METHODS TO | DENTI FY MODULATORS OF THE | NTERACTI ON BETWEEN DEXTROVETHORPHAN
AND THE BI TTER TASTE RECEPTOR TAS2R46 TECHNI CAL FI ELD Provi ded are net hods
to identiwg 2omdub@vors of the bitter aftertaste associ aPew/Ci2069/000269

dext romet hor phan. BACKGROUND Dextr omet hor phan is a pharmaceutical used, for
exanpl e, as an over the counter cough suppressant. It provides a bitter
of f-note/aftertaste, which nmakes patient conpliance problematic. Therefore,

met hods that are i j ' ]etqtt that are able to
nodul ate, and in@Eﬂfqéﬁgg+wgémgggﬁggﬁﬁﬁﬂﬁigﬁgbgﬁi§ [ HQP aftertaste are
of interest. Bitter tast i eptors, and a famly of
25 functional bitter tas-lﬁeé ?Ig@%%ﬁ%%igﬁﬁg%ﬁb%ﬁ%%l s known. The receptors
are broadly tuned to detect thousands of structurally diverse bitter

subst ances, and no obvi ous shar egcgngoiac #Higfgat ures can be recogni zed for

t he agoni sts even of single receptors. For exanple, TAS2R46 is known to

respond to certain sesquiterpene | actones, certain clerodane and | abdane

di t er penop@sides breyadtnbdeioadushtiffanad tabi 1B tH¥asKe:refie idies asdtitedrwithast e

recept or sd%r;%d g{ evi,ously been shown to be activated by dextronethorphan.
Appl i cant IPYAMEMPIRSE one of these receptors is activated by

dextronet horphan. In particular, applicant identified dextronethorphan as a

speci fic agoni st of taste recept nber 46 (TAS2R46). This finding
allows to provide nmethods that eon%ﬁé;)%@%@%@jﬁ and its agoni st

dext ronmet horphan to identify ingredients that nodul ate the response of
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or nmaski ng agent
suppressant. If provides a bitter off-note/aftertaste, which makes patient compliance

problematic. Therefore, methods that are able to identify compounds or ingredients that
are able to modulate, and in particular to inhibit or mask, this bitter aftertaste are of
interest.

15
Bitter taste is perceived via taste receptors, and a family of 25 functional bitter taste
receptors (TAS2R or T2R) is known. The receptors are broadly tuned to detect
thousands of structurally diverse bitter substances, and no obvious shared chemical
features can be recognized for the agonists even of single receptors. For example,

20 TAS2R46 is known to respond to certain sesquiterpene lactones, certain clerodane and

labdane diterpenaoids, strychnine and denatonium.

None of these bitter taste receptors had previously been shown to be activated by
dextromethorphan.

25
Applicant found that one of these receptors is activated by dextromethorphan.

In particular, applicant identified dextromethorphan as a specific agonist of taste receptor
type 2 member 46 (TAS2R46).

30
This finding allows to provide methods that employ TAS2R46 and its agonist
dextromethorphan to identify ingredients that modulate the response of TAS2R46 to
dextromethorphan, for example, antagonists (blockers, inhibitors or masking agents) of
the dextromethorphan-dependent TAS2R46 activation. The methods therefore allow to



t he dextronet hor phan- dependent TAS2R46 activation. The met hods therefore
allow toidentify nodul ators including agents that reduce, block or nask the
bitter tasbeomfois®stronet horphan. Identified agents canpPb&/améyvened in
human sensory evaluations and will allow to reduce the bitter aftertaste of
dext romet hor phan. SUMVARY Provided is the following: ( 1) A nethod to
identify an agent that nodul ates the taste of dextronethorphan, the nethod
conprising: (1) contacting cells that express a TAS2R46 bitter taste
receptor that is able to be activated by dextronmethorphan with

dext r omeldagfiip Arduiators MeluBiNG S8ESE 1Rt rétfuch aAsdk B ARisRER Bitteratle of i )
determ nlgg whet her the ﬁﬁ?f’l east one age t affects bindin

dext r one fRBARIENPBaMN Idepiiiediagrals AR 9p SRAEMGH i%%‘i‘rﬂa“ﬁ%‘?ﬂﬂbe%ﬂf“gﬁ@s taste

r ecept or ah@wileMbw aRId0ed B ditter Bitélhstd6f dekBathstaoiphat. t he cells are not
unmani pul ated cells in their natural environnent. (2) The nethod as

descri bed herein, including under ( 1 ) , wherein the TAS2R46 bitter taste

recepior conprises a TAS2R46 bitt eSUMBISRY receptor substantially honol ogous

to a pol ypeptide sequence of SEQID NGO 2, with a sequence identity of at

| east 90% and a TAS2R46 bitter taste receptor which is encoded by a

nucl eot i Beovileguethedolbalrgct ed from the group consisting of a nucleic acid

substantially honol ogous to a nucl eotide sequence of SEQ ID NGO 1 as

determ ned by sequence identity, a nucleic acid substantially honol ogous to

a nucl eoff)de <enatnd éo identficay a@emtithat modulates thietaeiernf dextrdmethgrohandiheat i on,

wher gjn %Oﬁ%ﬂéﬁi%gal | y honol ogous nucl eic acid as determ ned by sequence
ue

identity has a sequence identi téry of at least 90% wherein the substantially
horol ogoliscaitrdtieg eelisdhat exprege 8 dAH2R4E bitler tagisreerriethars AYBIQ R ses under

stri ngentcfakial B dextrbRBth6PRSH Witk BExtAImendrBIaRah Md/presdHce HRalleddt ofte SOl UL T ON
agent; and
(ii) determining whether the at least one agent affects binding to dextromethorphan or a
15 functional response of said TAS2R46 bitter taste receptor to dextromethorphan,

with the proviso that the cells are not unmanipulated cells in their natural environment.

(2) The method as described herein, including under (1), wherein the TAS2R46 bitter
taste receptor comprises a TAS2R46 bitter taste receptor substantially homologous to a
20  polypeptide sequence of SEQ ID NO:2, with a sequence identity of at least 90%);
and a TAS2R46 bitter taste receptor which is encoded by a nucleotide sequence
selected from the group consisting of
a nucleic acid substantially homologous to a nucleotide sequence of SEQ ID
NO:1 as determined by sequence identity,
25 a nucleic acid substantially homologous to a nucleotide sequence of SEQ ID
NO:1, , as determined by hybridisation,
wherein the substantially homologous nucleic acid as determined by sequence
identity has a sequence identity of at least 90%;
wherein the substantially homologous nucleic acid as determined by hybridisation
30 hybridises under stringent hybridization conditions at a temperature of 42° C in a solution
consisting of 50% formamide, 5xSSC, and 1% SDS, and washing at 65° C in a solution
consisting of 0.2xSSC and 0.1% SDS.



consi sting of 50% formam de, 5*SSC, and 1% SDS, and washing at 65 Cin a
sol ution consisting of 0.2cSSC and 0. 1% SDS. Optionally, the TAS2R46 bitter
t ast e recweptoro/qEsidypepti de sequence nmay conpri se SEQ | DPRODCH20048W016ag) at
or near its end to formthe Ctermnus. Alternatively or additionally to an
HSV tag, TAS2R46 may optionally conprise a nmenbrane-export tag, which
optionally may be selected froma rat somatostatin (RSS) tag and a
rhodopsin tag, optionally selected fromSEQ ID NO 3 (RSS), at or near its
end to formthe Ntermnus. (3) The nethod as described herein, including

under (1 aptighly (B TABRRAE biftet A6te TASPRAGORDESIRIE soaddRenRsaRhMisé SEQ

conservative functi ogal vari ant aibl e to be activated by dextronet hor phan.

(4) The HRNHIERY trgdeterBiear Hieend i OMHER GaieARINUider (1), (2) or (3),
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44. (5) Tdwearted odopsin Bgseptiohally secdrirom SEQUOIN@3YRESY, af d)nekapit dnd wher ei n

step (ii }05}0%@3%&? ned by neasuring a change in or caused by intracellul ar

nmessenge d"WEPhod as described herein, includi ng under (1) to (5),
wherein the functional response is determ ned by neasuring a change in an

descr bedtnapdRoFRORcREs PELER, bRy LHoaR®) i 2, Wibren hTARPRAD Mo o6
sel ected bﬁilemasterrecgmﬂj@acomr\sattim@noﬁor@é\tar'@mi alle toehd activatad dyyot i ¢ cel | s,

yeast j celjbsrohdif fells, manmalian cells, anphibian cells, and worm
cells. (g) 'rl%e n@?h%d as described herein, including under (7), wherein the

cell is a manmalian cell. (9) The nethod as described herein, including

under (8)4) mMaeh&héY bdGeefbdd héteif, iﬂaﬂaﬁﬁ%bﬁébrqﬂ, t2) 9B okiRTeih e dib @isgr oup
consisting of CHO. COS, HelLa and HEK-293 o )

eXpress a G-Protein, optionally one or more chimeric G-Protein including Gag-

Gustducin, G alpha 16-gustducin 44, and a chimeric G-Protein substantially homologous

15 to Gag-Gustducin or G alpha 16-gustducin 44.

(5) The method as described herein, including under (1) to (4), wherein step (ii) is

performed by measuring a change in or caused by intracellular messengers.

20  (6) The method as described herein, including under (1) to (5), wherein the functional
response is determined by measuring a change in an intracellular messenger selected

from IP3 and calcium?.

(7) The method as described herein, including under (1) to (6), wherein said cells are
25  selected from the group consisting of bacterial cells, eucaryotic cells, yeast cells, insect

cells, mammalian cells, amphibian cells, and worm cells.

(8) The method as described herein, including under (7), wherein the cell is a
mammalian cell.

30
(9) The method as described herein, including under (8), wherein the cell is a
mammalian cell selected from the group consisting of CHO, COS, HeLa and HEK-293
cells.



cells.(10) A kit conprising: (i) reconbinant cells that express a TAS2R46
bitter taste receptor as defined herein, including under (1) to (3), and
(11) dextwormetamasqhan, for conbi ned use to identify agemrC3/dHraey/cvozal at e
the taste of dextronethorphan. (11) A method of using the kit described
herein, including under (10), conprising: (i) grow ng reconbinant cells
that express a TAS2R46 bitter taste receptor as described herein, including
under (1) to (3), (ii) adding one or nore agent in the presence of

dext ronmet horphan, and (iii) determ ning a change in a functional response
of the c@b)Akibyoropispayi ng the response in presence and absence of the

agent, tQ identif : f hor phan. (12)
A ot hod et T PRI iRt o TASIRES Bk Bel Rl as SRR, Do
r ecept orintlhding urdeailfl )do {3), @l acti vat ed by dextronet horphan, the nethod

conpri Si Aiakd ing a paraneter that changes in response to
dextrorre@g%erxg)']ﬁ%;ﬁmgﬁ‘gﬁhg to the TAS2R46 bitter taste receptor, and (ii)

det ersni nfongprabirgthurgeo identiyaopais Ahasmadulate the &35 ekdexBompthada®- i n presence
of dextromet horphan, in conparison to a negative control conprising

dext r omet hor phan but not the agent, and thereby idarbéi f\éi@ng t he agent as a
modul at ot Thh metfeodiai sisiea dhe idasrobrst Nese pragiuding @yden (11e+998W 389 descr i bed

herein, {iyrbwith REobiant kg that BRSEE N TABERIPGREUBstBirddeplor bagbribed ept or
conprises a TAS2R bitter ta?te receptor substantially honol ogous to a

pol ypept PRensBeidRe BN (BER$)D NO 2, with a sequence identity of at |east
90% 10 THPIdMY dhet drevork agét i theqpésahcabi ddxtromethoqb@ecarddy a nucl eoti de

sequence, sel ected fromthe 0 consi st i ng,. of nucl ei jd substantially
honol ogo@l@ deEIN A ABNPYE %@Gﬁgﬁ%‘ re%‘fonéﬁégﬁhﬁ celfs B Gonfiafing tre
response in presence and absence of the agent, to identify agents that modulate the

taste of dextromethorphan.

15 (12) A method to identify an agent that modulates the TAS2R46 bitter taste receptor that
is able to be activated by dextromethorphan, the method comprising:
(i) measuring a parameter that changes in response to dextromethorphan binding to the
TAS2R46 bitter taste receptor, and
(i) determining a change of the parameter in response to an agent in presence of

20  dextromethorphan, in comparison to a negative control comprising dextromethorphan
but not the agent, and thereby identifying the agent as a modulator of the taste of

dextromethorphan.

(13) A method as described herein, including under (12), wherein the TAS2R46 bitter
25  taste receptor comprises a TAS2R bitter taste receptor substantially homologous to a
polypeptide sequence of SEQ ID NO:2, with a sequence identity of at least 90%;
a TAS2R46 bitter taste receptor which is encaded by a nucleotide sequence selected
from the group consisfing of
a nucleic acid substantially homologous to a nucleotide sequence of SEQ ID
30 NO:1 as determined by sequence identity,
a nucleic acid substantially homologous to a nucleotide sequence of SEQ ID
NO:1, , as determined by hybridisation,
wherein the substantially homologous nucleic acid as determined by sequence

identity has a sequence identity of at least 90%;



NO 1 as determ ned by sequence identity, a nucleic acid substantially
honol ogous to a nucl eoti de sequence of SEQ ID NO 1, , as determ ned by
hybri di sawoaenio/aab@®rei n t he substanti ally honol ogous nuclPeTCHR009D00259
determ ned by sequence identity has a sequence identity of at |east 90%
wherein the substantially honol ogous nucleic acid as determ ned by
hybri di sation hybridi ses under stringent hybridization conditions at a
tenperature of 42 Cin a solution consisting of 50% formam de, 5*SSC, and
1% SDS, and washing at 65 Cin a solution consisting of 0.2cSSC and 0.1 %
SDS. (14) Metwiedeiathedebstantiais homokignys hunidivdings dedeningd by hybnidisetia) |,

wher ei n JAS [ K i i 7 I
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A et hodcansistiessefrG0Beidrmamideno* 95 landilfigSBRd@Nd washjng gt £85 Cdma seliion wher ei n
step (i )cdnéisﬁﬁdpéﬁi@%cpé(ncﬁo.%ﬁg. sel ected fromthe group consisting of

S

fl uorescence ectroscopy, NMR (nucl ear nmagnetic resonance) spectroscopy,
measuring of one or nore of absorbance, refractive index, hydrodynam c
met hods, (1éhMethati @g depthiped hemiu ircigingaindpi (121 §nd BBbwherainciap TASEREGs, wherein

the met h@gér BT B RS MRBRAEISRIn@onhN@rid et RA82RAS WvRich Idsli®toreept or in

a suitable environhent selected formthe group consisting of solution,
bi | ayer aativdliedmy dedtamaihiahare a sol i d phase, in a lipid nmonol ayer, bound on
a nmenbrane, and in vesicles. DETAI LED DESCRI PTI ON The net hods provi ded

herej pasHh mééﬁ@d ésdcﬁ‘é%@itgé-dclﬁatréiﬁ,r\nél%l_ﬁlai\ﬁégﬁRIZdGé‘?ﬁZ),t@3}@@(14)!\@5&@@%1&%(0@“ ease

t
the effect of dextronethorphan on modul at ors). The nethods may be

in vivo Berfiarmeqpy pdnetimsl selecisdirens egouneyRisEnaaflUSFRSFFEl |y a G protein

are cont gedcatlsdpl NWIR $huckER MaynaittreslGhent Sy B biedsR B nicdsGririgesfaneert he
properties of salid agents as (fxt qugqs hor phan_t s%gwg?agul ators, including

but not TP 9feserBansex faTgribMeHBIN WegyGagEo ography,

measuring solubility, biochemical methods, wherein the methods measure the properties
15  of the TAS2R46 bitter taste receptor in a suitable environment selected form the group
consisting of solution, bilayer membrane, attached to a solid phase, in a lipid monalayer,

bound on a membrane, and in vesicles.

DETAILED DESCRIPTION
20
The methods provided herein pemit the identification of test agents that increase or
decrease the effect of dextromethorphan on TAS2R46 (modulators). The methods may
be in vivo or in vitro. Cells expressing TAS2R46 and optionally a G-protein are contacted
with test agents and dextromethorphan to determine the propetrties of said agents as
25  dextromethorphan taste modulators, including but not limited to dextromethorphan

bitterness blockers.

The effects of the test agents upon TAS2R46 can be measured by examining any
suitable parameters of TAS2R46 binding, or an activated TAS2R46 functional response.
30  Any suitable assay detecting TAS2R46 receptor activity can be used.

Receptor activation typically initiates subsequent intracellular events, for example,
increases in second messengers, for example, inositol triphosphate (IP3), which
releases intracellular stores of calcium ions. Activation of some G-protein coupled



The effects of the test agents upon TAS2R46 can be neasured by exam ning
any suitable paraneters of TAS2R46 bi nding, or an activated TAS2R46

functi onaVOr8¥WUMYE. Any suitabl e assay detecti ng TAS2RRETHEBOYWP26Act i vity
can be used. Receptor activation typically initiates subsequent
intracellular events, for exanple, increases in second nmessengers, for
exanpl e, -inositol triphosphate (IP3), which releases intracellular stores
of calciumions. Activation of some G protein coupl edreceptors stimnulates
the formation of IP3 through phospholipase C nedi ated hydrol ysis of
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t ransgucté@fy pat hways such as intracellular IP3 and Ca2+, or by other

G protein speC|f| c assays such as labeling with GIPgS, according to

techni ques known in the art. Alternatively, binding assays may be used to
det er m nghé hgcidiaeeffectoidexagepiet trermpbatotzinddir GgproteinTdE2Beminétdyi dent i f i ed
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exanpl e, aH”& %ﬁ%ﬁ)@# ara a%H ﬁa%;raw CAMP, cGWP, inositol phospate (1P3),

di acyl gl ycéro I n0| MAP ki nase or tyrosine kinase), ion
fluxls

A functional response that can be used to identify a modulator is any physiological
change that is affected by TAS2R46 activity; a variety of such changes are determined

in different functional assays.

20  Such functional assays are well-known in the art, for example, without limitation, assays
that use recombinant cells or intact cells or tissues isolated from animals and that are
based on measuring the concentration, activity, or change of a secondary messenger
(including, for example, intracellular calcium (Ca2+), cAMP, cGMP, inositol phospate
(IP3), diacylglycerol/DAG, arachinoid acid, MAP kinase or tyrosine kinase), ion flux,

25  phosphorylation levels, transcription levels, neurotransmitter levels, and assays based
on GTP-binding, GTPase, adenylate cyclase, phospholipid-breakdown, diacylglycerol,
inositol triphosphate, arachidonic acid release, PKC, kinase and transcriptional
reporters. Some suitable assays are, for example, described in WO 01 /18050. Various
functional assays are detailed hereinbelow; example 3 describes a fluorescent assay

30 that detects calcium.

Receptor activation typically initiates subsequent intracellular events, for example,

increases in second messengers, for example, IP3, which releases intracellular stores of



phosphoryl ation | evels, transcription |levels, neurotransmtter |evels, and
assays based on GIP-bi ndi ng, GIPase, adenyl ate cycl ase,

phosphol iwoadetwaaledown, di acyl gl ycerol, inositol tri phogphatposemezshi doni c
acid rel ease, PKC, kinase and transcriptional reporters. Sonme suitable
assays are, for exanple, described in WD 01/18050. Various functional
assays are detail ed hereinbel ow, exanple 3 describes a fluorescent assay
that detects calcium Receptor activation typically initiates subsequent
intracellular events, for exanple, increases in second nmessengers, for
exanpl e, calelBm iovis. cActivationas ssmé 1@-pratir dapked retaptes sirholates ithenfommtion of
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agoni st |tself for exanple, an antagonist, inhibitor, or enhancer, sanples

with andiransorplEninals MIYERLUSEHt h cont ai ni ng dext r onet hor phan (agonl st) are
conpaged. For exanple, a cont rol (wth dextronet horphan but w thout

nodul at o SSi atl e receptor_activity value of 100. A
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whi ¢ he ce 0 not express
identifies an inhibitor, or antagonlst whereas an increase identifies an enhancer. An

increase or decrease in the measured activity of, for example, 10% or more (or any
statistically significant difference) can be considered significant in a sample with test
agent compared to a sample without test agent; or in a sample with test agent compared

20  toa control sample with test agent but in which the cells do not express TAS2R46
(mock-transfected cells).

To identify antagonists, TAS2R46 activity in the presence of the agonist
dextromethorphan with and without a test agent is compared. Antagonists show a
25  reduction of agonist-stimulated receptor activity, for example by at least 10%.

In addition to the functional assays described herein that measure a change in
parameters caused by a functional response to agonist binding, changes in agonist
binding itself can be determined by binding assays that measure the effects on the

30  binding of dextromethorphan to a TAS2R46. Binding assays are well known in the art
and can be tested in solution, in a bilayer membrane, optionally attached to a solid
phase, in a lipid monolayer, or in vesicles. Changes in binding of dextromethorphan to a
TAS2R486 polypeptide can be determined by measuring parameters including but not

limited to spectroscopic characteristics (for example fluorescence, absorbance, or



(mock-transfected cells). To identify antagoni sts, TAS2R46 activity in the
presence of the agoni st dextronethorphan with and without a test agent is
conpar ed.wanbegamIst s show a reducti on of agoni st-sti nmulParat20e0@pL60r
activity, for exanple by at least 10% In addition to the functional assays
descri bed herein that nmeasure a change in paraneters caused by a functional
response to agoni st binding, changes in agonist binding itself can be
determ ned by bindi ng assays that neasure the effects on the binding of
dext ronmet horphan to a TAS2R46. Bi ndi ng assays are well known in the art and

can be t ggheflelifd |h'9&r'o@§harﬂu@n@tﬂbdbi@éﬁﬁﬁloﬂﬁgmi’r@k@nplélshé;w)ﬁéddy attached to a
solid phase, in a i n blndlng of
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propesti eﬁan@pﬂe beTpdbdiddl gxodespetmd fdeT 1 FRsnb;oAdieeetbd)m USEOQM@BZI‘cﬁBng assays are
bi ochem cal e extracts fromcells/tissue expressing
reconblngﬂ?g? %ﬁﬁﬁgggeﬂbgggtldes. A bi ndi ng assay may, for exanple, be
performed as described forTIRs by Adleret al. in US20050032158, paragraphs
[0169] t %3&@% é]amg?é@%'f QB RIS oy ‘tﬁa@Me%Fg‘@tT?@Zm@ SRpe dsivitpat

measur e ceptor activity In assays f ow herein below. Cells used
in the as‘m,%eyszlbWhmnﬂthem\I\al assays may be perfornmed by using sanples
contghning cells expressing the receptor on their surfaces or on isolated
cel | "menbrane fractions. Useful cells are described hereinabove. Instead of
sanpl es fellpusediyheasea¥s's or cel | nenmbranes, tissues fromtransgenic
animals may be used. |solated cells or tissues naturally expressing TAS2R46

gigr ggsgg‘ﬁ I ﬂé@gﬁ%ﬂ%ﬁ%gﬁﬁé% bgt v uhs?nrg samplé%I (;[o% arllrﬁrt\gly c\:/ qls%xgréssszlrli-\)gém can be

the receptor on their surfaces or on isolated cell membrane fractions. Useful cells are
15  described hereinabove. Instead of samples with separate cells or cell membranes,

tissues from transgenic animals may be used.

Isolated cells or tissues naturally expressing TAS2R46 can be used in the methods
described herein. Alternatively TAS2R46 can be expressed using stable or transient

20  expression systems. The generation of a stable cell line is well known, an example is
described in examples 2 herein. Altematively, cells transiently expressing TAS2R46 can
be used, for example, HEK293T/Ga16-gustducin 44 cells transiently expressing
TAS2R46.

25  Suitable cells include eucaryotic cells, for example, without limitation, mammalian cells,
yeast cells, or insect cells (including Sf9), amphibian cells (including melanophore cells),
or worm cells including cells of Caenorhabditis (including Caenorhabditis elegans).
Suitable mammalian cells include, for example, without limitation, COS cells (including
Cos-1 and Cos-7), CHO cells, HEK293 cells, HEK293T cells, HEK293 T-RexTM cells, or

30 other transfectable eucaryotic cell lines.

Suitable bacterial cells include without limitation E. coli.



expression systens. The generation of a stable cell line is well known, an
exanple is described in exanples 2 herein. Alternatively, cells transiently
expressi NWOPAS2ZRA®7can be used, for exanple, HEK293T/ GaP6TEIROGIDDII$944
cells transiently expressing TAS2R46. Suitable cells include eucaryotic
cells, for exanple, without limtation, mammalian cells, yeast cells, or
insect cells (including Sf9), anphibian cells (including nelanophore
cells), or wormcells including cells of Caenorhabditis (including
Caenorhabditis el egans). Suitable mamralian cells include, for exanple,

wi t hout K ' | ' v 0SS~ cells,
HEK293 CSFFQS%%E%B%%%%(?\?EA ﬁ’%&é@%%ﬁ%ﬁﬁée@sm "ggs B%%%’? rdnsf ect abl e
eucar yot PeospBplipape fesignatiiansaustiontpativeay) liansienttly or staklyLasds wet! koawn ini ni t at i on
E. coli. §rldrs ARRXcEIRNE 16 g6iseskprddsio afdha | i whi ch Tinks
TAS2R46 to0.a ﬂ%y(ch ni p Ee.% %r? I tP-aggédu tit%'r?:‘b(g’/tsh%@é@hfgré;ﬁsi ently or
stably, ggotqlggvépsffa ﬁén%\’ﬁz Yel! ‘Fﬂé 83119"‘"Aﬁ5 r%’@ﬁt%&f*ﬁg@@éﬁus expr essi on
syst em t RetubeaigiiacifgustitiiciomanSoil GguShdutieith, @a Egpsied )4l Sod Bejuatdddin(al so
Catoguet fanimaar naBabliy eledbm fingroriiich i Mnahitoliivg Bt
hereignbe W Rs Bf’@éﬁf@qeﬂéi“g qetq] WMOF#OQMO%%% eraalgNe BB EGUPPING- t 0 t ast e
G;CRS, i protigscibaded dniGagd@tadcin @SM%QBWQC?EO%@%&EI @fd%%i %ﬁgﬁ?‘gﬁg Bi g
chimeric in on - tducin described in , or
ot her GB%%%%@S’, é;%ﬁ?é&jg%?@gﬁigﬁma may al so be used. TAS2R46 can be
exprt&sed in a cell with a Gprotein that links the receptor to a signal

t r ansduc T A8ARMAERVRY Sxensed tempilavith h E-pblelhal linfsathe receptaytab signalnsduct i on
pat hway, yafsdat@ilathiAN A eeihs, tﬁébmﬁ%‘ﬁélida@&|d~‘s%ﬁ%\g}]rarfléahcl]§z’ﬁaﬂm{v?a bhe
follow ng: adenylate cyclase, guanylate cyclase, phosphol i pase (‘EL | P3,
GTPase/ @P”ﬂitWBFMF'O%P%iBW?WdP@UCHEQd‘?r%‘AWP%@ therollowyiey: adenytate Avdlasease ¢

(PKC), Maiarkidiasgidsk! Sisdspolikhstag BP306 TRRE/ETP3fRInghbeRinal bygl vy, any
e linked to a TAS2R46 -activation responsive

;S)?ioﬁﬁﬁblerecféﬁﬁ?” o [?‘gg’gﬁgtg%rﬁ'%ée FASBREMAICKING e Yyrosine Kigse,qr L Kivaskor e

Alternatively, any suitable reporter gene may be linked to a TAS2R46 -activation
responsive promoter and used to determine TAS2R46 activity, as described in more
detail hereinbelow.

20

Vector constructs used in cells described hereinabove:

Any suitable expression vector may be used, for example, a plasmid vector with

expression cassette. For example, pcDNA3.1Zeo or pcDNA5/FRT (Invitrogen, Carlsbad,
25  CA, USs).

For transient expression, any suitable vector can be used, for example, pcDNA5/FRT

provides useful results.

TAS2R46 constructs may include so-called tags, including but not limited to a membrane
30  export tag and a tag used for detection of TAS2R46 including but not limited to immuno
detection.



detail hereinbel ow. Vector constructs used in cells described herei nabove:
Any suitabl e expression vector may be used, for exanple, a plasmd vector
wi th exprwezhomis@isette. For exanple, pcDNA3. 1Zeo or p®DRATI2BR1000269
(I'nvitrogen, Carlsbad, CA, US). For transient expression, any suitable
vector can be used, for exanple, pcDNA5/FRT provides useful results.
TAS2R46 constructs may include so-called tags, including but not limted to
a nmenbrane export tag and a tag used for detection of TAS2R46 i ncl udi ng but
not limted to i muno detection.By "nmenbrane export tag" is neant a

nucl eot i Bg "mempepeictpors tagh &l meatd memcieotide bopaptitié sighkitseryoemalto mﬁﬁtthef a

t t I’ t to
Er anst or gl 2R a B, Baded B pRHASH B bl Fo TR BRE A rasar
bi tter ttgronmedegstlsit)enspesadhaittbel lrftrrodmetdhmembeamsfmcte@d(TASQRdnﬂterdeste equence
[ t ort tags
can be o opPs ik fort U1, (RERERR ool dfte O BMACHF BRARFGTEC | (70
sonat dst AeMpraneo Ang ok |@owwmermran¢ Bmortatta%ﬁan beiuserh fiertexemalei witiRes, SEQ

| D NO 3, jiti@atlof! Mnienstitd gﬁpo‘ﬁfta&ﬁoﬁ‘]rgo%t@& tﬁirs}or e%ar‘hBl%d\Q/F?ﬁdu? Intnﬁéﬂof n ggent,

for exanpl e, without limtation, bovine rhodopsin, for exa t hout
|i mitati oeMateHatimeRAE R 'Pamoéaat%formh@(ﬂ’@%en‘)fo‘w EWW@IQGM%HMPHS'(‘S% f or

exanpl e ta@/flérgmérnwestexﬁhplal witAAR Gimiedd, &ﬁ(n%) ih3ddpstP)for @karhplg, Wthgu¢ant
f ragment fromaogbg\| raneProteln exanpl e, without |imtation,
ther e Nrfetraip

about 7 11388y #iamp @ﬁﬁmpaeowe SORERY dsee foF s1@PRle The Hsv
tag can Beautsest bﬂrallmgsnooemege(c;.gmze)pror&héer@@aémvaég/memtfr&arbmgrepl aced

L B TR TS S R I R,
for exanpim@oadild\el a inetbeaneSirgteiw) Wi th t he am noaci d sequence
[ (M DYKDDDDK) ], HA tag [ YPYDVPDYA], c-MYC tag [ EQKLI SEEDL], H S tag
[ HHHHHH] , HSV tag [ QPELAPEDPED], VSV-G tag
The HSV tag can be used for immuno detection, or alternatively, it can be replaced by
15  another immuno detection tag or, if no immuno detection is to be performed, it can be
left out. Alternative tags for immuno detection are, for example, FLAG® tag (Sigma) with
the aminoacid sequence [(M)DYKDDDDK)], HA tag [YPYDVPDYA], c-MYC tag
[EQKLISEEDL], HIS tag [HHHHHH], HSV tag [QPELAPEDPED)], VSV-G tag
[YTDIEMNRLGK], V5 tag [GKPIPNPLLGLDST] and others.
20
The vector constructs for expressing the GPCR and/or the G-protein in such cells may
be produced in a manner known per se using Polymerase Chain Reactions. After
verfication of the sequence, cDNA fragments may be sub-cloned into a suitable vector,
for example pcDNA 3.1 mammalian expression vector for mammalian cells, and
25  transiently transfected in a corresponding host cell to enable the correct expression of
the gene.

After a post-transfection period, for example 48 hours, cell lysates may be prepared,
analysed by a Western-Blot analysis in order to confirm the correct expression of the

30 protein. Once correct protein expression is confirmed, suitable cells, for example
mammalian cells including HEK293T cells and HEK T-Rex™, may be transfected to
generate cells stably expressing the protein according to techniques well known in the
art.

10



[ YTDI EMNRLGK], V5 tag [ GKPI PNPLLGLDST] and ot hers. The vector constructs
for expressing the GPCR and/or the Gprotein in such cells nay be produced
i n a manrwo 2kraasooper se usi ng Pol ynerase Chai n React i on®CTAfH2669/0pe26Di cat i on
of the sequence, cDNA fragnents may be sub-cloned into a suitable vector,
for exanple pcDNA 3.1 manmal i an expression vector for mammalian cells, and
transiently transfected in a corresponding host cell to enable the correct
expression of the gene. After a post-transfection period, for exanple 48
hours, cell |ysates nay be prepared, anal ysed by a Western-Bl ot analysis in
order to confirmthe correct expression of the protein. Once correct
protein expression is confirnmed, suitable cells, for exanple mamuali an

cel | s i néltenativgHENZGRT otrdr-masmehlitEExpTedRnn(verior/hastsysiems cambé geedkd t o

gener at et&ﬁdnltén §ﬁd’;‘%;¥a£@ﬁ8§rﬁe@%n&%%9ﬁﬂb@R@@@ler%ter\gc&@)léd%&]ﬁ&rues vel |

known in t ernatively, a varle non- manmal i an expr essi on
vect or / h§GPCRY Jhesrsingladie fer gxeBwle: W'%%WE%XW%WSIUQWEP%@”%%% encodi ng

the TAS2RAth rézoRmaiaet becﬁérluph@gb beeet, or cdsTRCENA eipesseionnettudeyedsor exanpl e,
T Or 001 OBl Sl DL BRGL B B LGP, i f ST DY

bacterio tors; yeast transforned
Wi th yeaskpresgoreesiasn (forereopie bacyiyires) c@lwﬁhsb@glegﬁlsexnrﬂsg@ﬂ é@ICtQ\ﬁSt(fﬁ)"w ral

expressi @RaMeE HhBRS2L ngm%gnpl e baculovirus), or with bacterial expression
vectors (for exanple pBR322 plasm ds). Exanples of specific vectors that

may be used with the systens descri bed herei nabove are described in
" G poot eiExamplep bbsheciic epttorsthdtShaynad used avibdibe $ystamsSdesicalsdd' her&idaltayes :

Sept oper 050 B G e AEpIREl ocoble Rna) fishedlofints n?“n%S’Z%%f‘%iiSPeE si on
vect ors rfa{pupeHaea ard @ab'%ﬁéﬁéﬁéﬁ“hdsh%nc‘f{ﬁ@rﬁﬁse‘ Baspttiutr Gepsddphuc eot i de
sequenceggemcodi ng the GPCR  For exanple, routine cloning, subcloning, and
propagati on of pol ynucl eoti de sequences
15  In bacterial systems, a number of cloning and expression vectors may be selected
depending upon the use intended for polynucleotide sequences encoding the GPCR.
For example, routine cloning, subcloning, and propagation of polynucleotide sequences
encoding a GPCR can be achieved using a multifunctional E. coli vector such as
pBLUESCRIPT (Stratagene, La Jolla Calif.) or pPSPORT1 plasmid (Life Technologies).
20  Ligation of sequences encoding a GPCR into the vector's multiple cloning site disrupts
the lacZ gene, allowing a colorimetric screening procedure for identification of
transformed bacteria containing recombinant molecules. In addition, these vectors may
be useful for in vitro transcription, dideoxy sequencing, single strand rescue with helper
phage, and creation of nested deletions in the cloned sequence. When large quantities
25 of a GPCR are needed, for example, for the production of antibodies, vectors which
direct high level expression of a GPCR may be used. For example, vectors containing
the strong, inducible SP6 or T7 bacteriophage promoter may be used.

Yeast expression systems may be used for production of a GPCR. A number of vectors
30 containing constitutive or inducible promoters, such as alpha factor, alcohol oxidase, and
PGH promoters, may be used in the yeast Saccharomyces cerevisiae or Pichia pastoris.
In addition, such vectors direct either the secretion or intracellular retention of expressed
proteins and enable integration of foreign sequences into the host genome for stable
propagation.
35

11



encodi ng a GPCR can be achieved using a multifunctional E. coli vector such
as pBLUESCRI PT (Stratagene, La Jolla Calif.) or pSPORTI plasmd (Life
Technol ogwespioiis@at i on of sequences encoding a GPCR i NPOTIAH20MBBIIER" S

mul tiple cloning site disrupts the lacZ gene, allowing a colorinetric
screening procedure for identification of transformed bacteria containing
recombi nant nol ecules. In addition, these vectors may be useful for in
vitro transcription, dideoxy sequencing, single strand rescue wth hel per
phage, and creation of nested deletions in the cloned sequence. Wen | arge

quantiti e ff eQFr@E% B 1Rtd18BE8 prbRinsai maBdtell firtds i§,i6r axamplect i on of

anti bodi es, vecto whi ch d t high I i

dsed. | FoRsueign o e berarTe ARty AR R oL R B peRgr T

?g(r:t g; Ioggrgfeéi‘gg\r?mowf Wb%@gg&m;&% Mste}fﬂ@éigﬂgpnesﬁr@s‘siWsU'ee‘cﬂedrhwa be used

2 . . e , .

| nduci bl SoproRes bisv gemak. g beebiEan o B Rl dab8 Wi e ¢ '

B; g{ﬂ;?_er %fYémdra li!s??\l_éﬂéiﬂe that %ﬂi’tmiy@’ﬂéﬂpreﬁabo lad cenpeery of excembiiaakproieindi chi a
is_ In addition, such vector i i [

i ntracel ["GP3§ °g‘?r§ﬁf‘? ?‘ne’é?re%(gg’gﬁjd"%'?'g'ica&%éhgoﬁéf’&e%gﬁggFﬁ%ééﬁjaa%? |r on of

foreign :ﬁ@]uf@wtx]g?nﬂ a}sc nidng posistrargationa nfolificsticnls keoywn tspeagat inon. For t he

expressi on o et er ol Qgous .. i in i el | i i f

o1 vat1 Jeneiy S CuRPRRrED R ShaRairhet PREShEREY provtRin, P ca

mul t i capsicglatiors IpeneclysissandAshidRY) vasainelsemogrants. Anunties osYeSiEH e or ei gn gene

XTS5 Wi I PRRIYo A ABRK 55 | RBGSkREE Wiigh RROTRgan el L hor L he

pol yhedr i _promnoters, a e array oOf vectors is available that
optim ses expression and recovery of reconbi nant proteins. These vectors
enabl e e’@(ﬁé{éi&?s%teﬂgih menbr ane- bound and secreted proteins at high
level s, and also many post-translational nodifications known to occur in
manmal i an systens, including N and O linked gl ycosyl ati on,

phosphor yi}, 3P eﬂﬁé’ésiiljl\m%,en%&lhgfﬂie}f@sﬁecﬁﬂdt@%qW(WMGmrma&ponent s. A
nunber of vectors are co rcial avajl a

| nsedSel RselergnedyricalSeharner Mg 9"(5%1}??‘6 gé‘g%rbﬁ%ngg Log\?{se:%%r that
contains a strong promoter to direct transcription, a transcription/translation terminator,
and a ribosome-binding site for translational initiation. Suitable bacterial promoters are
well known in the art, for example, E. coli, Bacillus sp., and Salmonelia, and kits for such
expression systems are commercially available. Similarly, eukaryotic expression
20  systems for mammalian cells, yeast, and insect cells are commercially available. The
eukaryotic expression vector may be, for example, an adenoviral vector, an adeno-

associated vector, or a retroviral vector.

In addition to the promoter, the expression vector typically contains a transcription unit or
25  expression cassette that contains all the additional elements required for the expression
of the protein-encoding nucleic acid in host cells. A typical expression cassette thus
contains a promoter operably linked to the nucleic acid sequence encoding the protein
and signals required for efficient polyadenylation of the transcript, ribosome binding
sites, and translation termination. The nucleic acid sequence encoding the protein may
30 typically be linked to a membrane-targeting signal such as the N-terminal 45 amino acids
of the rat Somatostatin-3 receptor sequence to promote efficient cell-surface expression
of the recombinant protein, which is useful for cell-surface receptors. Additional elements

may include, for example, enhancers.

12



In order to express cDNAs encoding the desired proteins (GPCR (TAS2R46) and
Gorotein), one typically subclones the appropriate cDNA into an expression
vect or t D 20mmMti&aIns a strong pronoter to direct transcPCPGH2N09/(00269
transcription/translation termnator, and a ribosone-binding site
fortranslational initiation. Suitable bacterial pronoters are well known in
the art, for exanple, E. coli, Bacillus sp., and Sal nonella, and kits for
such expression systens are comrercially available. Simlarly, eukaryotic
expression systens for manmalian cells, yeast, and insect cells are

conmmer ci Ahlexpysioh adseite Shailealk@corbine texperpsisn maminatidroregioay be, for
exanpl e, ctor

an adenoviral. v n adenoassoci at ed. vect or.a.retroviral
vect or . Pﬂw%\%@am Jihe gfrye a'rﬂeg?rgq %rpyﬁ?ﬁ; eﬁ‘yﬁpgégp@ﬂtwegﬁ%}er MerL) |y
cont ai ns reyidn @AY b bipthined frami the same ypinessihepraasisetdgeendeair ntayrtieai ns al | t he

addi ti onal, el nts.requir for the expression of the protein-encoding
nucl ei c géﬁaweﬁgr%%@ﬁerggt‘qegsgp\ typi cal expression cassette thus contains a
pronoser operably |linked to the nucleic acid sequence encoding the protein

q < I ) (i _ do et Dot
Fbosone B S e iohf e Yrofls S BiuoRal KRRy Bl AU el SRR CTL DL
sequence pesaodtiheelis el knoveimtheray maydiecset yExamplgsrfagicters include

menbr ane b 4L 48 bkhi8sSibioicthors Ushe@tid) B i iR iihg JOREPLRRApIAmiRf the rat
Somat ostat1 n-3 recez%t or sequence to pronote efficient_ cell-surface

expr essi 68KEf andRET28Bpand fusion sypesepmsYsitNT Hor exaiRds, @S T kasét - sur f ace
recegpors. Additional elenments may include, for exanple, enhancers. An
expressi on cassette should also contain a transcriptiqQn termnation region

downst r eE¥PEESiEM¥eders Geptginig gaHRloNFIPSS Hameykarpls Wiuges 2B dYRFal4t i on. The

t er m nat iygéd inegikamotitekphsss@ptvatiofdfdr Ramblb S \BlavectgRNeytaeddievifs onot er
sequence or ob\}.ai ned fron%di fferent on of the

proteins’ e‘éB‘%?é?f?’ﬁ’H’r?a Irug YE¢igfss @ YecégfﬁF%@Vseldg%r'}?eEpségﬁfgafféﬁrpgscgtbe'br ocaryotic
cel | s welekerkplayrekaryblieveptdrs inejidb @ MSS:; pAVERSAR | pdAT @f0/A'e pMbiMpedac| ude
e 0 bR SRRV R AP bl il el P22 baseo
GST and Ipaat@ins under the direction of the SV40 early promoter, SV40 later promoter,

metallothionein promoter, murine mammary tumor virus promoter, Rous sarcoma virus

promoter, polyhedrin promoter, or other promoters shown effective for expression in

eukaryotic cells.

20
Some expression systems have markers that provide gene amplification such as
thymidine kinase, hygromycin B phosphotransferase, dihydrofolate reductase and the

like.

25  The elements that are typically included in expression vectors may also include a
replicon that functions in E. coli, a gene encoding drug resistance to permit selection of
bacteria that harbor recombinant plasmids, and unique restriction sites in non-essential
regions of the plasmid to allow insertion of eukaryotic sequences. The particular drug
resistance gene chosen is not critical, any of the many drug resistance genes known in

30 the art are suitable. The prokaryotic sequences are optionally chosen such that they do
not interfere with the replication of the DNA in eukaryotic cells, if necessary.

In bacterial systems the GPCR c¢DNA fragment may be expressed alone or as a fusion

protein wherein the GPCR of interest is fused to the E. coli periplasmic maltose-binding

13



Expressi on vectors containing regulatory elenents from eukaryotic viruses
are typically used in eukaryotic expression vectors, for exanple SV40

vect ors, wotormagaioevi rus vectors, papillonma virus vect oPST/GE2doM®e160r s
derived from Epstein-Barr virus. O her exenplary eukaryotic vectors include
pMSG, pAV009/ A+, pMIOLO07A+, pMAWVheo-5, bacul ovirus pDSVE, pcDNA3.1 , pl RES
and any other vector allow ng expression of proteins under the direction of
the SV40 early pronoter, SV40 | ater pronoter, netall othionein pronoter,
murine manmary tunor virus pronoter, Rous sarcoma virus pronoter,

pol yhedr ipmotgin¢MBPEewherein thé MBP, prchudingets sighb bpaptidd, fieliked ¢o fheraméxgr essi on in

eukar Yot i il ch e R9IR O GRBA B GBESH 85 AV 1S KPR Ak AR de gene

anplification such as thymdin I'nase, hygronycin ransf er ase,

di hydr of subtleneddita@tsadablanthsmitk fdriekamplEipBRSR2 meers int BaplidBRCRypi cal | y

i ncl uded _i - i t a i L functi ons
i E ool reS B R Al e A P Blon e Bl B PR BB EPER  cer i a
t hat har lFoeoli eresiapiribadt fopetestaleldn “Gridotainicgueled essepiora (Sana Transdigiion

non- esseryghigd ) EREbRMatSihyal iyl risEA el Berdleln0 st das Pt b& & cCREKBEKQL i C
sequences. The particul ar d%%nr esi stance gene chosen is not critical, any

of the méiga ety fleSpeiermber es known in the art are suitable. The
prokaryotic sequences are optionally chosen such that they do not interfere
with the replication of the DNA in eukaryotic cells, if necessary. In

bact er i alGesgtitatiyrengiheer&iP@East Bpdterhs aghipadct nalysysenexphias bekleadogesow as a

fust g PIeERpMigE fehd BftaGELT Rl %%E@%G%f&%&?ﬁ%’s%%h E. coli

periplasm c naltose Ingproteln ereln the ‘ncluding its
signal peptide, is linked to the amno term nus of the GPCR The w | d-type

GPCR ¢ DNAsdretitdng eMphbSrBCR4st 5ystdm€ EiRtilute $Hnah9BeER dHdoG@ ptkil apliee pl asmi d,
for exanmp iLven by the | ac

w1 d-typRofrBianEs Coapieain e efboktelar R R R o
descr i bedovinstrean aigpaling piathwags prepaled modifiep e that theeptral yedstiregpanse to
Tr angguctihOgg el is @pertedrd ipbSifive grbtsehsidddten@if JFabrdpsheBRhet €I n, 1st ed.,
Pp. 265 2e§((p)reSS|on a’e(sagrlsbea by Broach, J. R. and J. Thorner (1996) Nature 384 (supp.):14-16).
Genetically engineered insect systems incorporate a human GPCR and Ga protein that
enables receptor coupling the the phospholipase C signaling pathway (see for example
20  Knight and Grigliatti, (2004) J Receptors and Signal Transduction 24: 241-256).
Amphibian cell systems, in particular melanophore cells, are described, for example, in

WO 92/01810 that describes a GPCR expression system.

Overexpression of TAS2R46:

25
TAS2R46 may be overexpressed by placing it under the control of a strong constitutive
promoter, for example the CMV early promoter. Alternatively, certain mutations of
conserved GPCR amino acids or amino acid domains can be introduced to render the
employed TAS2R46 GPCR constitutively active.

30

Transfection of TAS2R46 expression vector constructs into cells:

Standard transfection methods can be used to produce bacterial, mammalian, yeast or

insect cell lines that express large quantities of the protein.

14



Boca Raton FL; Septenber 1999. Genetically engi neered yeast systens and

i nsect cell systens which | ack endogenous GPCRs provi de the advantage of a
nul | backyocomdifer TAS2R46 screening. Genetically engi regr@ogamsicosyst ens
substitute a human GPCR and Ga protein for the correspondi ng components of
t he endogenous yeast pheronone receptor pathway. Downstream signaling

pat hways are also nodified so that the normal yeast response to the signa
is converted to positive gromh on selective nedia or to reporter gene
expression (described by Broach, J. R and J. Thorner (1996) Nature 384
(supp.):14-16). Cenetically engineered insect systens incorporate a human
GPCR and Ga protein that enabl es receptor couglln the t he @%@ﬁ@ gllpase C
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15  the promoter controlling expression of the gene of interest.
Cell culture:

After transfection, the transfected cells may be cultured using standard culturing
20  conditions well known in the art. It will be apparent to the skilled person that different
cells require different culture conditions including approriate temperature and cell culture

media.

TAS2R46 receptor protein recovery:
25
If desired, the protein may be recovered from the cell culture using standard techniques.
For example, the cells may be burst open either mechanically or by osmotic shock
before being subject to precipitation and chromatography steps, the nature and
sequence of which will depend on the particular recombinant material to be recovered.
30 Alternatively, the recombinant protein may be recovered from the culture medium in
which the recombinant cells had been cultured.
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| i posones, mcroinjection, plasma vectors, viral vectors and the |ike. For
exanple, without limtation, the T-Rex(tm expression system (Invitrogen
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bi nding of tetracycline to the Tet repressor and derepression of the
pronoter controlling expression of the gene of interest. Cell culture:

After tr meeuRfbisQRat inbg belideifiediydneakssysimny be cultured using standard
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can kg identified as described herein bel ow. The type of a nodul ator nay
include nore than one type at a tine, and may depend on the concentration.
For exanphere now fatiwys a defipitipatof the %ﬁ“féd@ﬁﬁﬁe”gf#?ddné@rm%tﬁ?ﬂsc‘?ﬁ%@ﬁdr ation
range, bubrect as a nodul ator or enhancer of another agonist (for exanple a
sweet ener or sugar) in another concentration range. Therefore, agents

shoul d be tested at different concentrations to identify them as

modul at omsmodulator as used herein is an agent that effects an increase or decrease of one or

15  more of the following: the cell surface expression of a receptor, the binding of an agonist
(dextromethorphan) to a receptor, the intracellular response initiated by an active form of
the receptor (in the presence of dextromethorphan), or another physiological response.
The modulator modulates (increases or decreases) the response of a TAS2R46 to
dextromethorphan.

20
Modulators include various types of compounds, including small molecules, peptides,
proteins, nucleic acids, antibodies or fragments thereof. These can be derived from
various sources including synthetic or natural, extracts of natural material, for example
from animal, mammalian, insect, plant, bacterial or fungal cell material or cultured cells,

25  orconditioned medium of such cells.

Dextromethorphan is an activator of TAS2R46 which activates TAS2R46 and causes or
increases an intracellular response when it binds to a TAS2R46 compared to the
intracellular response in the absence of the TAS2R46. Additionally or alternatively,

30 dextromethorphan may decrease internalization of a cell surface receptor such that the
cell surface expression of a receptor is increased as compared to the number of cell

surface receptors present on the surface of a cell in the absence of an agonist.
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There now follows a definition of the agents to be identified in the

nmet hods descri bed herein. A nodul ator as used herein is an agent that

ef fects awmoizooveaa®e or decrease of one or nore of the f@®Crak2ey/000ive cel l
surface expression of a receptor, the binding of an agoni st

(dextronet horphan) to a receptor, the intracellular response initiated by
an active formof the receptor (in the presence of dextronethorphan), or
anot her physi ol ogi cal response. The nodul at or nodul ates (i ncreases or
decreases) the response of a TAS2R46 to dextronet hor phan. Modul at ors
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a TAS2R46 conpared to the intracellular response in the absence of the
TAS2R46. Additionally or alternatively, dextronethorphan may decrease

i nt er nal FRdRNIRr decradsesthe kinding ekan %@ﬂ?ﬁ’cﬂe’(@%ﬁh?'ﬁa@” forfBe geeeptos s f ace
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t
agoni st . GriPstss 'Eéua‘??gé’d&‘l‘i@fm ich binds to the receptor at the same
(conpetitive antagonist) or at a different site (aI losteric antagonist) as

t he agoni,st/ dextronet hor but, does nt racel | ul ar
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i nduced by an
signal through for example a G-protein (i.e. due to different interactions with

modulators) can be determined by the assays described hereinbelow.

Example assays to identify modulators of the TAS2R46 receptor:
20

Detection of changes of cytoplasmic ions or membrane voltage:

Cells are loaded with ion sensitive dyes to report receptor activity, as described in detail
in “G-protein coupled receptors (Signal Transduction Series)”, CRC Press 1999; 1st

25  Edition; Eds Haga and Berstein. Changes in the concentration of ions in the cytoplasm
or membrane voltage are measured using an ion sensitive or membrane voltage

fluorescent indicator, respectively.

Calcium flux:

30 Intracellular calcium release induced by the activation of GPCRs is detected using cell-
permeant dyes that bind to calcium. The calcium-bound dyes generate a fluorescence
signal that is proportional to the rise in intracellular calcium. The methods allows for

rapid and quantitative measurement of receptor activity.
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An enhancer increases the binding of an agoni st/ dextronethorphan to the
receptor as conpared to the binding of the agonist in the absence of
enhancer ,weandiognsincr eases the intracellul ar response i RETAELOEY002%9

agoni st. The activity, or changes in activity, of a receptor binding an
agoni st and transmtting the signal through, for exanple, a Gprotein (i.e
due to different interactions with nodul ators) can be determ ned by the
assays descri bed herei nbel ow. Exanpl e assays to identify nodul ators of the
TAS2R46 receptor: Detection of changes of cytoplasm c ions or nenbrane
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t ransf ect@dmagiddhdidigt co-express the TAS2R46 GPCR and a G protein which
allows for coupling to the phospholipase C pathway as described

her ei nabove. Negative controls include cells or their nenbranes not

expressi Day BAGRAPphiBeke $dca88 WeHToBK collb @ePWEl AiEmBREHdal£ 3nan- speci fi ¢
ef fects of thﬁ cand .dat e ngé)und The cal cium flux detection protocol is
i AP

descri be8Y§"R9QEE QK ” yg,gre '8 n coupl ed receptors (Signal Transduction
Series)"; Editors: Tatsuya Haga and Gabriel Berstein, 1st ed., 424pp.CRC

Press - Boca, ept enber, _.1999 nvmthls
sunmmar i s@ﬁyge%&? arﬁé?‘"?ﬁ ‘g% %9I15éln8t°££ﬁ§$%&ggggggsl§ﬁ? ‘?Q% %Cell's per well
and mai nLipbfeednivie 000 (Invitrogen) per well. Transfected cells are maintained at 37°C

15  overnight in nutritive growth media.

Day 2: Growth media is discarded and cells are incubated for 1 hour (at 37°C in the
dark) with 50 pl of calcium assay solution consisting of 1.5 uM Fluo-4 AM (Molecular
Probes) and 2.5 mM probenicid dissolved in C1 buffer solution which contains 130 mM

20 NaCl, 5 mMKCl, 10 mM Hepes, 2 mM CaCl2 and 10 mM glucose (pH 7.4) at 37°C. 125
pl of C1 buffer is added to each well and the plate is further incubated for 30 minutes at
room temperature in the dark.
Buffer solutions are discarded and the plate is washed 5 times with 100 pl C1 buffer as a
washing buffer and cells are reconstituted in 200 pl of C1 buffer.

25
Then the plate is placed in a fluorescent microplate reader, for example, the Flexstation
(Molecular Devices) or the FLIPR (Molecular Devices) and receptor activation is initiated
following addition of 20 pl of a 10X concentrated agonist stock solution. Fluorescence is
continuously monitored for 15 seconds prior to agonist addition and for 45 — 110

30 seconds after agonist addition.

Receptor activation levels can be defined as follows:
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Useful cells are, without limitation, mammalian cells as described hereinabove, for

15  example HEK293T cells and HEK293 T-RexTM cells. Cells may be transfected with a
GPCR and a G-Protein transiently or stably as is well known in the art. An excellent
heterologous expression system is described in detail in WO 2004/055048.

A calcium flux assay can be performed, for example, as described in example 1

20  hereinbelow.

The identification of a modulator is performed as described above subject to the
following modifications. The signals are compared to the baseline level of TAS2R46
activity obtained from recombinant cells expressing TAS2R46 in the presence of an

25 agonist but in the absence of a test agent. An increase or decrease in TAS2R46 activity,
for example of at least 2 fold, at least 5 fold, at least 10 fold , at least a 100 fold, or more

identifies a modulator.

Alternatively, the identification invoives an increase or decrease fluorescence intensity

30  of, forexample, 10% or more, when compared to a sample without modulator, or when
compared to a sample with modulator but in cells that do not express the TAS2R46
polypeptide (mock-transfected cells).
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and thereby receptor activity can be detected using fluorescence. Cells expressing a
15  TAS2R46 GPCR may exhibit increased cytoplasmic calcium levels as a result of

contribution from both intracellular stores and via activation of ion channels, in which
case it may be desirable, although not necessary, to conduct such assays in calcium-
free buffer, optionally supplemented with a chelating agent such as EDTA, to distinguish
fluorescence response resulting from calcium release from internal stores.

20
Phospholipase Clintraceliular Ca®* signals:
TAS2R46 is expressed in a cell with a G-protein that links the receptor to a

phospholipase C signal transduction pathway. Changes in intracellular ca*
concentration are measured, for example using fluorescent Ca* indicator dyes and/or

25  fluorometric imaging.

GTPase/GTP Binding:
For a GPCR including TAS2R46, a measure of receptor activity is the binding of GTP by
cell membranes containing the GPCR. Measured is the G-protein coupling to

30 membranes by detecting the binding of labelled GTP.
Membranes isolated from cells expressing the receptor are incubated in a buffer
containing 35S-GTPyS and unlabelled GDP. Active GTPase releases the label as
inorganic phosphate, which is detected by separation of free inorganic phosphate in a
5% suspension of activated charcoal in 20 mM HzPO,, followed by scintillation counting.

20
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15
Microphysiometer or biosensor:
Such assays can be performed as described in detail in Hafner, 2000, Biosens.

Bioelectron. 15: 149-158.

20  Arachinoid acid:
The intracellular level of arachinoid acid is employed as an indicator of receptor activity.
Such a method is described in detail by Gijon et al., 2000,J. Biol. Chem., 275:20146-

20156.

25  cAMP/cGMP;
Intracellular or extracellular cAMP is measured using a cAMP radioimmunoassay (RIA)

or cAMP binding protein, for example as described by Horton & Baxendale, 1995,
Methods Mol. Biol. 41: 91-105. Alternatively, a number of kits for the measurement of
cAMP are commercially available, for example the High Efficiency Fluorescence

30 Polarization-based homogeneous assay by LJL Biosystems and NEN Life Science
Products. Alternatively, the intracellular or extracellular levels of cGMP may measured
using an immunoassay. For example, the method described in Felley-Bosco et al., Am.
J. Resp. Cell and Mol. Biol., 11:159-164 (1994), may be used to determine the level of
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met hod is described in detail by Traynor and Nahorski, 1995, Mol.
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exanpl e as described by Horton & Baxendal e, 1995, Methods Mdl. Biol. 41:
91-105. AlAG#Pgati vely, a nunber of kits for the nmeasurement of cAMP are

cor: Sl o BB PRy st e
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may be udestribed me?msnhcpi@dt&ﬁ@ﬂa"@aé:rm@f:@la\ﬂﬂlted\w @nd\étﬁl(ﬂe‘fg?wé'ﬁ Mesay kit for
measur i ng GANE PR/ 5oeC WiEinafeNeRritd foP@E mdaskemenloflifositafrisitsdphgtesised.

are available commercially from Perkin Elmer and CisBio International.

15  Negative controls with mock-transfected cells or extracts thereof to exclude possible

non-specific effects of test agents may be used.

PKC Activity :
Growth factor receptor tyrosine kinases can signal via a pathway involving activation of

20  Protein Kinase C (PKC), which is a family of phospholipid- and calcium-activated protein

kinases.

Increases in gene products induced by PKC show PKC activation and thereby receptor

activity. These gene products include, for example, proto-oncogene transcription factor-
25  encoding genes (including c~fos, c-myc and c-jun), proteases, protease inhibitors

(including collagenase type | and plasminogen activator inhibitor), and adhesion

molecules (including intracellular adhesion molecule | (ICAM I)).

PKC activity may be directly measured as described by Kikkawa et al., 1982, J. Biol.

30 Chem. 257: 13341, where the phosphoarylation of a PKC substrate peptide, which is
subsequently separated by binding to phosphocellulose paper, is measured. it can be
used to measure activity of purified kinase, or in crude cellular extracts. Protein kinase C
sample can be diluted in 20 mM HEPES/ 2 mM DTT immediately prior to the assay.
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Negative controls with nock-transfected cells or extracts thereof to
excl ude possi ble non-specific effects of test agents nmay be used. DAG | P3-.
Second neweenyarsoddi acyl gl ycerol (DAG and/or inositol wrcrgephmm (| P3),
whi ch are rel eased by Phospholipid breakdown, that is caused by receptor
activity, can be detected and used as an indicator of GPCR ( TAS2R46)
activity, for exanple as described in Phospholipid Signalling Protocols,
edited by lan M Bird, Totowa, N.J., Humana Press, 1998. Alternatively,
kits for the neasurenent of inositol triphosphates are avail abl e
comrer i ahlatefhHne Reklktan B peforald uSihg BieoPbireKinasd Orakay Kiegat i ve control s
w th nock-transfect e,ga&fel LI§ Q}' extracts thereof to exclude possible
non- specicempegigly@vaiabte BYJd"VEnt s may be used. PKC Activity : G owth
factor receptor tyrosine kinases can signal via a pathway invol ving
activati of Protei, Lnase C (PKC I i S l'ipid-
and cal cﬁﬁﬁ}a EY%'%H%#%@@F?Y?%H%%%@%?%gﬁ&%@%czsflc n g%%se&e(grr%gﬁg'lﬂ@ i nguced
by PKE slgpecPi@saRr46y.ati on and thereby receptor activity. These gene
products include, for exanple, proto-oncogene transcription factorencoding
genes (including c-fos, c-nyc and c-jun), proteases, protease inhibitors
(i ncl udi idteomlivalygentidy cay pe meagnidthrasst the yep ohePPRRIEsHe CAMIYFSor), and
adhesi on g i i i oykesdtRatidRl ecule | (1CAM 1)) .
PKC act i vﬁ%ﬁwygégg{d@%gg‘%@gﬁgg%ﬁr@gg&gg{egebscri bgd by Ki kkawa et al., 1982,
J. Biol. Chem 257: 13341 , where the phosphorylation of a PKC substrate
pept ige, N&Iygﬁ% é&g%lé%ﬁ%@é]&&éhsﬁa%%fc%hse& X¥rabts MiEbre td exdlesssiolel | ul ose
paper, is asured. It can be used to nmeasure activity of purified kinase,
or in cruge-spesificetactesiiesi@oents praytheiUseki nase C sanple can be diluted in 20
mM HEPES/ 2 nM DTT i nmmedi ately prior to the assay. An alternative assay can
be perfornmed using the Protein Kinase C Assay Kit comercially avail abl e by
PanVer a. MAP Kinase activity:

MAP kinase activity can be measured using commercially available kits, for example, the

15  p38 MAP Kinase assay kit by New England Biolabs, or the FlashPlate™ MAP Kinase

assays by Perkin-Elmer Life Sciences. p42/44 MAP kinases or ERK1/2 can be

measured to show GPCR (TAS2R46) activity when cells with Gq and Gi coupled GPCRs

are used, and an ERK1/2 assay kit is commercially available by TGR Biosciences, which

measures the phospharylation of endogenous ERK1/2 kinases following GPCR

20  activation.

Alternatively, direct measurements of tyrosine kinase activity through known synthetic or
natural tyrosine kinase substrates and labelled phosphate are well known; the activity of
other types of kinases (for example, Serine/Threonine kinases) can be measured

25  similarly.

All kinase assays can be performed with both purified kinases and crude extracts
prepared from cells expressing one or more TAS2R46 polypeptide.
The substrates of kinases that are used can be either full-length protein or synthetic

30  peptides representing the substrate. Pinna & Ruzzene (1996, Biochem. Biophys. Acta
1314: 191-225) fists a number of phosphorylation substrate sites useful for detecting
kinase activities. A number of kinase substrate peptides are commercially available. One
that is particularly useful is the "Src-related peptide," RRLIEDAEYAARG (commercially

available from Sigma), which is a substrate for many receptor and nonreceptor tyrosine
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The above-descri bed PKC assays are perforned on extracts fromcells
expressing the GPCR (TAS2R46). Alternatively, activity can be neasured

t hrough twe 20e¢018§97r eport er gene constructs driven by tRreTaanewloomequences
of genes activated by PKC activation. Negative controls with
nmock-transfected cells or extracts thereof to exclude possible non-specific
effects of test agents may be used. MAP Kinase activity: MAP kinase
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many rece nonr ecept or té Ki hases. Sone_net hods reci]]w re the
bi ndi ng a'he p‘élppeltw@rggbgltmlaatgg by binding1oé pr agerd e TAB2R46 sets in motio

cascade of intracellular events, the ultimate consequence of which is a rapid and

15 detectable change in the transcription or translation of one or more genes.

The activity of the receptor can therefore be determined by measuring the expression of

a reporter gene driven by a promoter responsive to TAS2R46 activation.

20 A “promoter” as used herein is one or more transcriptional control elements or
sequences necessary for receptor-mediated regulation of gene expression, including
one or more of basal promoter, enhancers and transcription-factor binding sites
necessary for receptor-regulated expression. Promoters responsive to the intracellular
signals resulting from agonist binding to TAS2R46 are selected and operatively linked to

25  a corresponding promoter-controlled reporter gene whose transcription, translation or

ultimate activity is readily detectable and measurable.

Reporter genes may be selected, for example, from luciferase, CAT, GFP, B-lactamase,
B-galactosidase, and the so-called "immediate early" genes, c-fos proto-oncogene,

30 transcription factor CREB, vasoactive intestinal peptide (VIP) gene, the somatostatin
gene, the proenkephalin gene, the phosphoenolpyruvate carboxy-kinase (PEPCK) gene,
genes responsive to NF-kB, and AP-1-responsive genes (including the genes for Fos
and Jun, Fos-related antigens (Fra) 1 and 2, IkBa, ornithine decarboxylase, and

annexins | and l).

24



pepti de substrates should have a net positive charge to facilitate binding.
Cenerally, peptide substrates should have at |east 2 basic residues and a
free- am rwotzermilme3. Reactions generally use a peptide ®OmEE0%0DIIN Of
0.7-1 .5 MM Negative controls with nock-transfected cells or extracts

t hereof to exclude possible non-specific effects of test agents may be
used. Transcriptional reporters/ TAS2R46 -responsive pronoter/reporter
gene: To identify nodul ators with reporter gene assays, an at |least 2-fold
i ncrease or 10% decrease in the signal is significant. An agoni st

stinul ates for exanple at least 2-fold, 5- fold, 10-fold or nore when
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for receptor-regul ated expression. Pronmoters responsive to th
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exanpl e, th ég@méwmd‘@r &ﬁ\ﬁor L@eatecﬁﬁe,exbrelsﬁah MRsscelt-gid; anfuetdrtidseis and t he

-cal l " t t t
Factor OREEPUCAKLIRGerpRten oLETY Rizte b apTReas: CUPeTUGRRB T BEREPUSt ac i n
gene, theequire miewmablnrsygﬁeas dnidemRNAS phmribéqafyasmwase geaehokiyh kaves e
E IPEE%Z:“ %Slgﬁﬁgﬁ-gfgﬁoz g(ra\?ei Orinjnﬁllét\ése tot e? fel\w:holﬁl?’s St friarfa‘ the prorrﬁc?tgto rﬂgy Mgve%%%es

several or all of these properties.

The c-fos proto-oncogene is an example of a gene that is responsive to a number of
different stimuli and has an rapid induction. The c-fos regulatory elements include a

20  TATA box that is required for transcription initiation; two upstream elements for basal
transcription, and an enhancer, which includes an element with dyad symmetry and
which is required for induction by TPA, serum, EGF, and PMA. The 20 bp c-fos
transcriptional enhancer element located between -317 and -298 bp upstream from the
c-fos mRNA cap site, is essential for serum induction in serum starved NIH 3T3 cells.

25  One of the two upstream elements is located at -63 to -57 and it resembles the

consensus sequence for cAMP regulation.

The transcription factor CREB (cyclic AMP responsive element binding protein) is
responsive to levels of intracellular cAMP. Therefore, the activation of a receptor that

30  signals via modulation of cAMP levels can be determined by detecting either the binding
of the transcription factor, or the expression of a reporter gene linked to a CREB-binding
element (termed the CRE, or cAMP response element). The DNA sequence of the CRE
is TGACGTCA. Reporter constructs responsive to CREB binding activity are described
in US 5,919,649.
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and Jun, Fos-related antigens (Fra) 1 and 2, |kBa, ornithine decarboxyl ase,
and annexins | and Il).Pronoters will be selected according to the sel ected
reporter wore10/@sooni | | be apparent to the skilled persorCTiamoéswexe, CAT,
GFP, b-lactamase, b-gal actosi dase and assays for the detection of their
products are well known in the art. Exanples of further reporter genes are
descri bed herei nbel ow. The "imedi ate early" genes are suitable and are
rapidly induced (for exanple within mnutes of contact between the receptor
and the effector protein or agonist). Desirable properties in reporter
genes include one or nore of the followi ng: rapid responsiveness to agoni st
bi nding, |ow or undetectabl e expression in we&lﬁ ent ce nducti on that
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The c-5f OSreﬂﬁdmtslvewc,@rgénmcmtmlcmgoemasnpmdaplmjrbca egErﬁeandlate is responsive to a
nunber of different stinuli a

rggul at orR® éP%%ﬂ@gﬂﬁ%ﬁ%l 6 é)x Q%\ A box }{)%Bbg?}s‘&?%g{?h@% H)b?‘ l%?éﬁgcrl ption

initiati oespdnatyeupstream el enents for basal transcription, and an enhancer,
whi ch includes an elenment with dyad symretry and which is required for
i nducti on by TPA, serum EG-, and PMA. The 20 bp c-fos transcriptional
enhancer Addiiomat exaomiasedd rénsrigeaenes 20 thairpromoBrapal Aie f9PaRs'Ys m t he c-f os

MRNA f2p C‘Hahges fﬁsc;rﬁ‘éﬁ%@ﬁ\)n bncluRie tﬁeeAI“mtia'ﬁgé’rﬁJtlanfbctd?aﬁ@NFmBSt arved NIH 3T3

cells. One o two upsireamelenents is | ocated H@“‘Ehr -57 and it

r esenbl esThedP-ddriempienis %‘é@ﬁ@tﬁ'é%d PYoR CRNERPSYSAf! é’ﬂrlddﬂﬁ’ site SHEcription

factor CRERndeH T@Aﬁ TCIS MR NP EsiR] i€ BRBredPoRsiblB o &diging)industisresyponsi ve
to levels of intracellu

that si gn&Mer PioNatya u?c&tdﬂr@ﬁhggﬁ%rwg%rega%@feéfaae%@"{flé*\t‘/@%ﬁ Ofteg% (ﬂ?e/'g)gg : iOFlg
ei t her t hgndoaraehdi8iore sometimes also referred to as a TRE, for TPA-response element. AP-1
15  activates numerous genes that are involved in the early response of cells to growth
stimuli. Examples of AP-1-responsive genes include the genes for Fos and Jun (which
proteins themselves make up AP-1 activity), Fos-related antigens (Fra) 1 and 2, kBa,

ornithine decarboxylase, and annexins | and I1.

20  The NF-kB promoter/binding element has the consensus sequence GGGGACTTTCC. A
large number of genes have been identified as NF-kB responsive, and their control
elements can be linked to a reporter gene to monitor GPCR activity. Genes responsive
to NF-kB include for example those encoding IL-18, TNF-a, CCRS5, P-selection, Fas
ligand, GM-CSF and IkBa. Vectors encoding NF-kB-responsive reporters are known in

25  the art or can be readily formed using ordinary skill in the art, for example, synthetic NF-
KB elements and a minimal promoter, or using the NF-kB-responsive sequences of a
gene known to be subject to NF-kB regulation. Further, NF-kB responsive reporter

constructs are commercially available from, for example, CLONTECH.

30 A given promoter construct can easily be tested by exposing GPCR (TAS2RA46)-
expressing cells, transfected with the construct, to an agonist (for example perillartine).
An increase of at least 2-fold in the expression of reporter gene in response to the
agonist indicates that the reporter is suitable to measure GPCR (TAS2R46) activity.

26



of the transcription factor, or the expression of a reporter gene linked to
a CREB- binding elenent (ternmed the CRE, orcAMP response elenent). The DNA
sequence WO 201018RE | s TGACGTCA. Reporter constructs re®pond20e/(0026CREB

bi nding activity are described in US 5,919, 649. O her suitable reporter
genes and their pronoters include the vasoactive intestinal peptide (VIP)
gene and its pronoter which is cAMP responsive; the somatostatin gene and
its pronoter which is cAMP responsive; the proenkephalin and its pronoter
which is responsive to cAMP, nicotinic agonists, and phorbol esters; and
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i ncl ude the g)g nes for Fos and Jun (which proteins thensel ves nake up AP-1

act|V|ty) P&V at ed antigens (Fra) 1 and 2, |kBa, ornithine
decar boxyl ase, and annexins | and Il. The NF- kB pronot er/ bi ndi ng el enent

has t.he (LIAAGHITCC. A large nunber of genes have been
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for examl@ ﬁmél@eselaﬁélﬂigrkgcbhs \A«utlszFNEmasuto@QRét leBststl iRk @morEakhd | gand,
Gvt CSF and kaa Vectors encodi ng B—reSﬁ}Qnswe th(g (Haers ar e known in

the art derbeligd cpis e santpgted M‘i‘tﬁé‘de?}@ﬁ@f ferQtieamy tagh 15 gl pqd ando,

exanpl e, sxBtRALH &ﬂé\lﬁi&ﬁnﬂﬁ&ﬁ@ﬁaﬂ@awadnae wifdliowel b separbiiiiy, thenoaikding t he

NF- kB— r esponsi ve sequences of
é))hosphates by I%n exchange chromatography and quantifying them by scintillation

counting. For agonists, fold stimulation is determined by calculating the ratio of counts

per minute (cpm) in the presence of tested agent, to cpm in the presence of buffer
control. Likewise, for inhibitors and antagonists, fold inhibition is determined by
calculating the ratio of cpm in the presence of test agent, to cpm in the presence of

20  buffer control (which may or may not contain an agonist).

Binding assays:

Alternatively to the functional assays described hereinabove that measure a change in
25  parameters caused by a funtional response to agonist binding, agonist binding may be
determined by binding assays that measure the binding of an agonist to a TAS2RA46

receptor.

Binding assays are well known in the art and can be tested in solution, in a bilayer

30 membrane, optionally attached to a solid phase, in a lipid monolayer, or in vesicles.
Binding of a modulator to a TAS2R46 polypeptide can be determined, for example, by
measuring changes in spectroscopic characteristics (for example fluorescence,
absorbance, or refractive index), hydrodynamic methods (employing for example shape),
chromatography, measuring solubility properties of a TAS2R46 polypeptide. In one
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gene known to be subject to NF-kB regulation. Further, NF-kB responsive
reporter constructs are commercially available from for exanple, CLONTECH
A gi ven pwortodrs@oenst ruct can easily be tested by expoPCHgHZROR(IBAS2RA6) -
expressing cells, transfected with the construct, to an agonist (for
exanple perillartine). An increase of at least 2-fold in the expression of
reporter gene in response to the agonist indicates that the reporter is
suitable to neasure GPCR (TAS2R46) activity.Controls for transcription
assays include both cells not expressing GPCR (TAS2R46), but carrying the

reporter t r nst ruct
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spectrumof th t her eby excl udi ng any non-specific signals, for
exanpl_e rﬂﬂﬁagsﬁ@ﬁ[f)?@t] t‘%éﬂs via the reporter gene pathway. I|nositol
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extract ecthﬁferemrslpeclesf,anqhmlmm’&ASJERWafmn .moTJhe,srai, bafsier, @nedarlniydqgepar ating the
i nositol phosphates by ion exchange chronatography and quantifying them by
scintillation countln? For agonists, fold stinulation is determ ned by
cal culoat i rygthehsubsiaitia bhom@lgmts TpfeGZRﬁﬁmpleofddqnﬁpOIynemW@ssﬂ@@@ﬁ@énadf tested
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and ant agoni sts tron is term ned yca culating the ratio of

cpmin t @l&@#l@@@%éomer\ta@wyméﬁ*@d veRart priptailedielg-esence of buffer control
(which may or may not contain an agonist). Binding assays Alternatively to
t he functional assays descri bed herei nabove that neasure chagge in
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bi ndimsg mayak¥enucleic acids which encode identical or essentially identical amino acid
sequences (conservatively substituted amino acids, i.e. lysine switched to arginine and

further examples as explained hereinbelow).

Because of the degeneracy of the genetic code, a large number of nucleic acids different
20  in sequence but functionally identical encode any given polypeptide/protein. Such
nucleic acid variations are "silent variations," which are one species of conservatively
modified variations. Each nucleic acid sequence which encodes a polypeptide also
describes every possible silent variation of the nucleic acid. Therefore, each codon in a
nucleic acid (except AUG, which is ordinarily the only codon for methionine, and TGG,
25  which is ordinarily the only codon for tryptophan) can be modified to yield a functionally
identical nucleic acid sequence that will produce an identical polypeptide. Accordingly,
each silent variation of a nucleic acid which encodes a polypeptide is implicit in each

given nucleic acid sequence.

30  With respect to amino acid sequences, amino acid substitutions may be introduced
using known protocols of recombinant gene technology including PCR, gene cloning,
site-directed mutagenesis of cDNA, transfection of host cells, and in-vitro transcription
which may be used to introduce such changes to the TAS2R46 sequence. The variants

can then be screened for taste-cell-specific GPCR functional activity. Conservative
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determ ned by binding assays that neasure the binding of an agonist to a
TAS2R46 receptor. Binding assays are well known in the art and can be
tested i rweabwiisyy in a bilayer nmenbrane, optionally atrcacdovmom9sol id
phase, in a lipid nonolayer, or in vesicles. Binding of a nodulator to a
TAS2R46 pol ypepti de can be determ ned, for exanple, by neasuring changes in
spectroscopi c characteristics (for exanple fluorescence, absorbance, or
refractive index), hydrodynam c methods (enploying for exanple shape),

chr omat ogr aphy, neasuring solubility properties of a TAS2R46 pol ypepti de.

N _oneenb Ot ol g?dvﬁb%qi%ﬁ@%ﬁa%s?mﬂr%hm&@é ardWIMRGUTRITNE ane ext ract s

from cel ¥ ressi reconbl nant TAS2R46 E( eﬁg Se A bi ndi ng
assay najor eéxamplex angéxemiiery geidetiiente gelgst QS’@§WWU§(§UP§§ Hto E’ Kl eret al. in
US200500 . Qge@&] Q H28h }Q/gep!u@sgealur /§k] asnfgimod ogous
TAS2RA46 o%é?gllre?%@ IQ\PéFb)L odat\rg, :Jténﬁt atl)oﬁ such j:le nsay\@e%yl all or

parts of hlsmﬁpmilﬁtcw/ﬁefaglé/aﬁérﬂ'?dé% QWQ%O&FH% higlpen A H% A an-alielic

vari agt ' SPR; Bet/leulde by e ﬁe/ﬁﬁSBRéﬁoftqueﬂtbustbr/setr,at hanst er,
ape, agn 8,fva(i1 IJ’SfI@?%ﬂglrn gubstantl alylﬂy ﬂt%r?ol ogous TAS2R46 nucl eoti de or

pol ypept tfﬂlé'rstédfﬂéﬂrc@? H%K*‘elS’é ®or med by conservative nutations and/ or point
mut ati ons and i nclude, without |im tatl on any conservatively nodified

variant as detailed below. W¢th res ec j
sequenced afteinativeaempiary SHelIng uses @’3 '5’?4'{ sdﬂI S%ér%%éﬁ%gé@%t%@ﬁ%gml@ ch
encode i gepd ireehreQonsssativeisabstiutiode firiooabnaihem d) Alenide ) SeredS),

(conservati vel ituted. d e Fginine
and f0rt H’Qrfeogglaé@ 2i}\ Cﬁﬁﬂe@'“ﬁ&"é?ﬁ%@ 3 Aéb%é@ue:@)o?m%%ﬁéé(ecgeneracy
of the ge,mtglrﬂne:m)el,ysmel(a)*@ealsnlgemyee (IhfLencing &)d\ﬂ%tbiod@edw fatiantV)i %S equence
but func Ly i de IMgN pol ypepti de/ protein. Such

nucl ei c éépge Ja%‘ @sﬁ’g‘%sé @gﬁﬁ&&%hagl \\éﬁl ons," which are one species of

conservatively m)dl f| ed varl ations. Each nucleic acid sequence which

encodes ity RERLAE rqﬂld% B LIIARr SV SHatgdResRhbbaISH Etisonamiaat i on of the
nucl ei ¢ aci d. ere eac onin a

15  substitutions for each other whether they are positive or negative.
In addition, individual substitutions, deletions or additions that alter, add or delete a
single amino acid or a small percentage (for example up to 26%, or up to 20%, or up to
10%) of amino acids in an encoded sequence are also considered to be conservatively
modified variations.

20
Substantially homologous nucleotide or polypeptide sequences have the degree of

sequence identity or hybridize under certain stringent hybridization conditions as

indicated below.

25  %Sequence identity:
A substantially homologous nucleotide sequence has a % sequence identity of at least

at least 90%, at least 95%, or at least 98%.
A substantially homologous polypeptide sequence has a % sequence identity of at least
at least 90%, at least 95% or at least 98%.

30
Atlernatively, substantially homologous nucleotide or polypeptide sequences may have a
% sequence identity of at least 70%, 80%, or 85%, and are conservative functional

variants as detailed herein above.
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nucl eic acid (except AUG which is ordinarily the only codon for

nmet hi onine, and TGG which is ordinarily the only codon for tryptophan) can
be nodi f iwo 20w/b@7d a functionally identical nucleic aecu/@equwanest hat

wi || produce an identical polypeptide. Accordingly, each silent variation
of a nucleic acid which encodes a polypeptide is inplicit in each given
nucl ei ¢ acid sequence. Wth respect to am no acid sequences, am no acid
substitutions nmay be introduced using known protocols of reconbi nant gene

t echnol ogy including PCR, gene cloning, site-directed nutagenesis of cDNA

”a”SfeCfda%naﬁBn Boshisce@bhce Idamely istewrinirad bE 2IsRE] Pt i on \Ahi ch may be used to
i ntroduce such.changes to the TAS2R46 sequgnce The va Hts gn then be

screened W—&STt(ﬁéﬁ“’eL@F@l' Plignsesnt Bearciper)) fsufie regIRHE S%ﬁf?h PVative_
substi t utyy QiR praBlafis H?ésfwwﬁlcﬁ% Svanglé @m{d/xwm AbDi Am aihilqm acids are wel |

known in _the art. For exe ui
conser vatTodetemiet Mqﬁnf@r?gp |”f‘|'8||e%cges n;?p 'i‘iegarg? hﬁ'eo‘%?erq\ugl%d&by exenpl ary
subst kst Utsb@tﬁ@ncead’:laétg ligyuseiseging aéfgvlll’c ycirame’ena/ ofIBLAST version 283/ lingjudgys/ ser ;

gl n/ asn; hi s/ / cleuli le or
val: 1y /ag‘r%%%&bfsﬁat' 4cab§|8m léresholl Fe%()?hg%} %at&ﬂe }ggﬂsthaYé?c 2 o tyr:
ser/thr; seuérives) oft‘lopdrtdyIDUSTﬁﬂteﬂngp or phe val /i I e or l eu. An alternative
exenpl ar i,del. i f yBbpidag am no
oi de ¢ no I AR s Beb Y ftonisp it Bt aRh BBl B0, T T
Serine (SequdivecBlastnds (B, usihg Asfpalt paremaisiiof BHAS TaemieM? €-Tab ¢! l(dF_f)@ 3)
Aspar agi n Argl nine (R, Lysine (1); 5) |soleucine
(r, euc%née)h%%}%we&%h@% M‘Hg ine (V); and 6) Phenylalanine (F),
Tyrosine (Y), Tryptophan (V\) Anot her alternative guideline is to allow for
all char Rservative substitutions for each other

whet her t g?/&g?rt gﬁégg?ﬁnv@gﬁﬁnegatl ve. In addition, indjv

subst i t utNeirptidelsequenesfsargicongigred sHRstaTialy hanlpgous pipy d%‘#{g}feé( Asingl e

am no aC'é%\p%le%fmtll\/elpﬂlﬁrﬂjﬁlﬁg]@ thé ﬁﬁcl@dﬁﬂ%b@dﬂh@ei pre@&¥ted bereinpotto 20% or
up to 109 am no acids in an eB e equence are al so considered to be
hybrdisation con e

consebvat glép@nplement under stringent itions detalled below.
Stringent conditions are temperature of 42° C in a solution consisting of 50% formamide,
5xSSC, and 1% SDS and washing at 65° C in a solution consisting of 0.2xSSC and

0.1% SDS (1xSSC=0.15 M NaCl, 0.015 M Na3 Citrate pH 7.0).

20  Background hybridization may occur because of other nucleotide sequences present, for

example, in the cDNA or genomic DNA library being screened.

A signal that is less than 10 fold as intense as the specific interaction observed with the
target DNA is considered background. The intensity of interaction may be measured, for

25  example, by radiolabelling the probe, e.g. with 32P.
Kit to identify a modulator :

A kit, for example, a screening kit or high throughput screening kit, that comprises
30 recombinant cells that express TAS2R46, or a substantially homologous sequence

thereto; and that comprises dextromethorphan (agonist).

Optionally, the cells further comprise a G-protein for example for calcium signalling.
Suitable G-proteins are known and described hereinabove; the skilled person is aware
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nodi fied variations. Substantially honol ogous nucl eoti de or pol ypeptide
sequences have the degree of sequence identity or hybridi ze under certain
st ri ngentwbybro/ds®at i on conditions as indicated bel ow. ®PEEqHI®MIENt itY.
A substantially honol ogous nucl eoti de sequence has a % sequence identity of
at least at |east 90% at |east 95% or at |east 98% A substantially

honol ogous pol ypepti de sequence has a % sequence identity of at |east at

| east 90% at |east 95% or at |east 98% Atlernatively, substantially

honol ogous nucl eoti de or pol ypepti de sequences nmay have a % sequence

i dentity iy BintloRasd théR% 10%ils Ahe8SKary2Rdedl RehPBGRHAG MBteiriact i onal
variants as detail ed herein above. Cal cul ati on of % Sequence ldentity is

det er mi nézRR@1POUPTGHET 481 AST (Basic Local Alignment Search Tool) is the
heuristic search al gorithm enpl oyed by the prograns bl astn which is
available_at http://ww. nchi . nlmnih.gov . To determne %identity of a
nucl eot i %WHQPVO%EU%WBV@%P?@%%88'?‘?@“’#[?8?3&? P& quence, Blastn is
used, susigW @efoad inticpmbarEL Bios! 08f miBloABTary@rdi to80Mi@otholad, i ncl udi ng an
EXPECT (statistical significance threshold for reporting natches agai nst
dat abase sequences) of 10, and DUST filtering. To determne %identity of a
pol ypept i Qstiogalditycospqoents mag gwiudsta suitebla eredpoh {op eplturide theeigaembisantBl astp i s
used, usi t i i | an
ExXpECT o CoPLRH R b EirRrtlh off 2 o ) afipl o Bon LAY

Nucl eot i deiceditpn elatee shese eptionas catepangnisulil ba rraddy ayailaliendn hgslidehpefsPRied t hat
t hey R e capabl e of selectively hybridizing to the nucl eotide sequences
presented herein, or to their conplenent, under stringent hybrdisation
condi t i onBhedgtnaay eejusns|asviollogisi i ngent conditions are tenperature of 42 Cin

a sol uti qf) KRBRbAEhNLILThaPOYsréRIABTABERA6 protein are grown on the solid support.
(i) test agents at concentrations from about 1 nM to 100 mM or more are added to the
culture medium of defined plates or wells in the presence of the agonist

15  dextromethorphan in a suitable concentration
(i) a change in a functional response of the cells is determined by comparing the
response in presence and absence of the test agent, and the test agent is thereby

identified as a modulator.

20  For example, (iii) may be performed according to any one of the assays described-
herein above, in combination with any one of the detection methods that report receptor
activity described hereinabove. This may require specifically chosen or adapted
recombinant cells, which are also described hereinabove.

A suitable assay is, for example, the calcium flux assay to determine activation of

25 TAS2R46 and its change in response to a test agent.

The kit may be used to identify an inhibitor as follows:

(i) Recombinant cells that express the TAS2R46 protein are grown on the solid support.

(ii) rest agents at concentrations from about 1 nM to 100 mM or more are added to the
30  culture medium of defined plates or wells in the presence of the dextromethorphan

agonist in a suitable concentration.

(iii) a change in a functional response of the cells to the agonist is determined by

comparing the response in presence and absence of the test agent (decreased
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5¢SSC, and 1% SDS and washing at 65 Cin a solution consisting of 0.2 ¢cSSC
and 0.1% SDS (1*SSC=0.1 5 M NaCl, 0.015 MNa3 Citrate pH 7.0). Background
hybri di zawoeniomayosoccur because of ot her nucl eoti de seqremaaRI@r@smat , for
exanple, in the cDNA or genomic DNA |ibrary being screened. A signal that
is less than 10 fold as intense as the specific interaction observed with
the target DNA is considered background. The intensity of interaction may
be neasured, for exanple, by radiolabelling the probe, e.g. with 32P. Kit
to identify a nodulator : A kit, for exanple, a screening kit or high

t hr oughpuésase RIregenke bf thehéedt agempahg &% testerehi i erielsdddraifiédas agxpr ess
TAS2R46, .qr. .a substantially honol ogous sequence thereto; and that conprises
dext rorret"ﬂB?%ﬁan (agonist). Optionally, the cells further conprise a

G protein for exarrpl e for calciumsignalling. Suitable G proteins are known
and descrq Iere 5 m cpc-r\ killed person is awarehow to introduce them
to the cec1nlrm OH ? cAL\/ery useful chineric Gprotein is

Gal phal6-Aymstdaior rdentdfled[beﬂ metived Hescphedhhersinpboue dadeastly beicowfisned by

concentr r , I 0

m cr onol aS%&Q%e'}%)%f mr&ﬁh{érug én%k%‘q .82% iﬂg@gg&oggg aétgr“r%‘% i ncl ude a
sui tabl e ldﬂa’lﬁfl@dﬂr‘rbduleispr& dhe ngmpwdsm’tabied@rﬂ lrcwauestogﬁtbem@u and a solid
support to%xﬁ!(;srﬂg%hwbﬁﬁﬁﬁu&n&mlsomr a RBIR &ntrd) wolut FBblIsHEIHoRRmPE

mcrotite ate ese tional nponents w be readily available to

t he sku||r@@tﬁﬁerrt§@wedqqeeowqckmblﬁeta%te@fé@trpmemwan(|) Recombi nant cells

t hat @xpress the TAS2R46 protein are grown on the solid support, (ii) test
agents at concentrations fromabout 1 nMto 100 mMor nore are added to the
culture r\‘édg‘hﬁi’%?s&@ei"mﬂjaiﬂaé@es or wells in the presence of the agoni st
dextronet horphan in a suitable concentratl on (iii) a change in a functi onal
response f the. ce‘ls IS determ ned b%” arl t he rﬁggons n_Rresence

and absencf%”sé?f'p TS AFERS ANGrBCs f (ISP EeA P ERP ove'afe

well suited for screening libraries for agents that modulate TAS2R486 activity.

15
The assays may be designed to screen large chemical libraries by automating the assay
steps and providing compounds from any convenient source to the assays, which are
typically run in parallel (for example in microtiter formats on microtiter plates in robotic
assays).

20

Assays may be run in high throughput screening methods that involve providing a
combinatorial chemical or peptide library containing a large number of potential
modulators. Such libraries are then screened in one or more assays described
hereinabove to identify those library agents (particular chemical species or subclasses)
25  that display the activity described hereinabove. The modulators thus identified can be
directly used or may serve as leads to identify further modulators by making and testing

derivatives.
Synthetic compound libraries are commercially available from a number of companies

30 including Maybridge Chemical Co. (Trevillet, Cornwall, UK), Comgenex (Princeton, N.J.),
Brandon Associates (Merrimack, N.H.), and Microsource (New Milford, Conn.).
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identified as a nodulator. For exanple, (iii) may be performed according to
any one of the assays descri bedherein above, in conbination with any one of
t he det ecwDanmowmasdveds t hat report receptor activity desecirhartodvaeisnabove.
This may require specifically chosen or adapted reconbinant cells, which
are al so described hereinabove. A suitable assay is, for exanple, the
calciumflux assay to determ ne activation of TAS2R46 and its change in
response to a test agent. The kit may be used to identify an inhibitor as
follows: (i) Reconbinant cells that express the TAS2R46 protein are grown
on the soluraridéd/orestagenits:) rest agents at concentrations fromabout 1 nMto
100 MM or nore are added to the culture nmedium of defined plates or wells
in the presence of the dextronethorphan agonist in a suitable
concent r atdodibinaldrial ghetnicd) sibigey i @ calléaing bf diverbe clepoaisempbundse cells to the
agoni st is determ ned 0 I IN sence of
The.t ost CHBERET CHSP e A L D, &y B R el g R T e

t est Bgebf chemitaidrdibingibtheks'isiicleds seagantsi ratielsemple, a trasr ceMBiPAGHalof

identified m , el g i L i hidaed
hereinab86%“ﬁ§y%g%§%§§]%%y@%ﬂ%?%%%thﬁqi?hgﬁgbggﬂggﬁﬁéEggég?ﬁgnts using a
panel of bhildinpblbcksfaminotagisis) beﬂ@b’r@sﬁiélet\@ytf@r 3 alen SRIPQUNH &RNSHHEh at ors. The

conpoundsg,at e, it §Hind-Mids!iMa PBlyBEptile 86iPstindH MillioAe ¥t dHerfdanedhfamds n
conparison to a negative control w thout nodul ator to &Bf HS’P a
modul t or cARbe swHesizegrthiouglk RughroMinaterial madgerf Gheyisgl ¢ rT}ffhan. Lar ge

scal ggscreeni ng assays: Transcriptional reporter assays and nost cell-based
assays descri bed herei nabove

her, are wel |, suj 'Fd Loréﬁ.creeni ng libraries for
agent s t Harersrehnmical dorppds pygiabie ram T'C“Ih@"‘?é’ ey YVikdy be designed to screen
l'arge chemical libraries by automating the assay steps and providing
CorrpoundsLigrgr(i)erQO ?]gtu?aq @X%B&?n” S ir? %rfgr%l B&a%g%al‘?l?u%agﬁ plamn%rén"ﬂ'ﬁﬁ extracts
are commercially available for example from Pan Laboratories (Bothell, Wash.) or
15  MycoSearch (NC), or are readily produceable by methods well known in the art.
Additionally, natural and synthetically produced libraries and compounds are readily

modified through conventional chemical, physical, and biochemical means.

Other libraries include proteinfexpression libraries, cDNA libraries from natural sources,
20 including, for example, foods, plants, animals, bacteria, libraries expressing randomly or
systematically mutated variants of one or more polypeptides, genomic libraries in viral

vectars that are used ta express the mRNA content of ane cell ar tissue.

In a high throughput assay, it is possible to screen up to several thousand different
25  modulators or agonists in a single day. In particular, each well of a microtiter plate can
be used to run a separate assay against a selected potential modulator, 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
modulators. If 1536 well plates are used, then a single plate can easily assay from about
30 100 to about 1500 different compounds. It is possible to assay several different plates

per day; assay screens for up to about 6,000-20,000 different compounds is possible.
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typically run in parallel (for exanple in mcrotiter formats on mcrotiter
pl ates in robotic assays). Assays may be run in high throughput screening
met hods twet2oiomasdove provi ding a conbi natorial chem cal Por/qrepey/@e2dvi br ary
containing a | arge nunber of potential nodulators. Such libraries are then
screened in one or nore assays described herei nabove to identify those

|l ibrary agents (particular chem cal species or subclasses) that display the
activity described herei nabove. The nodul ators thus identified can be
directly used or may serve as leads to identify further nodul ators by

meki ng amypé£st iesPaghaits thait imayshe Bpteder tieicDh§RRAGIMbHBIAtING efectrip the
connerC|aIIX avai | bIe froma nunber of conpani es including Maybri dge

Cheni cal & Sflet, Cornwall, UK), Congenex (Princeton, N.J.), Brandon
Associates (Nbrrlnack N. H. ), and M crosource (New M| ford,

Conn.). L f |

Conn.) . LRE3IA B rkS B VSRR ingh Ak OhicE oSieAhielcnbnlar ¥, |2 @
synt hési polymehs, bictmgicehpolyyers heagitiges, myoteumuaarﬁgcaabmﬁ@éﬁs BEClRin agifie al
"bui Idin anhgﬁgs ng@tiéﬁpcﬁﬁberg tie: co@@&vrﬁﬁamkﬁm & cbipBards¢ e matupat or i al

chem cal as a pol ypepti rar formed by conbi ning a set
of chem Mdmmnrmtmgls@nm@@r(eaﬁmn rést @yack, U @lsyp?j'ﬂ%@i‘tbP’é'S\ﬁH? for a given
conpound J, ' h (i.e., the nunber of am no acids in a polypeptide

conpound) . I'l'i ons of chem cal conpounds can be synthesized through such
conbi natorial m xing of chem cal building blocks. A rare chemcal library

I's aval | gbdifibd RSudLEF Rby B%bWK%achéuﬂoalshh&ueﬁlﬁg Bsletd, loxehgasal conpounds
in the formof bacterial, funga &Paa?ﬂ ({mlma Ira(;(t
commer ci &'PRE: §PAIS|ORB %‘X‘F%lsyré‘ﬁg ¢ ather r'fﬂﬁ?te‘{“é?}c?f ¥°8§ ?Q%ﬁ?{é’Y Wash. )
or MycoSerkibnéthepha®to r@ﬂ@:er@&dﬂtérxoﬁpaad.uceam e by methods wel | known in the
art. Additionally, natural and synthetically produced libraries and
conpounds are readily nodified through conventional chem cal, physical, and
bi ochen csdquenessof vlidieit akidsraand yretdims| ude prot ei n/ expression |ibraries,
cDNA1I5i braries from natural sources,

The sequences employed in the constructs and methods described-herein can be found

in the sequence listing hereinbelow. They are given in aminoterminal to carboxyterminal

direction.

20 The TAS2R receptor CDS coding sequences are known and have been published under

the names and reference numbers indicated below.

SEQID NO:1&2 TAS2R46 coding sequence (nucleic acid + protein).
Human taste receptor type 2 member 46 (TAS2R46 or T2R46),
25 Reference Sequence Accession Number (RefSeq) NM_176887.1
G1:28882040 RefSeq database, The National Center for
Biotechnology Information (NCBI), and the corresponding receptor
protein (NP_795368.1 Gl:28882041).

30 The coding sequence includes the ATG start codon but not the stop
codon. When cloned into an expression vector, the complete
cassette in the vector will include the N-terminal rss tag as a
membrane sequence, and the C-terminal HSV tag which provides the
STOP codon. The resulting contruct is shown in SEQ ID: 5&6.
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i ncluding, for exanple, foods, plants, animals, bacteria, libraries
expressing randomy or systematically nutated variants of one or nore

pol ypept iwoptoganemi c |ibraries in viral vectors that aPeTUIRAIXDOBRPress
the mMRNA content of one cell or tissue. In a high throughput assay, it is
possible to screen up to several thousand different nodul ators or agonists
in a single day. In particular, each well of a mcrotiter plate can be used
to run a separate assay agai nst a selected potential nodulator, or, if
concentration or incubation time effects are to be observed, every 5-10
wells can test a single nodulator. Thus, a single standard mcrotiter plate

can assay_about 100 lLators. 1f 1536 well _plates are us h a single
pl at e ca%EQd?l 'T‘?ﬂassggggr%%“?ﬁ@ﬁf 43 §pMscls ol et ?L%'B%tot%\aﬁ'? a?iﬁ?oézlosﬁ%ounds. | t
i s possi BE@ IDIN@Sisay BeneesaHSUidd, 6T anigepihmtiesng dlotldily pndSTAYP codpeens for up
t o about 000-20,.000 d] ent _conmpounpds._ i bl e. Types of test agents
t hat maysg(sQ @3&58’&& o?ﬂ%%%ﬁ(s Gﬁﬂ%i Lﬁ%?fuzilcé Tﬁgﬁ%é ect in the assay

met hosls: The test age(RSS MayEbeRIasity—BARIAR46-NOl aith-irip\sTad WitlcBE@PL al
conpounds, chem cal polyners, biological polyners, peptides, proteins,
sugars, carbohydrates, nucleic acids and |ipids. An agent can be a
synthetic conpound, a m xture of conpounds, a natural product or natural
sanple, for e I I extract, +C tan tyf gvaanpl e.
aont 11 ed moq e B0 e B e et s

| ozenges deshirivpd masherdss iTha Jollawiing pxamples, pigp@etahd ilBstrrtive gvd rshaeld Aqt 5|

pr epapat ,9RSuch 288ilIfHg b s sl 'sAPRENRARI ARt g BRUE&hbASalk kit Brany

of f-taste. Sequences é% nucl el c aci'ds and proteins: The sequences enpl oyed
in the coHelcts and net hods descri bed-herein can be found in the sequence
i sting hereinbelow They are given in am noterm nal to carboxyterm nal
direction. The TAS2R receptor CDS codi ng sequences are known and have been
publ i shed under the nanmes and reference nunbers indicated bel ow
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SEQ I D NO 1&2 TAS2R46 codi ng sequence (nucleic acid + protein). Human taste
receptor type 2 nenber 46 (TAS2R46 or T2R46), Reference Sequence Accession
Nunber (REPIBHYOIMNT1 76887.1 G : 28882040 Ref Seq dat abas&CTTHRONADAAl
Center for Biotechnology Information (NCBI), and the correspondi ng receptor
protein (NP_795368.1 d:28882041). The codi ng sequence includes the ATG
start codon but not the stop codon. When cloned into an expression vector,
the conplete cassette in the vector will include the Ntermnal rss tag as
a nenbrane sequence, and the C-term nal HSV tag which provides the STOP
codon. Thexdn@fied ting contruct is shown in SEQ ID: 5&6. SEQ I D NO 3 RSS Tag

i ncl udes am noaci ds of rat somatostatin and EcoRl site SEQ ID NGO 4

I ncludes HSV tag, "T" to get into frane, Notl site and STOP codon SEQ ID
NO 5&6 hTAGSBADIcsRE tidIDNA(seyadrzies baskdcbrithe miRINA foy tHeRBSandytidr dasie

Site- TAS2R46- Ngt IGV%i te- HSF( Tag with STOP) There now follows a series of
exanpl es ERACIRILMETf fOist rat e the abovedescribed nmethods. The fol | owi ng
exanplses are nerely illustrative and should not be construed as limting

t he descrlbed eSl‘lbj ect matter including the nethods and kit in any
manner . Ex%@(z?pés—All exanpl es use the DNA sequences based on the nRNA for
the huma gratian df haman MASE prossiorpvesfber 46. Exanpl e 1 Generation of

human TAS2R46 e prssi on vector The full |ength gene of hunman TAS2R46 was
anplified by polynmerase chain reaction (PCR) using gene-specific priners

that spantdiga8idin Seh® Sk REmER A ARPRIE NS TARARAE by Nyritetases ol @adon nt o an
expressi on cassette based on the pcDNA3. 1Zeo exgiressLon vector (Invitrogen,

Car | s¥hd, (RER) usigy ge0p-sReGificnRIinep ffat Brasriha gntire coding region.

The TAS2R46 cDNA was subcloned into an expression cassette based on the
pcDNA3.1Zeo expression vector (Invitrogen, Carlsbad, CA, US). Within multiple cloning
sites this vector contains the nucleotide sequence coding for the first 456 amino acids of
15  the rat somatostatin receptor subtype 3 (included in SEQ ID NO:3, RSS tag) to facilitate
cell surface targeting of the transgene, and the nucleotide sequence coding for the
herpes simplex virus (HSV) glycoprotein D epitope (HSV epitope) for facilitating
immunocytochemical detection, which is included in SEQ ID NO:4, HSV Tag.

RSS tag, TAS2R46, and the HSV tag were fused in frame in the hTASR46 construct of
20 SEQ ID NO:5 to allow translation into the receptor protein. The resulting receptor cDNA
in the expression vector comprises the joined amino acid sequences of TAS2R46
preceded by SEQ ID NO:3 (RSS tag including 45 aminoacids of rat somatostatin) and
followed by SEQ ID NO:4 (HSV tag) (in aminoterminal to carboxyterminal direction).

The construct transfected into an expression vector is called pcDNA3.1Zeo-TAS2R46
25  and allows for expression of the TAS2R46 protein (SEQ ID NO:6).

Example 2

Example 2a

Generation of stable cell lines

36



sites this vector contains the nucl eotide sequence coding for the first 45
am no acids of the rat somatostatin receptor subtype 3 (included in SEQ ID
NO 3, RSSwoaglo/tisosfaci | itate cell surface targeting of wPhe/dHaesyese, and

t he nucl eoti de sequence coding for the herpes sinplex virus (HSV)

gl ycoprotein D epitope (HSV epitope) for facilitating i munocytochem cal
detection, which is included in SEQ ID NO 4, HSV Tag. RSS tag, TAS2R46, and
the HSV tag were fused in frame in the hTASR46 construct of SEQID NO5 to
allow translation into the receptor protein. The resulting receptor cDNA in
the expr eEx29BT\RAEQYUsdOETP Hids@sls twete jused) &He;aw’enaofoandadi as epaenbedsin WWOTAS2R46

pr eceded I.D_NO 3 t i udi n r

Comat ost ABAPESHAG 707 Poviee By SR A TR A rRe Y s pler ot e hereana o
car boxyt enssuaelultmercemectnnXATcr@pAd'mﬁmﬁmlt1ﬂ2&&1$fect ed into an expression
vector is called pcDNA3. 1Zeo- TAS2R46 and al |l ows for expression of the
TAS2R46 protein (SEQ ID NO 6). Exanple 2 Exanple 2a CGeneration of stable
cell 1inesHEK293T/ G al6-gustducin 44 cells were used; they were forned as
descr bbedExempla3» 004/ 055048. The host cell line HEK-293T is comrercially
avail able fromt hefArrerl can Ti ssfqre CuI ture CoI ITectl on aATCC 1ATCC( 1) #

HEK293T/ G al6- austducin 44 cel I s On day 0 the HEK293T/ Gale. gust duci n 44
cell's wer@gn @éya@ ek HAK S TWeld16 jusdlicinalt kelisoh@apidiat in @dvpdiiadiak vedll, a density

f 15,000, cel | [l th 10%
Qv vy nodty waler pepeicetp RSB hoB LBl b Vo ofi B eiighih gRlRLLT ('
penici |l | |rnedla0m\ﬂﬁu1/wﬂh W b0 begicinagtivaien fQi@JWO‘ImetSﬁ@mT@dT‘M ‘-v@!kltam*ﬁ@nged to an

anti hpot |1@0fdnﬁgnﬁ1gg“§mﬁ uimof igfl SaEldmyding cells were transfected with
Li pof ectam ne 2000 (Invitorgen) accor d| ng to the manufacturers

recomendati ons.
On day 1, the media was changed to an antibiotic-free and serum-free DMEM.

The cells were transfected with Lipofectamine 2000 (Invitorgen) according to the
manufacturers recommendations.

15 Per well of a 96-well plate, 150 ng of vector DNA (TAS2R46 expression vectors from
example 1) was diluted in 12.5 ul of DMEM. In a second tube, 0.3 pl of Lipofectamine
2000 was diluted in 12.5 ul of DMEM and incubated for 5 min at room temperature. After
the 5 min, both solutions were mixed and incubated for 20 min at RT. The growth
medium in the plate was exchanged by 50 pl of DMEM and 25 pl of the

20 lipofectamine/DNA mixture was incubated on the cells for 3-4 hours at 37° in a
humidified atmosphere. This mixture was then replaced with an antibiotic-free, serum-
containing DMEM.
24 hours post transfection, the cells were used in the Fluo-4 Calcium Assay as

described in Example 3.
25

Example 2¢

Generation of a cell line stably expressing Ga16-gustducind4 and TAS2R46

Cell lines that stably expresses TAS2R46 was generated by transfecting the
pcDNA3.1Zeo-TAS2R46 construct into HEK293T/Ga16-gustducin 44 cells (formed as

30 described in example 1). The host cell line HEK-293T is commercially available from the
American Tissue Culture Collection (ATCC), ATCC®# CRL-11268.

Transfection was performed as follows:
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Per well of a 96-well plate, 150 ng of vector DNA (TAS2R46 expression
vectors fromexanple 1) was diluted in 12.5 nl of DMEM In a second tube,
0.3 nm ofwbhipwitasioanm ne 2000 was diluted in 12.5 m of PWEMHEe/Gopmabat ed
for 5 mn at roomtenperature. After the 5 mn, both solutions were m xed
and incubated for 20 mn at RT. The growh nediumin the plate was
exchanged by 50 ml of DVEM and 25 ml of the |ipofectam ne/ DNA m xture was

i ncubated on the cells for 3-4 hours at 37 in a hum dified atnosphere. This
m xture was then replaced with an antibiotic-free, seruntontaining DVEM 24
hours poeh ddyansthe CHIEKZB3Tt Be16-gldtGuciverdecells erkre Bebdel F ad-velCalatd araAssay as

described in Ex 3. Exa e 2c CGeneration o cell .lin t ably

expr essi ﬁ@‘%‘%f&gﬁé‘f‘lﬁ'? Hﬁﬁ@%%@%'ﬁ?ﬁﬁer@@r‘l ol ﬁeﬁ?égv‘? %@W”k’?‘%@l@‘- expr esses
TAS2R46 S nerated by transfecting.the 2 Zeq- T ruct
into HEK%S??? ga -rﬂﬁcg?@&%qsnexﬁ%nggﬁ Iwéqﬂ (Zfrgirorfrgﬁ%%iféesec%db%oﬁl%}a i@g%ﬁ@%f\e 1) .
The host medlum.|10ng LifckecaBife 200€ aaweissoladd in 260aqil| RVER dnddneubiatedrioebi can

Ti ssue Culture Collection, (ATCC T r -1 12 Transfection was

per f o neﬂ“r&gesf A rPBWst.e@Qeﬁ“é'éfed,n %@'@%ﬁs%\fe&%ﬂ?ﬁqﬁ?@ﬁ 'ésech‘fes?l Wer e
seeded | Es@pﬁamellvi. TR t&/o&ésﬂir:@%ﬂﬁl:tibr}‘s \D%rggﬁﬁecﬂﬁwl iﬁﬁjdaﬁedg_el‘ 2m|mutarujhgr owg
over night In selectiv rowt h medi u y 1, t i um was change
W th 5 Sfoogt amerG I HERY Wi SGuat i el oo i ol MRy Aer

Li pof ect amons, #HeGRed@s wis 36sthocadvithrandbidticred¥EMnatshiainioy lpedvall nfediun® m nut es
at roomtenperature. In parallel, 4 ng TAS2R46 vector DNA were dissolved in
250 mM Dived/celEhese icubatee duhunidifiesatimasplosrs (3@ 546 €Od). and | ncubat ed for 20

m nutes at roomtenperature before they were added to the cells into the
cel | 1eul Aéee24mbdunsntheifdllewete npplated inlselectrdi gnowiagediopl €YEMWit10%

ant i bi ot i, Goqf ; [Nl r L : 2 iqgubat ed
in hum d:(\?\()ergf%g-{nﬁg% er%%?%{;w@gcggg&i %"? Lr@%? ﬂ[ﬁg?re, ;Q(?H@%Ir/rlg{sp é’t/'\ﬁ%'ﬁ%’él%lgs wer e
re- pl at edgind strepteorycine2@ft peirth Gidd icndn20DvEimhgepein) @ were further incubated

in a humidified atmosphere (37 °C, 5% CQy).

After 2 to 4 weeks of culture (replacing medium as necessary), zeocin-resistant colonies

15  were selected and expanded.

The expression of TAS2R46 was evaluated by testing for the presence of a functional
response to the known TAS2R46 agonist picrotoxin (as described in WO 2004/029087)
in addition to dextromethorphan, which was determined via automated calcium imaging

20 on the FLIPR-TETRA™ (Molecular Devices, Sunnyvale, CA, US) as described in
example 3. One clone was selected resulting in the HEK293T/Ga16-gustducin 44/
TAS2RA46 cell line.

Example 3

25 Fluo-4 Calcium Assay

Fluo-4AM (Invitrogen, Carlsbad, CA, US) is a fluorescent indicator of intracellular
calcium dynamics (change in concentration) and allows to monitor changes in the
calcium concentration, particularly an increase in response to receptor activation

occurring after agonist exposure.

30
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(v/v) heat-inactivated fetal bovine serum 2 nM L-glutam ne, 100 units/m
penicillin, 100 ng/m streptonycin, 200 ng/mM G418 and 200 ng/ M zeoci n)
and wer e wonotvansidncubated in a hum dified at nosphere (3CTAEH208%600062) .
After 2 to 4 weeks of culture (replacing nedium as necessary),

zeoci n-resi stant col onies were sel ected and expanded. The expression of
TAS2R46 was eval uated by testing for the presence of a functional response
to the known TAS2R46 agoni st picrotoxin (as described in W 2004/029087) in
addition to dextromet hor phan, which was determ ned via automated cal ci um

ijmagi ng g«m da}®, td FEKgﬁ”ﬁeén e EXfrESMY 6?1@guéta@sn448wml yvmsszAbittéuS) as
escribed in exanple e was selected resulti in the

HEK293T/ &5i% re@ﬁggg frngd @&/dee?ﬁﬁadﬁ Ssarplor PR qpdgd iy HB"'bﬁﬁéﬁe@i um
Assay F: :g@m"fﬁhvﬁe(dlhuwl(étérg@@dml\m\n vsthaid Ay HdSD—mtastl\/atefdl fotal esdenserumdi2cat or of
intrace cal ciu co to

noni t or é'ﬂ\éi ta E“H‘et%]%m{aé‘??@&%‘ﬁ%@g VA\B NSA! mB‘é FQ#P a%g?rHc\rA%ase in
response nild L-gmiegmhing, A00i Mﬂisernpm@Heran@ HIot qag/rwlgeimmmmmrpjom enlagk day O,

e oo RlcER ko SRR oS WIS Rl BANG, T0.JOBETAD) Bt L o

taste rece inh exa ded
ant i bi ot icondentetigr @it 15,0f8dicelfa Pst avedaant! DvERRIRML for 1498)/6h0oursy jn humldlfled

heat-ina tal hne serum 2 nmM L-gl utam ne standard DVEM wi t h
10% (v/ v) tt'hg%th-l nggt ?V%??c@zp'et al bovine serum 2 nmM L-glutam ne, 100
units/m penicillin, and 100 ng/m streptomycin) into black wall/clear

bot t gR 96 Rk liinR Bf &R 26291 ﬁ'@ Wolwh H’%Id%?mgl cﬁ&!arﬂaéaegand DB WeN) inat a

concentration of 15,000 cél er well and i ncubated for 48 hours in

huni di fi éwmlﬁﬁ@squeﬁwe(r@vwo@ 5 &@@29“ hguriid 50 1o lopding SUBICRPSISiNGe gr owt h
medi ummoi B 2 *PERBS ggﬁi nb@z& ro‘fy@ﬁ@ld d}m\@h&ﬁeﬁ LIRS Es 7 OC, 5%

C2) fo vmth Ioa I ng buf consi sting
DMEM.

Afterwards, the 96-well plate was washed 5 times with 100 pl of assay buffer (130 mM
15 NaCl, 5 mM KCI, 10 mM HEPES, 2 mM CaCl,, and 5 mM dextrose, pH 7.4) per well,
using an automated plate washer (BioTek). The plate was further incubated for 30
minutes at room temperature in the dark to allow for complete de-esterification of the
Fluo-4. Afterwards the plate was washed 5 times with 100 pl of assay buffer per well,

and reconstituted with 100 pl of assay buffer per well.

20 Forassay reading, the plate was placed in a Fluorometric Imaging Plate Reader (FLIPR)
(FLIPR—TETRAT"”, Molecular Devices, Sunnyvale, CA, US), and receptor activation was
initiated by addition of 20 pl of a tenfold concentrated agonist stock solution (to give the
desired agonist end concentration when added to the 180 microliter assay buffer

volume), which was prepared in assay buffer.

25  Fluorescence was continuously monitored for 20 seconds to give a signal baseline
(averaged to give Fy) prior to agonist addition and for 120 seconds after agonist addition.
The change in signal divided by F, gives AF/F; indicated in the table, with AF being the
maximum signal occurring within the 120 seconds minus the minimum signal (occurring

within the 120 seconds after agonist addition.

30
All data was collected from at least two independent experiments each carried out in

triplicate.
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of 1.5 mMM Fluo-4 AM and 2.5 mM probenicid (Sigma-Aldrich, St. Louis, M)

US) in DMEM Afterwards, the 96-well plate was washed 5 tines with 100 mni
of assay WO2PHY01§P30 mM NaCl, 5 nM KCl, 10 nmM HEPES, 2 ®VICIZP®/0082¢d 5 nM
dextrose, pH 7.4) per well, using an automated pl ate washer (Bi oTek). The
pl ate was further incubated for 30 mnutes at roomtenperature in the dark
to allow for conplete de-esterification of the Fluo-4. Afterwards the plate
was washed 5 tines with 100 ml of assay buffer per well, and reconstituted
with 100 mM of assay buffer per well. For assay reading, the plate was

pl aced i A canEértaitionetspomsel anatysisgvas| pefenRebatelrE C4 AR we el daRRIaTEETRA(t n) |

Mol ecul ar Vi C A S
initiat eaorl%?enegd%ﬂ |S§§H§¥M§3%HP%P lf@e faﬁg Mn \gf[ﬁ]fe% Z’g’hﬂ{lhg!vastock
sol uti ons(ghel dimneatimemgigsial, ot =dijbededicieah € & Ehemmndariaganithen added to the
180 M Cr OhALRiradti BE W e ol PLIHIENratitfl bEEh SR WRRATRSH oS BORRY rRUT T €T
Fl uor escénce was cont muous? noni t or ed seconds to give a signal
basel b ne Maxireuragessihle efigajive FE@PO@‘-?Q for th@tﬁ@@g@h |Asm0@cnﬁtqnt@a0'aﬁdvﬂ|' Bave»0
seconds fiHlE c%g\pé]lét addi tion. The change in signal divided by FO gives
DF/FO indicated in the table, with DF being the maxi mum signal occurring
W thin the 120 seconds mnus the mninmumsignal (occurring within the 120

seconds afhbbetaﬁt%‘éa?énurﬁ@ﬁbﬁals%ere@ohe&éﬂ dor¥Bs ré‘éﬂoh@élbﬁdelfsréxme%lnb ®akt two
i ndependent experinents each carried out in tri

concent r 4t Grirpiedhe feluni (G §oystiadn{sd ane NRERR!Z toE%SS'”Q?'?FﬁPé‘é’e\%F%"S
cal cyhat edobys tﬂ@é‘tkrhM@éiﬁstﬂFlFS?(FﬁQx—F'ﬁﬁmm)t he function f(x) =
(a-d)/ (1+(x/ C)nh)+ d; a = mninumsignal, d = maxi num signal, nh =
hill coefficient, C = EC50. , and x= agoni st concentration. EC50 is the
nol ar corE;@}ﬁ_{Q[@i on of an agoni st whi ch produces 50% of the maxi num
possi bl e eftective response for that agonist. A nore potent agonist wll
have a | qwavatlcEsfTMELR4S6 byl steychbihai ned cal ci um signals were corrected for
the response of cells expressing only

To confirm that the cell line formed in example 2c stably expresses the bitter taste

15  receptor TAS2R46, a concentration-response curve for strychnine, a known agonist of
TAS2R46, was generated. As a negative control, HEK293T Ga16gustducind4 cells (that
do not express TAS2R46) were exposed to strychnine. The results were calculated as
described in example 4 and are shown in table 1. The standard deviation (+/- STD) is

also indicated.

Strychnine TAS2R46 TAS2R46 Neg. Control Neg. ControlT
[M] AF/F, +STD AF/Fq + STD
2800 0.719 0.100 0.181 0.049
1250 0.406 0.112 0.088 0.018
62.50 0.248 0.088 0.091 0.014
81.25 0.190 0.047 0.088 0.016
15.63 0.166 0.059 0.063 0.019
7813 0.125 0.052 0.070 0.011
8.906 0.122 0.060 0.071 0.011
1.953 0.117 0.055 0.065 0.011
0.977 0.096 0.027 0.060 0.008

20 Table 1: Activation of TAS2R46 by different concentrations of strychnine.
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the G Protein a subunit (Gl6-gustducin44) and nornalized to the
fluorescence of cells prior to the stinulus using DF/ FO ( Fmax- Fm n/ FO) .
Exanpl e 4awocbiovasison of TAS2R46 by strychni ne To confi r mCriat20edm@ozsel | | i ne
formed in exanple 2c stably expresses the bitter taste receptor TAS2R46, a
concentration-response curve for strychnine, a known agoni st of TAS2R46,
was generated. As. a negative control, HEK293T Gal6gustduci n44 cells (that
do not express TAS2R46) were exposed to strychnine. The results were

cal cul ated as described in exanple 4 and are shown in table 1. The standard
g?;/; atiomnhé "ﬂegaﬁ/-@oﬁt@l aldsmtislhd\iv(‘agfyedgmf??bi ehahge A6 tsignat iygom 9)ﬁp0'§19«§2ﬂ&46hby
ifferent c centr ons of .strychnine atjve, cont not show
any si gniSW e @H&ﬁb‘é Si'grﬁ’aLpfan Pk g% tt'(?g‘%*f‘?wvﬂﬁqhe Srgfm'r{ehe

si gnal dicdnmtratum rdemsmturgethe aasencteocg‘eetgoe:st intitided eeepsibr yctivatiore The
concentr stratin ence oni ste=An I r

ot vat| o e HRan2 s cearoty B2 TRE e TROH e CR IR BraTRie

cal cubat edd HES2RA6 was 0B mlcqu:hnl ne and TAS2R46 was O. 69 m croM Exanple 5
Activation of TAS2R46 by dextronet horphan in stable cell |ines Each sanple
(receptors as well as controls) contained a final concentration of 0.02%
DVSO t o d&xbmplef®r conparability of all exanples below. The intracellular

cal ci um resnon o) rphan was determnined in
HEK293T &EPT ﬁﬁ’ﬁgfb’g%[ggiﬁg@@ Ay %i@é&%&%ﬁ@ﬁ%ﬂ and TAS2R46 forned as
described in exanple 2c. As a negative control to determ ne unspecific

si gnabs, RRARaRpd U@c@p@&%'a‘%dzvélpébc%ﬁtf Zc@ﬁt‘ém@ﬁ Al lcBR&rMatinanoas appl i ed

to cells expressing only Gal6gustducin he results are shown in the
tabl e bel OT%B'I'CENfé’rc%ﬁ‘r@ﬁ{'tyéﬁa'bwamﬁk?@“by di fferent concentrations of
dext r omet hor phan (DF/ FO

——

The intracellular calcium response following addition of dextromethorphan was
determined in HEK293T cell line stably expressing Ga16-gustducind4 and TAS2R46

15 formed as described in example 2c.

As a negative control to determine unspecific signals, each of the applied concentrations
‘of dextromethorphan was applied to cells expressing only Ga16gustducind4. The results

are shown in the table below.

20
Dextromethorphan TAS2R46 TAS2R46 Neg. Control Neg. Control
[uM] AF/Fq +STD AF/Fq +STD
65.000 1106 0.157 0.312 0.219
32.500 0.624 0.137 0.193 0.101
16.250 0.417 0.163 0.067 0.022
8.125 0.249 0.134 0.044 0.016
4.063 0.164 0.085 0.041 0.012
2.031 0.129 0.064 0.038 0.016
1.016 0.112 0.048 0.053 0.030
0.508 0.143 0.082 0.044 0.018
0.254 0.124 0.067 0.050 0.021

Table 2: Activation of TAS2R46 by different concentrations of dextromethorphan (AF/FO
values +/- STD)
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val ues +/- STD)A significant increase in calciumsignaling was observed
upon addition of dextronethorphan in cells stably expressi ng human TAS2R46.
No si gni fwoanto/ab®mnge was seen in the negative control, PamiaH?00%0016e host
cells expressing only the Gal6- gustducind44. This shows the specificity of
dext ronmet hor phan as a TAS2R46 agoni st. The cal cul ated EC50 val ue for
dextronet hor phan and TAS2R46 was 3 1 mcroM The results denonstrate that
TAS2R46 is activated by dextronet horphan. A conparison to the EC50 of
strychni ne (exanple 4) shows that dextronmethorphan is a nore potent agoni st
t han strychni ne. Furthernore, rmre than 15 human TAS2Rs were tested and
found not, ta h tivated b xt ronet hor phan, ich.in a e highly
specific %%f%’ﬂﬁ‘%?ﬂ“ga@ﬁ%?a% C'Wﬂnﬁﬁngﬂgzﬂ?bs b Sgrevffjrogeﬁh%?& (;m Ofgxanpl

6 Acti vatdegimoroéthdpBaR46 cblis stebly reoapeséiog phswan i TAS2RAGs MMIQlyflqamanbdr@@t ed
cells Each sa ) of

concent r atoon - f'ﬁdgég‘%ﬁ%ﬁ%g %n?r% Wléh Sthgq‘%g g%lgb?)ﬁp%gﬁg% Fn egg?}%l es

bel ows Thymsidotinédd dlhisudhaws dizd snemimlbe@pemmétmrbtm )2 iﬁ&?Rﬂ@ﬁQQﬂ*S’t

dext ronet hor phan was determ ned in HK293T cell line stably expressing

Gal6- gustduci n44 and transiently expressing TAS2R46 formed as described in
exanpl e e, caiiwated EQst valye dorsdryiamethotihen el BASRR4SWYIR B énisroMaclhevat i on

of TASZ R493Lm¥ &Hokgﬁﬁetthaovmme% oSt byd@es&rem@mom{amhmoma/n@a pal ues

+/ - i cant concentration-dependent increase in calcium

Si gnal i ndhﬁﬁ@%@b‘%@f@’él}n'ﬂ%dﬁxmﬁ)ého‘ﬁ thed dexBpRetismhRAS PnmeE patent

t r angpentdgin8iphesSychgingunman TAS2R46. The results denpnstrate that TAS2ZR46
is activated by dextronethorphan.Cains 1. A method to identify an agent
t hat nodul ates the taste of dextronethorphan, the nethod conprising: (i)

cont act i Ehreemcie! Maite BAPMESRINRNTHEIREOVELtéRed bAs faindavefd be athated s abl e
to be by dextromethorphan, which indicates the highly specific receptor activation of human
TAS2R46 by dextromethorphan.
15

Example 6
Activation of TAS2R46 by dextromethorphan in transiently transfected cells

Each sample (receptors as well as controls) contained a final concentration of 0.02%

20 DMSO to allow for comparability of all examples below.

The intracellular calcium response following addition of dextromethorphan was
determined in HK293T cell line stably expressing Ga16-gustducind4 and transiently
expressing TAS2R46 formed as described in example 2b .

25  The results are shown in the table below.
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activated by dextronet horphan wi th dextronethorphan in the presence of at

| east one agent;
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A significant concentration-dependent increase in calcium signaling was observed upon

addition of dextromethorphan in cells transiently expressing human TAS2R46. The

results demonstrate that TAS2R46 is activated by dextromethorphan.
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change in or caused by intracellular nmessengers. 6. The nmethod of any one
of claine 1 to 5 wherein the functional response is determ ned by neasuring
a change wo 2ar/aip9racel | ul ar nmessenger sel ected from | PRCandi2oe/ e+ . 7.
The met hod of any one of clains 1 to 6 wherein said cells are selected from
the group consisting of bacterial cells, eucaryotic cells, yeast cells,
insect cells, manmalian cells, anphibian cells, and wormcells. 8. The

met hod of claim7 wherein the cell is a manmalian cell. 9. The nethod of
claim8 wherein the cell is a manmalian cell selected fromthe group

consi stigmimd CHO COS, HeLa and HEK-293 cells. 10. A kit conmprising: (i)
reconbi nant cells that express a TAS2R46 bitter taste receptor as defined
in any one of clains 1 to 3, and (ii) dextronethorphan, for conbined use to
i dent i f y1agentfsmethoditidertiipas agdnt thae modsiates diie @detetal destdmethdraimen, e, A

met hod OLFﬂﬁhqg ﬁgmgjt of claim 10, conprising: (i) grow ng reconbi nant
cells that” express a”TAS2R46 bitter taste receptor as defined in any one of
cl ai s 1(i} eprdactifg clisdbiationgreana TOS2MEP bittgyleate reeentdrdhgiriealele tebef

dextr 0m%@%@g;ﬂnde%ﬂ&néﬂhbip)wﬁﬁﬁﬁtﬁGQitFHn%ihcﬁpﬁé?ﬁH% prBséhch WR&T bXiBhe F €SPONSE

of the ce conparing the response in presence and absence of the
agent, t@g¢Med fy agents that nodul ate the taste of dextronethorphan. 12.

A et hod i Qeledfmingfwhetitr@gedtiedshate smptbicesbihdify T RXRERcthotdah o ast e

receptor that is able to be activated by dextronet horn?han, t he net hod
conpri si fbclienal FRsAQTRS §i§ald THRRAR Ditfer st reespipide dextrPmetagiBhdne to

dext {@MelRRHRNSOVIEd thdt (e cbls 4B oTATRRdsuIREd EElk ih BRireateaeplidnmednd (i)
determ ning a change of the paraneter in response to an agent in presence

of dextromet horphan, in conparison to a negative control conprising
dext r omehttigathod of claim 1 wherein the TAS2R46 bitter taste receptor

comprises a TAS2R bitter taste receptor substantially homologous to a polypeptide
sequence of SEQ ID NO:2, with a sequence identity of at least 90%);
15 a TAS2R46 bitter taste receptor which is encoded by a nucleotide sequence selected
from the group consisting of
a nucleic acid substantially homologous to a nucleotide sequence of SEQ ID
NO:1 as determined by sequence identity,
a nucleic acid substantially homologous to a nucleotide sequence of SEQ ID
20  NO:1,, as determined by hybridisation,
wherein the substantially homologous nucleic acid as determined by sequence
identity has a sequence identity of at least 90%;
wherein the substantially homologous nucleic acid as determined by hybridisation
hybridises under stringent hybridization conditions at a temperature of 42° C in a solution
25  consisting of 50% formamide, 5xSSC, and 1% SDS, and washing at 65° C in a solution
consisting of 0.2xSSC and 0.1% SDS.

3. The method as defined in any one of claims 1 and 2 wherein the TAS2RA46 bitter taste

receptor is a conservative functional variant able to be activated by dextromethorphan.
30

4. The method of any one of claims 1 to 3 wherein the cells also express a G-Protein,

optionally one or more chimeric G-Protein including Gag-Gustducin, G alpha 16-

gustducin 44, and a chimeric G-Protein substantially homologous to Gag-Gustducin or G

alpha 16-gustducin 44.
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but not the agent, and thereby identifying the agent as a nodul ator of the
taste of dextronethorphan. 13. The nethod of claim 12 wherein the TAS2R46
bitter taspeorogaspror conprises a TAS2R bitter taste reeeptanosubdsicanti ally
honol ogous to a pol ypepti de sequence of SEQ ID NO 2, with a sequence
identity of at least 90% a TAS2R46 bitter taste receptor which is encoded
by a nucl eotide sequence selected fromthe group consisting of a nucleic
acid substantially honol ogous to a nucl eoti de sequence of SEQ ID NO 1 as
determ ned by sequence identity, a nucleic acid substantially honol ogous to
a nucl eotide sequence of SEQ ID NO 1, , as determ ned by hybridisation,
wherein the substantially honol ogous nucleic acid as determ ned by sequence
identity has a sequence identity of at |east 90% wherein the substantially

honol 0gousTRYRBIE RehFomSofdadins ith 2 dnBieihytep (iissgarioanedypmieds siag aunder

stringent hybridization condifions at a tenperature of 42 Cin a solution
consi st i KHaREe IBOISISLHRMIHECOBLAERESSENEF St SDS, and washing at 65 Cin a
sol utson consi sting of 0.2*SSC and 0.1% SDS. 14. Mt hod according to any

one of clains 1 nd 13 wherei.n the TAS2R4 it S a
conser vatS VB¢ ﬁ&’aiogﬁQY o s 31?0 ?&@f@%ﬁ'\?ﬁi’@ﬁ%'gfﬁasltrg%togsé %%E%tr@f?te Hoat ed by
dext r onetyyongiating 4 bharldetihad imecaiutir ngssenganyelesied tibmdPapndcaldyml3, and 14
wherein step (i) is perforned by a nethod sel ected fromthe group

consisting of fluorescence spectroscopy, NWVR spectroscopy, neasuring of one
or nore of Tabswtizainfany peé phaaimsd tb Aaeereinyaid cellsrateriselepted oethe group

chromat ogra i i LAGREN FRbctEBld) AdmaBRLeIs) the
met hg@s %@5@%@ %qﬁ)gg%b%ggpsts’%gg@%thﬁcﬁgs‘?i%g%?’ ﬁ?t% er tastemreceptor in a
sui t abl e asmibiameasdiat arsebeoteadsf rom t he group consi sting of sol ution,

bi | ayer nmenbrane, attached

8. The method of claim 7 wherein the cell is a mammalian cell.

15 9. The method of claim 8 wherein the cell is a mammalian cell selected from the group
consisting of CHO, COS, Hela and HEK-293 cells.

10. A kit comprising:

(i) recombinant cells that express a TAS2R46 bitter taste receptor as defined in any one
20 ofclaims 1to 3, and

(i) dextromethorphan,

for combined use to identify agents as modulators of the taste of dextromethorphan.

11. A method of using the kit of claim 10, comprising:

25 (i) growing recombinant cells that express a TAS2R46 bitter taste receptor as defined in
any one of claims 1 to 3,
(i) adding one or more agent in the presence of dextromethorphan, and
(iii) determining a change in a functional response of the cells by comparing the
response in presence and absence of the agent, to identify agents that modulate the

30 taste of dextromethorphan.

12. A method to identify an agent that modulates the TAS2R46 bitter taste receptor that

is able to be activated by dextromethorphan, the method comprising:
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to a solid phase, in a lipid nonolayer, bound on a nenbrane, and in
vesi cl es.
WO 2010/015097 PCT/CH2009/000269

(i) measuring a parameter that changes in response to dextromethorphan binding to the
TAS2RA46 bitter taste receptor, and
(ii) determining a change of the parameter in response to an agent in presence of
dextromethorphan, in comparison to a negative control comprising dextromethorphan

5  but not the agent, and thereby identifying the agent as a modulator of the taste of
dextromethorphan.

13. The method of claim 12 wherein the TAS2R46 bitter taste receptor
comprises a TAS2R bitter taste receptor substantially homologous to a polypeptide
10  sequence of SEQ ID NO:2, with a sequence identity of at least 90%;
a TAS2R46 bitter taste receptor which is encoded by a nucleotide sequence selected
from the group consisting of
a nucleic acid substantially homologous to a nucleotide sequence of SEQ ID
NO:1 as determined by sequence identity,
15 a nucleic acid substantially homologous to a nucleotide sequence of SEQ ID
NO:1, , as determined by hybridisation,
wherein the substantially homologous nucleic acid as determined by sequence
identity has a sequence identity of at least 90%;
wherein the substantially homologous nucleic acid as determined by hybridisation
20  hybridises under stringent hybridization conditions at a temperature of 42° C in a solution
consisting of 50% formamide, 5xSSC, and 1% SDS, and washing at 65° C in a solution
consisting of 0.2xSSC and 0.1% SDS.

14. Method according to any one of claims 12 and 13 wherein the TAS2RA46 bitter taste
25  receptor is a conservative functional variant of TAS2R46 which is able to be activated by
dextromethorphan.

15. Method according to any one of claims 12, 13, and 14 wherein step (i) is performed
by a method selected from the group consisting of fluorescence spectroscopy, NMR

30  spectroscopy, measuring of one or more of absorbance, refractive index, hydrodynamic
methods, chromatography, measuring solubility, biochemical methods, wherein the
methods measure the properties of the TAS2R46 bitter taste receptor in a suitable
environment selected from the group consisting of solution, bilayer membrane, attached

to a solid phase, in a lipid monolayer, bound on a membrane, and in vesicles.

46



