was
used to insert the entryclone into destination vectors
w@boorns@asest (e.g., pT-Rex-DEST 30, pcDNADEST BGI/URDNG2989
3.2/ v5-DEST and pcDNA 6. 2/V5-DEST). Transfection
[0091] 1.0 x 106 HEK 293 cells (ATCC) were plated in
each well of a 6-well tissue culture dish overnight.
The foll ow ng day, cells re transfected with 4ng of
a pcDNA3. 2 vector containing TRPVb cDNA and 8ml of
Li pof ectam ne 2000 (Invitrogen), according to the
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a 100 m volunme and incubated in a 370C / 5% CO2
Reselbat or overni ght. Fl uorescence M croscopy [0092] To
confirmthat the HEK transfected cells expressed
TRPMb, cells transiently-transfected with 6 ng of
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(Mol ecul ar Devices) was added to each well of plates
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n peptide o
expressing clones were stlmulated by varying concentrations of the GPCR

agonists as evidenced by an increase in the relative fluorescence of TRPMS5-
expressing cells compared to sham transfected cells. The values on the graph
represent the difference in the maximum minus the minimum fluorescence
upon agonist addition. Individual clones are represented by clone number,
while the pool of clones represents the sum of all cells that were resistant to
selection. In all cases, clone 1 gave the strongest response to all 3 agonists
(ATP, c;arbachol, and thrombin peptide, FIGS. 5A-5C, respectively). Clone 5
and pooled clones generated a lower response in comparison to clone 1.
However, both the clone 5 and pool responses were a minimum 3-fold higher
than fluorescence in non-transfected cells. Sham, non-transfected cells

showed little or no response at any agonist concentration.

Example 3: High throughput screening assay using suboptimal concentrations

of calcium-activating agents



Results [0094] The TRPMb plasm d was readily expressed
as denonstrated by the appearance of bright green HEK
wQ2B7081be t hat were transfected with the G-PTRPIVES2006/042989
plasmd (FIG 2). [0095] Denonstration of TRPNb
response to stimuli is shown in FIG 3A-3C. TRPMb
transfected cells were | oaded with FMP dye and then
treated with thrombin (Fl&_ 3A), carbachol (FIG 3B),
or ATP (FIG 3C) and nonitored for an increase in
cellular fluorescence in the FLEXstation. Al three
agents generated a strong spike in relative
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applicability of the screening nethod of the 1 nvention
[00101] ¢ 5" 5 ﬁnicﬁwaﬁhﬂ% oURFR PIPSPINSE neitrvé Svase goresateditfod they TRIBAS 4,

[ 84- | at | uat
PStne L8 PSRRI B
dBieuhined) CellRRivbesTing TRIMS edré-fnkueadd with 2D EOQPEOR) bvel
re s}?qd&)g;o?velr ﬂé@ht .on poly-D-l1ysine coated 384 wel |
Oﬁﬁé{ 8579 20 14 | BQOfw%ﬁfi&ﬂ@nmﬁ@m PRINPEyds. 2Mlock
. ’ ' 1.h
S o a5, S0 Y 50 €5 Bt

ifarepse She rtuoreseenti mysnsiter of tEEEQS | tretealp pellprid ale@els
either _buffer or a

' - S Af 1 ds, 1 f.
o1 e e B S Bl
(first addition). At 200 seconds a second addition of

10 ni of ATP was added to all cells. A strong,
Example 4: KC1 Counterscreen for TRPMS5 specificity

[00102] The need for enhanced specificity assays for TRPMS activation is
shown in FIG. 6. Greater than 85,000 compounds were screened using the
above-described high throughput screening assays and the Gaussian
distribution of inhibition values was plotted. As is visible in the figure, most
of the compounds were within the -25 to +25 percent range of inhibition of the
control response. Therefore, in order to identify TRPMS modulating
compounds with greater specificity, compounds that also act on other ion
channels would have to be removed from the analysis.

[00103] KCl activates a number of ion channels, but not TRPMS. Therefore,
KClI can be used as a counterscreen to identify modulating compounds specific
for TRPMS5.

[00104] The ideal blocker would block TRPMS5 but not other channels. The

TRPMS assay is conducted as described in Example 3, utilizing a membrane



reproduci bl e TRPMb response was seen in those cells

that received buffer(H gh Control), while those that
wowere/osaibd i al |y stinmulated with ATP becane deaPtT/Us1006042989

and failed to respond to a second addition of ATP (Low

Control). There was a >5 fold difference in peak

hei ghts (maxi mum - m ni num val ues over each peak)

bet ween the Hi gh and Low gpntrols, denonstrating that

the assay is suitable for 'high throughput screening.

Furthernore a cal culation of Z *gave a val ue of 0.76,

pgteatitledyet hantestheoniprBnd ds egdeshland \th¢ vellsodre Ghén stirdiilated] -

3% i gh. control, _+ 3*SD.| ow control )/ (H.gh Control
AT ontieBP) e gl B8 ko bty Bproses R
shéwo ughgitically E8MFIGY ASSPe W NGusiteakkath! BNsdrRfingd as

cells [0097] Stinulation of TRPMb was al so visible in
degeribed | ins Exprgpley 3o wpthe ddsnbigalTrelivs . preeatesliiith the same

. . _ . t i ¢
CSEBLAATIM AR BT 2930058001 19, L Ly
vaiowelateR| ragronsbscoa skdduas comtrodn dAfirexasprcéfi Dhol-S888ive

.HEK cel |l s stably-expressin RPMb. wer e gener ated usjng

IR mﬁ{lpg}ﬂzg \% e&i‘é@ﬁ&@ ﬁ‘tski‘%nﬁ{ﬁ JhiTepEeressHgistshawn in

HMECRAI At6n de@ﬁ§14@,R9\(§tmc‘éh%*%hSwﬁ'b%rEb%8 JHfibfs TRPMS,
cells wth

generated by transfecting 1.0 x 106 H
byt plgo dfe HEDINSp Bises- (RrrpwB). i An ad@Bionah specBicity assdyt utilézes a

[ T t fection,..th [l
3 B AR ZARSE ) L TBAE i o
tiiee dorpo e tiderfbrey Wt HgBhisCRiaakddc ian-+(-Bilyk tegRasd. t An
select for single clones. Cells were maintained

; ne L in
ekpmelerpios appslestivesinhipitery pempoundass identifesd by dhel Caet
' : ' f, dndi vi dual
R e T B SERT SPRRRuAE AL (o SRR G
beloR) imijbitd TRBMESt butiafsotaotinatesthaiQa-+HTRixsedpeaid (Aaows).
pressure. Individual clones were then examned with
menbrane potential dye in the FLEXstation or FLIPR(r)

ag HSsfuhl ted1RoVe. Those clo ' est
fluorescent response to ATP aggagg\d}rtd;%{wdg?é\ﬂg?% t hen
sel ected and exam ned for further analysi

clones with the highestEC50 to ATP and ca
t hen expanded and used for the high

O—=N

[00105] FIG. 9A shows FLIPR traces in a TRPMS assay for 4 concentrations of
a test compound, compound 1 (structure shown below). Panel 1 shows dose
responsive inhibition of the TRPMS5 response. Panels 2 and 3 demonstrate
that increasing dose of the compound does not alter KCl or Ca++ responses.
The quantitation of the these results is shown in FIG 9B. Examples of two

additional test compounds (compounds 2 and 3) are shown in FIG. 9C, which



t hroughput screeni ng assays. Results TRPMb stably
expressed in HEK cells was anal yzed for its ability to
wo e@posdet o di fferent concentrations of sever aPCTZRER06/042989
agoni sts. The assay was perforned on a FLIPR(r) using
t he excitation 510-545 nm and em ssion 565- 625 nm
filter sets. Assay plates containing stably expressing
HEK cells were | oaded withs| X Menbrane Potential Assay
Dye Red (Mol ecul ar DeviceS) for one hour in a 370C and
5% CO i ncubator. The plates were then renoved fromthe
shawe wenepecifid ivjbition SFRRME, whercowmupemnpeX alsarighibits thes
re rea h I r . The pl ates
R Bl PR B A retRror '3t mut o5,
Basel i ne fl uorescence was obtained on the FLIPR for 10
seconds foll owed by addition of each agoni st by the
)l and read for an additional 2 minutes and 50
seconds. FIG 5 shows that two TRPMb- expressing
cl ones were stinulated by varyi®hg concentrations of
the GPCR agoni sts as evidenced |by an increase in the
rel g s fl uorescepce of TRPMB- e oréssrﬁBQQells
The val ues on the
%rnw DL EeSe di tferentg_ia t he maxi mum m nus
he n1n|nun1fluorescénce upon agoni st addition.
I ndi vi dual cl ones are represented by cl one nunber,
whi |l e the pool of clones represents the sum of al
[00106]cel | ererIam YeUrRerb@&dnSik ARG vs6fuf BIrahs idéﬁuﬁédﬁoﬁ'df SEREBR
cl one gave the strongest response to all 3 agonists

TRPpedS e@hwmeﬂmp@wés t FFonis) shopis 3he srdective @Bhargpme, of
led ¢l
THQAS e tobuer A xR RIS erfor0 s BEREOE) 05,

ih tiee plesemee Df aa3t cqapdunde’s PPRBES exBfessiflg MEK Bhd CBIG ot
(gl gher t han fluorescence in non-transfected cells.
trateth 2t I3 e e tléa cwpxignad simaiptiontunog agiditips. of test

h
ﬁ@gﬁﬂ?@ fys%éfbﬁ%el g%cﬁﬁor?@ﬂﬁ@f@:ﬁsﬁﬁ’% %@B{‘%?& Eodpordidad

ughput 'screeni ng assay using
40@1180 eeduitad iinres dose-dependent increase in TRPMS activity (FIG. 11).

Furthermore, very strong enhancement is seen at suboptimal (ECig)

concentrations of ATP agonist using compound 5 (FIG. 12).

Example 5: High throughput assay using a dominant negative TRPM5

[00107] Deletion mutants were generated to examine whether specificity for
TRPMS5 could be achieved using a dominant negative form of the channel.
The N1000 deletion mutant is a form of mTRPMS in which the first 1000 base
pairs of the gene have been deleted and the N2000 deletion mutant contains a
deletion of the first 2000 base pairs of the gene. The first 2000 base pairs of
the gene correspond to the amino-terminal domain of the mTRPMS5 ion
channel. Deletion of this region results in a truncated version of the protein
where the entire amino-terminal domain is removed and the protein begins
with the first transmembrane region of the ion channel. The deletion mutants

were constructed by PCR using primers designed to amplify the gene with the



of cal ciumactivating agents[00100] Specificity of

potential activating conpounds may be identified using
wa@amepsdiieal concentrations of agents that i ncrPeEBES2006/042989

intracellular calciumlevels. In this type of assay,

rather than using a high concentration of, for exanple

carbachol, a reduced concentration is added to

TRPNMb- expressing cells wigh or without an additional

test conmpound. Enhancers of TRPMb activity are those

f1test @gn’pounds that increase the fluorescent intensity
r5t 1009 hasepagrs dpletalomdithe first 0Q0ase pairoddltted,| respebtivden
i [ 00101 car bachal
TS SEBbRakt BELERel Bl ha 108 e POPRHi el
tegrsoé ssinhg afadells usad, ineabatioh ¢infgaa@iiesml concentrati on
[00108 range_coul d be det eggi n%gb Cel I s expressing TRPMb were
1i ncubXPERMGRtE veln DeEoERechy Paparing frapglesiernef diffrantt o

rdiodMf Biel Q6lefich 6idhits AP @%dt%@{hﬁ@%@“%%gmggr%ﬁ to the

i ncubated and EClQotreate I's were use
walgiesh ERPYESswith enpduvegiort Tt totatarmasns dfttasfected DNA

t, int j t O - - Ot t ed s t
e U A Dt LMo ShER A Gl st miotad v Serelbdfies o
oaamnipht.i VRuWSS 0BT dTERMD muEaiﬁrmirRPﬂds/mlmge Ut %g&‘ ,
or ennance

f.or TRPMb specificity [00102] The need
“@ﬁ@&efm@ﬂyf)%@%\é%e@ ayerer fipnBraasfertedtinonthe STER A3 defis

: : 0 n re.screened
uglglgin%ﬁ?%egag@g%gp ggg% r ﬁ@écgpeﬁi g q?ﬁfréog';h i g%f é@ﬁ?"ﬁﬂg
nasﬁayisnatﬁm?]eeli@ammxsm_ plated bh El&n bmﬁmh@hﬁhﬁh% a
.val yes was. e is visible in the figure, nos
iR btRE Bl e ot Tng i he estls wers lenged. s papinbrvos
poRARA d96 ot BTk Q&peﬁse_ttBeAf’ﬁ?z flt chRBRAS Rice responses

Therefore, in order to identi in
wesgeBmatsl. wi t h greater specificity, conpounds that
j al so act on other ion channels woul d have to be
renmoved fromthe analysis. [00103] KO activates a
[00109] nunbesblef : TeRsEbEGRh SED Thatsire" d
can be used as a counters%%edéjﬁﬁst%@g%ﬁtbify rmgtﬁesg%}{(ng
conmpounds speci fic for TRPVb.

Experimental Design

Wt-mTrpM5 3.8 ug 3 g 2 ug Tug | 02pug | 4pg

N1000 02pug 1ug 2 ug 3pug | 3.8pg | Opg

Wit-mTrpM5 3.8 ng 3ug 2 ug lpg | 02pg | 4pug
pSV3-neo 0.2 ug 1pg 2ug 3ug | 38ug | Opng

[00110] As shown in FIGS. 13A-13B, as the concentration of the deletion
mutant increases, the relative fluorescence in response to A23187 (FIG. 13A)
or carbachol (FIG. 13B) decreases. However, the decrease is absent in the
presence of the null vector (pSV3-neo). In addition, there is no effect on the
calcium response to the ligands, indicating that the decrease in the membrane

potential response cannot be attributed to altering the calcium concentration.



[00104] The ideal blocker would bl ock TRPMb but not
ot her channels. The TRPMb assay is conducted as
waele®ensdied i n Exanple 3, utilizing a nenbranepptEN$1086/042989
dye. A test conpound is added, and the cells are then
stimulated with ATP to trigger the channel, leading to
a dye response. The process is shown schematically in
FIG 7. The KO counterscigen is perforned as
described in Exanple 3, wth identical cells,
pretreated with the sane conpound, but the stinulus
[00111] 55 IBhufavvipus (sarbodipentk@f Hrei prasenteénvanton have been

' e cagntrols.
e R e LB R e b RSt s vy
of drarhplt ioaty, usd mgt Hilmétated. Towillt iy §HarANtd HerSbRVMKilled in

FI%? Sﬁ; C%g%%und FQ01344, A3 (structure shown bel ow)

e el gyRRtsart st aripy changes innierrand dségibrageke made dhesyin
 Ahoaddist c o L lLzes e T
o B S S B R 5 B

ﬂu%équé rof ¢le present hreventompshonttl nottherlfmit@sbbiihof the above-

Lst-induced ++ flux res se, .An_exanpl e of a
d%%ﬁ%‘z%’é%?ﬁ% ‘?‘%‘?%‘Hf“?‘?}ﬁ;’“é éﬁ‘b‘ﬁg P definedemiy 1hj28EPTHCEhe
wikirithe ffd]LixviAg SA¥E EndHRMEquivalch@ BBpuliiReM) datents and

F0013488, C13 (structure shown bel ow) inhibit TRP@&
PRiGRt Znleations icited Bereitheare dacospdrhigst by asfsommse inf Hraimemiyety
FoalnelelY 1344, A3 Conmpound F001348,C13 ] FIG 9A
léﬁoms %%Fgggtraces in a TRPMb assay for 4

concentrations of a test conpound, conpound 1

(structure -shown bel ow). Panel 1 shows dose responsive

i nhibition of the TRPMb response. Panels 2 and 3

denonstrate that increasing dose of the conpound does
not alter KO or Cat++ responses. The quantitation of
the these results is shown in FIG 9B. Exanpl es of two
addi ti onal test conpounds (conpounds 2 and 3) are
shown in FIG 9C, whichshows non-specific inhibition

TPRVb, where conpound 2 also inhibits the KO response

and conpound 3 inhibits the Ca++ response. Conpound 1

[00106] The KO counterscreen is also useful for the

identification of selective TRPVMb enhanci ng conpounds.

FIG 10 shows the sel ective enhancenent of



TRPMb. The counterscreen experinents were perfornmed as
descri bed above in the presence of test conpound 4.
waReMBs@aspr essi ng HEK and CHO cel | s denonst r at BCT/aS28d/042989
and 135% maxi mal stimul ati on upon addition of test
conmpound 4, respectively. Addition of increasing
anounts of test conpound 4 also resulted in a
dose-dependent increase if. TRPVMb activity (FIG 11).
Furt hernore, very strong enhancenent is seen at
subopti mal (EQo) concentrations of ATP agoni st using
BINVIEDGS: 12) . Exanple 5: Hi gh throughput assay
usi ng a dom nant negative TRPMb [00107] Del etion
mutants were .generated to exam ne whet her specificity
for TRPMG Atg‘&@li }gfé?u&}éﬂﬂ L RPERFIE AFA% WBnicrreRtngnegigRtiale

eﬁl@itﬁbl%fofttﬁhel“}@ﬁ@ri&ﬁ chahfié1 dy eletion mitant is a
formof mIRPMb I n which the t 1000 base pairs of
the dene leantectbern d:elleteeptesmg t FRPM3000thdel esiboptimal

{..contains e etion of th 2000 base
FHABGO P 3 GErE B Bereirest msoeitiubs Loy sengien
wWIRfdn AR EElS Ped BednOplelRdadTivitr & hdRtiate SORRGN Miordslsnt
mTRPI\/B ion channel. Deletion of this region results in
dyeit runcat ed version of the protein where the entire

anin i ot ei

begi gbs)t %Mﬁtlﬂ%gﬁs%llt@g%ggg% S{r%%%%gﬁarnézg}eg Rt @re ion
chanrel . Thking dﬁlo@twaj raletwtoa,nhsasmﬁngt}eqnﬁwsueﬁt efkeytyRER
usi n ﬁ [,i mers de ned to lify the gene w th
SEASFI efé?ﬁﬁn?? eHOFf‘éltla g FRMRHEdt 71t 2000
base ir

descr%ed%ge?%%‘gﬁﬁ“?éﬁ&???%?#é shent H By R St
intensityrofsa differantrioelt emresseig SRA¥Ein the @mamoeowf dri optiEnand

oY ERric OO s e bbb agtoat o,

mutants to wil dtype nTRPVMb as conpared to the w | dtype
MIRPM6 with a null vector. The total anmount of
t r andf ect dePRRRY WA Slaapt ferdhes camprising 4elagtinglone crGBorEEK

SRR RGN Bl FRPM S Bong) i | it ype: nTRAVG and

wi | dt ype mTRPMb/ pSV3-neo were then transfected into

the HEK 293 cells
3. The assay of claim 1, wherein said cells are located in a multi-

well vessel.

4, The assay of claim 3, wherein said multi-well vessel comprises
up to 96 wells.

5. The assay of claim 3, wherein said multi-well vessel comprises
greater than 96 wells.

6. The assay of claim 3, wherein said multi-well vessel comprises
384 wells.

7. The assay of claim 3, wherein said multi-well vessel comprises

1536 wells.



usi ng Li pofectam ne 2000 as indicated in Table 1. One

day follow ng transfection, 15,6000 cells/well were
w@bk@vmeshion 384 pl ates and mai ntained i n an i NCRWHUSL006/042989

overni ght. The followi ng day the cells were | oaded

wi th nmenbrane potential dye at 370C and response to

A23187 and car bachol dose responses were conpared.

[00109] Table 1: Transfe_,ions in HEK 293 Cells

Fol | oned by TRPMb Assay perimental Design W -mlrphb

3.8 m 3 nmy2nm1n0.2nm4nm NOCOO.2ng1ng 2

mg 3 ng 3.8 ng O ng W-mlrpMb 3.8 ng 3 ng 2 ng 1 ngy

0.2 4 pSV3- nep. 0. 2 1 2 3 3.8 .0 ny

(00120  AdTETRSORY of A &ehgesks b Aecl e itreases catbium
coRiaBhfisRld Qlectid £58 #elBbilPBor¥iiablofl NE6EBHE Adeddbife

relative fluorescence in response to A23187 (FI G 13A

tgphosplaiac kOTP), Fr@badeB) cdlsiwmadenpphpisevand, aghaists of

Enl bsent, in the presence of the null vector
e%%%?@&?use%)p.%‘“?‘% C§H%l|e{1 SRt ﬁ‘é’ Fe Y% no effect on the
calciumresponse to the ligands, indicating that the
decrease in the nenbrane potential response cannot be
at t r iPbut edhegssayoé elapy 8¢ wherehy seid gacabisdqEabiti on. Wi | e
vari ous enbodi nents of the present invention have been
descri bed above, it should be understood that they
have 10een Theasaytof dlaby Syvaieroin sakbageheisdiB,, and not
[imtation. It will be apparent to persons skilled in
the relevant art that various changes in form and
det aith, camiResdigde clalif 8Sivhe M ARVS gclERRAIHaBEbIf r oM t he
spirit and scope of the invention.” Thus, the breadth
and scope of the present invention should not be

[imted by.an f the, abovedescr. bed,exenpl ary .
errbo&?hen%,rslfe %%JS? ys?]tgﬁ}agnb ’ c%e%rﬁlgds%ﬁl 916 faé’chPt&%%e
fitdotdscdriv alykak | OB sednf e giap P1htaeR sadef| Mehadreny Pote¥idl
ublications, patents and patent applications cited
(¥Care i ncorporated by reference in their entirety
into the disclosure. WHAT IS CLAIMED | S:

13.  The assay of claim 1, wherein said optical detector is selected
from the group consisting of: Fluorescent Imaging Plate Reader (FLIPR®),
FLEXStation, Voltage/Ion Probe Reader (VIPR), fluorescent microscope and
charge-coupled device (CCD) camera, and Pathway HT.

14. The assay of claim 13, wherein said optical detector is a
FLIPR®.

15. A high throughput screening assay for determining whether a
test compound is a TRPMS ion channel-specific modulator comprising:

(@) contacting a cell that expresses TRPMS5 and has been preloaded
with a membrane potential fluorescent dye, with a test compound in the
presence of potassium chloride;

(b)  using an optical detector, measuring the fluorescent intensity of

said cell in the presence of said potential modulating compound;



1. A high throughput screening assay for screening
potential enhancers of the TRPMb ion Vhannel

w@owpiosdasmng: (a) contacting a cell expressing AQRPNB2006/042989

with a suboptimal concentration of an agent that

I ncreases intracellular cal ciumconcentration, wherein
the cell has been prel oaded with a nenbrane potenti al
fluorescent dye; (b) con gctl ng said cell with a
potential enhancing conp (c) using an optical
detector, neasuring the fluorescent intensity of said
cel |(c n td’&’qﬁhﬁ eﬂh@ en&isuigdi fugredcent irmaénsiyhdetainiged in

d d th d fl
st (18 by Eoeresssat inigrore o€ SHELPRPLTA Ty SrPrssve TREDEnt
aehds 6 a}?r@fb'aﬁ W'\@ Iﬁeﬂlﬂr?rﬁe ?6’@1%%{1 CuRbscBit GRL '11‘17@1'16

concen an agent I ncreases I ntracellular
presdnce uﬁpcﬁmnmm t]nland@and tRe afdencacithy tasf ccuhmmdzland

furt [ t
conpBinas ST HAREE Hep: ZBEPORRY g e TREMS o

sﬂ%kﬁi’c'ﬂléduléﬁ'gleﬁf H&eﬁﬁhﬁgqg{ﬂesrat% ef ih@qmo%écérﬂ idengitytvrive! |
vessel. 4. The assay of claim3, wherein said

potedsium wbldndvearsiethe clostpeoinneynd o tthe gatengity withspotasgiam

oo edhe Sofoct bt RS Syl P blaBbeatiBag).

3, wherein said nulti-well vessel conprises 384 wells.
7. The assay of claim 3, wherein said nmulti-well
vessép. cohpe iaseay 9§§@l%lisﬁ@h€fﬂ’f@m@§l§‘§§ HHecHng; amtept

céﬁ@oﬁ&&d%&aehﬂm%%ﬁkp%% tég reases cal ci um

centration I's se rTomthe group consisting
of : thronbin, adenosine tri phosphate (ATP), carbachol,

cal CI ym l QRO palgge{ye%f c?a1m f9 opl §Le c%mpnsmg selecting a test

compound that inhibits TRPMS5 activity.

18.  The assay of claim 15, wherein said cells are located in a multi-
well vessel.
19. The assay of claim 18, wherein said multi-well vessel

comprises up to 96 wells.

20. The assay of claim 18, wherein said multi-well vessel

comprises greater than 96 wells.

21. The assay of claim 18, wherein said multi-well vessel

comprises 384 wells.

22. The assay of claim 18, wherein said multi-well vessel

comprises 1536 wells.



endogenous G protein coupled receptor nolecules. 9.
The assay of claim8, wherein said agent is thronbin.
waeo7Psae@ssay of claim8, wherein said agent PGI/BI06/042989
11. The assay of claim8, wherein said agent is
carbachol. 12. The assay of claim1l, wherein said
menbr ane potential fluorescent dye is a Fluorescent
| magi ng Pl ate Reader Menb gne Potential (FMP) dye. 13.
The assay of claim1, wherein said optical detector is
selected fromthe group consisting of: Fluorescent
| magi2dg PlTakeadRender clafh JIPR(whorpinFe&iX Stgent dhat increases
Vol tage/l on Probe Reader. (VIPR), fluorescent_ .
chfeuirb SEnis0 AR ah aPEACE N CRC vt ESTERBE L6 AP g
AdeddintripHospidte (A1TP), 2adavhdlf catdifhMbAobhol¥3Ca dbosidtsthf
optical detector is a FLIPR(r). 15. A high throughput
endogenniag pagisiaycofipled deaepioninolesyloahet her a t est
conpound is a TRPMb ion channel -specific nodul at or
conprising: (a) contacting a cell that expresses TRPNb

and has bemp apdag Fbed 28] WherdinalthdRAL]s pRbaibin. al
fluorescent dye, with a test conpound in the presence
of potassiumchloride; (b) using an optical detector,

nmeaswxi ng r t o ' Sapel cell in
t he gs'eser;lf:ﬂeéeacsa{éyg)gicgﬁ%‘gc;ez?’evnv%1 |&r§| rrg%j%/ﬁeg{ 1|S§1%1“If:j'orrpound; (c)
conparing the neasured fluorescent intensity

deterppined_ in ste b) 10 the. fluprescent .intensity of
2"t Pher ontbedsrty i rheSinsaifisat BranaTpeen
prel oaded with a nmenbrane potential fluorescent dye,

in the presence of potassiumchloride and the absence
of t Hd.t eskhecesmppueid cladind1§.dwherea waid mepritivenc gotential

R R RS % PPl thSEh Y, R Ribf BRI, Pt

t assi um chl oride and the test conmpound to the
intensity with potassium
28.  The assay of claim 15, wherein said opticél detector is selected
from the group consisting of: Fluorescent Imaging Plate Reader (FLIPR®),
FLEXStation, Voltage/Ion Probe Reader (VIPR), fluorescent microscope and
charge-coupled device (CCD) camera, and Pathway HT.

29.  The assay of claim 28, wherein said optical detector is a
FLIPR®.

30. A high throughput screening assay for determining whether a
test compound is a TRPMS5 ion channel-specific modulator comprising:

(a contacting a cell that expresses TRPMS5 and has been preloaded
with an intracellular calcium dye, with a test compound and a suboptimal
concentration of a calcium modulating agent that increases intracellular
calcium concentfation;

(b)  using an optical detector, measuring the fluorescent intensity of

said cell in the presence of the calcium modulating compound;



chloride in the absence of the test conpound is |ess
than or greater than 1. 16. The assay of claim 15,
wo eoovlosrieconpri si ng sel ecting a test conmpound PEEUS2006/042989

enhances TRPMb activity. 17. The assay of clai m 15,
further conprising selecting a test conpound t hat
inhibits TRPMb activity. 18. The assay of claim 15,
wherein said cells are logated in a nultiwell vessel

19. The assay of claim 18, wherein said nulti-well

vessel conprises up to 96 wells. 20. The assay of

cl ai ()18, compamig theaintbasrkd i flugedstent eintabity deferimed in

t 96 l]s.. 21, T f clai
HrePL i oafrsitefinlsBein gt BlferBR T Bl SBiniinel s
and had b&enaislayded§ with an MitddellWMedadifim Tk JinTHe ?fesé’ﬂ%k'of a

vessel conprises 1536 wells.23. The assay of claim 15,
sithrntisnal cenceatraliemer e tratciym anedmdatingcagent and the absence of

j kS selected fromthe group consisting
B R ind

adenosi ne tri phosphate (ATP), carbachol,

cal ci(dm i endpitiorgesvhetird thganitstEmpfundnahag em us TRPMS-

rorein coupbed receptor | ecul es. 24. The assay of
sBralirinodulaigh by deiprainiee Hgbnatoofihe Birenbigtonyig with
D51l CoRbeRtraBon WFEh elaligAl gloasﬁaﬁg !a;e{fﬁ d Ztﬁe e
assay of claim 23, wherein said agent~i s carbachol .
cpmpotith tastbayintshsityt avith Aubvptenali corsantchtivand an@lcium

otential fl.ugrescent d i,s.a Fluorescent |1 magin
B desnt RS R EAee b Bt FormeRps tiye thes ot sridter
tegspy of claim 15, wherein said optical detector is
selected fromthe group consisting of: Fluorescent
| magi ng Pl ate Reader (FLIPR(r)),

31.  The assay of claim 30, further comprising selecting a test

compound that enhances TRPMS5 activity.

32.  The assay of claim 30, further comprising selecting a test

compound that inhibits TRPMS activity.

33.  The assay of claim 30, wherein said cells are located in a multi-

well vessel.

34.  The assay of claim 33, wherein said multi-well vessel

comprises up to 96 wells.

35.  The assay of claim 33, wherein said multi-well vessel

comprises greater than 96 wells.

36. The assay of claim 33, wherein said multi-well vessel

comprises 384 wells.



FLEXSt ati on, Vol tage/lon Probe Reader (VIPR),
fluorescent m croscope and charge-coupl ed devi ce (CCD)
we20me0ss16eand Pat hway HT. 29. The assay of cl ai PeRB8S2006/042989
wherein said optical detector is a FLIPR(r). 30. A
hi gh t hroughput screening assay for determning
whet her a test conpound is a TRPMb ion
channel - speci fi ¢ nodul at oy, conpri sing: (a) contacting
a cell that expresses TR and has been prel oaded
with an intracellular calciumdye, with a test
conpBEnd @hel @ssubaptclaiml 380 nwhartmatsaidn nofitiavethl wessein
nodul at i agent that increases intracellular calcium
C%B%%’ﬁtlﬁgqg}”s > (b) using an optical detector,
measuring the fluorescent intensity of said cell in
the presence of the cal ci um nodul ati ng conpound; ( c)
conpaBi ngThéessapaf alasd 30, whersse smd cilpugngiodylating agent

.determned i.n ste b). to the.fl uarescent. i nt.ensi of
SR oM e Bt eapbigiiy olo ot Rn Atk Ui aphte
(ATR), eadachoM dalcidh ibRdphae! hatd adonesdd 6f anlobdtus I pidién
presence of a suboptimal concentration of a cal cium
cogided reemer meleeitleand t he absence of the test compound;
and (d) evaluating whether the test conpound nmay be a
TRPMb- specifc nodul ator by determining if the ratio
of tBe. f| Uhe assagnif claihedss vtherain tdid @alsinpoptodoiating agent
.concentration of a cal cium nodul ati ng agent and the
lfttg‘é‘tm}&‘Bn'pound, to the intensity with a subopti nal
concentration of a cal cium nodul ati ng agent in the
absence of the test compound is |ess than or greater
t han40. . JThe aTap oiskam IH, Wdeadimsd0 calcim hwdulabng rigeritng
.s&r?cti ng a test conpound that enhances TRPNb
15Cffvity. 32. The assay of claim30, further
conprising selecting a test conpound that inhibits
TRPMb activity.

41 The assay of claim 38, wherein said calcium modulating agent

is carbachol.
J
42.  The assay of claim 30, wherein said intracellular calcium dye is

a Fluorescent Imaging Plate Reader (FLIPR) Calcium 3 dye.

43.  The assay of claim 30, wherein said optical detector is selected
from the group consisting of: Fluorescent Imaging Plate Reader (F LIPR®),
FLEXStation, Voltage/Ion Probe Reader (VIPR), fluorescent microscope and
charge-coupled device (CCD) camera, and Pathway HT.

44.  The assay of claim 43, wherein said optical detector is a
FLIPR®.

45. A high throughput screening assay for screening potential

enhancers of the TRPMS ion channel comprising:



33. The assay of claim 30, wherein said cells are

| ocated in a nultiwell vessel. 34. The assay of claim
w@3o7basei n said nulti-well vessel conprises BEI/US096042989

wells. 35. The assay of claim 33, wherein said

mul ti-well vessel conprises greater than 96 wells. 36.

The assay of claim33, wherein said nmulti-well vesse

conprises 384 wells.37. Thip-assay of claim 33, wherein

said multi-well vessel conprises 1536 wells. 38. The

agont (P SEPURER 1 PORin Bag Peiy, Cetetk it ot widpe
TRPOIDI dhd adapeEh&R RS ITHEMBNaLE KATBden g?élba%l%ﬁgwth a

cal ci umionophores, and agoni sts of endogenous
prestbsine rasenslabHuerescspt de, mitherpotestial 8ghantreindbs presafce

' ' I.6..cal ci um npdul at i agent i s
O st mal B LR S R R R " ca o
cal ci (i nodsihgh bpticg deikctos ideRuriklthe FiSraass@ntesity of
cl.aim 38, wherein said calciumnodul ati ng agent is
%aéﬁ?lﬁg):ﬁbqh? presgpse of dd petenijalgmhancsrando, wherein sai d
intragsgl!u i j r: in
Pl ot o Beaded L ETICR el el Tnrise R RASE, ablA Ry e
Bledluer@osntvintensiyrofsaietl thaitaxpedssadatibitymr TRBMSeindahsichas

f - Fl uorescent

m_t-he, gr o consi stin | magi n )
B RE o AR e o etel it B PrvgRaecsand Bientia
#itahenfReamgburldb RRjermincURs 88ERM TRIMO SHRRC AN
char ge- coupl ed device (CCD) canera, and Pat hway HT.
.46. The assay of claim 45, wherein the nonfunctional TRPMS

contains a deletion of the first 1000 base pairs of the TRPMS gene.

47. The assay of claim 45, wherein the nonfunctional TRPMS5
contains a deletion of the first 2000 base pairs of the TRPMS5 gene.

48. The assay of claim 45, further comprising selecting a
compound that enhances TRPMS5 activity.

49. The assay of claim 45, wherein said cells are located in a multi-

well vessel.

50.  The assay of claim 49, wherein said multi-well vessel

comprises up to 96 wells.

51.  The assay of claim 49, wherein said multi-well vessel

comprises greater than 96 wells.

52,  The assay of claim 49, wherein said multi-well vessel

comprises 384 wells.



44. The assay of claim43, wherein said optica
detector is a FLIPR(r). 45. A high throughput

w@ereesilng assay for screening potential enhane€r/ESmwhe/042989
the TRPMb ion channel conprising:(a) contacting a cel
that has been transfected with both w | dtype TRPM6 and
a nonfunctional TRPMb and has been prel oaded with a
nmenbrane potential fl uorigcent dye, with a potenti al

enhancer in the presence™of an agent that increases

the cal cium concentration in said cell; (b) using an
optiznl detecisedy JTeaRihi BY, tWierdihuedies amilti-wellt &ossel v
of said cell inthe presence of said potential

compivisae Y36 Welds- (¢) conparing the neasured fl uorescent
intensity fromstep (b) to the fluorescent intensity
of a cell that expresses w ldtype TRPMb and that has
beensqr el Diasledsay bh chaimerdy amhergiotseitt iagéntdipet incredshe
presence of the, potentigl enhanci ng co, oung 0o ..
caldvEr sRsEniHIone st escicsk TomPAS EYHROBREMS Ok R,
adf*ngdde {th%glg‘la{f@ fAET Pr?\,"@ﬁﬁfdhﬂl, "ch%iuﬂP{UanHder%ﬁJi ag RTD of

a deletio

contaln of the first 1000 base pairs of
eridogentRPKbpmeaie cowpled fEheptersnalpcwés. cl ai m 45, wherein the
nonfuncti onal TRPMb contains a deletion of the first
2000 base pairs of the TRPMb gene. 48. The assay of

cl ai 53 45, Thelhih@bf EMPSA Sititgeis 8di@ akémgs traabipound t hat
enhances TRPMb activity. 49. The assay of clai m 45,

wherein said cells are located in a nultiwell vessel.

50. e assa ' =Y I: [ti-well
vesstl- cont pudt of pRS eI g RE AT, Loy
claim49, wherein said nulti-well vessel conprises

h l1s. 52. T f im4
\%:?tg?.:] tsa“?l aﬁgﬁgry&g]w%l ﬁ?,\yg%eggg sai Sa%Xnt?s ca%{)gclhg]. %

58.  The assay of claim 54, wherein said agent is the calcium

ionophore A23187.

59.  The assay of claim 45, wherein said membrane potential
fluorescent dye is a Fluorescent Imaging Plate Reader Membrane Potential

(FMP) dye.

60.  The assay of claim 45, wherein said optical detector is selected
from the group consisting of: Fluorescent Imaging Plate Reader (FL]PR®),
FLEXStation, Voltage/Ion Probe Reader (VIPR), fluorescent microscope and
charge-coupled device v(CCD) camera, and Pathway HT.

61. The assay of claim 60, wherein said optical detector is a

FLIPR®.

62.  An isolated nucleic acid in which the first 1000 base pairs of
the TRPMS gene have been deleted.



conprises 384 wells.53. The assay of claim49, wherein
said nmulti-well vessel conprises 1536 wells. 54. The
w@swapsabo cl ai m 45, wherein said agent that i NPCEHHESES6/042989
cal cium concentration is selected fromthe group
consi sting of: thronbin, adenosine triphosphate (ATP),
car bachol, cal ciumionophores, and agonists of
endogenous G protein couphgd receptor nol ecul es. 55.
The assay of claimb54, wherein said agent is thromnbin.
56. The assay of claim54, wherein said agent is ATP.
57. Ple advmisobtednugleir Baid intwshich thes fistl 280@ basd pairs of
y of claimb54, wherein said
tgggg?ﬁgg&?ﬁggggﬁ%ﬁﬁﬁgi%hophore A23 187. 59. The assay
of claim45, wherein said nenbrane potentia
fluorescent dye is a Fluorescent |maging Pl ate Reader
Menbrane Potential (FMP) dye. 60. The assay of claim
45, wherein said optical detector is selected fromthe
group consisting of: Fluorescent |maging Pl ate Reader
(FLIPR(r)), FLEXStation, Voltage/lon Probe Reader
(VTIPR), fluorescent m croscope and charge-coupl ed
device (CCD) canera, and Pathway HT. 61. The assay of
claim 60, wherein said optical detector is a FLIPR(r).
62. An isolated nucleic acid in which the first 1000
base pairs of the TRPMb gene have been del eted. 63. An
i solated nucleic acid in which the first 2000 base
pairs of the TRPMb gene have been del et ed.



